


INTRODUCTION 
Micro Linear Corporation, headquartered in San Jose, California, designs, 
develops and markets high performance analog and mixed signal 
integrated circuits for a broad range of applications within the 
communications, computer and industrial markets. By combining its 
analog expertise with a unique development methodology, Micro Linear 
offers to its customers highly-integrated system-level solutions that add 
value and reduce systems costs. 

This product catalog contains more than 180 standard products many of 
which are application specific focused on the following areas: 

Local Area Networks 

Telecommunications 

Hard Disk Drives 

Magnetic Tape Drives 

Magneto-Optical Drives 

Motor Controls 

Switch Mode Power Supplies 

DC to DC Converters 

Fluorescent Lamp Ballasts 

Data Acquisition Systems 

Bus Products 

Micro Linear is committed to supplying analog and mixed signal system 
level solutions to our customers with the highest quality and best service 
possible. 
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LIFE SUPPORT POLICY 

MICRO LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As used herein: 

1. life support devices or systems are devices or systems which, (a) are 
intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with 
instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 

2. A critical component is any component of a life support device or 
system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system, or to affect its safety or 
effectiveness. 

Micro linear reserves the right to make changes at any time, without notice, to any of its products, specifications, processes, and suppliers. The 
application notes, schematic diagrams, printed circuit layouts and other information contained herein is provided as application aids only and are 
therefore provided "AS IS." MICRO LINEAR MAKES NO WARRANTIES WITH RESPECT TO THE INFORMATION CONTAINED HEREIN, EXPRESS, 
IMPLIED, STATUTORY OR OTHERWISE, AND MICRO LINEAR EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY, 
NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS AND FITNESS FOR A PARTICULAR PURPOSE. 
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~ General 
J1:"'Micro Linear Ordering Information 

PART NUMBER 

PACKAGE TYPE 

Part Number and Package Type Explanation 

ML xxxx x x x 

I T 
Package Type 

Temperature Range 

M = -55°C to + 125°C 

I = --40°C to +85°C 

C = O°C to +70°C 

E = -20°C to +70°C 

Number or letter indicates electrical grade of part (optional) 

Three to five digit generic or product part number 

Micro Linear Prefix or for second source device is the same as original source 

Letter Suffix 

D 

G 

H 

J 
K 

l 
P 

Q 

R 

S 

T 

Number or letter indicates electrical grade of part (optional) 

Description 

Side Brazed Hermetic DIP 

Flat Pack 

(PQFP) Plastic Quad Flat Pack 

Thin Quad Flat Pack (TQFP) 

Ceramic Hermetic DIP (CERDIP) 

Quarter Size Small Outline Package (QSOP) 

Ceramic lead less Chip Carrier (lCC) 

Plastic DIP 

Plastic Chip Carrier (PCC) 

Shrink Small Outl ine Package (SSOP) 

Small Outline (SOIC) 

Thin Shrink Small Outline Package (TSSOP) 

'Micro Linear 
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.~ Micro Linear Cross Reference Guide 

Alternate Source Part Number 

Analog Devices National Semiconductor 

Analog Devices Micro Linear ~ational Semiconductor 
Part Number Direct Replacement1 Part Number 

AD7820BQ Ml2261C1j ADC0831BCj 
AD7820CQ Ml2261Blj ADC0831BCN 
AD7820KN Ml2261CCP ADC0831CCj 
AD7820KP Ml2261CCQ ADC0831CCN 
AD7820lN Ml2261BCP ADC0832BCj 
AD7820lP Ml2261BCQ ADC0832BCN 
AD7820TQ Ml2261CMj ADC0832CCj 
AD7820UQ Ml2261BMj ADC0832CCN 
AD7824BQ Ml2264CI) ADC0833BCj 
AD7824CQ Ml2264Blj ADC0833BCN 
AD7824KN Ml2264CCP ADC0833CCj 
AD7824lN Ml2264BCP ADC0833CCN 
AD7824TQ Ml2264CMj ADC0834BCj 
AD7824UQ Ml2264BMj ADC0834BCN 

ADC0834CCj 
ADC0834CCN 

Linear Technology ADC0838BCj 

Linear Technology Micro Linear ADC0838BCN 

Part Number Direct Replacement1 ADC0838BCV 

lTC1060ACj Ml2110BI)2 
ADC0838CCj 
ADC0838CCN 

lTC1060ACN Ml2110BCP2 A DC0838CCV 
lTC1060AMj Ml2110BMj2 ADC08061 BCN 
lTC1060Cj Ml2110Clj2 ADC08061BCV 
lTC1060CN Ml2110CCP2 ADC08061 BCWM 
lTC1060Mj Ml2110CMj2 ADC08061 BCj 

ADC08061 BMj 

National Semiconductor ADC08061 CCN 
ADC08061 CCV 

National Semiconductor Micro Linear ADC08061 CCWM 
Part Number Direct Replacement1 ADC08061 CCj 

ADC0808Cj Ml2258BMj ADC08061 CMj 

ADC0808CCj Ml2258Blj ADC08061 BIN 

ADC0808CCV Ml2258BIQ ADC080~1 BIV 

ADC0809CCN Ml2258CIP ADC08061 BIWM 

ADC0809CCV Ml2258CIQ ADC08061 Blj 

ADC0820BCj Ml2261Blj ADC08061CIN 

ADC0820BCN Ml2261BCP ADC08061 CIV 

ADC0820BCV Ml2261BCQ ADC08061 CIWM 

ADC0820CCj Ml2261Clj ADC08061Clj 

ADC0820CCN Ml2261CCP ADC08064BCN 

ADC0820CCV Ml2261CCQ ADC08064BCV 

ADC0820Cj Ml2261CMj ADC08064BCWM 
ADC08064BCj 

Note 1. 100% pin-for-pm compatible with Improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40°C to +8SoC product as molded; MIcro Lmear does this on a customer need basIs. 

1-2 'Micro Linear 

Micro Linear 
Direct Replacement1 

Ml2281Blj 
Ml2281BCP 
Ml2281CI) 
Ml2281CCP 
Ml2282BI) 
Ml2282BCP 
Ml2282C1j 
Ml2282CCP 
Ml2283Blj 
Ml2283BCP 
Ml2283Clj 
Ml2283CCP 
Ml2284BI) 
Ml2284BCP 
Ml2284Clj 
Ml2284CCP 
Ml2288Blj 
Ml2288BCP 
Ml2288BCQ 
Ml2288Clj 
Ml2288CCP 
Ml2288CCQ 
Ml2261BCP 
Ml2261BCQ 
Ml2261BCS 
Ml2261BCj 
Ml2261BMj 
Ml2261CCP 
Ml2261CCQ 
Ml2261CCS 
Ml2261CCj 
Ml2261CMj 
Ml2261BIP 
Ml2261BIQ 
Ml2261BIS 
Ml2261Blj 
Ml2261CIP 
Ml2261CIQ 
Ml2261 CIS 
Ml2261C1) 
Ml2264BCP 
Ml2264BCQ 
Ml2264BCS 
Ml2264BCj 



Cross Reference Guide 
National Semiconductor Silicon Syste ... , Inc. 

National Semiconductor Micro Linear Silicon Systems, Inc. 
Part Number Direct Replacement1 Part Number 

ADC08064BMj ML2264BMj 551 32PS41-CH 
ADC08064CCN ML2264CCP 551 32PS41-P 
ADC08064CCV ML2264CCQ 551 32PS41 A-CH 
ADC08064CCWM ML2264CC5 551 32PS41A-P 
ADC08064CCj ML2264CCj 551 32PS41 B-CH 
ADC08064CMj ML2264CMj 551 32PS41 B-P 
ADC08064BIN ML2264BIP 551 32R4610A 
ADC08064BIV ML2264BIQ 551 32R2020R 
ADC08064BIWM ML2264BI5 551 32R2024R 
ADC08064Blj ML2264Blj 551 32R2030A 
ADC08064CIN ML2264CIP 551 32R2201 R 
ADC1061 ML2271 551 32R2300R 
ADC08064C1V ML2264CIQ 551 32R2310R 
ADC08064CIWM ML2264CI5 551 32R2300R 
ADC08064Clj ML2264Clj 551 32R2310R 
ADC1061Clj ML2271C1j 551 32RSOl R-6H 
ADC1061CIN ML2271CCP3 551 32RSOl R-8F 
ADC1061CIWM ML2271CC53 551 32RSOl R-8H 
ADC1061CMj ML2271CMj 551 32RSOl R-8P 
DPS016QC MLSOl-6CQ 551 32RSOl-6H 
DPS016RQC MLS01R-6CQ 551 32RSOl-8F 
DPS018QC MLS01-8CQ 551 32RSOl-8H 
DPS018RQC MLS01R-8CQ 551 32RSOl-8P 
(.IAS016QC MLSOl-6CQ 551 32RSll R-4S 
(.IAS016RQC MLS01R-6CQ S51 32RSll R-6H 
(.IAS018QC MLSOl-8CQ 551 32RSll R-6P 
(.IAS018RQC MLS01R-8CQ 551 32RSll R-6S 
DP8464BN-3 ML8464B-3CP2 S51 32RS11 R-8H 
DP8464BV-3 ML8464B-3CQ2 551 32RS11 R-8P 
DP8464BN-2 ML8464B-2CP2 S51 32RSll R-85 
DP8464BV-2 ML8464B-2CQ2 S5132RS11-45 
DP8464BN-2 ML8464B-2CP2 S5132RSll-6H 
DP8464BN-3 ML8464B-3CP2 551 32RS11-6P 
DP8464BV-2 ML8464B-2CQ2 551 32RSll-65 
DP8464BV-3 ML8464B-3CQ2 551 32RS11-8H 
DP8468BTP-3 ML4S68-3CQ2 551 32RSll-8P 
DP8468BTP-2 ML4S68-2CQ2 S5132RSll-85 
LMF100CCN ML2111CCP 
LMF100CCWM ML2111CCS 
MF10Aj ML2110CMj2 
MF10ACN ML2110BCP2 
MF10CCj ML2110Clj2 
MF10CCWM ML2110CCS2 
MF10CCN ML2110CCP2 

Note 1. 100% pin-for-pin compatible with improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships ~oC to +850(: product as molded; Micro Linear does this on a customer need basis. 

'Micro Linear 

--- ---------

Micro Linear 
Direct Replacement1 

MLS41CQ 
ML541CP 
ML4042CQ 
ML4042CP 
ML4042CQ 
ML4042CP 
ML6320C5-S 
ML6320C5-S 
ML6320C5-S 
ML6320CS-S 
ML6320C5-S 
ML6320CS-S 
ML6320CS-S 
ML6320CR-3 
ML6320CR-3 
MLS01R-6CQ 
MLS01R-8CF 
MLS01R-8CQ 
MLS01R-8CP 
MLSOl-6CQ 
MLSOl-8CF 
MLSOl-8CQ 
MLSOl-8CP 
MLS11R-4CS 
MLS11R-6CQ 
MLS11R-6CP 
MLS11R-6C5 
MLSllR-8CQ 
MLS11R-8CP 
MLSllR-8C5 
MLS11-4C5 
MLSll-6CQ 
MLSll-6CP 
MLSl1-6C5 
MLS11-8CQ 
MLSll-8CP 
MLSll-8C5 

1-3 

-



Cross Reference Guide 
Texas InstlUments VTC 

Texas Instruments Micro Linear VTC 
Part Number Direct Replacementl Part Number 

ADC0808Mj M12258BMj VMl17-2DK 
ADC0808FN M12258BCQ VMl17-2PK 
ADC0808N ML2258BIP VMl17-4FK 
ADC0809FN ML2258CCQ VMl17-4PK 
ADC0809N ML2258C1P VMl17-4DK 
TLC0820ACN ML2261CCP VMl17-6PK 
TLC0820ACFN ML2261CCQ VMl17-6DK 
TLC0820BCN ML2261BCP VMl17-6PK 
TLC0820BCFN ML2261BCQ VMl17-6PLK 
ADC0831ACP ML2281CCP VM117R-2DK 
ADC0831 AlP ML2281C1j3 VMl17R-2PK 
ADC0831BCP ML2281BCP VM117R-4FK 
ADC0831BIP ML2281 Blj3 VMl17R-4PK 
ADC0832ACP ML2282CCP VMl17R-4DK 
ADC0832AIP ML2282CJj3 VMl17R-6DK 
ADC0832BCP ML2282BCP VMl17R-6PK 
ADC0832BIP ML2282Blj3 VM117-6PLK 
ADC0834ACN ML2284CCP VM217-6PK 
ADC0834AIN ML2284C1j3 VM217-6PLK 
ADC0834BCN ML2284BCP VM217-8PK 
ADC0834BIN ML2284Blj3 VM217-8PLK 
ADC0838ACN ML2288CCP VM7204 
ADC0838AIN ML2288C1j3 VM720H4 
ADC0838CCN ML2288BCP VM720L4 
ADC0838BIN ML2288Blj3 VM3204 

VM320H4 
VM320L4 

Unltrode 

Unitrode Micro Linear 
Part Number Direct Replacementl 

UC1823j ML4823Mj 
UC1825j ML4825Mj 
UC2823N ML48231P 
UC2823Q ML48231Q 
UC2825N ML48251P 
UC2825Q ML48251Q 
UC3823N ML48231P 
UC3823Q ML4823CQ 
UC3825N ML48251P 
UC3825Q ML4825CQ 

Note 1. 100% pm-for-pm compatible with Improved electrical specifications 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40°C to +85°C product as molded; MIcro lmear does this on a customer need basis. 

1-4 'Micro Linear 

Micro Linear 
Direct Replacementl 

M1117-2CJ 
M1117-2CP 
M1117-4CF 
M1117-4CP 
M1117-4CJ 
M1117-6CP 
M1117-6CJ 
M1117-6CP 
M1117-6CQ 
ML117R-2CJ 
MLl17R-2CP 
M1117R-4CF 
MLl17R-4CP 
MLl17R-4CJ 
ML117R-6CJ 
M1117R-6CP 
MLl17R-6CQ 
ML501-6CP 
ML501-6CQ 
ML501-8CP 
ML501-8CQ 
ML6320CR-5 
ML6320CR-5 
ML6320CR-5 
ML6320CR-3 
ML6320CR-3 
ML6320CR-3 



.~Micro Linear 
Alpha Numeric Index 

ML117 
MLl17R 
ML501 
ML501R 
ML502 
ML502R 
ML502S 
ML511 
ML511 R 
ML541 
ML1825 
ML2004 
ML2008 
ML2009 
ML2020 
ML2021 
ML2031 
ML2032 
ML2035 
ML2036 
ML2110 
ML2111 
ML2200 
ML2208 
ML2221 
ML2223 
ML2223EVAL 
ML2230 
ML2233 
ML2252 
ML2258 
ML2259 
ML2261 
ML2264 
ML2271 
ML2280 
Ml2281 
ML2282 
ML2283 
ML2284 
ML2288 
ML2330 
ML2340 
ML2341 
Ml2350 
ML2351 
ML2375 
ML2377 
ML2003 
ML2652 
Ml2653 

2, 4, or 6·Channel Read/Write Circuits .................................................................................................... . 
2, 4, or 6·Channel Read/Write Circuits ..................................................................................................... . 
6,7, or 8·Channel Read/Write Circuits ..................................................................................................... . 
6,7, or 8· Channel Read/Write Circuits .................................................................................................... . 
6, 7, or 8·Channel Read/Write Circuits ..................................................................................................... . 
6, 7, or 8·Channel Read/Write Circuits ..................................................................................................... . 
6, 7, or 8·Channel Read/Write Circuits ..................................................................................................... . 
4, 6, 7, or 8·Channel Read /Write Circuits ................................................................................................ . 
4, 6, 7, or 8·Channel Read/INrite Circuits ................................................................................................. . 
Read Data Processor ................................................................................................................................ . 
High Frequency Power Supply Controller ................................................................................................ . 
Logarithmic Gain/Attenuator .................................................................................................................... . 
I1P Compatible Logarithmic Gain/Attenuator ............................................................................................ . 
I1P Compatible Logarithmic Gain/Attenuator ............................................................................................ . 
Telephone Line Equalizer ......................................................................................................................... . 
Telephone Line Equalizer ......................................................................................................................... . 
Tone Detector .......................................................................................................................................... . 
Tone Detector .......................................................................................................................................... . 
Programmable Sinewave Generator ......................................................................................................... . 
Programmable Si newave Generator ......................................................................................................... . 
Universal Dual Filter ................................................................................................................................ . 
Universal Hi·Frequency Dual Filter .......................................................................................................... . 
12·Bit + Sign Data Acquisition Peripheral ................................................................................................ . 
12·Bit + Sign Data Acquistiion Peripheral ................................................................................................ . 
Serial Peripheral Interface 12·Bit Plus Sign ND Converter with Sample & Hold ....................................... . 
Asynchronous Serial Interface 12·Bit Plus Sign ND Converter with Sample & Hold ................................. . 
12·Bit ND Converter with PC Compatible Serial Interface Evaluation Kit ................................................ .. 
I1P Compatible 12·Bit Plus Sign ND Converter with Sample and Hold ..................................................... . 
I1P Compatible 12.Bit Plus Sign ND Converter with Sample and Hold ..................................................... . 
I1P Compatible 8·Bit ND Converters with 2· or 8·Channel Multiplexer .................................................... . 
I1P Compatible 8·Bit ND Converter with 8·Channel Multiplexer .............................................................. . 
I1P Compatible 8·Bit ND Converters with 2· or 8·Channel Multiplexer .................................................... . 
I1P Compatible High Speed 8·Bit ND Converter with T/H (S/H) ............................................................... . 
4·Channel High Speed 8·Bit ND Converter with T/H (S/H) ...................................................................... . 
I1P Compatible High Speed 10·Bit ND Converter with S/H ...................................................................... . 
Serial I/O 8·Bit ND Converters ................................................................................................................. . 
Serial I/O 8·Bit ND Converters with Multiplexer Options ......................................................................... . 
Serial I/O 8·Bit ND Converters with Multiplexer Options ......................................................................... . 
Serial I/O 8·Bit ND Converters ................................................................................................................. . 
Serial I/O 8·Bit ND Converters with Multiplexer Options ......................................................................... . 
Serial I/O 8·Bit ND Converters with Multiplexer Options ......................................................................... . 
Selectable Dual 3V/3.3V/5V 8·Bit D/A Converters ................................................................................... . 
Single Supply Programmable 8·Bit D/A Converters ................................................................................... . 
Single Supply, Programmable 8·Bit D/A Converters .................................................................................. . 
Single Supply Programmable 8·Bit D/A Converters ................................................................................... . 
Single Supply, Programmable 8·Bit D/A Converters .................................................................................. . 
DSP Analog I/O Peripheral ....................................................................................................................... . 
DSP Analog I/O Peripheral ....................................................................................................................... . 
Logarithmic Gain/Attenuator .................................................................................................................... . 
10BASE·T Physical Interface Chip ............................................................................................................ . 
1 OBASE· T Physical Interface Chip ............................................................................................................ . 

'Micro Linear 
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5·5 
5·5 
5·13 
5·13 
5·13 
5·13 
5·13 
5·21 
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5·29 
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3·14 
3·14 
3·23 
3·34 
3·45 
3·45 
3·53 
3·53 
3·65 
3·84 
2·3 
2·3 
2·31 
2-45 
2·53 
2·54 
2·70 
2·86 
2·97 
2·86 
2·108 
2·123 
2·139 
2·151 
2·169 
2·169 
2·151 
2·169 
2·169 
2·189 
2·195 
2·206 
2·195 
2·206 
2·218 
2·218 
3·3 
4·3 
4·3 
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Alpha Numeric Index 

Ml2653EVAl 
Ml4041 
Ml4042 
Ml4401 
Ml4402 
Ml4403 
Ml4404 
Ml4406 
Ml4407 
Ml4408 
Ml441 0 
Ml4411 
Ml4412 
Ml4413 
Ml4415 
Ml4415R 
Ml4416 
Ml4416R 
Ml4417 
Ml4418 
Ml4420 
Ml4425 
Ml4426 
Ml4427 
Ml4431 
Ml4451 
Ml4452 
Ml4452 
Ml4506 
Ml4508 
Ml4510 
Ml4532 
Ml4533 
Ml4534 
Ml4535 
Ml4536 
Ml4568 
Ml4610R 
Ml4611 R 
Ml4621 
Ml4622 
Ml4624 
Ml4632 
Ml4642 
Ml4644 
Ml4652 
Ml4654 
Ml4658 
Ml4661 
Ml4662 
Ml4662EVAl 
Ml4663 
Ml4663EVAl 
Ml4670 
Ml4761 
Ml4809 
Ml4810 
Ml4811 

1-6 

1 OBASE-T Transceiver Evaluation Kit ........................................................................................................ . 
Read Data Processor ................................................................................................................................ . 
Read Data Processor ................................................................................................................................ . 
Servo Demodulator ..... : ............................................................................................................................ . 
Servo Driver ............................................................................................................................................. . 
Servo Controller ....................................................................................................................................... . 
Trajectory Generator ................................................................................................................................ . 
Disk Voice Coil Servo Driver .................................................................................................................... . 
Disk Voice Coil Servo Driver .................................................................................................................... . 
low Voltage Drop Voice Coil Servo Driver .............................................................................................. . 
Sensorless Spindle Motor Controller ......................................................................................................... . 
Sensorless Spindle Motor Controller ......................................................................................................... . 
Enhanced Sensorless BlDC Motor Controller ........................................................................................... . 
Servo Controller ....................................................................................................................................... . 
15-Channel ReadMlrite Circuit ................................................................................................................ . 
15-Channel ReadMlrite Circuit ................................................................................................................ . 
14-Channel Read;\Vrite Circuit with CS ................................................................................................... . 
14-Channel ReadMlrite Circuit with CS ................................................................................................... . 
Zoned Bit Recording Circuit ..................................................................................................................... . 
low Saturation Voice Coil Servo Driver ................................................................................................... . 
Enhanced Sensorless BlDC Motor Controller ........................................................................................... . 
Sensorless BlDC PWM Motor Controller .................................................................................................. . 
Sensorless BlDC PWM Motor Controller with Reverse ............................................................................. . 
Zoned Bit Recording Circuit ..................................................................................................................... . 
Servo Demodulator .................................................................................................................................. . 
2-Channel Preamplifier for Tape Drives .................................................................................................... . 
MR Head Preamplifier for Tape Drives 2-CH Read and 1-CH Write with Readback ................................. . 
MR Head Preamplifier for Tape Drives 2-CH Read and 1-CH Write with Readback ................................. . 
5V Disk Voice Coil Servo Driver ............................................................................................................. .. 
low Voltage Drop Voice Coil Servo Driver .............................................................................................. . 
5V Sensorless Spindle Motor Controller ................................................................................................... . 
Servo Burst Area Detector with PWM ...................................................................................................... .. 
Servo Burst Area Detector without PWM ................................................................................................. .. 
Area Detector Based Embedded Servo Demodulator , .............................................................................. .. 
Area Detection Based Hybrid Servo Demodulator ................................................................................... .. 
Servo Burst Area Detector without PWM DAC ......................................................................................... . 
Disk Pulse Detector + Embedded Servo Detector .................................................................................... .. 
5V, 2-, 4-Channel Thin-Film Read;\Vrite Circuit ...................................................................................... .. 
5V, 2-, 4-Channel Thin-Film ReadMlrite Circuit ...................................................................................... .. 
Fiber Optic Data Quantizer ...................................................................................................................... . 
Fiber Optic Data Quantizer ...................................................................................................................... . 
Fiber Optic Data Quantizer ...................................................................................................................... . 
Fiber Optic lED Driver ............................................................................................................................. . 
AUI Multiplexer ....................................................................................................................................... . 
4-Port AUI Multiplexer ............................................................................................................................. . 
1 OBASE-T Transceiver .............................................................................................................................. . 
1 OBASE-T Transceiver for Mu Iti-Port Repeaters ....................................................................................... .. 
1 OBASE-T Transceiver with Autopolarity ................................................................................................. .. 
FOIRl Transceiver .................................................................................................................................... . 
1 OBASE-Fl Transceiver ............................................................................................................................. . 
10BASE-Fl Evaluation Kit ......................................................................................................................... . 
Single Chip 1 OBASE-Fl Transceiver ......................................................................................................... .. 
10BASE-Fl Evaluation Kit ......................................................................................................................... . 
Multi-Protocol Physical Interface Device ......................................... ' ......................................................... . 
Adjustable Output low Voltage Boost Regulator ..................................................................................... .. 
High Frequency Current Mode PWM Controller ...................................................................................... .. 
High Frequency Current Mode PWM Controller ...................................................................................... .. 
High Frequency Current Mode PWM Controller ....................................................................................... . 
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ML4812 
ML4812EVAL 
ML4813 
ML4815 
ML4816 
ML4817 
ML4818 
ML4818EVAL 
ML4819 
ML4821 
ML4821 EVAL 
ML4823 
ML4824 
ML4825 
ML4826 
ML4828 
ML4830 
ML4831 
ML4831 EVAL 
ML4851 
ML4861 
ML4861 EVAL 
ML4862 
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ML4863 
ML4864 
ML4864EVAL 
ML4865 
ML4866 
ML4868 
ML4871 
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ML4873EVAL 
ML4874 
ML4874EVAL 
ML4875 
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ML4876EVAL 
ML4880 
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ML4961 
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ML6024 
ML6025 
ML6026 
ML6035 
ML6042 
ML6310 
ML6311 
ML6320 
ML6500 

Alpha Numeric Index 

Power Factor Controller ........................................................................................................................... . 
Power Factor Controller Evaluation Kit .................................................................................................... .. 
Flyback Power Factor Controller ............................................................................................................. .. 
Zero Voltage Switching Resonant Controller '"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
High Frequency Multi-Mode Resonant Controller """'"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
High Frequency Single Ended PWM Controller ........................................................................................ . 
Phase Modulation/Soft Switching Controller ............................................................................................ .. 
Phase Modulation Controller Evaluation Kit ............................................................................................. . 
Power Factor and PWM Controller "Combo" .......................................................................................... .. 
Power Factor Controller ........................................................................................................................... . 
Average Current PFC Controller Evaluation Kit ........................................................................................ .. 
High Frequency Current Mode PWM Controller ...................................................................................... .. 
Power Factor and PWM Combo ............................................................................................................... . 
High Frequency Current Mode PWM Controller ...................................................................................... .. 
Power Factor and Dual PWM Combo ...................................................................................................... . 
BiCMOS Phase Modulation/Soft Switching Controller ............................................................................. " 
Electronic Ballast Controller ..................................................................................................................... . 
120VAC Dimmable Electronic Ballast ..................................................................................................... .. 
120VAC Dimmable Electronic Ballast Evaluation Kit ................................................................................ . 
Low Current, Low Voltage Boost Regulator .............................................................................................. . 
Low Voltage Boost Regulator .................................................................................................................... . 
Low Voltage Boost Regulator Evaluation Kit ............................................................................................ .. 
Battery Power Controller IC ................................................................................. "'''''''''''''''''''''''''''''''''''' 
Battery Power Controller Evaluation Kit '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ....... .. 
High Efficiency Battery Pack Converter ................................................................................................... " 
LCD Backlight Lamp Driver with Contrast "".""""."""".""""""""."""."""".""""""."""""."""""""". 
LCD Backlight with Contrast Evaluation Kit .............................................................................................. . 
High Voltage, High Current Boost Regulator ............................................................................................ . 
3.3V Output DC-DC Step-Down Converter ............................................................................................. .. 
High Frequency, Low Voltage Boost Regulator ........................................................................................ .. 
High Current Boost Regulator ............................................................................................... '"'''''''''''''''''' 
High Current Boost Regulator with Shutdown .......................................................................................... . 
Battery Power ControllC .......................................................................................................................... . 
Battery Management IC Evaluation Kit ...................................................................................................... . 
LCD Backlight Lamp Driver ..................................................................................................................... .. 
Differential Drive LCD Backlight Evaluation Kit ........................................................................................ . 
Low Voltage Boost Regulator with Shutdown .......................................................................................... .. 
LCD Backlight Lamp Driver with Contrast ................................................................................................ . 
Differential Drive LCD Backlight with Contrast Evaluation Kit .................................................................. . 
Portable PC and PCMClA Power Controller ............................................................................................ .. 
High Efficiency, Low Ripple Boost Regulator ............................................................................................ . 
Low Ripple Boost Regulator Evaluation Kit .............................................................................................. .. 
Adjustable Output Low Voltage Boost Regulator with Detect .................................................................. .. 
24 Mbps Read Channel Filter/Equalizer ........................................................................ " .......................... . 
36 Mbps Read Channel Filter/Equalizer .................................................................................................... . 
Integrated Disk Read Channel Processor ..................................... , ............................................................ . 
3.5" R/W MOD Read Channel Front-end Processor .................................................................................. . 
3.5" R/W MOD Read Channel Back-end Processor .................................................................................. . 
16 Mbps Filter/Equalizer for Tape Drives .................................................................................................. . 
24 Mbps Read Channel Filter/Equalizer .. """""""" .. """" ... "."""""""""""" .. " .. "".".""".""""."" ........ . 
36 Mbps Read Channel Filter/Equalizer .................................................................................................... . 
5V Spindle Motor Controller and Driver .................................................................................................. .. 
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.~Micro Linear 
Data Conversion AID 

Selection Guide 

8-BitND 
PART CONY. MAX SAMPLE INPUTS NON BUS SUPPLY SUPPLY PIN ALTERNATE 

NUMBER TIME FREQ TIME (MUX) LINEARITY INTERFACE, VOLTAGE CURRENT COUNT SOURCES FEATURES 
OFVIN (MAX) BITS 

ML2252 6.6115 51KHz 0.39~s 2 ±'f,,±lL5B Parallel 5V 3mA 20 Ratiometric output 

ML2258 6.6115 51KHz 0.39~s 8 ±'j" ±1 LSB Parallel 5V 3mA 20 ADC0808, Superior alternative 
ADC0809 Superior alternative 

ML2259 6.6115 51KHz 0.39~s 8 ±lLSB Parallel 5V 3mA 28 Ratiometric output 

ML2261 0.7115 500KHz 0.30~s 1 ±'j" ±1 LSB Parallel 5V 15.5mA 20 AD7820, Superior alternative 
ADC0820, Superior alternative 
ADC08061 
TLC0820 

ML2264 0.7115 500KHz 4 ±'f,,±lLSB Parallel 5V 20mA 24 ADC08064 T&HorS&Hmodes 

ML2280 6.6115 51KHz 0.38115 1 ±'j" ±lLSB Serial 5V 2.5mA 8 No zero or full-scale 
adjustment required --ML2281 6.6115 51KHz 0.38115 1 ±'j" ±lL5B Senal 5V 2.5mA 8 ADC0831 Superior alternative 

ML2282 6.6115 51KHz 0.38115 2 ±'j" ±lL5B Senal 5V 3.5mA 8 ADC0832 Superior alternative 

ML2283 6.6115 51KHz 0.38115 4 ±'j" ±lLSB Serial 5V 2.5mA 14 ADC0833 Superior alternative 

ML2284 6.6115 51KHz 0.38.~s 4 ±'j" ±lLSB Serial 5V 2.5mA 14 ADC0834 Superior alternative 

ML2288 6.6115 51KHz 0.38·115 8 ±'j" ±lLSB Serial 5V 2.5mA 20 ADC0830 Superior alternative 

10-BitND 
PART CONY. MAX SAMPLE INPUTS NON BUS SUPPLY SUPPLY PIN ALTERNATE 

NUMBER TIME FREQ TIME (MUX) LINEARITY INTERFACE, VOLTAGE CURRENT COUNT SOURCES FEATURES 
OFVIN (MAX) BITS 

ML2271 1.5115 150KHz 1 ±'f,,±lLSB Parallel 5V 35mA 20 ADC1061 Latched 3-state output 

ML2375 2~s 4 ±1to±lL5B Parallel 5V,12V 11mA 28 Two channel 
simultaneous S & H 

ML2377 2115 6 ±1to ±lLSB Parallel 5V,12V 11mA 44 Two channel 
simultaneous S & H 

12-Bit ND + Sign 
PART CONY. MAX SAMPLE INPUTS NON BUS SUPPLY SUPPLY PIN ALTERNATE 

NUMBER TIME FREQ TIME (MUX) LINEARITY INTERFACE, VOLTAGE CURRENT COUNT SOURCES FEATURES 
OFVIN (MAX) BITS 

ML2200 31.5~s 12KHz 2.3115 4 ±'/" ±1 LSB Parallel ±5V 50mA 40 Differential inputs. 
16 bit timer & clock. 
limit alarm. 

ML2208 31.5~s 12KHz 2.3115 8 ±'/" ±1 LSB Parallel ±5V 50mA 40 16 bit timer & clock. 
Limit alarm. 

ML2221 44~s 8.5KHz 3.2115 1 ±'/" ±1 LSB Serial ±5V 50mA 16,20 4-wire Interface to ~P 

ML2223 44~s 8.5KHz 3.2115 1 ±'/" ±1 LSB Serial ±5V 50mA 16,20 Async. RS 232 interface 

ML2230 31.5115 12KHz 2.3115 1 ±'/" ±1 LSB Parallel ±5V 50mA 24 Outputs two 8-bit bytes 

ML2233 31.5115 12KHz 2.3115 1 ±'/" ±1 LSB Parallel ±5V 50mA 28 Self calibrating. 
Differential Inputs. 
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Data Conversion D/A 

Selection Guide 

8-Bit D/A 
8-BIT SmllNG SET-UP OUTPUT OUTPUT NON BUS SUPPLY SUPPLY PIN 
D/A TIME TIME CURRENT VOLTAGE LINEARITY INTERFACE, VOLTAGE CURRENT COUNT FEATURES 

(MAX) BITS 

ML2330 10/15 l.3ns 2mA 20mV-4V ±1 LSB Serial 3V, 4mA 8 Dual DAC. Low power. 
20mV-2V 3.3V,SV 

ML2340 5/15 4Sns -10mA Vee ± 'I., ±'j, LSB 8,jJ.P SV,±5V 9.3mA 18 Internal 2.S0V reference. 
+10mA -O.OSV 12V 11 bit resolution. 

Programmable voltage 
gain: 'I., ';" 1, 2 

ML2341 5/15 SOns SmA Vee ±'/.,±'j,LSB 8,jJ.P SV,±SV SmA 20 Internal 2.S0V reference. 
-O.OSV 12V 11 bit resolution. 

Programmable voltage 
gain: 'I., ';" 1,2 

ML23S0 5/15 4Sns SmA Vee ±'/., ±'j, LSB 8,jJ.P SV,±SV 9.3mA 18 Internal 2.S0V reference. 
-O.OSV 12V 11 bit resolution. 

Programmable voltage 
gain: 'I., '/0. 1, 2 

ML23S1 5/15 SOns SmA Vee ±'/., ±'j, LSB 8,jJ.P SV,±SV SmA 20 Internal 2.S0V reference. 
-O.OSV 12V 11 bit resolution. 

Programmable voltage 
gain: 'I., ';" 1, 2 

ML237S 2/15 60ns Vee ±'/., ±'j,LSB 16, jJ.P SV llmA 28 16 bit timer & clock. 
-0.2SV Limit alarm. 

ML2377 2/15 60ns Vee ±'/., ±'j, LSB 16, jJ.P SV 11mA 44 16 bit timer & clock. 
-0.2SV limit alarm. 

10-Bit D/A 
8-BIT SETTLING SET-UP OUTPUT OUTPUT NON BUS SUPPLY SUPPLY PIN 
D/A TIME TIME CURRENT VOLTAGE LINEARITY INTERFACE, VOLTAGE CURRENT COUNT FEATURES 

(MAX) BITS 

ML237S 2/15 60ns Vee ±'/.,±'j,LSB 16, jJ.P SV 11mA 28 16 bit timer & clock. 
-0.2SV Limit alarm. 

ML2377 2/15 60ns Vee ±'/.,±'j,LSB 16, jJ.P SV 11mA 44 16 bit timer & clock. 
-0.2SV Limit alarm. 
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PRELIMINARY 

ML2200, ML2208 

12-Bit Plus Sign Data Acquisition Peripheral 
GENERAL DESCRIPTION 

The ML2200 and ML2208 Data Acquisition Peripherals 
(DAP) are monolithic CMOS data acquisition subsystems. 
These data acquisition peripherals feature an input 
multiplexer, a programmable gain instrumentation 
amplifier, a 2.SV bandgap reference, and a 12-bit plus 
sign ND converter with built-in sample-and-hold. In 
addition to a general purpose 8-bit microprocessor 
interface, the ML2200 and ML2208 include a 
programmable processor, data buffering, a 16-bit timer, 
and limit alarms. 

The ML2200B and ML2208B self-calibrating algorithmic 
ND converters have a maximum non-linearity error over 
temperature of 0.018% of full-scale, while the ML2200C, 
ML2200D, ML2208C, and ML2208D have a maximum 
non-linearity error over temperature of 0.024%. 

The ML2200 has a four channel differential input 
multiplexer and the ML2208 has an eight channel single 
ended input multiplexer. 

The digital interface, with software-alterable configurations, 
is designed to off-load the microprocessor. Control of the 
DAP is autonomously handled through the control 
sequencer which receives its instructions from the 
instruction RAM. 

BLOCK DIAGRAM 
AVec 

y 
AGNO 

Y 

12-BIT PLUS SIGN AID 
WITH 

FEATURES 

• Resolution 12-bits + sign 

• Conversion time 
(including S/H acquisition) 31.SIJ.S max 

• Sample-and-hold acquisition 2.31J.S max 

• Non-linearity error ±3/4 LSB and ±1 LSB max 

• Low harmonic distortion 0.01% 

• No missing codes 

• Self-calibrating - maintains accuracy over time 
and temperature 

• Inputs withstand 17V I beyond suppl ies 

• Internal voltage reference 2.SV± 2% 

• Four differential or eight single-ended input channels 

• Data buffering (8 word data RAM) 

• Programmable limit alarm 

• 8-Bit microprocessor interface - interrupt, DMA, 
or polling 

• 16-Bit timer for programmable conversion rates 

• Standard hermetic 40-pin DIP 

VREF VTEMP 
OUT OUT 

DO 

01 

02 

03 

SAMPLE & HOLD FUNCTION 
04 

05 

D6 

07 

SYNC 
INT/INT 

OBR 

AO 

Al 

A2 

ALE 

WR 

oVcc OGNO(2) RESET iID 
cs 
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ML2200, ML2208 

ML2200 BLOCK DIAGRAM 

SYNC 

b b 
DVcc DGND (2) 

AVec AGND 

? ? 

12·BIT PLUS SIGN AID 
WITH 

SAMPLE & HOLD FUNCTION 

VREF VTEMP 
OUT OUT Vss 

? 

b b 
PDN RESET 

BLOCK SCHEMATIC DIAGRAM 

VREF .. ----f--:-:--., 
VnMPOUT .. ----1_~~~~ 

CHO 

CHI 

CH2 

CH3 

AVCC-----.. 

AGND----~ 

Vss---4-__ ---I 

2-4 

'----v-----' 
SECONDARY REGISTERS 

(ACCESS BY USE OF 
REG. POINTER) 

'----r----' 
PRIMARY REGISTERS 

(DIRECTLY ACCESSIBLE) 

Figure 1. Block Schematic Diagram. 
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ML2200, ML2208 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

1 AGND Analog Ground. 28 DBR Data Buffer Ready output active 

2 VTEMP Voltage output proportional to 
high indicates that a sequence of 
operations has completed and 

the die temperature. data is ready to transfer. DBR is 
3 VREF Internal voltage reference output not maskable. It can be used to 

generate an interrupt in addition 
4-11 CH Analog Inputs. to the INT pin when the DBRIE 

Ml2200 - Positive or negative bit in the interrupt mask register 
input of four differential inputs has not been enabled. DBR is the 
Ml2208 - Eight single ended DMA request pin when DMA 
inputs referenced to common mode is enabled. DBR is not 
pin. Digitally selected by control active unless in run mode and at 
sequencer. least one sequence of operations 

12 NC Ml2200 - No connection. has been completed. DBR 
COM Ml2208 - Negative common remains active in the halt mode if 

input for the eight input channels. not acknowledged; low during 
Tie to analog ground or reset time and power-down. 

(Vss +2.5)to (AVcc - 2.5 V) 29 DGND Digital Ground. 
13 Vss Negative power supply; 30 ClK Clock input. Drive with an IIPJI decouple to AGND. external clock or crystal reference 
14 PON Power-Down Input When PON = to DGND. The crystal must be 

0, device in power-down mode parallel resonant with minimum 
with register contents retained if capacitive loading (i.e., No 

AVcc >2.0V. bypass caps should be used and 
leads shou Id be kept short). 

15 NC No Connection. 
RESET Active low hardware reset with 31 

16-19 D7, D6, Bidirectional data bits. internal pull up resistor of 200K. 
D5, D4 Tie to system reset line or to 

20 DGND Digital Ground. grounded capacitor. The capacitor 
size (usually >6J.1F) is based on the 

21 DVcc Digital power supply. Tie to time the power supplies stabilize, 
AVcc to the time reset voltage reaches 
from same power supply. lAV (>400ms). 

22-25 D3, D2, Bidirectional data bits. 32 TClK External timer, T ClK is used as 
D1, DO external clock input for the 16-

26 SYNC In the slave mode, SYNC is a bit timer when the T ClK bit in the 

positive edge triggered input control register is set to one. 

used to start a conversion. In 33 ALE Address latch enable, active low 
master mode, SYNC is an output latches information on AO, A 1, 
and indicates a conversion has A2 and CS. Tie to AVcc to 
occurred. disable use when separate 

27 INT Interrupt output. A maskable address and data bus are used. 

interrupt programmable to be 34 A2 Address 2 
active high or low or will default 

35 A1 Address 1 to active high. INT will not clear 
until acknowledged in halt 36 AO Address 0 
mode; not affected by the run or 

37 CS Chip select, active low halt state. INT = 0 during reset 
and inactive during PON. 38 RD Read, active low enables Ml2200 

or Ml2208 to drive data bus. 

39 WR Write, active low allows writing 
into the registers. 

40 AVcc Positive analog Power supply. 
Decouple to AGND. Tie to DVcc 
from same power supply 
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ML2200, ML2208 

PIN CONNECTIONS 

Ml2200 

40-PIN DIP 

AGNO AVec 

VTEMP WR 

VREF RO 

CHO+ CS 

CHO- AO 

CH1+ A1 

CH1- A2 

CH2+ ALE 

CH2- TelK 

CH3+ RESET 

CH3- ClK 

NC OGNO 

Vss OBR 

PDN INT/INT 

NC SYNC 

07 00 

06 01 

05 02 

04 03 

OGNO OVee 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVcc and DVcd------ ...................... 6.0V 
Negative Supply Voltage (Vss) ............................... - 6.0V 
Voltage at Analog Inputs ................ Vss - 7V to AVcc +7V 
Voltage at VREF .............................. Vss - 7V to AVcc +7V 
Input Current per Digital Pin ................................ ±1 OmA 
Input Current at Analog Inputs .............................. ±20mA 
Storage Temperature Range .................. - 65°C to + 150°C 
Package Dissipation @ 25° c. ..................................... lW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ........................ 260°C 

Ml2208 

40-PIN DIP 

AGNO AVec 

VTEMP WR 

VREF RO 

CHO Cs 

CH1 AO 

CH2 A1 

CH3 A2 

CH4 ALE 

CH5 TeLK 

CH6 RESET 

CH7 ClK 

COM OGNO 

Vss OBR 

PON INT/INT 

NC SYNC 

07 00 

06 01 

05 02 

04 03 

OGNO OVee 

TOP VIEW 

OPERATING CONDITIONS 
(Note 2) 

Temperature Range ............................... T MIN :5 T A :5 T MAX 
ML2200BCp, ML2200CCP, ML2200DCP ...... O°C to 70°C 
ML2208BCP, ML2208CCP, ML2208DCP ...... O°C to 70°C 

Supply Voltage (AVcc and DVcd ........ 4.5Voc to 6.0Voc 
Negative Supply Voltage (Vss) .......... -4.5Voc to -6.0Voc 
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ML220.o, ML2208 

ELECTRICAL CHARACTERISTICS 
The following specifications apply for AVec = oVcc = +5V ± 5%, Vss = -5V ± 5%, AGNO = OGNO = COM = CHX- = 
OV, TA = T MIN to T MAX unless otherwise specified. Cl = 1 OOpF for 00-07, Cl = 50pF for INT, OBR, and SYNC. 

SYMBOL PARAMETER CONDITIONS UNITS 

Converter Characteristics 

linearity Error 
ML2200BCP, ML2208BCP 4 fCClK = 0.1 ~ 7MHz ±3/4 LSB 
ML2200CCP, ML2208CCP fCClK = 0.1 ~ 7MHz ±1 LSB 
ML2200DCP, ML2208DCP fCCLK = 0.1 ~ 5MHz ±1 LSB 

Unadjusted Zero Error 
ML2200BCP, ML2208BCP 4 ±3/4 LSB 
ML2200CCP, ML2208CCP ±2 LSB 
ML2200DCP, ML2208DCP ±2 LSB 

Unadjusted Positive and 5 ±4 LSB 
Negative Full Scale Error 

Zero Error Temperature Coefficient 0.5 ppm/"C 

Gain Temperature Coefficient External Reference 3 ppm/"C 

Common-Mode Rejection 13 80 dB 

Analog Input Range 5 All Analog Inputs Vss-0.05 AVcc+0.05 V 

External Source Resistance Channel = Analog Input 2 kQ 
for Analog Inputs 5 Channel = Voltage Reference 0.5 kQ 

Differential Analog Input Range CHX referred to COM -VREF +VREF V 
for ML2208 
CHX+ referred to CHX- for 
ML2200 

Off Channel Leakage Current 5,6 On Chan = 2.5V, -100 nA 
Off Chan = -2.5V 
On Chan =-2.5V +100 
Off Chan = 2.5V 

On Channel Leakage Current 5,6 On Chan = -2.5V, -100 nA 
Off Chan = 2.5V 
On Chan = 2.5V +100 
Off Chan = -2.5V 

Gain Error Gain = 2, 4, or 8 0.03 % 

Voltage Reference and VTEMP Characteristics 

VREF Absolute Value 4 Referred to AGND 2.45 2.55 V 

VREF Output Pin 
Output Resistance 5 300 mQ 
Minimum Load Resistance 5 1 kQ 
Maximum Load Resistance 5 50 pF 
Temperature Coefficient 50 ppm/"C 
line Regulation 4.75 ~ AVcc ~ 5.25 1 mV 

--4.75;:: Vss ;:: -5.25 1 mV 
Load Regulation lllA-2.5mA 1 mV 
Output Noise 100 ~VRMS 

VTEMP Output Pi n AVcc-1.5 
Absolute Value @ 25°C 
Volts per °C 5 mV/oC 
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ML2200, ML2208 

ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AVec = DVCC = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
OV, T A = T MIN to T MAX unless otherwise specified. Cl = 1 OOpF for DO-D7, Cl = 50pF for INT, DBR, and SYNC. 

SYMBOL PARAMETER CONDITIONS UNITS 

DC Characteristics 

Power Supply Current 
Alcc, Analog AVcc 4 30 50 mA 
Dlcc, Digital DVcc 12 RD = CS = VIH 10 flA 
Iss, Vss 4 18 30 mA 

Icc Standby Current Alcc + Dlcc 4, 9 PON pin = GND 10 1000 ~A 

Iss Standby Current 10 1000 flA 
VccPo Minimum AVcc and -
DVcc for power·down data PON pin = GND 2 V 
retention Vss = -5.25 to GND 

Power Supply Rejection 7 
AVcdDVcc DC 80 dB 

DC to 25kHz, 200mVp_p 50 dB 

Vss DC 80 dB 
DC to 25kHz, 200mVp_p 50 dB 

Vil Input low Voltage (except ClK, tClK) 4 0.8 V 

VILl Input low Voltage (CLK, tClK) 4 0.8 V 

VIH Input High Voltage (except ClK, tClK) 4 2.0 V 

VIHl Input High Voltage (ClK, tClK) 4 3.5 V 

VOL Output low Voltage 4 1m = 2.0mA 0.45 V 

VOH Output High Voltage 5 10H =-lmA 4.0 V 

IL Input leakage Current 4 GND < VIN < Vcc ±1O ~A 
(except ClK and RESET) 

III Input leakage Current (ClK) 4 GND < VIN < Vcc ±200 ~A 
-

ILO Output leakage Current (DO - D7) 4 RD = CS = VIH ±1O flA 

IRST RESET Pin Source Current 4 RESET = OV 15 50 100 flA 

CI Input Capacitance (All Digital Inputs) 10 pF 

Co Output Capacitance (All 20 pF 
Outputs and DO - D7) 

AC Electrical Characteristics (Note 8) 

Ie Conversion Time 4,9 ClKMode=O fCLK = 7.0MHz 31.5 ~ 
fClK = 5.0MHz 44.0 ~ 

Sample and Hold Acquisition 4,9 CLKMode=O fCLK = 7.0MHz 2.3 ~ 
fClK = 5.0MHz 3.2 ~ 

SNR Signal-to-Noise Ratio V = 10kHz, 2.5V Sine. 73 dB 
fCLK = 7MHz (fSAMPLING = 
31 .8kHz). Noise is sum of all 
nonfundamental components 
up to 1/2 of fSAMPLING' 

THD Total Harmonic Distortion V = 10kHz, 2.5V Sine. -75 dB 
fClK = 7MHz (fSAMPLING = 
31.8kHz). THD is sum of 2, 
3,4, 5 harmonics relative 
to fundamental. 
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ML2200, ML2208 

ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply for AVec = DVCC = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
OV, TA = T MIN to T MAX unless otherwise specified. CL = 1 OOpF for DO-D7, CL = 50pF for INT, DBR, and SYNC. 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) (Continued) 

IMD Intermodulation Distortion VIN = fA + fB. fA = 9kHz -75 dB 
1.25V sine. fB = 10kHz, 1.25 
sine. fClK = 7MHz 
(fSAMPLING = 31 .8kHz). 
IMD is (fA + fB), (fA - fB), 
(2fA - fB), (2fA + fB), (fA + 2fB), 
(fA - 2fB) relative to fundamental. 

FR Frequency Response VIN = 0 to 10kHz, 2.5V sine 0.01 dB 
relative to 1 kHz 

fClK ClK Frequency 4 (No crystal) 0.1 7 MHz 

fClKX ClK Frequency 4 (Crystal) 3 7 MHz 

fClKI Internal ClK Frequency 1/2 fClK or 
fClKX 

fCLKT CLK Frequency (tCLK only) 4 fClKI MHz 

fClKW Minimum Clock High/Low Width (ClK) 5 50 ns 

fClKWT Minimum Clock High/Low Width (tcLK) 5 75 ns 

tRF Maximum Rise/Fall Times, All Inputs 5 25 ns 

tRESET Mrnimum Reset Active Time 4,10 10 fClK 
Periods 

tpON Power-Up Time Time After PON = VIH 1 ms 

Non-Multiplexed Data Bus Timing 

tAL Address to ALE Setup Time 4 20 ns 

tlA Address Hold Time After ALE 4 20 ns 

tlC latch to RD or WR Control 4 20 ns 

tRO Valid Data Delay from Read 4 150 ns 

tAD Address Stable to Valid Data 5 150 ns 

tll ALE Width 4 80 ns 

tOF Data Bus Float After Read 4 10 50 ns 

tCL Read or Write Control to ALE 4 20 ns 

tcc Read or Write Control Width 4 150 ns 

tow Data Setup Time for Write 4 100 ns 

two Data Hold Time for Write 4 0 ns 

tRY Recovery Time Between 4 250 ns 
Two Reads or Writes 

tAD Address Stable to Valid Data 5 150 ns 

tAR Address Stable Before Read 4 0 ns 

tRA Address Hold Time for Read 4 0 ns 

tRR Read Pulse Width 4 150 ns 

tRO Data Delay from Read 4 150 ns 

tOF Read to Data Float 4 10 50 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply for AVec = DVcc = +5V ± 5%, VSS = -5V ± 5%, AGND = DGND = COM = CHX- = 
OV, T A = T MIN to T MAX unless otherwise specified. CL = 1 OOpF for DO-D7, CL = 50pF for INT, DBR, and SYNC. 

SYMBOL PARAMETER CONDITIONS UNITS 

Non-Multiplexed Data Bus Timing 

tRY Recovery Time Between 4 250 ns 
Two Reads or Writes 

tAw Address Stable Before Write 4 0 ns 

tWA Address Hold Time for Write 4 0 ns 

tww Write Pulse Width 4 150 ns 

tDW Data Setup Time for Write 4 100 ns 

tWD Data Hold Time for Write 4 0 ns 

DMA Interrupt and SYNC Timings 

tcKDBR Clock to DBR Assert 11,4 DMA 120 190 ns 

tRDD Read to DBR Negation on last Byte 4 110 170 ns 

tcKDBR Clock to DBR or tCKINT, INT Assert 11,4 Non-DMA 100 180 ns 

tWRDBR Write to DBR or tWRINT INT Negation 11,4 70 120 ns 

tCKSYNC Clock to SYNC Delay 11,4 Master Mode 150 220 ns 

tSYNCN SYNC Input Width 5 3 fClKI 

tSYNCCK SYNC to Clock Setup 4 Slave: Mode 4 Only 50 ns 

tSYNCO Minimum SYNC Output Width 4 4 4 fClKI 

Note 1: Absolute maximum ratings are limits beyond which the hfe of the mtegrated ClfCUlt may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: DoC to +700( operating temperature range deVices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case 
test conditions. 

Note 3: TYPlcals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not 10 outgoing quality level calculation. 
Note 6: Leakage current is measured with the clock not switching. 
Note 7: Power supply rejection IS the ratio of the change 10 zero error to the change in power supply voltage. 
Note 8: All parameters measured from O.BV to 2.0V. 
Note 9: Power-down current is with power-down pm at GND potential only. Any other level will dissipate more power. Other digital Input pinS may float but cannot be 

above VDD or below GND. 
Note 10: RESET should be held active for at least 10 mternal clocks after power supplies have stabilized to wlthm 5% of SV 
Note 11: Smce the Internal master clock is the mput dock divided by 2, this number can be either the maximum listed or the maximum listed plus 1/2 the Input clock period. 
Note 12: When RD = CS = Vill the current IOta the DVcc pin depends on the data bus pms DO - 07. 
Note 13: Common-Mode rejection is the ratio of the change in zero error to the change 10 common-mode input voltage. 
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TIMING DIAGRAMS 

READ CYCLE WRITE CYCLE 

CS 

AD0-7 

ALE 

RD 

Figure 2. Multiplexed Bus. 

READ CYCLE WRITE CYCLE 

AO-A2,Cs AO-A2,CS 

RD DATA BUS 

DATA BUS WR 

Figure 3. Non-Multiplexed Bus. 
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TIMING DIAGRAMS (Continued) 

ClK if\_~ 

DBR~_ f:'--:~ 
RDORWR~~ 

FIRST BYTE lAST BYTE 

Note: There are 2*n Read OperatIons where n IS the number of words to be 
transferred DBR IS set and cleared by internal cirCUitry. 

DMA bit In the control register must be set for thiS operatIon. 

Figure 4. DMA Mode. 

MASTER MODE 

ClK I , 1,...-------,'~tcSYNC 
SYNC OUT -------,- __ 

tCKSYNC tSYNCO 

ClK if\ c------I\-
~ ~~'_O_R_tc_K_'N_T ______________ ~ 

DBRORIN~ , 

Figure 5. DBR and INT (Non-DMA Mode). 

SLAVE MODE 

ClK~_~ CISYNCCK ) 

SYNC IN ( \ _________ _ 

ISYNCN -------.j~' 

Figure 6. SYNC 

1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC ND CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feed back the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

Figure 7. Self Calibrating ND Converter. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample-and-hold. If the 2x input 
voltage is less than the reference, the MSB is a 0 and the 
2x input voltage is stored in the sample-and-hold. This 
process repeats again, however now the sample-and-hold 
voltage is multiplied by 2. 

Self-Calibration 

In order to maintain integral and differential linearity to 
the '/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled 
before each conversion using auto-zeroing circuitry on 
both the sampling amp and the 2x amp. The gain of the 
loop is adjusted using self-calibration. 

Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREFNREF), and examining the output code. 
Converting VREF should yield plus full-scale, since VREF/ 
VREF should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0" . If 
the magnitude bits of the resulting conversion are all "1 s", 
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the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13-bit accuracy of 2. 

1.2 MULTIPLEXER INPUT 

The input voltage is ±2.SV relative to COM of the 
ML2208 or a CH- of the ML2200. The input voltages 
under normal operation must not exceed supply voltages 
by O.OSV. Each channel is selected by the programmable 
sequencer. 

1.3 INTERNAL VOLTAGE REFERENCE AND VTEMP 

The internal bandgap voltage reference with a temperature 
coefficient of SO ppm /"C has an external use current of 
2.SmA. 

The voltage reference VTEMP output is directly proportional 
to the chip temperature. 

1.4 CONVERSION TIMES 

The following table lists the conversion times which 
include the sample-and-hold acquisition time. For a 
CALRD and CALWR no ND conversion actually takes 
place. 

Operation 
8-bitND 
13-bitN D 

CALWR 
CALRD 

Number of 
Internal Clocks' 

80 
110 

52 
80 

*Internal clock IS the external clock divided by two. 

1.5 SAMPLE-AND-HOLD TIMING 

Figure 8 shows the internal timing for the sample-and
hold circuitry. The relationship between the "Start of 
Conversion" and the input channel going into sample 
mode is fixed at 6 internal clocks, regardless of the Start 

EXTERNAL 
CLOCK 

INTERNAL 
CLOCK 

5 

, , 
6 , 7 8 9 

ML2200, ML2208 
Mode. Six internal clocks after the Start of Conversion, the 
Sample-and-Hold is switched into the sample mode, 
placing two 9pF capacitors in parallel with the input pins; 
one on CH+ and one on CH- for the ML2200, and CH 
and COM for the ML2208. The sample switch is kept in 
the sample mode for 8 internal clocks (2.3I1s at a 7MHz 
external clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample-and-hold 
is transferred into the ND, after which the VREF pin is 
sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in 
Master Mode during a conversion. SYNC is activated one 
internal clock cycle before the Start of Conversion and 
lasts for four internal clocks. 

1.6 ANALOG INPUTS DIFFERENTIAL INPUTS AND 
COMMON-MODE REJECTION 

The differential inputs of the ML2200 eliminate the effects 
of common-mode input noise (60Hz, for example), as 
CH+ and CH- are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of 1l1F or greater and 
O.OlI1F disc ceramic capacitors are recommended for 
bypassing AVec as well as Vss to AGND. These capacitors 
should be placed close to the AVec and Vss pins. 

2.0!J.P HARDWARE INTERFACE 

The microprocessor interface is a byte-oriented structure 
which occupies eight memory or I/O locations in the 
microprocessor's address space. Each register is readable 
and writable via the chip select, read and write pins, three 
address lines, and 8-bit data bus. 

, , , , , , 
10 11 12 13 14' 15 16' 17 18 19 20 21 22 23 24'2526 

NOTE 1 :" , 
I I I I 

SYNC PIN 11--+' ___ -, , , 
(MASTER MODE) --.J :: : 

NOTE 2 + L-------+i--------------------+�----~,r--------------------ri----
:-SAMPLING INPUT -----.1 i-SAMPLING REFERENCE-----.i 

START OF CONVERSION 

Note 1: External clock In phase With Internal clock uSing RESET. 
Note 2: Immediate execute mode where start of conversion and start of operation 

occur at the same time 

Figure 8. Sample-and-Hold Timing. 
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Interfaces are shown for multiplexed address data bus in 
Figure 9 and Figure 10. When non-multiplexed interfaces 

A15 ~ ADDRESS 
V DECODE r Cs 

· • A2 

· Al 

,---- AO 
A8 

QCQ 
AD7 07 QQ 

IlP · · NN · · NN · · ........ AD2 02 
~~ 

ADI 01 

ADO DO 

ALE ALE 

iiD iiD 
WR WR 

Figure 9. 8-Bit Multiplexed Bus Interface. 

2.1 INTERRUPTS 

The ML2200 and ML2208 provide two interrupt pins, one 
for control/status interrupts (lNT), and one for data interrupts 
(DBR). The standard INT pin is maskable via an interrupt 
mask register while the DBR pin is always enabled to 
signify that data is available. DBR can be mapped into the 
INT pin if only one interrupt pin is desired. 

The interrupt pin (lNT) can be programmed, via the 
Interrupt Bit Mask register, to be active high, or active low. 
When programmed for active high, it is driven in both 
directions. When INT is programmed for active low, it is 
an open drain output, therefore an external pull-up 
resistor of 2.5 kQ or more should be used. The DAP's 
Status register can be read to determine whether its 
interrupt is active or not. 

are used, ALE can be tied high. All internal address and 
chip select latches are transparent. 

A15 ~ ADDRESS 
V DECODE r Cs 

· • A2 

• Al 

,.------- AO 
A8 QCQ 

AD7 OJ QQ 

IlP • NN · . NN · . ........ 
AD3 03 ~~ 
AD2 02 

ADI 01 

ADO DO 

ALE ALE 

iiD iiD 
-

WR WR 

Figure 10. 16-Bit Multiplexed Bus Interface. 

2.2 DMA 

The separate DBR pin can also serve as a DMA request 
signal when DMA operation is enabled in the Control 
register. DBR goes active high when the data buffer is full 
and ready to be read. DBR remains high until the last byte 
in the data buffer has been read. This allows back-to-back 
DMA cycles or single cycle transfers depending on how 
the DMA controller is programmed. The data for the DMA 
cycle is transferred over the 8-bit data bus at address 0 (AO 
- A2 =0). The ML2200 or ML2208 automatically places 
both high and low bytes ofthe 16-bit wide data buffer at 
address 0 or 1 for the DMA controller to read. The LOBYT 
bit in the Control register specifies whether the high or 
low byte is placed on the bus first. Figure 11 shows a 
block diagram interfacing to the 8237 DMA controller. 

8237 HLDA 
DMA CONTROLLER HOLD 

lOW DREQ 
AD - A7 iOii DACK 

HOLD 

DATA 

Figure 11. DMA Interface. 
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3.0 REGISTER DEFINITIONS 

These data acquisition peripherals contain six directly 
addressable 8-bit registers, and twenty indirectly addressable 
16-bit registers. Figure 12 illustrates the register architecture 
while Figures 13, 14 & 15 illustrate the bit maps and 
addresses. The first three primary registers (Window Low, 

PRIMARY 

ML2200, ML2208 

Window High, and Index) are used to access the 20 
secondary registers. Window Low and Window High 
provide read /write access to the low and high bytes of 
the secondary register pointed to by Index. 

INDEX 
REGISTER 

VALUE 

SECONDARY 

(RS4-RSO) UPPER BYTE LOWER BYTE 

ArD..::D..,:,R:,:ES:;S,....:,BI;,.T,:.7-.,...:B::IT.,;6:,...:B-=IT:.,;S:,....:B:::IT.:,...:.4-rB::.;I:-,T..:3-r..:BI;,.T,:2,....:B::IT,..;I,....:BI:,:T,:O..., f------+------I DATA RAM 
READ/WRITE I 000 D7 D6 DS I D4 I D3 I D2 I Dl I DO I a x 16 ND DATA (READ) 

f 00000 7 1 
READ/WRITE I 001 

READ/WRITE I 010 

READ/WRITE I 011 

READ ONLY I 100 

WRITE ONLY I 100 

READ ONLY I 101 

WINDOW LOW REGISTER 

I DIS I 014 I D13 I D12 I 011 I Dl0 I D9 I D8 I 
WINDOW HIGH REGISTER 

I AUTOII " I " I RS4 I RS3 I RS2 I RSI I RSO I 
INDEX REGISTER 

I CAL I RESET I SLFTSTI TClK I DMA I LOBYTI MSTR I RUN I 

CONTROL REGISTER 

I INT I ClCP I RNER I ISQ I OVRN I ALRM I OVRG I DBR I 
STATUS REGISTER 

I 
, ~LCPAKIRNERAKIISQAK j2VRNAKIAlRMAKiOVRGAI<IDBRAKI 

INTERRUPT ACKNOWLEDGE REGISTER 

I 'I I 1 I 1 I 1 I 1 I SR2 I SRI I SRO I 

01000~) 

16-BIT CAL (WRITE) 

INSTRUCTION RAM 
8 x 16 OPERATION 
REGISTERS 

10000~1 ~~~~3~~~~~116-BITTIMERVALUE 
~~~~~E I ~::::~ ~~~:~ ~ ~~~~: 

A2, AI, AO SEQUENCE REGISTER 

10011 rl -----,-------,1 U:'~~~ 18:riRRUPT ENABLE 

LOWER BYTE 

11 
ADDRESS 

15 14 

*Writing this bit has no effect 
"'*Write a zero to these bits 

read back ones 

13 12 11 

~ 
a-BIT ALARM CRITERIA 

DATA 

Figure 12. Register Architecture. 

10 o 

'-----v---~' ~ '-' ---.-----' 
MODE SElECT 
000 = IMMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100 = EXTERNAL SYNC/TIMER 

PRESET /TIMEOUT 
110 = ILLEGAL 
111 = ILLEGAL 

INPUT CHANNEL SELECT 
000 = CHANNEL 0 
001 = CHANNEl 1 
010 = CHANNEl 2 
011 = CHANNEl 3 
100 = IllEGAL 
101 = ILLEGAL 
11 0 = ILLEGAL 
111 = ILLEGAL 

CYClE SELECT 
000 = 16 BITS 
001 = 13 HITS 
010 = a BITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

GAIN SELECT 
00= 1 
01 = 2 
10=4 
11 = a 

Figure 13. ML2200 Bit Map of Instruction RAM. 

MODE SELECT 
000 = IMMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100 = EXTERNAL SYNC/TIMER 

PRESET/TIMEOUT 
110 = IllEGAL 
111 = IllEGAL 

INPUT CHANNEL SElECT 
000 = CHANNEL 0 
001 = CHANNEl 1 
010 = CHANNEL 2 
011 = CHANNEl 3 
100 = CHANNEl 4 
101 = CHANNELS 
110 = CHANNEL 6 
111 = CHANNEL 7 

CYClE SElECT 
000 = 16 BITS 
001 = 13 HITS 
010 = a HITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

GAIN SElECT 
00 = 1 
01 = 2 
10 = 4 
11 = a 

Figure 14. ML2208 Bit Map of Instruction RAM • 

• ~Micro Linear 

REFERENCE SElECT 
000 = CHANNEL 0 
001 = CHANNEl 1 
010 = CHANNEl 2 
011 = CHANNEL 3 
100 = ILLEGAL 
101 = ILLEGAL 
110 = INTERNAL VRE' 
111 = ILLEGAL 

REFERENCE SElECT 
000 = CHANNEl 0 
001 = CHANNEl 1 
010 = CHANNEL 2 
011 = CHANNEL 3 
100 = CHANNEL 4 
101 = CHANNElS 
11 0 = INTERNAL VR" 
111 = ILLEGAL 
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INTERRUPT ENABLE REGISTER ALARM CRITERIA REGISTER 

Figure 15. Interrupt Enable and Alarm Criteria Registers. 

3.1 Primary Registers 

D7 I Db D5 I D4 D3 D2 

Window low Register 

D15 I D14 D13 I D12 I D11 I 010 

Window Hi!!h Re!!ister 

Window Registers- Registers 0 and 1 

D1 

D9 

READ/ 
WRITE 

DO I 
READ/ 
WRITE 

D3 I 

These registers form a two-byte window into the 
secondary registers. Window Low is the low byte of the 
secondary 16-bit word, and Window High is the high 
byte. Anyone of the 20 words in the secondary register set 
can be accessed by first setting a 5-bit address in the Index 
register, then reading from or writing to the Window 
registers. Sequential access of the secondary registers is 
also available without writing to the Index register via the 
AUTOI bit in the Index register. 

Index Register - Register 2 

I AUTOII 

Index Register 

RS1 

READ/ 
WRITE 

RSO I 

RSX = Secondary Register Address (Bits 0 to 4): The 
lower five bits of this register (RSO - RS4) define the 
location within the secondary register set that the window 
registers are positioned at. 

Bits 5 and 6: Undefined. Writing to these bits have no 
effect, however a zero should be written; always read as 
ones. 

AUTOI = auto increment (Bit 7): Setting AUTOI signifies 
that the lower five addressing bits in the Index register are 
automatically incremented after either the Window Low 
or Window High register is accessed. Whether the 
autoincrement occurs when accessing Window Low or 
Window High register, is based on the LOBYT bit in the 
Control register. 

Interrupt Operation Caution!!! - Using the autoincrement 
feature with interrupt driven software deserves special 
attention. A problem can arise when an interrupt service 
routine accessing the secondary registers, interrupts 
another routine accessing secondary registers. This 
problem can be avoided one of two ways: disable the 
interrupt in the main routine while accessing secondary 
registers, or reload the index register to its entry value 
when exiting the interrupt routine. 

Note: The Index register is automatically cleared only 
under two conditions, one is a RESET, the other is when 
mode is used. This register is reset to 0 in DMA mode just 
prior to the DMA request (DBR going active). DMA mode 
uses the index register for operation, so the index register 
should never be written to when RUN and DMA are set. 

Control Register - Register 3 

CAL RESET I SLFTST I telK I DMA I LOBYT I MSTR 

Control Register 

READ/ 
WRITE 

RUN I 

RUN (Bit 0): Setting this bit to a one will cause the chip to 
start executing the operations defined in the Instruction 
RAM, beginning with location O. This is referred to as the 
Run mode. Clearing this bit will place the ML2200 in the 
Halt mode. The run bit is initially cleared on power up or 
after a hardware or software reset. In order to properly 
start the chip operation, the RUN bit should be set after 
setting all other applicable bits in the control register. The 
act of halting the chip will always reset the sequence 
pointer to operation O. Thus, the next time RUN is 
asserted, the chip starts from operation 0 again. Placing 
the chip in the Run or Halt mode has no effect on the 
Interrupt pins (lNT and DBR), nor the status bits in the 
status register. It is recommended that secondary registers 
only be written to in the Halt mode. Writing to secondary 
registers in the Run mode will cause the RNER status bit to 
be set, indicating a run error. All of the status bits in the 
Status register should be acknowledged (cleared) before 
entering the Run mode. 

MSTR = master (Bit 1): Indicates whether the SYNC pin 
will be an input or an output. If set the chip will enter the 
master mode of operation and the SYNC pin will become 
an output pin which puts out a sync pulse at the 
beginning of each operation. This serves as a signal for 
other slave chips that are used in a synchronous operating 
method. While in master mode, any operation requiring a 
sync input will not proceed, and the chip will "hang", 
waiting for a sync that will never come. The chip default 
is slave mode with the SYNC pin as an input. 

lOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTOI or DMA operation. 
When this bit is set, the index register is incremented on 
the read or write of the Window High register. When this 
bit is clear, the index register is incremented on the read 
or write of the Window Low register. If DMA operation is 
specified, then setting this bit will make the low byte be 
output first, then the high byte, after which the index 
register is incremented. Conversely, clearing this bit will 
output the high byte first, then the low byte, then 
increment the index register. The default is low. 

DMA = DMA Mode (Bit 3): When set enables DMA 
operation. DMA operation proceeds as follows: 

1) The DMA bit must be set after defining all othel 
registers (Instruction RAM, Alarm etc.) but prior to 
setting the RUN bit. The RUN bit is then set. 
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2) The sequence of operations in the Instruction RAM is 
executed. 

3) At the end of the sequence, the DBR pin goes true, 
requesting DMA service, and the Index register is 
automatically cleared, pointing to the first location of 
the data buffer. 

4) Each read of either Window low or Window High 
register outputs a byte from the data registers. The DMA 
controller can read Window low register, or Window 
High register, or alternate between Window low and 
Window High. The same data is placed in both 
Window low and Window High registers, and updated 
in both of them when either one is read. The data is 
placed in the Window registers beginning with data 
word ° and incrementing on up. The placement of the 
low byte! high byte order is based on the lOBYT bit in 
the Control register. The number of bytes transmitted 
equals twice the number of operations defined, since 
the words are 16-bits going over an 8-bit bus. DBR 
remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK 
bit in the Status register) is not required when 
transferring bytes via DMA. 

The AUTOI bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented in the Run mode. However if AUTOI is 
not set, then when in Halt mode autoincrement will not 
be enabled. If the AUTOI bit and DMA bit are both set, 
the autoincrement will occur in both the Run mode and 
the Halt mode. 

tcLK = enable external timer clock (Bit 4): When set, will 
divert the clock input for the internal sixteen bit timer to 
the !eLK pin. When reset to 0, the timer runs at the internal 
chip clock frequency, which is '/2 of that generated at the 
ClK pin. 

SlFTST = self test (Bit 5): When set, the function of the 
input multiplexer is modified to enable self test 
operations. This bit also redefines the Instruction Word, 

MODE SELECT 
000 = IMMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100 = EXTERNAL SYNC!rIMER 

PRESET/TIMEOUT 
110 = ILLEGAL 
111 = ILLEGAL 

INPUT CHANNEL SELECT 
000 = SYSTEM OFFSET 
001 = INTERNAL REF 
010 = INVERT INTRN REF 
011 = COMMON MODE 
100 = ILLEGAL 
101 = ILLEGAL 
11 0 = ILLEGAL 
111 = ILLEGAL 

ML2200, ML2208 
specifically the CHAN field of the instruction word (See 
Figure 16 for the redefinition of the Instruction Word 
when SlFTST = 1). With SlFTST set the CHAN bits now 
specify which of four self tests is to be performed as 
shown below. 

Instruction 
Word 

CHAN Field Function Oescription 
000 System Offset Inputs shorted 

together and 
shorted to ground 

001 Internal Convert internal 
VREF, 

Reference plus side tied to 
VREF, minus side 
tiedtoAGND 

010 Minus Internal Convert internal 
VREF, Reference 
minus side tied to 
VREF, plus side 
tied to AGND 

011 Common Mode Both inputs of the 
converter are tied 
to VREF 

100-111 Illegal 

These self-test results are useful for user confidence at 
power on. The default on reset is 0, normal mode of 
operation. 

RESET = soft reset (Bit 6): Is a software reset of the chip. 
This bit does not have to be cleared once set. The 
microprocessor should read this bit back to determine if 
the reset operation has completed, especially if a slow 
clock rate is being used. It takes at least 4 internal clocks 
for the reset bit to clear. Microprocessor communication 
with the chip should be held off until this bit is read back 
as cleared. When issuing a hardware reset, communication 
with the chip should be held off until the RESET pin goes 
inactive. The chip will be in the Halt mode (RUN bit 
cleared) after a reset. See RESET/Power-On Conditions 
(Section 4.2) for chip register conditions after a reset. 

CYCLE SELECT 
000 = 16 BITS 
001 -13 BITS 
010 = 8 BITS 
011 = ILLEGAL 
111 = ILLEGAL 

GAIN SELECT 
00=1 
01 =2 
10=4 
11 =8 

REFERENCE SELECT 
000-110 
INTERNAL REFERENCE 
ONLY 

Figure 16. Bit Map of Instruction Word When SLFTST = 1. 

'Micro Linear 2-17 

1111 



Ml2200, Ml2208 
CAL = calibration start (Bit 7): When set, a self-calibration 
of the NO converter will begin. Reading the CAL bit 
indicates whether the chip has been calibrated since the 
last reset or power-on condition. If CAL is a 1, then a 
calibration of the NO converter has been performed since 
the last reset or power-up. When setting CAL, the user 
should not write a 0 back to clear it. Writing a 0 to the 
CAL bit has no effect; this will not clear it if it was 
previously set. Attempting to set the RUN bit without this 
bit being set will result in a run error condition, in which 
the RNER status bit will be set, and an interrupt being 
generated if it was enabled in the mask register. The 
amount of time required for calibration is 8,260 internal 
clocks, or 16,520 external clocks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE) in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done in a 
normal manner, in which the interrupt is acknowledged 
by setting the CLCPAK bit in the interrupt acknowledge 
register. All I/O to the ML2200 should be avoided during 
calibration (i.e., 16,520 external clocks after the CAL bit is 
set), because accessing the chip during calibration could 
adversely affect the calibration. If an interrupt is not 
desired, the microprocessor can read the Status register to 
verify completion 16,520 external clocks after the CAL bit 
is set. When the CAL bit is set, all other bits in the Control 
register should be cleared. DO NOT set the CAL and RUN 
bits simultaneously. 

Status Register - Register 4 READ 
ONLY 

liNT I CLCP I RNER I ISQ I OVRN I ALRM I OVRG I DUR I 
Status Register 

Register 4 serves as the status register of the various 
conditions that can occur. The bits in the Status register 
will be updated regardless of the Mask register. The status 
bits are updated any time within or at the end of a 
sequence of operations. The bits in the Status register are 
cleared by setting the corresponding bits in the Interrupt 
Acknowledge register. The status register can be polled at 
any time without fear of clearing the status bits. This 
register is not cleared at HALT time. When entering the 
Run mode, all of the old status bits should be cleared 
(acknowledged). 

DBR = Data Buffer Ready (Bit 0): Is set when the chip has 
gone through one complete sequence of operations and 
has filled the data registers with the converted results. This 
bit signifies that the microprocessor should read all 
locations in the data registers that have relevant data. 
Reading all loaded data locations will clear DBR. If all 
loaded data locations are not read, DBRAK in the Interrupt 
Acknowledge register should be set to clear DBR, else 
OVRN will be set. The DBR pin is logically the same as 
the DBR status bit. The DBR pin is ALWAYS enabled and 
cannot be masked out. The DBR status bit is the only 
condition that can cause the DBR pin to be asserted. The 
DBR status bit can be enabled to assert the INT pin 
through the Interrupt Mask register. 

OVRG = overrange interrupt (Bitl): Is set at the end of an 
operation when an underflow or overflow of the NO 
converter has occurred (underflow and overflow are the 
most negative and most positive number, respectively, that 
is representable in the chip according to the specified 
cycle length). The overflow and underflow conditions 
apply to ALL incoming NO converted data. 

ALRM = limit alarm (Bit 2): Is the limit alarm status bit. It 
is set whenever the alarm criteria specified in the alarm 
registers is satisfied by a conversion from an operation 
where the ALRMEN bit is enabled. The limit alarm test only 
applies to an operation in which the ALRMEN bit is set. 

Note that OVRG and ALRM can be enabled without 
enabling the DBR interrupt so that the microprocessor can 
be left alone until an overflow/underflow or limit alarm 
occurs. This is done to search for a limit condition first 
without taking any data into the microprocessor. Doing 
this, however, will set the OVRN (overrun error) bit in the 
status register, indicating that the microprocessor has not 
read any data from previous sequences. 

OVRN = overrun error (Bit 3): The OVRN bit indicates 
that the microprocessor has missed from one byte to 
several blocks of data. Even if an overrun error occurs, the 
ML2200 or ML2208 continues converting the inputs and 
updating the data registers with the new conversions. 

This bit may intentionally become set as a result of 
searching for the overflow/underflow or limit alarm 
criteria without reading the data. 

The setting of the OVRN bit also occurs in DMA mode if 
all data has not been read by the completion of the next 
sequence. (Note: DBRAK should not be set in DMA mode, 
since DBR is automatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once 
all of the data from the sequence which was overrun is 
read; OVRN automatically disables DBR reactivation. 
Acknowledging OVRN (setting OVRNAK in the Interrupt 
Acknowledge register) will re-enable the DBR pin, 
however the OVRN bit may immediately be set again 
before the DMA controller can read the entire buffer. 
Therefore, it is recommended that in DMA mode if OVRN 
gets set, put the ML2200 or ML2208 in the Halt state, 
acknowledge the overrun and the DBR, then place the 
chip back in the Run mode. 

ISQ = intra-sequence pause (Bit 4): Indicates that the chip 
has halted operation within a sequence as a result of 
choosing the ISQ op code in the mode field of the 
Instruction word. Setting the ISQAK bit in the interrupt 
acknowledge register will then restart the operation within 
the sequence. This lets the microprocessor achieve timing 
control of individual operations within a sequence. 
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RNER= run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNER bit to get set 

1. Entering the Run state without having performed a self
calibration after the most recent Reset or power-up. The 
status of whether a calibration was executed or not is 
indicated by the CAL bit in the control register. If the 
CAL bit in the Control register is a one, the chip has 
already been calibrated. 

2. Writing to any secondary registers other than the data 
registers during Run mode. All secondary register 
locations are readable during Run time. 

CLCP = calibration complete (Bit 6): Is set at the end of a 
calibration sequence. The purpose of this bit is to notify 
the microprocessor that a self-calibration has completed. 

INT = interrupt (Bit 7): Is identical to the state of the INT 
pin. The INT status bit and pin is an OR of the status bits 
enabled in the Interrupt Mask register. While the polarity 
of the INT pin can be defined in the interrupt mask 
register, this bit is positive true only. 

Interrupt Acknowledge Register - Register 4 WRITE 
ONLY 

I CLCPAK I RNERAK I ISQAK IOVRNAKI ALRAK 10VRGA~ DBRAK I 

Interrupt Acknowledge Register 

The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero 
has no effect. The relative bit positions in the Interrupt 
Acknowledge register are identical to the Status register 
except for bit 7, which is valid for reads (see explanation 
in Status Register) and undefined for writes (user must 
write a zero to this bit to be software-compatible for 
possible future redefinitions). 

Sequence Register - Register 5 

SR2 

Sequence Register 

SRI 

READ 
ONLY 

SRO I 

During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is 
especially useful for examining interrupts when multiple 
intra-sequence pauses are specified. Bits 3-7 always reads 1 s. 

Registers 6 and 7- these registers are reserved for future use. 

3.2 SECONDARY REGISTERS 

There are twenty 16-bit wide secondary registers 
containing the Data RAM, Instruction RAM, Timer, 
Alarms, Alarm Criteria Register, and Interrupt Mask. 
Except for the Data RAM, the secondary registers should 
only be accessed on initialization, or when the chip is 
placed in the Halt mode. 

ML2200, ML2208 
Secondary Registers 0 to 7 

Data RAM (read only) 
Calibration Holding Register (write only) 

UPPER BYTE LOWER BYTE 

015 OS 07 DO 
1 

: } S.16A/DDATA 
3 REGISTERS 
4 16·BITCAL 
5 REGISTERS 

6 
7 

The Data RAM consists of eight 16-bit wide registers that 
hold the output results from the latest conversion 
sequence. Each word in the Data RAM has a one-for-one 
correspondence with a word in the Instruction RAM. The 
Data RAM is also referred to as the data output registers. 

The data output registers are double buffered and readable 
by the microprocessor at any time. The N D converter fills 
a "shadow" bank of registers during conversions, while 
the microprocessor is free to read the output registers. 
When the sequence is done, the "shadow" bank 
information is transferred to the output registers for the 
microprocessor to read, after which time DBR is asserted. 
Therefore, the microprocessor has essentially one 
sequence time to drain the data buffer. This time varies 
according to the number of operations defined, the system 
clock frequency, the mode field for each operation, and 
the cycle length (number of bits to be converted). Refer to 
Conversion Times for more information. 

Data Format 

All data is returned from the converter in 16-bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant unused bits. 

Cycle +Max -Max Mid-Range 

16 7FFF 8000 0000 
13 OFFF FOOO 0000 
8 007F FF80 0000 

Calibration Holding Register -

This register is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary 
address space 0 to 7 (i.e., a write to any of the secondary 
addresses 0-7 will load the Calibration Holding register). 
This register is write only and cannot be read back 
directly. It is used when the mode field in the Instruction 
Word is set to CAL Write, and the Instruction is executed. 
This command takes the contents of the Calibration 
Holding register and loads it into the Calibration register 
of the ND converter. Note that this will change the 
calibration of the ND converter, and a calibration of the 
ND converter should be done after a CAL Write command 
is issued. 
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Instruction RAM - Secondary Registers 
8 to 15 (Read/Write) 

OP 0 
OP 1 

P 2 
OP 3 
OP 4 
OP 5 
OP 6 
OP 7 

8 1 
9 
10 
11 8 x 16 OPERATION 
12 REGISTERS 
13 
14 
15 

The Instruction RAM, sometimes referred to as the 
Operation registers, consists of eight 16-bit wide registers 
broken up into seven different fields (see Figures 10 and 
lOA). Each Instruction or Operation defines a single 
conversion, where the converted data result is stored in 
the corresponding data output register. Note that when the 
SLFTST bit in the Control register is set, the Instruction 
Word is redefined for diagnostic mode. Figure 12 
illustrates the redefinition when SLFTST is set. The 
following section defines the seven different fields making 
up the Instruction word when SLFTST = O. 

015 014 013-11 010-8 07-5 04,3 02-0 

I LAST I ALRMEN I MODE I CHAN I CYCLE I GAIN REF 

REF (Bits 2,1,0 - Voltage Reference Selection) REF 
specifies the source of the voltage reference used for the 
AI D conversion. 

GAIN (Bits 4 and 3 - Gain Settings) GAIN defines the 
gain of the precision instrumentation amplifier. The gain 
can be either 1, 2, 4, or 8. Each gain factor of 2 adds an 
additional 4 internal clock cycles (1 /fCLKI) to the 
conversion time. Therefore a gain of 8 adds an additional 
12 internal clock cycles to the conversion time. 

CYCLE (Bits 7, 6, 5 - Cycle Select) CYCLE defines one of 
five different cycles: 8-, 13-, or 16-bit conversions, and 
READ or WRITE CAL CODE. Choosing 8-, 13- or 16-bit 
cycles determines how many bits the AI D converter will 
convert. However, even though the converter has a 16-bit 
cycle, it may not have 16-bits of useful resolution. The 
useful resolution of the converter can be determined from 
the linearity specs. 

Since the algorithmic converter is a successive 
approximation type of converter, an 8-bit cycle requires 

the least amount of time to convert, and the 16-bit cycle 
requires the most. Refer to Sampling Rates and Conversion 
Times for the exact number of clocks each cycle takes. 

READ CAL CODE and WRITE CAL CODE cycles are for 
diagnostic purposes only. READ CAL CODE reads the 
Calibration register in the AID converter and loads it into 
the corresponding data output register. WRITE CAL CODE 
transfers the contents of the Calibration Holding register 
into the AID converter's Calibration register. The transfer is 
complete after the operation is executed. Refer to 
Diagnostics for more information on READ and WRITE 
CAL CODE. 

CHAN (Bits 10, 9, 8 - Input Channel Number) defines 
the input channel to be converted. 

ALRMEN (Bit 14 - Alarm Enable) When this bit is set the 
alarm criteria for the operation is enabled, otherwise the 
alarm is disabled for this operation. If ALRMEN is set and 
the alarm condition is met, the ALRM bit in the Status 
register will be set at the end of the operation. 

LAST (Bit 15 - Last Operation) signifies that this 
operation is the last operation of the sequence. The chip 
will return to and begin the first operation of the sequence 
after execution of the current operation. If all eight 
operations are specified, the last one MUST have this bit set. 

MODE (Bits 13,12,ll-Mode Selection) defines the 
condition that must be met for the operation to proceed. 
The mode field also has an effect on the Operation 
Execution Time. 

000 Immediate Execute 

001 Intra-Sequence Pause 

010 Start on Next Time out 

011 Preset Timer/Start on Time out 

100 External Sync Start 

101 External Sync/fimer Preset/fime out 

110 ILLEGAL 

111 ILLEGAL 

Events That Occur Within an Operation 

To better understand six modes of the ML2200 or ML2208 
one must first understand the events that occur during an 
operation. This can be aided by referring to Figure 17. 

OPERATION EXECUTION TIME 

2 CONVERSION EXECUTION TIME 

3 4 5 6 I ,INPUT CHANNELl 
ACQ. TIME 

1 REF. CHANNEL 1 
ACQ. TIME 

I 
HJLD SAJPLE HlLD 

SYNC PIN 
STER MODE SAMPLE 

I 
MODE MODE MODE MODE 

MA 

START OF START OF 
OPERATION CONVERSION 

Figure 17. Events Within an Operation. 
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The first event that occurs in the Operation is the Start of 
Operation. This mayor may not be the beginning of the 
conversion, depending on the mode selected. The time 
between the Start of Operation and Start of Conversion is 
variable. When the conditions of the mode have been 
met, the Start of Conversion occurs. 

The Conversion Execution time includes the input and 
reference acquisition times, the gain time, and the 
successive approximation conversion time. Shortly after 
the Start of Conversion the S/H goes into sample mode 
acquiring the input channel for eight internal clocks. After 
the input has been acquired the S/H goes into hold mode, 
disconnecting the S/H from the input channel, and 
transferring the charge into the ND converter. A couple of 
clocks later the same S/H goes into sample mode on the 
reference voltage, either the internal VREF or one of the 
input channels. The reference acquisition time for all six 
modes is the same; eight internal clocks. After the S/H 
goes into hold mode the successive approximation ND 
conversion begins. When the conversion is complete the 
next operation begins. 

Immediate Execute (000) - The Start of Conversion 
begins at the Start of Operation. In other words, the 
conversion begins the instant the operation begins. There 
is no gating item delaying the conversion. This mode 
allows the chip to convert at its maximum rate with no 
unnecessary delays. As an example of calculating the 
sequence time, if all eight operations used Immediate 
Execute with a gain of 1 and a 13-bit conversion, the time 
to execute one sequence (all eight operations) would be 
8 x 11 ° = 880 internal clocks. 

Intra-Sequence Pause (001) - This mode provides a way 
for the microprocessor to initiate conversions, rather than 
the other modes which either initiate conversions from 
internal timings or an external pulse. At the Start of 
Operation the ISQ status bit is set. The microprocessor 
will recognize the setting of the ISQ status bit either by 
polling the Status register, or having enabled the ISQ 
interrupt. The Start of Conversion is delayed until the 
ISQAK bit in the Interrupt Acknowledge register is set. 

Start on Next Time out (010) - After the Start of 
Operation occurs the Start of Conversion is delayed until 
the internal timer decrements from 1 to O. When using this 
mode the timer will be free-running. This means that the 
timer is initialized in the Halt mode and left alone to 
decrement and reload automatically when in the Run 
mode. This mode can be used to establish a specific 
sampling rate. Note that the timer value must be greater 
than the conversion time, therefore this mode can only 
slow the sampling rate down from its maximum rate. In 
the case where several operations are used, and only one 
of them uses this mode, the timer value must be greater 
than all the other Operation Execution times plus the 
current operation conversion time. 

Preset Timer/Start on Time out (011) - At the Start of 
Operation the timer is loaded with its pre-programmed 
count. The delay between the Start of Operation and the 
Start of Conversion is the pre-programmed count. 
Execution time of the operation is the pre-programmed 
timer count plus the conversion time. As opposed to mode 
2, the timer can be any value between 2 and 216; i.e., 
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there is no restriction on the timer value being greater 
than the conversion time. One application of this mode 
would be when an external analog event is triggered by 
the SYNC pulse, and the conversion needs to be delayed 
by a programmable amount of time. 

Using the External SYNC Input - The following 
description applies to modes 4 and 5, since these two 
modes use the external SYNC input. These modes should 
only be used when the SYNC pin is programmed as an 
input (MSTR bit in Control register is 0). If the external 
SYNC signal arrives before the Start of Operation, it may 
be latched depending upon the arrival time. If it arrives 
22 clocks after the previous operation's Start of Conversion, 
external SYNC will be latched; any time before will miss 
the pulse. Therefore the external SYNC pulse rate should 
not be any faster than the frequency of the operations 
which use this mode, otherwise there will be more 
external SYNC pulses than conversions. 

External SYNC Start (100) - After the Start of Operation, 
the Start of Conversion is delayed until the rising edge of 
the SYNC pulse and the next rising edge of the internal 
clock. Unless the rising edge of the external SYNC is 
synchronized with the internal clock (See tSYNCCK Spec), ___ 
the aperture uncertainty is one internal clock. ~ 

External SYNC/Timer Preset/Time out (101) - For this 
mode, the external SYNC pulse presets the timer, and 
when the timer times out the Start of Conversion begins. 
The timer is preset after the rising edge of the external 
SYNC and the next rising edge of the internal clock. When 
the timer transitions from 1 to 0, the Start of Conversion 
begins. As in the previous mode, unless the rising edge of 
the external SYNC is synchronized with the internal clock, 
the aperture uncertainty is one internal clock. 

Timer Functions of the Different Modes - The on-chip 
timer is started when RUN is asserted. It then free-runs, 
pre-loads and restarts itself at the pre-programmed count 
unless one of the modes in an operation word specifies a 
timer preset. If "Start on Next Timeout" mode is selected 
for all operations, the timer free-runs and subsequently 
starts conversions on regular intervals, without the 
inclusion of any variable overhead timing requirements of 
any specific operation. The "preset timer" function that 
can be specified in any operation, functions as a "one
shot" time out feature; however it can upset the regularity 
of conversions. The use of the external SYNC start allows 
flexibility with asynchronous conditions outside the chip. 
In addition, the use of time out with external SYNC allows 
synchronous operation of multiple Micro Linear chips 
with interleaved operation. If a different rate is desired 
other than increments of one master clock cycle ('f, the 
ClK pin frequency) or if external events need to be 
counted before starting an operation, then setting the !elK 
bit in the control register will divert the timer to the tClK 
pin for all operations. 

Timer Holding Register - Secondary Register 16 - This 
register holds the pre-programmed value of the timer. The 
value is in 1 internal clock increments, or the period of 
tClK if this input is used. The timer is a countdown timer, 
therefore the realized delay will be the number loaded 
into the Timer Holding register multiplied by the clock 
period. The value is written as a 16-bit binary word, and 
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either high or low bytes can be written first. These 
registers are both writable and readable, with register 
writes executed only when the chip is in the Halt mode 
(RUN bit cleared in the control register). Reading the 
Timer Holding register will return the preprogrammed 
value for the timer, it will not provide the actual timer 
value. Timer Holding register values of 1 or 0 are illegal 
and will "hang up" the timer when placed in Run mode. 
Therefore the minimum value that can be loaded into the 
Timer holding register is 2. The timer is decrementing 
when in Run mode and idle when in Halt mode. When 
the chip is placed in Run mode, the timer is automatically 
loaded with the value in the Timer Holding Register, and 
begins to count down. 

Alarm Registers - Secondary Registers 17, 18 
(Read /Write) - These registers specify the alarm criteria 
against which the converted data of a current operation is 
compared. The comparison occurs only when the ALRMEN 
bit is set within the operation. Secondary register 17 is 
Alarm A and secondary register 18 is Alarm B. These 
values are written in two's complement format, right 
justified and sign extended (refer to Data Format for more 
information) . 

Alarm Criteria Register- Secondary Register 19 
lower byte (Read/Write) - Specifies the compare criteria 
to be used with alarm registers A and B. Bit 0 specifies 
whether the comparison of alarm word A is to be greater 
than (setting the bit) or less than equal to (clearing the bit). 
Similarly, bit I specifies the same criteria for alarm word B. 
The criteria of the two groups can be "ANDed" or "ORed" 
together by clearing (OR) or setting (AND) bit 2. Bits 3 and 
4 enable the alarm comparison for words A and B, 
respectively. Bits 5, 6, and 7 are unused and be can be 
any value when written, always read as ones. The 
following table illustrates all of the possible combinations, 
X signifies don't care. 

Bit Number 
4 3 2 1 0 

ENB ENA AND GB GA Test Done: 

0 0 X X X No Test 
0 1 X X 0 <A 

0 1 X X 1 >A 

1 0 X 0 X SB 

1 0 X 1 X >B 

1 1 0 0 0 S B or SA 

1 1 0 0 I S B or >A 

1 1 0 1 0 > BorSA 

1 1 0 1 1 > B or> A 

1 1 1 0 0 S B and SA 

1 1 1 0 1 < Band> A 

1 1 1 1 0 > B and SA 

1 1 1 1 1 > Band> A 

Using the various criteria, the chip can discern whether a 
certain channel is inside or outside a band, or greater than 
or less than a value. Notifying the microprocessor can be 
done through an interrupt or by polling the status register. 

Interrupt Mask- Secondary Register 19 Upper Byte 
(Read/Write) 

DIS 014 013 012 011 010 09 08 

I INn I ClCPIE I RNERIE I ISQIE IIVRNIE I ALRMIE I OVRGIE I OBRIE 

This register is used to define which interrupt conditions 
are capable of setting the hardware interrupt pin and the 
INT bit of the Status register. The bits in the Interrupt Mask 
register are interrupt enable bits, meaning when the bits 
are set they enable the corresponding status bit to activate 
the hardware interrupt pin as well as the INT bit in the 
Status register. The INTL bit determines the polarity of the 
INT pin. If set, the INT pin becomes active low, with an 
open drain output. If clear, the INT pin becomes active 
high, with driving capability in both directions. 

Secondary Registers 20 to 31 - Undefined 
These registers are undefined and will cause unpredictable 
results if read or written to. 

4.0 SAMPLING RATES AND 
CONVERSION TIMES 

To determine the sampling rate, one must first determine 
the sequence execution time. A sequence is defined as the 
number of operations or instructions used. Therefore the 
sequence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate is when only one operation is used in 
the sequence. Then the sampling period is the operation 
execution time. If all eight instructions are used in the 
sequence, the sampling rate would be the sequence rate 
multiplied by the number of times the channel was 
sampled in the sequence. 

It is possible to sample one channel more frequently than 
another. For example, if every other operation sampled 
channel 0, while the remaining operations sampled 
channels 1, 2, and 3, the sampling rate for channel 0 
would be four times the sampling rate of the other 
channels. If periodic sampling is important, one must be 
careful when sampling a channel multiple times in a 
sequence since different operations can have different 
execution times. 

EXAMPLE: SAMPLING FOUR CHANNELS 
IN A BURST EVERY 10 MS 

Using Mode 2 "Start on Next Time out" for Instruction 0 
will establish the 1 Oms sampling rate, once the clock is 
initialized properly. Instructions 1, 2, and 3 can each use 
Mode 0 "Immediate Execution." For the ML2200, each 
instruction can sample a different channel, thus covering 
all four channels in a burst. For the ML2208, the same 
holds true except all eight channels can be sampled in a 
burst, periodically. 

Assuming the external clock is 7MHz and each conversion 
is 13 bits with a gain of 1, the conversion time for each 
operation will be 110 x 286 ns = 31.4J.ls. Therefore four 
instructions will require 4 x 31.4J.ls = 125.7J.ls. The 
execution time is much less than the sampling rate, thus 
the timer can be used to set the sampling rate. The timer 
value for a 10 ms sample rate is: 10 ms/286 ns = 35,000 
decimal or 88B8H. 
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OPERATION OR INSTRUCTION EXECUTION TIME 

Figure 17 illustrates the Operation Execution lime. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more 
information on how to determine the time between Start of 
Operation and Start of Conversion refer to the Secondary 
registers Mode field description in the Instruction RAM. 

The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. 
Modes 0-5 all behave the same way when it comes to 
Conversion Execution Time. To help determine the 
Conversion Execution Time the following table gives the 
number of internal clocks used for Modes 0-5 based on 
the Cycle chosen. 

Cycle 

16-Bit 

13-Bit 

8-Bit 

Read CAL 

Write CAL 

Number of Internal System Clocks Needed 
(1/fCLK1) 

128 
110 

80 

80 

52 

Add 4 extra clocks to the Cycle time for each gain of 2 
(including Read CAL and Write CAL). For a gain of 2 add 
4 extra clocks, for gain of 4 add 8 extra clocks, for gain of 
8 add 12 extra clocks. Example: Modes 0-5, Cycle = 
13-bit conversion with a gain of 8. Conversion Execution 
time is 122 internal clocks. 

5.0 MICROPROCESSOR 
INITIALIZATION PROCEDURE 

The following sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 

1) Keep reset active for at least 10 internal clock cycles after 
power supplies have stabilized. If a software reset is 
issued, hold off microprocessor communications with the 
chip until the RESET bit in the control register is read 
back as cleared, which takes 4 internal clock cycles. 

2) If desired, check the data register path by performing a 
write and read of the calibration register for all 8 
operations. (This step is optional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 16-bit data path. 

3) Perform a calibration by first enabling the CLCP interrupt 
in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit i n the Control register. Alternately, if 
an interrupt driven system is not desired, the interrupt 
status register can be polled 8260 internal clocks after the 
CAL bit has been set. The chip should not be polled 
during calibration. 

4) Upon receiving the CLCP interrupt, acknowledge it. If 
desired, read back the calibration code to verify a 
successful calibration. Other diagnostics may be run at 
this time, however diagnostics are optional and not 
required. 

5) Load the Instruction RAM, alarm criteria, interrupt conditions, 
and timer. Set the proper data transfer mode up (DMA, 
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interrupt driven or polled mode.) Clear all status bits 
before setting the RU N bit. 

6) Start the chip running by setting the RUN bit in the 
Control register. This may be done by ORing the RUN 
bit with the other bits already configured in the Control 
register; however do not set the CAL bit again or 
another calibration will take place. Writing a 0 to the 
CAL bit has no effect; it will still read 1. 

5.1 RESET/ POWER-ON CONDITIONS 

When applying power to the ML2200, DVcc and AVec 
should never be powered-on at different times. 

It is OK to assert both RD and WR during RESET time, but 
not legal to do so otherwise; this may damage the chip 
internally. 

The following list specifies the affected registers on the 
chip after a reset is performed. Note that both hardware 
and software reset of the chip have identical effects. 

All registers shown below are cleared (all bits 0): 

Primary Registers: 
Index register (register 2) 
Control register (register 3) 
Status register (register 4) 
Sequence status (register 5) 

Secondary Registers: 
Interrupt bit mask (upper half, register 19) 
Alarm criteria register (lower half, register 19) 

All other registers will have random data in them after 
power on. If a hardware or software reset is performed 
later, registers which are not listed above will be 
unchanged. Re-calibration after a hardware or software 
reset is not necessary, since the calibration register 
remains the same after a reset. Only after a power-up is a 
calibration necessary. However the CAL bit in the Control 
Register will be cleared after a reset. Setting the RUN bit 
while the CAL bit is clear will cause the RNER bit to be 
set. But, if a calibration had been done before the reset, 
the RNER may be ignored. 

5.2 TIMER 

If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 10 hexadecimal and writing the proper 16-bit time 
value to the window registers. The timer value must be 
greater than 1. If using mode 2 "Start on Next Time out" the 
timer value must be greater than the conversion time. 

5.3 LIMIT ALARM OPERATION 

The chip may be set up to watch for certain data conditions by 
enabling the proper interrupt bits in the Interrupt Mask register. 
These conditions include NO overrange/ underrange and user
defined alarm criteria. In order to use the alarms, the A and B 
alarm values must be defined. Note that since alarm registers A 
and Bare 16 bits wide, 13-bit two's complement sign extended 
values must be loaded. (Refer to Data Format for more 
information). In order to further qualify alarm registers A and B, 
the Alarm Criteria register must be initialized. 
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5.4 DEm.JING INTERRUPT CONDITIONS 

If the chip is used in polled situations, the interrupt mask 
bits need not be set unless the "OR" of the interrupt 
conditions, bit 7 in the Status register is used. 

If the chip is used in interrupt mode rather than polled 
mode, the desired interrupt conditions should be 
considered. In addition to the interrupts specified for data 
comparison operations, several other interrupts can be 
defined in the Interrupt Mask register. The DBR bit can be 
set if the DBR pin is not used. This enables interrupts at 
the end of sequences for data transfer via the INT pin. The 
intra-sequence interrupt bit should be enabled if intra
sequence pauses are desired in any of the operations. 
Overrun error and run-time error bits should be enabled if 
trapping of these errors is desired. 

Note that alarm A and Band overrange interrupts occur at 
any time within the sequence of operations. Due to the 
interrupt latency time of the microprocessor, multiple 
interrupts of this type within a sequence may be 
indistinguishable from each other. The A and B alarms 
should generally be used on only one operation so that its 
source can be determined with no ambiguity. Overrange 
interrupts can be handled by examining the data in the 
chip at the end of the sequence. 

The INT pin polarity can be defined to be active high 
(bit 15 cleared in the Interrupt Mask register) or active 
low (bit 15 set). When active low is chosen, the INT pin 
is open drain without a pull-up. When active high, the 
INT pin is driven actively in both directions. The default 
condition is active high, and the INT pin is actively driven 
low during reset time. 

6.0 METHODS OF DATA TRANSFER TO 
THE MICROPROCESSOR 
There are several ways to handle the data output; poll ing, 
interrupt, or DMA. If interrupts are the method chosen, 
method 5) may be preferable. Method 5) DMNlnterrupt 
mode, does not require a DMA controller. It simply uses 
the DMA mode of the ML2200 or ML2208 which can be 
interfaced to an interrupt controller. 

1) Intra-Sequence pause instruction is used when the 
microprocessor is not going to periodically/continuously read 
the data, but it will read the data at arbitrary times. The Table 
1 below shows the op codes to sample all eight channels. 

Using these instructions the program begins when the RUN bit 
is set in the control register. Immediately after RUN is set, before 
the first conversion takes place, the ISQ bit in the status register 
is set. This indicates that the sequencer has paused. When the 
microprocessor wants to read a value on one or more of the 
channels it sets the ISQAK bit in the Interrupt Acknowledge 
register. The ML2208 then performs eight conversions back-to
back, jumps back to sequence 0, and sets the ISQ and DBR bits 
in the status register. The data from all eight channels is now 
available in the Data RAM. The next time a conversion is 
desired, once again the microprocessor sets ISQAK in the 
interrupt acknowledge register. 

2) Polled mode transfer is done simply by polling the 
status register and examining the DBR bit to see if a 
sequence has been completed. The DBRIE interrupt 
mask bit need not be set, but an acknowledge should 
be done by setting DBRAK in the Interrupt 
Acknowledge register, otherwise an overrun error wi II 
occur. The CPU can just poll the INT bit in the Status 
register. Only the bits which are enabled in the 
Interrupt Mask register wi II set the I NT status bit. When 
the INT bit is set, the CPU can examine the other status 
bits to determine which requests are active. 

3) Interrupt mode can be implemented using the INT pin 
and enabling the desired interrupt conditions in the 
Interrupt Mask register. The polarity of the INT pin can 
be selected at the same time. If desired, DBR can be 
used as a second interrupt pin to signify the transfer of 
data only. This may be useful in systems with multiple 
and prioritized interrupt structures. If DBR is used, the 
DBR mask bit in the interrupt mask register should be 
disabled or cleared. 

4) DMA mode can be implemented by setting the DMA 
enable bit in the control register and selecting high byte 
or low byte first by setting or clearing the LOBYT bit. 
The DBR pin is utilized as the DMA request, and will 
remain asserted until all data from the sequence is read. 

5) DMNlnterrupt mode. DMA mode can also be used in 
non-DMA applications. Although this appears to be 
unconventional, it may actually be preferred over the 
interrupt mode because of its convenience and speed. 
One way to do this would be to use the DBR pin as an 
interrupt request but enable DMA mode in the DAP. 
When data is ready DBR interrupts the microprocessor. 
The microprocessor then reads either window register 
the required number of times to drain the Data RAM. 

TABLE 1. CHANNELS IN AN ML2208 AT ARBITRARY TIMES 

LAST ALRMEN MODE CHAN CYCLE GAIN REF 

SEQO 0 0 Intra Sequence Pause CHO 13 Internal 

SEQI 0 0 Immed Execute CHI 13 Internal 

SEQ2 0 0 Immed Execute CH2 13 Internal 

SEQ3 0 0 Immed Execute CH3 13 Internal 

SEQ4 0 0 Immed Execute CH4 13 Internal 

SEQS 0 0 Immed Execute CHS 13 Internal 

SEQ6 0 0 Immed Execute CH6 13 Internal 

SEQ7 I 0 Immed Execute CH7 13 Internal 
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Using the DMA mode interrupt method over non-DMA 
mode interrupt method saves a lot of overhead. For 
example in non-DMA mode interrupt method (assuming 
AUTOI is set), the index register would have to be set on 
entry, and the DBRAK bit would have to be set each 
service routine. In DMA interrupt mode, neither the Index 
register nor the DBRAK bit would have to be set. These 
are handled automatically in DMA mode. 

7.0 POWER-DOWN MODE 

The chip can be powered-down by asserting the PDN pin. 
It is advisable to place the chip in HALT mode first by 
clearing the RUN bit in the control register, however the 
chip will automatically go into Halt mode when powered
down. All analog circuits are powered-off; digital circuits 
are left in an idle state. All registers within the chip will 
retain their values down to a level of 2V between Vee 
and GND. 

Powering-up the chip is done by bringing PDN high. The 
chip will be in Halt mode upon power-up. Note, however, 

APPENDIX A 
DIAGNOSTICS 

The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary. They are provided 
as an option to the user. 

SElF-TEST MODE 

Setting the SLFTST bit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer 
input channels to internal points within the chip; such as 
VREF and AGND. Conversions in the Self-Test Mode allow 
the user to determine how the Sample-and-Hold and ND 
converter behave with known input signals. This can be 
useful as a diagnostic routine for a product in the field, or 
as a debugging feature during product development. 
Figure 16 illustrates the redefinition of the instruction 
word when SLFTST = 1 . 

1. System Offset - The positive and negative inputs to 
the Sample-and-Hold are tied to analog ground. With 
this setting, converted data will give the offset of the 
ND converter and Sample-and-Hold combination. 

LAST ALRMEN MODE 

SEQO 0 0 Intra SEQ Pause 

SEQ 1 0 0 Immed Execute 

SEQ2 0 0 Immed Execute 

SEQ 3 0 Immed Execute 

After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt 
Acknowledge register will allow the sequencer to 
continue. The next time the ISQ bit is set, the results may 
be read from the Data RAM. 

Ml2200, Ml2208 
that the fi rst 1 Oms of ch ip operation after a power-up wi II 
not be valid due to the settling of quiescent bias conditions 
within the on-chip's analog circuits. Any data that is 
returned for this period after power-up should be considered 
invalid. The user has the choice of either throwing away the 
first 1 Oms of data or waiting for 1 Oms and then setting the 
chip in RUN mode. The on-chip timer can be used for this 
purpose, if desired, by defining a sequence of dummy 
operations that last for the required delay, then rewriting the 
required operations for normal use. 

Acknowledge register. DBRAK should also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 

Note that the microprocessor cannot let the ML2200 
sequencer run continuously, i.e., SEQ 0 would be changed 
to Immediate Execute and asynchronously read the Data 
RAM. The problem in this case would be that the 
microprocessor may read the data at the same time that the 
chip is updating it. That is why either polling, interrupt, or 
DMA transfer is required in a continuous run mode of 
operation. 

2. Internal Reference - Connects the positive input of the 
Sample-and-Hold to VREF and the negative input of the 
Sample-and-Hold to analog ground. The resu It of 
converting in this test mode is a value near positive full 
scale. 

3. Invert Internal Reference - Connects the negative 
input of the Sample-and-Hold to VREF and the positive 
input of the Sample-and-Hold to analog ground. The 
result of converting in this test mode is a value near 
negative full scale. 

4. Common Mode - Both the positive and negative 
inputs of the Sample-and-Hold are tied to the internal 
VREF. The result of a conversion in this test mode 
indicates how well the converter is rejecting a common 
mode signal. 

Since setting the SLFTST bit merely changes the input to 
the Sample-and-Hold, conversions must be executed in 
order to read the results. This means placing the chip in 
the RUN mode and reading the results from the Data 
RAM. It is possible to run one sequence then halt the 
sequencer and read the results. The sequencer can be put 
in a "pause" via the Intra Sequence Pause Mode 
instruction. The following instructions accomplish this: 

CHAN CYCLE GAIN REF 

System Offset 13 0 

INT REF 13 0 

Minus INT REF 13 0 

Common Mode 13 0 

Reading and Writing to the Calibration Register The 
ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the ND 
converter; specifically the Calibration register and the 
ND's Data register. Figure 18 illustrates this architecture. 
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The instructions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field 
of the instruction word when SLFTST = O. WRITE CAL 
CODE transfers the contents of the Calibration Holding 
register into the ND converter's Calibration register. READ 
CAL CODE transfers the contents of the Calibration 
Holding register through the ND's Data register, into the 
Data Output register with the same location as the 
operation. 

WRITE 
ONLY 

READ 
ONLY 

15 

I 

15 

SECONDARY REGISTERS 
0--7 

CALIBRATION HOLDING REGISTER 

DATA OUTPUT REGISTERS 

1 

2 

3 

4 

5 

6 

7 

0 

0 

As a result of providing READ and WRITE CAL, it is 
possible to execute digital loopbacks through the 
Calibration register, ND registers, and all 8 Data Output 
registers. These loopbacks provides user assurance that all 
of the paths are clear and there are no stuck bits. 

Writing to the Calibration register changes the calibration 
of the ND converter. Therefore a self calibration should 
be performed after executing a WRITE CAL CODE to 
ensure the ND is properly calibrated. 

16 
15 0 

CALIBRATION REGISTER I 

16 
15 ~ 0 

DATA REGISTER I 

NO CONVERTER 

Figure 18. Digital Loopback Architecture. 

DIGITAL LOOPBACK ARCHITECTURE 

Reading the calibration register provides a way for the 
microprocessor to determine that the self calibration was 
successful. The microprocessor configures the DAP to 
execute a READ CAL CODE after a self calibration has 
been performed. If the lower byte of data from the READ 
CAL CODE is anything other than all 1 s, then the 
calibration was successful. 

Even though the calibration register itself is a 16-bit 
register, and is capable of holding a 16-bit result, only the 
lower 9 bits are significant in determining the calibration 
code. These 9 bits have a sign magnitude format, in other 
words the 9th bit (MSB of the 9-bit word) is the sign bit, 
and the other eight bits are magnitude bits. An easy way to 
determine whether the calibration has passed or failed is 
to read the lower data byte after a READ CAL is executed. 
If it's not all 1 s then the calibration was a success . 
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APPLICATIONS 
Utilizing instruction RAM bits 0, 1, and 2, any of the 
differential input channels of the ML2200 can be 
programmed to sense the external reference (See Figure 
13.) Only single ended channels 0 thru 5 can be used on 
the ML2208 (See Figure 14.) 

ML2200 

~
vcc 

VREF +CHO 

-CHO 

AGND 

ML2208 

~
vcc 

VREF CHO 

COM 
AGND 

Figure 19. Using a 2.SV External Reference. 

The system gain errors can be nulled by applying 2.4991 V 
(the full-scale voltage minus 1.5LSB) to one of the input 
channels and adjusting R1 until the digital output toggles 
between 01111 1111 111 0 and 01111 1111 1111. If offset is 
not adjusted the full-scale voltage will be shifted by the 
amount of this unadjusted offset voltage. 

ML2200 

>--.----1 +CHO 

ML2208 

>--.----1 CHO 

-CHO 

o--+--------~ AGND 

COM 
O--+--------~ AGND 

Figure 20. Adjusting Full-Scale Error • 
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APPLICATIONS (Continued) 

INPUTS 
REFERENCED 

TOAGND 

ML2200 

----l +CHO 

-CHO 

---t-l +CH1 

-CH1 

---t-l+CH2 

-CH2 

---t-l +CH3 

,-----+--1 -CH3 

vss 
L--_____ -/ AGND 

INPUTS 
REFERENCED 

TOAGND 

ML2208 
----ICHO 

----ICH1 

----ICH2 

----I CH3 

----ICH4 

----I CH5 

------I CH6 

----l CH7 

,-----~--l COM 

vss 
'-------1 AGND 

Figure 21. Adjusting Zero Error. 

An op amp with an offset adjustment with a range of at 
least + 1.3 mV is required, like an OP - 27. The Zero Error 
can be nulled by first applying 30SllV to one of the input 
channels (referenced to AGND.) 30SIlV is equivalent to ';' 
LSB which is the ideal input voltage which should cause 
the digital output to toggle from a 0000 0000 0000 to a 
0000 0000 0001. Adjust R3 until this occurs. 

If an external reference is also being used, it should be 
referenced to AGND, while the COM or negative inputs 
are tied to the offset op amp as shown above. In this 
configuration, the offset adjustment will effect the gain 
setting and so should be set first. 

The Channel to Channel Zero Error and Full-Scale Error 
are very low and do not need to be adjusted separately. If, 
however, the input signal sources have their own different 
offsets, a separate op amp, with an offset adjustment, can 
be placed at each channel input. 
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APPLICATIONS (Continued) 

6800 

VMA I-------~ 

AO-A7~.f~--~-~ 

AS-AI 5 
8 

R/W I----_.-------j 

~2~---------+-_1 

5V 

8 DO-D7~----------~~--------~~ 

(UNUSED) 
3K 

IRQ~------~~--------------------------_i 

RESET~--------~----------------------------~ 

"::" (NOT USED) 

CJ 7MHz 

:J;: 

"::" 

ML2200 
5V 

CS 
PON 

AVec 

ALE DVcc 

AO-A2 

Vss 

iffi VUMP 

VREf 
WR 

DO-D7 CHO+ 

DBR 
CHO-

CHI+ 

INT 
CHI-

RESET 
CH2+ 

ICLK 
CH2-

CLK CH3+ 

SYNC 

DGNDAGND 

Figure 22. Interfacing ML2200 to 6800 Type Microprocessors. 

0-15 PSID 

PI SENSYM SCXI5DNC 
R3 100KQ 
RI, RO 10KQ 
RS 1.25KQ 
RG 500Q 

OUTPUT VOLTAGE 
0-2 WHEN II = AGND 

±2.5V WHEN II = -5V 
AGND 

Figure 23. Pressure Sensor Application. 
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ORDERING INFORMATION 

PART NUMBER 

Four Differential Analog Inputs 

ML22DDBCP 
ML22DDCCP 
ML22DDDCP 

Eight Single Ended Analog Inputs 

2-30 

ML22D8BCP 
ML22D8CCP 

LINEARITY 
ERROR 

±3/4 LSB 
±1 LSB 
± LSB 

±3/4 LSB 
±1 LSB 

MINIMUM 
CONVERSION 

31.S~s 

31.5~s 

44.D~s 

31.SI!S 
31.SI!S 

'-Micro Linear 

PACKAGE 

Plastic DIP (P4D) 

Plastic DIP (P4D) 

TEMPERATURE 
RANGE 

DOC to +7DoC 

DOC to +7DoC 
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PRELIMINARY 

ML2221 

Serial Peripheral Interface (SPI) 
12-Bit Plus Sign AID Converter with S/H 

GENERAL DESCRIPTION 
The Ml2221 is a member of Micro linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to
digital converter's accuracy specification. 

These AID converters have a maximum nonlinearity 
error over temperature of ±0.009% or ±0.012% of 
minus full scale to plus full scale. 

The serial interface is compatible with industry 
standard serial interfaces. The Ml2221 has 4 modes of 
operation: gated serial data clock, gated chip select, 
chip select to initiate conversion with serial out data 
controlled by Ml2221, and free run mode. 

The serial interface allows either MSB or lSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 

BLOCK DIAGRAM 

VREF Vss CCLK+ CCLK Vee 

r r 

VIN+ 

SELF·CALIBRAllNG 
12-B11 + SIGN AID 

AND 
SAMPLE AND HOLD FUNOION 

VIN-

1 1 
AGND RESET DGND 

FEATURES 
• Nonlinearity error ±314 lSB and ±1 LSB max 
• Conversion time 

(including S/H acquisition) 44J.1S max 
• Harmonic distortion 0.01% 
• No missing codes 
• Inputs withstand 17V1 beyond supplies 
• Bipolar -5V to +5V analog input range 
• Controlled or free run operation 
• Direct 4-wire interface to pP (MPU) with 

synchronous serial formats 
• O°C to +70°C, -4Q°C to +85°C temperature range __ 
• 16-pin DIP 

PIN CONNECTION 

16-PIN DIP 

VIN- Vee 

SCLKINfOUT VREF CCLK 

Vss CCLK+ 

RESET 

BUSY 

Cs 
MSB 

CS 
MSB 

BUSY 

DO TOP VIEW 
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PIN DESCRIPTION 
PIN 
NO. NAME FUNcrlON 

1 VIN+ Positive Differential Analog Input; 
range = Vss :5 VIN+ :5 Veo 
!(VIN+) - (YIN-)! :5 VREF. 

2 VIN- Negative Differential Analog Input; 
range = Vss :5 VIN-:5 Veo 
!(VIN+) - (YIN-)! :5 VREF· 

3 VREF Voltage Reference Input; 
referenced to analog ground. 

4 Vss Negative Supply -5V ± 5%; 
decouple to AGND. 

5 SClKIN/OUT SClK mode select 
SClKIN/OUT - 5V; SClK is an input 
serial ClK. 
SClKIN/OUT = OV; SClK is an 
output serial ClK. 

6 DGND Digital Ground. 

7 SClK Bi-Directional Serial Data Clock. 
Serial data is transmitted by the 
clock present at SClK. 

8 DO Data Out. Digital output which 
contains result of ND conversion. 
The serial data is clocked out on 
falling edges of SClK. 

9 BUSY Three-state active high BUSY 
status output. Normally low. Goes 
high to indicate that a conversion 
is in progress; de-asserted when 
conversion is complete and data is 
available from the conversion just 
completed. A pUlldown resistor is 
recommended on this pin. 

10 CS Active low Chip Select, starts a 
conversion and brings the BUSY 
and DO out of the three-state 
mode. CS is used in modes where 
conversion or transmission timing 
is controlled; held low in gated 
SClK and FREERUN modes. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

supply Voltage (Veel ..•................................ G.OV 
Negative Supply Voltage (Vss) ......................... -6.0V 
Voltage at Analog 

Inputs ............................... Vss - 7V to Vec + 7V 
Voltage at VREF ........................ Vss - 7V to Vcc + 7V 
Input Current per Digital Pin ........................ ±10mA 
Input Current at Analog Inputs ...............•...... ±20mA 
Storage Temperature Range .............•... -65'C to +1500C 
Package Dissipation at 25'C (Board Mount) .......... 875mW 
Lead Temperature (soldering 10 seconds) 

Dual-In-Line Package (Molded) ...................... 260'C 
Dual-In-Line Package (Ceramic) . . . . . . . . . . . . . . . . . . . .. 300'C 

PIN 
NO. NAME FUNcrlON 

11 MSB Most Significant Bit is transmitted 
first if MSB is tied to Veci least 
Significant Bit transmitted first if 
MSB is tied to DGND. 

12 RESET Active low Reset. The RESET 
period is set by the time constant 
of the internal 50K pull up resistor 
and an external capacitor. After 
the RESET period the converter 
will be ready for accepting 
requests or will automatically start 
conversions/transmissions based 
upon the mode. 

13 CClK+ Sets CClK equal to internal clock 
if tied to 5Y. If tied to OV the 
internal clock equals CClK/2. 

With CClK equal to the internal 
ClK the user can synchronize to 
all internal timing events, although 
CClK duty cycle must be 
controlled to meet the minimum 
clock high and low times specified. 

14 CClK Clock Input. Internal clock can be 
generated by tying a crystal from 
this pin to DGND or applying a 
clock directly to the pin. 

15 Vee Positive Supply. +5V ± 5% 
decouple to AGND. 

16 AGND Analog Ground 0 Volts. Common 
mode reference point of the 
internal differential circuitry. 

OPERATING CONDITIONS 
(Note 2) 

Temperature Range ....................... T MIN :5 TA :5 T MAX 
ML2221BIJ, ML2221CIJ ..................... -40'C to +85'C 
ML2221BCp, ML2221CCP ..................... O'C to +70'C 

Supply Voltage (Vcel ...................... 4.5Voc to G.OVoc 
Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 
Reference Voltage (VREF) ................................. Vcc 
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ELECTRICAL CHARACTERISTICS 
The following specifications apply for Vee = +5V ± 5%, Vss = -5V ± 5%, VREF = +4.75V, VIN- = AGND, 
VIN+ = -4.75V to +4.75V, TA = TMIN to TMAJ( unless otherwise specified. 

MU221BIJ, ML2221CIJ ML2221BCp, MU221CCP 

PARAMmR NarES CONDITIONS MIN 1 (N!:: 3)1 MAX MIN IN!:: 3) I MAX 

Converter o.aracteristics 

Linearity Error 
M12221BXX 4 fCCLK = 0.1 to 5MHz ±3/4 ±3,4 

M12221CXX ±1 ±1 

Unadjusted Zero Error 
Ml2221BXX 4 ±3A ±3/4 
MU221CXX ±2 ±2 

Unadjusted Positive and Negative 4 ±5 ±4 
Full-Scale Error 

Zero Error Temperature Coefficient 0.5 0.5 

Gain Temperature Coefficient 10 10 

Common Mode Rejection 5,6 80 80 

Analog Input Source Resistance 4 2 2 

Analog Input Range 4 VIN+ Referred to VIN- -VREF +VREF -VREF +VREF 

Analog Input Leakage Current 4 100 100 

Voltage Reference Input Source 4 0.5 0.5 
Impedance 

Reference Input Leakage Current 4 100 100 

Digital and DC o.aracteristics 

Power Supply Current 

Ico Vcc 4 30 50 30 50 

ISs. Vss 18 30 18 30 

Power Supply Rejection 7 
Vcc DC 80 80 

DC to 25kHz 50 50 

Vss DC 80 80 
DC to 25kHz 50 50 

VILCLIV Clock Input Low Voltage 4 0.8 0.8 

VIHCLIV Clock Input High Voltage 4 3.5 Vcc 3.5 Vcc 

ILl, Input Leakage Current (CCLK) 4 AGND:5 VIN :5 Vcc ±200 ±200 

Vlu Input Low Voltage 4 0.8 0.8 

VIH, Input High Voltage 4 2.0 Vcc 2.0 Vcc 

YOu Output Low Voltage 4 IOL = 2.0mA 0.45 0.45 

VOfl, Output High Voltage 4 IOH = -4OOIlA 2.4 2.4 

lu Input Leakage Current 4 DGND:5 VIN :5 Vcc ±10 ±10 
(except CCLK) 

IHI_z, Output Leakage Current 4 CS ~VIH ±10 ±10 

CI, Input Capacitance 5 10 10 
(all digital inputs) 

Co, Output Capacitance 5 10 10 
(all digital outputs) 

'Micro Linear 
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UNITS 

LSB 
LSB 

LSB 
LSB 

LSB 

ppmFSI 
·C 
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dB 

kO 

V 
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nA 

rnA 
rnA 

dB 
dB 
dB 
dB 

V 

V 

JJA 
V 

V 

V 

V 

JJA 

JJA 
pF 

pF 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMmR CONDITIONS UNITS 

/IC Electrical <l1aracteristics (Note 8) 

tc Conversion Time 4,9 fCCLK = 5MHz (CCLK+ m "0") 44 JlS 

Sample and Hold Acquisition 4,9 fCClK = 5MHz (CCLK+ - "0") 3.2 JlS 

fCCLKO Clock Frequency 5,9 Crystal (CCLK+ = "0") 3 5 MHz 

Driven (CCLK+ = "0") 0.1 5 MHz 

fCCLK Clock Duty Cycle 5,9 Driven 40 60 % 

fCCLKO Clock Width 5,9 Driven (CCLK+ = "0") I High 50 ns 

I Low 50 ns 

fCClKl Clock Frequency 5,9. Driven (CCLK+ = "1") 0.05 2.5 MHz 

fCClKl Clock Width 5 Driven (CCLK+ = "1") I High 150 ns 

I Low 150 ns 

tess CS Low to BUSY Driven 4 85 ns 

tcsBHZ CS High to BUSY, Hi-Z 4 85 ns 

tSClKsA SCLK High to BUSY 5 Gated 5CLK 270 ns 

tCClKBD CCLK Low to BUSY, Deassert 5 160 ns 

tSCll<. DO Serial Clock Low to DO Valid/Hold 4 190 ns 

tcs,DO CS Low to DO Driven 4 85 ns 

tcs, DOHZ CS High to DO Hi-Z 4 85 ns 

tcs, CClK CS Low Setup Time to CCLK 4 Immediate Conversion Start 0 ns 

tcs, SClK CS Low Setup to SCLK Low for 5 75 ns 
No-Delay Data Transmit 

tCCll<. SCLK CCLK to SCLK Output Delay 5 SCLK1N/OUT = "0" 225 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +70°C and -40°C to +8SoC operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input voltage. 
Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from O.SV to 2.0'1, Cl = SOpF. 
Note 9: Maximum frequency is l/!elKl (high) + !em (low) + rise + fall times, which must be S; 2.5 MHz. 
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DATA 

OUTPUT~ 
CLT IOk-:-

Vee 

~ DATA 
OUTPUT 

CL~ 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 

Vee 

Vee 

VOL 

-ltOHI~ 

--'50% 

~I
~ 

Figure 1. High Impedance Test Circuits and Waveforms 

CCLK(CCLK-c = "0"1 \I\AN\!\J 
CCLK(CCLH-"l"l~ 
INTERNAL CLK 1 2 3 

tes, CCLK 

~:===============~=============~====-~--12-4-I-NT-E-R-N-AL-C-L-~-------------------------~~\":~~~~~~~~~-~ 
SCLK 

DO 

CCLK(CCLK- = "0"1 

CCLK(CCLK- = "1 "I 
INTERNAL CLK 

""-'/""/;-"--''-'-'-'--'-'-'--( (i..Lf.-LLLLi.-Ll.U 't-______ FI_R_ST_D_A_T_A_B_IT ________ -' "=.;..;:.:.,,....::;D;,.:lf:.;.A,-,TB:.;.IT:....JXI/!/ / II 

~ ________________ ~~ ____ ~r---

'DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 

Figure 2. CS, SClK Sourced Mode 

tsClK, DO 

PREVIOUS' FIRST DATA BIT PREVIOUS' LAST DATA BIT 

'DATA WILL BE MS8 OR LS8 FIRST DEPENDING ON "MS8" LOGIC STATE 

Figure 3. CS, SClK External Mode 

'Micro Linear 
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CClK(CClK+ - "0") \.I\I\J\J fV\NV 
CaK(CCLK+ - "1") r\ r\ 
INTERNAL ClK J 1 V 2 \s 127 128 

2-36 

SClK \ ... ___ ~/ . \ 

t,...----"tccLk, SCLK / \'---------Jr~ 
-1'--r-_tsa.k,DO_--"I ~:: \ 

00 ,LPREVIOUS' FIRST DATA BIT X .. "---
-----~\~\ ------ PREVIOUS * SECOND PREVIOUS· 16TH 

'DATA Will BE MSB OR LSB FIRST DEPENDING ON "MSB" lOGIC STATE. 
SClKlN/OUT • "0", CS = "0·, BUSY REMAINS "1" 

DATA BIT DATA BIT 

CaK(CClK+ - "0") 

CaK(CaK+ - "1") 
INTERNAL ClK 

BUSY 

Figure 4. FREERUN Mode 

SCLK __________ ~~--.J 

00 ______________ ~~~--,~-.-FI-R-ST-D-A-T-A-Bl-T--_+,~---------/ 
SQK!N/OUT = 1, CS = 0 - tscLk,DO 

*IW)\ Will BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC §WE 

Figure 5. Gated SCLK Mode 
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1.0 FUNCfIONAL DESCRIPTION 
1.1 ALGORITHMIC AID CONVERfER 

Micro linear's algorithmic converter uses a successive 
approx!mat!on technique. Most of today/s successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro linear's 
algor!t~mic converter is implemented using a 2x 
ampllfler, a sample/hold amplifier and a comparator as 
shown in Figure 6. 

The input sample is first multiplied by two then 
compar:d to the reference voltage. If the 2x input 
voltage IS greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
reference, the MSB is a 0 and the 2x input voltage is 
sto~ed in the sample and hold. This process repeats 
agaln/ however now the sample and hold voltage is 
multiplied by 2. 

The algo~ithm involves multiplication by 2/ comparison, 
and J;losslbly subtra~io~. Referring to Figure 6/ the 
algOrithm for the CIrCUIt can be described as follows: 

Step 1 If (2 x VIN) - VREF ~ 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
(2 x VIN)-S/H 

If (2 x S/H) - VREF ~ 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-S/H 

Repeat Step 2 until conversion complete. 

ML2221 

Since. the. AID converter handles bipolar inputs, 
negative. mputs are handled slightly differently using the 
same prinCiple. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampl.ing ~mplifier ~nd the 2x amplifier. The gain of the 
loop IS adjusted usmg self calibration. 

Self calibrating the algorithmic converter, once the 
offsets ha~e been nulled, is performed by measuring 
the 2x gam of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input. a;; well as the reference (VREFIVREF), and 
exammmg the output code. Converting VREF should 
yield F!lus full scale, since VREFIVREF should equal 1. If 
the gam of the loop is slightly less than 2/ the resulting 
LSB of the conversion will be "0". If the magnitude bits _ 
of the resUlting conversion are all "1s/; the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
t~e 2C input capacitors. A small value of capacitance is 
elt~er adde? to or subtrac~ed !ro.m the 2C input caps 
until the gam of the loop IS Within 13-bit accuracy. 

Self calibration is done at the factory. The calibration 
process is not available at the finished product level. 

Figure 6. Self Calibrating AI D Converter 
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1.1.2 Conversion Tunes 

The following table lists the conversion times which 
include the sample and hold acquisition time. 

OPERA110N MODE INTERNAL CLOCKS· 

CS, SCLK External 124 

CS, SCLK Sourced 124 

FREERUN 110 

Gated SCLK 124 

1.1:3 Sample and Hold Timing 

Figure 7 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the 
start mode. Six internal clocks after the start of 
conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel 
with the input pins; one on VIN+ and one on VIN-. The 
sample switch is kept in the sample mode for 8 internal 
clocks (3.2ps at a 5MHz external clock, if ClK+ = 0), 
then placed in the hold mode. During the next 2 
internal clocks the charge on the sample and hold is 
transferred into the AID, after which the VREF pin is 
sampled for 8 internal clocks. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the Ml2221 eliminate the 
effects of common mode input noise (60Hz for 
example), as VIN+ and VIN- are sampled at the same 
time. 

• For a description of internal clocks see Clock section. 

EXTERNAl. CLOCK 
CCLK+ - "0" 

1.2.2 Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize input noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 

1.2.3 Power Supply Decoupling 

low inductance tantalum capacitors of 1pF or greater 
and O.01pF disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERrER CLOCK 

The CClK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading. (i.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CClK+ pin is 
tied to Vco the frequency must be between 50KHz to 
2.5MHz with the requirement that clock lOW (tCCLKU 
and clock HIGH (tcCLKH) durations must be more than 
150ns. If the CClK+ pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.0MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 

I I I I I 
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INTERNAl. CLOCK 
OR EXTERNAl. CLOCK 

CCLK+· "I" 

I 1 2 3 4 5 6 I 7 8 9 10 11 12 13 14 115 16 I 17 18 19 20 21 22 23 24 I 25 26 

I 
I 

t 
START OF CONVERSION 

I I I I 
I I I I 
i.--SAMPLING INPUT ----I I---SAMPLING REFERENCE--+! 

Figure 7. Sample and Hold Timing 
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1.4 RESET 

The RESET pin has an internal lOOK pullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be performed by a 
capacitor value (usually >6J.1F) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 DIGITAL INTERFACE 

All four synchronous interface modes of operation are 
determined by CS during reset period as follows: 

SCLK 

Logic Level of Mode Select 
CS During Reset (SCLKIN/OUT) Serial Interfacle Mode 

0 0 FREERUN 

0 1 Gated SCLK 

1 0 CS, SCLK Sourced 

1 1 CS, SCLK External 

After the reset time, the SCLKIN/OUT pin can be 
changed to switch between eitheLlfREERUN and Gated 
SCLK) or (CS, SCLK Sourced and CS, SCLK External). 

The logic level of CS will not change the mode of 
operation of the ML2221 once the mode of operation is 
programmed during the RESET period. 

a. Serial Transmission < Conversion Time 

ML2221 

1.5.1 CS, SCLK External Mode 

CS starts a conversion. The SCLK is continuously driven 
into the ML2221 and data from the previous conversion 
is shifted out at the SCLK rate startlng at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought back 
high after the desired number of bits have been shifted 
out. CS should be held low for a minimum of 124 
internal clocks (see Figure 8) for the conversion 
to complete. 

It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and CCLK+ = Ov, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially. 

The BUSY output is in the high imQ~dance state when 
the ML2221 is not selected. When CS input goes low, 
the BUSY output is driven high or low depending on if 
a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 

The DO output is h!gh impedance when the ML2221 is 
not selected. When CS input goes low, it is driven with 
the first bit of data initially, and then begins to put out 
all subsequent data bits on each FALLING edges of the 
serial clock (SCLK). Data is always output in 16 bit 
format: if the LSB is output first, the data is sign 
extended after 13 bits; if the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 

cs ---t==CONVERSION TlME-.J ______ \~ ______ _..J/r------,\'_ _________ _ 

I CONVERSION 1 I I CONVERSION 2 I I CONVERSION 3 I 

BUSV ~ \ / \ / \'-__ _ 

SCLK I " 111111111111 " 111111111111111111111111111111111111111111111111111111 

DO - - - JUlJlJ1MJlJ1- --- - -JUU1J1JlJ1Jl.fL - - -- -JU1.IlJ1JlJ1JlS 
XMIT PREVIOUS DATA I XMIT IWA 1 XMIT IWA 2 

NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CClK+ • "1" 

Notes: 
1. U~JOk pulldown resistor on BUSY pin to get "true" convert busy. 
2. If CS is brought high in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output shifter. 

Figure 8. CS, SCLK External Mode 
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1.5.2 CS, SClK Sourced Mode 

Conversion is initiated by CS. In this mode, SClK is 
sourced by the M12221. At the end of the conversion, 
the device will provide a packet of 16 SClKs to transmit 
the 16 bits data stream (see Figure 9). The data rate at 
which the data is being transmitted is (internal clock)/4. 
For example, when CClK-;.- = 1, CClK = 256kHz, the 
data rate is 64Kbps. 

CS should be held low during the entire conversion 
and the transmission sequence. The time required to 
convert an analog signal is 110 clocks, with additional 

b. Serial Transmission > Conversion TIme 

13 clocks to shift out the data. The total conversion 
time is therefore 123 clocks plus one bit delay. Data 
transmission will need 64 (16-bit x 4) internal clocks. 
Hence, the total clock cycles to comRlete one 
operation in this mode is 188 clocks. CS therefore 
should be held low for a minimum of 188 clocks. 

Example: If CClK = 5 Mhz, CClK-;.- = 0, the maximum 
conversion tim~will be 75.'2/1.s. Therefore, the maximum 
frequency for CS is 13.3kHz. 

In this mode, the data transmitted is always the 
current data. 

--i--- 2: 124 INTERNAL Cl~ 
cs 1077 1/11/7 \ IW!/ \'---_ 

Notes: 

CONVERSION 1 CONVERSION 2 CONVERSION 3 

BUSY 

SClK 1111111111111111111111111111111111111111111111111111111111111111""111111"1"11III 11111111111111111111111 III 11111111111111111111111111111111 

DO - - -JlfUlJ1JlfU1JL - - - - - - -JlfUlJ1JlfU1JL - - - - - - --JlMflllflJlJL - - - - - - Ll1I1llJlJlJ1Jl 
XMIT 
PREVIOUS 
DATA I XMIT [)AlA 1 I I XMIT DATA 2 I I XMIT DATA 3 I 

1. U~JOK pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 
2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 

shifter. 

Figure 8. CS, SCLK External Mode 

rl------>"88-----;h 
CS~'-------i ______ /r-----

CONV "'110 CD I '13 I '64 

BUSY~ 

SClK 1111111111111111 1111111111111111 

DO DATA BIT 1 OF XMIT DATA 1 DATA BIT 1 OF XMIT DATA 2 

DO, 

'NUMBER OF INTERNAL CONVERTER CLOCKS OR C ClKS WITH C ClK+ = "1" 

Noles: 
1. U~10K pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 
2. If CS is brought HIGH in the middle of a sellal data transmission, the data transmission is aborted and the data is reloaded into the output 

shifter. 

Figure 9. CS, SClK Sourced Mode 
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1.5.3 FREERUN Mode 

The FREERUN mode executes continuous back-to-back 
conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding SCLKS at the rate of 4 internal converter 
clocks per bit (see Figure 10). The ML2221 immediately 
begins converting after reset and starts outputting data 
after the first conversion. A conversion rate of 44 
microseconds can be achieved by using the maximum 
CCLK frequency. 

In the FREERUN mode, SCLK can not be sourced 
externally. The SCLK provided internally by the device 
is equal to (internal clock)/4. Since the converter is 
performing continuous conversion, BUSY is therefore 
always asserted. 

1.5.4 Gated SCLK Mode 

In this mode of operation, an external SCLK source 
must be used. This external SCLK should be a 16 clock 

RESET ~ 
*110 G) ® 

CONVERSION 

BUSY ---.J 
J--.I 

'13 

SCLK(OUl) 1111111111111111 

DO 

ML2221 

packet which will be used by the converter to send out 
the data and initiate the conversion Simultaneously (see 
Figure 11). 

The data transmitted by ML2221 is the data from the 
previous conversion (see Figure 11). Therefore, in order 
to ensure integrity of the first data byte, the first SCLK 
signal should be initiated after a minimum of 124 
internal clocks after reset. After the reception of the 
first SCLK signal, the converter will start the conversion 
process which is 124 clock as mentioned. Therefore the 
minimum time required between initiation of 
conversion by the SCLK should be no less than 124 
clocks. In the case of maximum CCLK at 5MHz, the 
miniumum time interval between two packets of SCLK 
should be 49.6J.1S. 

The BUSY output never floats and is asserted at the first 
SCLK and deasserted after 123 internal converter clocks. 
DO is always driven. 

0 0 ® ® 

1111111111111111 1111111111111111 1111111111111111 1111111111111111 

'NUMBER Of INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK"," • "1" 

Note: DO is always driven. 

Figure 10. FREERUN Mode 

a. Serial Data Transmission < Conversion Time 

RESET /' ___ ..J '110 
'13 

I CONVERSION 
*110 ® '13 

I 

BUSY LJ LJ L 
1 2 15 16 1 2 15 16 

SCLK _____ flJUlJL~~ 

DO //§////J///j////////IIJlI D2 - m)l]ilfzzz1- £0_ ffirnTVm /lJ//i 
DATAG) 

'NUMBER Of INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK"," • "1" 

Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 
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1.6 DATA FORMAT 

The MSB pin determines if the MSB or LSB data is 
transmitted first and in the following format. If more 
than 13 SCLK's occur. 

MSB = 1 

MSB = 0 

FIRST LAST 

1 S 111110191817161514131211 1 0 1 1 1 1 
ZERO FILL 

FIRST LAST 

1 0 11 12131415161718191101111 S Is Is Is 1 
SIGN 

EXTEND 

b. Serial Data Transmission > Conversion Time 

CONVERSION 

BUSY U 
1 2 

SClK .rum 
DO // /I /11// I/J IIIIIJII///1 DO n:r 

13 14 15 16 

012 013 014 015 00 01 02 03 04 

L-__________________________ ~ILI ____________________ --J 

XMIT DATAG) XMIT DATA® 

Note: Time from first SCLKI to seventeenth SCLKI must be greater than 124 internal converter clocks. 

figure 11. Gated SCLK Mode 
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APPLICATIONS 

START MNEMONIC INSTRUOION 

START BCLRn Bit 0 Port C goes low (CS goes low) 

lOA Load contents of SPI data register into 
Ace. (DoUT MSBs) 

cs co STA Start next SPI cycle 
SClK ~ SCK 

AND Clear 3 MSBs of first DOUT word 

STA Store in memory location A (MSBs) 

ML2221 &8HC05C4 TST Test status of SPIF 

MSB U BPL Loop to previous instruction if not 
done with transfer 

DO ~ MISO BSETn Set BO of Port C (CS goes high) 

LDA Load contents of SPI data register into 
Ace. (DOUT LSBs) 

STA Store in memory location A + 1 (LSBs) 

cs~ / 
\~. --------------------------~ 

SCLK 

DO __ _ 

WORD 
RECEIVED 

RAM 
STORE 

lOCATION A LOCATION A + 1 

Figure 12. Interfacing to 68H(05(4 with a Dedicated Serial Port 

-5V TO +5V INPUT 
REFERENCEDD---------!V'N+ 

TO AGND V'N-

ML2221 

AGND 

CeLK +5V 

ML2221 
SCLKoN/OUT 

MODE 0 

8051 

RXD/P3.0 

TXD/Pl.1 

TXD/P3.2 

Figure 13. Adjusting Zero Error Figure 14. 1 Mbps 8051 Interface 
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-5V TO +5V 
ANALOG 

INPUT DO 

SClK 
MS8 

SClK'NIOUT 

+5V 

UK 

112 
DS8830 

BOll8 

DAP. 1\,.---------' 

ADDRESS 
DECODER 

Figure 15. Optical Isolated 8088 Interface 

ORDERING INFORMATION 

LlNEARllY TOTAL TEMPERATURE 
PART NUMBER ERROR UNADJUSTED ERROR RANGE PACKAGE 

Ml2221BCP ±3,~ lSB ±1V2 DOC to +7DoC MOLDED DIP (P16) 
Ml2221BIJ -4DoC to +85°C HERMETIC DIP (J16) 
Ml2221CCP ±1 lSB ±2V2 DOC to +7DoC MOLDED DIP (P16) 
Ml2221C1J -4DoC to +85°C HERMETIC DIP (J16) 
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'~Micro Linear 
October 1994 
PRELIMINARY 

ML2223 

Asynchronous Serial Interface 
12-Bit Plus Sign A/D Converter with S/H 

GENERAL DESCRIPTION 
The ML2223 is a member of Micro Linear's 12-bit plus 
sign CMOS ND converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

These ND converters have a maximum nonlinearity error 
over temperature of ±0.009% or ±0.012% of full scale. 

For easy interface to microprocessors, the ML2223 is 
designed to transmit data into RS-232 type ports. 

The ML2223 operates in an asynchronous mode of 
operation. In this mode, the ND continuously transmits 2 
bytes in a 24-bit stream, inserting 8 idle bits between 
transmissions. When CURR input pin is tied high, 
transmission of the previous data begins immediately 
upon receiving a conversion start request. When CURR is 
low, transmission is started after a new conversion is 
completed. 

The serial data clock can be generated by the ML2223 or 
it can be provided by an external source. 

The serial interface provides LSB first data with 2's 
complement output coding. 

BLOCK DIAGRAM 

VIN+ 

VIN-

1 
AGND 

v" 

SElF-CALIBRATING 
12·BIT + SIGN AID 

AND 
SAMPLE AND 

HOLD FUNCTION 

FEATURES 

• RS-232 compatible asynchronous interface 

• One-wire data transmission 

• Continuous conversions 

• Nonlinearity error ±3/4 LSB and ±1 LSB max 

• Conversion time 
(including S/H acquisition) 45.611s max 

• Bipolar -5V to +5V analog input range with ±5V 
power supplies 

• Harmonic distortion 

• No missing codes 

• Self calibrating - maintains accuracy over time 
and temperature 

• Inputs withstand 17VI beyond supplies 

0.01% 

• O°C to +70°C, -40°C to +85°C temperature range 

• Standard 0.3" 16-pin DIP or 20-pin SOIC (wide) 

CLKMODE CCLK vee 

i 
.-----0 INSCLK 

UNIVERSAL 
ASYNCHRONOUS 

TRANSMIT 
CONTROL 

AND 
TIMING 

SCLK 

BUSY 

---OCURR 

DOUT 

DGND 
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PIN CONFIGURATION 
ML2223 

20-Pin SOIC (S20W) 

V'N+ AGND 

V'N- Vee 

VREF CCLK 

Vss CLKMODE 

NC NC 

NC NC 

INSCLK RESET 

DGND CURR 

SCLK RESERVED 

DOUT ~-L-.~-::-:-::""","--'~ BUSY 

PIN DESCRIPTION 
20 16 
PIN PIN NAME 

1 VIN+ 

2 2 VIN-

3 3 VREF 

4 4 Vss 

7 5 INSCLK 

FUNCTION 

Positive differential analog input; 
range = Vss ~ VIN + ~ Vee, 
I(VIN+) - (VIN-)I ~ VREF· 

Negative differential analog input; 
range = Vss ~ VIN - ~ Vee, 
I(VIN+) - (VIN-li ~ VREF • 

Voltage reference input; referenced to 
analog ground. 

Negative supply -5V ± 5%; decouple 
toAGND. 

SCLK mode select. This pin is used to 
select SCLK pin as an input or an 
output. When INSCLK is high, SCLK is 
an input. When INSCLK is low, SCLK 
becomes an output pin. SCLK will 
then provide a clock at 1/128 or 1/256 
depending on how the CLKMODE pin 
is set-up. 

8 6 DGND Digital ground. 

9 7 SCLK Serial data transmit clock. The serial 
data will always be transmitted at the 
frequency of the clock present at this 
pin. The SCLK pin can be 
programmed as an input or an output 
by using the INSCLK pin (pin 5). When 
the SCLK is used as an output pin. The 
data rate will be the internal converter 
clock divided by 128. When 
CLKMODE = 1, SCLK = CCLK/128. 
When CLKMODE = 0, 
SCLK = CCLK/256. 

10 8 Dour Data out. Digital output which 
contains result of ND conversion. The 
serial data is clocked out on falling 
edges of SCLK. 

20 16 
PIN PIN NAME 

ML2223 
16-Pin DIP (P16) 

TOP VIEW 

FUNCTION 

AGND 

CCLK 

CLKMODE 

RESET 

RESERVED 

11 9 BUSY Three-state active high BUSY status 
output. Normally low. Goes high to 
indicate that a conversion is in 
progress; de-asserted when conversion 
is complete and data is available from 
the conversion just completed. A 
pulldown resistor is recommended on 
this pin. 

12 10 RESERVED This pin should be tied to ground. 

13 11 CURR Current or previous data mode pin. 

14 12 RESET 

When this pin is tied high, the data 
will be transmitted at the start of a 
conversion (previous data mode). 
When CURR is tied low, the data will 
then be transmitted at the completion of 
the conversion. 

Active low reset. The RESET period is 
set by the time constant of the 
internal lOOK pull up resistor and an 
external capacitor. After the RESET 
period the converter will be ready for 
accepting requests or will 
automatically start conversions/ 
transmissions based upon the mode. 

17 13 CLKMODE Clock mode pin. When CLKMODE 
pin = 1, the internal converter clock = 
CCLK. When CLKMODE pin is tied 
low, the internal converter clock = 
CCLK/2. 

18 14 CCLK 

19 15 Vee 

20 16 AGND 

Clock input. Internal clock can be 
generated by tying a crystal from this 
pin to DGND or applying a clock 
directly to the pin. 

Positive supply. +5V ± 5% decouple 
toAGND. 

Analog ground a volts. Common 
mode reference point of the internal 
differential circuitry. 
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ML2223 

ABSOLUTE MAXIMUM RATINGS Lead Temperature (soldering 10 seconds) 

(Note 1) Dual-In-Line Package (Molded) ........................... 260°C 

Supply Voltage (Vccl ................................................ 6.0V 
Dual-In-Line Package (Ceramic) .......................... 300°C 

Negative Supply Voltage (Vss) ................................ -6.0V OPERATING CONDITIONS 
Voltage at Analog 

Inputs ......................................... Vss - 7V to VCC + 7V 
(Note 2) 

Voltage at VREF ............................... Vss - 7V to Vcc + 7V 
Input Current per Digital Pin ................................ ±1 OmA 

Temperature Range ............................... T MIN S; T AS; T MAX 
ML2223BI], ML2223CI] ....................... -40°C to +8SoC 

Input Current at Analog Inputs .............................. ±20mA ML2223BCP, ML2223CCP ....................... O°C to +70°C 

Storage Temperature Range ................... -65°C to + 150°C 
Package Dissipation at 25°C (Board Mount) ........ 87smW 

Supply Voltage (Vccl ........................... 4.sVoc to 6.0Voc 
Negative Supply Voltage (Vss) .......... -4.sVoc to -6.0Voc 
Reference Voltage (VREF) ........................................... Vcc 

ELECTRICAL CHARACTERISTICS 
The following specifications apply for Vcc = +sv ± 5%, Vss = -sv ± 5%, VREF = +4.7sV, 
VIN- = AGND, VIN+ = -4.7sV to +4.7sV, TA = T MIN to T MAX unless otherwise specified. 

ML2223BIJ, ML2223CIJ ML2223BCP, ML2223CCP 

PARAMETER NOTES CONDITIONS I TYP )1 MIN (NOTE 3) MAX I( TYP ,)1 MIN (NOTE 3) MAX UNITS 

Converter Characteristics 

Llneanty Error 
ML2223BXX 4 fCCLK = 0.1 S 5MHz ±3/4 ±3/4 LSB 
ML2223CXX ±1 ±1 LSB 

Unadjusted Zero Error 
ML2223BXX 4 ±3/4 ±3/4 LSB 
ML2223CXX ±2 ±2 LSB 

Unadjusted Positive and Negative 4 ±5 ±4 LSB 
Full-Scale Error 

Zero Error Temperature Coefficient 0.5 0.5 ppmFS/ 
°C 

Gain Temperature Coefficient 10 10 ppmFS/ 
°C 

Common Mode Rejection 5,6 80 80 dB 

Analog Input Source Resistance 4 2 2 kn 

Analog Input Range 4 VIN+ Referred to VIN- -VREF +VREF -VREF +VREF V 

Analog Input Leakage Current 4 100 100 nA 

Voltage Reference Input Source 4 0.5 0.5 kn 
Impedance 

Reference Input Leakage Current 4 100 100 nA 
.. 

Digital and DC Characteristics 

Power Supply Current 
Icc, Vcc 4 30 50 30 50 mA 
Iss, Vss 18 30 18 30 mA 

Power Supply Rejection 7 
Vcc DC 80 80 dB 

DC to 25kHz 50 50 dB 
Vss DC 80 80 dB 

DC to 25kHz 50 50 dB 

VILCLK, Clock Input Low Voltage 4 0.8 0.8 V 

VIHCLK, Clock Input High Voltage 4 3.5 Vcc 3.5 VCC V 

Ill, Input Leakage Current (CCLK) 4 DGND S VIN S Vcc ±200 ±200 w\ 
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ELECTRICAL CHARACTERISTICS (Continued) 

ML2223BIJ, ML2223CIJ ML2223BCP, ML2223CCP 

PARAMETER NOTES CONDITIONS 
I TYP )1 

MIN (NOTE 3) MAX 
I( TYP 1)1 

MI N (NOTE 3) MAX UNITS 

Digital and DC Characteristics (Continued) 

VIL, Input Low Voltage 4 0.8 0.8 V 

VIH, Input High Voltage 4 2.0 Vcc 2.0 Vcc V 

VOL, Output Low Voltage 4 IOL = 2.0mA 0.45 0.45 V 

VOH, Output High Voltage 4 10H =-400~ 2.4 2.4 V 

IL' Input Leakage Current 4 DGND ,,; VIN ,,; Vcc ±1O ±10 J.lA 
(except CLK) 

IHI_Z, Output Leakage Current 4 CS ~ VIH ±10 ±1O ~ 

CI, Input Capacitance 5 10 10 pF 
(all digital outputs) 

Co, Output Capacitance 5 10 10 pF 
(all digital outputs) 

SYMBOL I I NOTES I 
TYP 

PARAMETER CONDITIONS MIN (NOTE3l MAX UNITS 

AC Electrical Characteristics (Note 8) 

tc Conversion Ti me 4,9 fCCLK = 5MHz (CCLKMODE = "0") 45.6 J.ls 

fCCLKO Clock Frequency 5,9 Crystal (CCLKMODE = "0") 0.3 5 MHz 

Driven (CCLKMODE = "0") 0.1 5 MHz 

fCCLKO Clock Width 5,9 Driven (CCLKMODE = "0") I High 50 ns 

I Low 50 ns 

fCCLKl Clock Frequency 5 Driven (CCLKMODE = "1 ") 0.05 2.5 MHz 

fCCLKl Clock Width 5 Driven (CCLKMODE = "1 ") I High 150 ns 

I Low 150 ns 

tSCLK, DO Serial Clock Low to DO Valid/Hold 4 190 ns 

Note 1: Absolute maximum ratings are limits beyond whIch the hfe of the mtegrated CIrCUIt may be Impaired, All voltages unless otherwise specified are measured With 

respect to ground 
Note 2: aoc to +70°C and -400 ( to +85°( operatmg temperature range devices are 100% tested WIth temperature limits guaranteed by 100% testmg, sampling, or by 

correlation With worst-case test conditions 

Note 3: TYPlCais are parametric norm at 25°( 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not In outgoing quality level calculation. 
Note 6: Common mode rejection IS the ratio of the change in zero error to the change In common mode Input range. 
Note 7: Power supply rejection IS the ratio of the change In zero error to the change in power supply voltage. 
Note 8: All parameters measured from 0.8V to 2 OV, Cl = SOpF. 

Note 9: MaXimum frequency is l/tcLKl (high) + telKl (low) + rise + fall times, which must be s 2.SMHz. 

SClK 

DOUT 
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DATA 
OUTPUT~ 

C, J 101 
OUTPUT 

ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 

GND _10% ""------

VOH~ 
GND ------== 

Vee 

Vee -----\--= __ 

VOL ----" 

Figure 1. High Impedance Test Circuits and Waveforms 

1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC AID CONVERTER 

_tOH~ 

--'50% 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult beyond 10 bits unless trimming is used. An 
algorithmic converter uses less circuitry and is more easily 
trimmed. Micro Linear's algorithmic converter is 
implemented using a 2x amplifier, a sample/hold amplifier 
and a comparator as shown in Figure 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 2, the 
algorithm for the circuit can be described as follows: 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample and hold. If the 2x input 
voltage is less than the reference, the MSB is a 0 and the 
2x input voltage is stored in the sample and hold. This 
process repeats again, however now the sample and hold 
voltage is multiplied by 2. 

Step 1 If (2 x VIN) - VREF ~ 0 
then MSB = 1 

(2 x VIN) - VREF ~ S/H 
else MSB = 0 

(2 x VIN) ~ S/H 

Step 2 If (2 x S/H) - VREF ~ 0 
then next bit = 1 

(2 x S/H) - VREF ~ S/H 
else next bit = 0 

(2 x S/H) ~ S/H 

Step 3 Repeat Step 2 until conversion complete. 

Figure 2. Self Calibrating AID Converter 
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Ml2223 
Since the ND converter handles bipolar inputs negative 
inputs are handled slightly differently using the same 
principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in an 
algorithmic converter, two critical parameters need to be 
controlled, loop offsets and the gain of the loop. Loop 
offsets are automatically nulled before each conversion 
using auto-zeroing circuitry on both the sampling 
amplifier and the 2x amplifier. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage at the input as well as the 
reference (VREF/VREF), and examining the output code. 
Converting VREF should yield plus full scale, since VREF/ 
VREF should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with binary weighted 
trim capacitor arrays connected to each of the 2C input 
capacitors. A small value of capacitance is either added to 
or subtracted from the 2C input caps until the gain of the 
loop is within 13-bit accuracy. 

The self calibration and trimming is performed in the 
factory at wafer sort. This procedure is not available as a 
finished product. 

1.1.2 Conversion Times 

The following table lists the conversion times which 
include the sample and hold acquisition time. 

OPERATION MODE INTERNAL CLOCKS' 

FREERUN 113 

1.1.3 Sample and Hold Timing 

Figure 3 shows the internal timing for the sample and hold 
circuitry. The relationship between the start of conversion 
and the input channel going into sample mode is fixed at 
6 internal clocks'. Six internal clocks after the start of 

EXTERNAL CLOCK 
CLKMODE = "0" 

conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel with 
the input pins; one on VIN+ and one on VIN-. The sample 
switch is kept in the sample mode for 8 internal clocks 
(3.2I1s at a SMHz external clock), then placed in the hold 
mode. During the next 2 internal clocks the charge on the 
sample and hold is transferred into the ND, after which 
the VREF pin is sampled for 8 internal clocks. 

*For a deSCription of Internal clocks see Clock section. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2223 eliminate the effects 
of common mode input noise (60Hz for example), as VIN+ 
and VIN- are sampled at the same time. 

1.2.2 Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sO,urces. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 111F or greater and 
O.OlI1F disc ceramic capacitors are recommended for 
bypassing Vee as well as Vss to AGND. These capacitors 
should be placed close to the Vee and Vss pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock or a 
crystal referenced to DGND. The crystal must be parallel 
resonant with minimum capacitive loading. (i.e., no 
bypass caps should be used and leads should be kept 
short). 

If driven with external clock and if the CLKMODE pin is 
tied to Vee, the frequency must be between 50KHz to 
2.5MHz with the requirement that clock LOW (teeLKL) 
and clock HIGH (teeLKH) durations must be more than 
150ns. If the CCLKMODE pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 40 to 60% variation in duty cycle 
of the oscillator, the maximum crystal frequency is 
2.5MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 

INTERNAL CLOCK 
OR EXTERNAL CLOCK 

CLKMODE = "1" I I I I 
I 
I t 

START OF CONVERSION 

I I 
I I 
I I ._ SAMPLING INPUT _. !_SAMPLING REFERENCE_! 

Figure 3. Sample and Hold Timing 
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1.4 RESET 

The RESET pin has an internal lOOK pullup resistor. Power 
supplies must be stable to within a ±5% tolerance before 
the reset condition is removed. 

The active low hardware reset can be performed by a 
capacitor value (usually >6IlF) tied to the RESET pin or by 
driving it with the system reset signal. 

1.5 SCLK 

The SCLK is used to clock out the data to the transmission 
line via the DOUT pin. The SCLK can be supplied either 
externally or internally through the use of the INSCLK pin. 
Maximum 5CLK frequency is 625kHz. 

In applications where the internal SCLK is used, the SCLK 
is generated by dividing the internal clock by 128. For 
example, when 2.4576MHz crystal is used to generate 
CCLK, this will result in a 19.2Kbps data transmission rate 
(CLKMODE = 1). In the case where CLKMODE = 0, then 
the transmission rate will be 9.6Kbps. 

1.6 CONVERTER OPERATION 

There are two basic types of operation. By programming 
the CURR pin to "1 ", the device will be operating in the 
"Previous Data Mode" and when CURR pin = "0", the 
device is in the "Current Data Mode." 

~123BT-+I 

ML2223 
The ML2223 performs continuous conversion. The 
conversion takes 110 clock periods and an additional 13 
clock periods are required for the device to shift out the 
data. In the Current Data Mode, the data are transmitted 
after the conversio'n is completed. 24-bit time of the SCLK 
(transmit clock) is required to transmit the full data frame 
and an additional 8-bit time of idle is needed before the 
next conversion begins. A total of 32-bit time delay of the 
SCLK is therefore needed between conversions (see Figure 4). 

In the Previous Data Mode, the data is transmitted at the 
start of the conversion (see Figure 5). 

1.7 DATA FORMAT 

The converter data is output in two data byte frame. Each 
frame has one start bit and two stop bits and each data 
byte consists of 8 bits of data and one parity bit. The data 
is transmitted L5B first (see Figure 6). 

The first data byte transmitted is the least significant byte 
with even parity and the second byte is the most 
significant byte with odd parity. Thus, the UART can 
identify the lower byte or the upper byte by observing the 
parity error flag in accordance to the parity check it has 
set-up. 

tb~VEk~'d~ '1 tb~~~k~I~~ ~ tb~~~k~I~~ ~ CONVERSION ___ ...JI II I II III 11'--______ -'. 111111 III 1...1 ______ --'111111 1111 1'--___ _ 

DOUT ~eATAI41 A 
24 BIT--::ii_a BIT IDLE 

DATA 2 A A DATA 3 

Figure 4. Current Data Mode. 

~123BT-+I 

III1IIIIIII III1IIIIIII III1IIIIIII J.AI-llllW .. ,I 
CONVERSION ~?~n~I,c:7'1..1 ____ ...JWmm~7 1...~ ____ ...JWm~If!71..~ _____ )uYu.~.LUujjl.LL'tl1J'1ut __ _ 

DoUT ~DATAO ~~_DA_T_A_l_~ DATA 2 

~24BIT_I~ 
a BIT 
IDLE 

Figure 5. Previous Data Mode. 
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ML2223 

fiRST LAST 

START START 
IDLE BITr=LS:.::,B _____ "-"1r--1_--.BIT SIGN EXTENDED 

I 10 1 2 3 4 5 6 7 I P I STOP I Ira-'-10-1-lTI-s -s-s-s'l-p"TI-
'--''-----'-----''-;-' STOP J BIT J BIT 

EVEN PARITY ODD PARITY 

LOWER BYTE UPPER BYTE 

Figure 6. Data Format. 

APPLICATIONS (For detailed applications information, see Application Note 41) 

OV 

2.4576 0 
MHZ~ 

INSCLK 

CLKMODE 

'600 BAUDS 
DOUTI--+--j 

ML2223 

UART 

Figure 7. Remote Monitor System. 

ORDERING INFORMATION 

PART NUMBER LINEARITY TOTAL TEMPERATURE 
ERROR UNADJUSTED ERROR RANGE 

Ml2223BCP ±3/4lSB ±11/2 DOC to +7DoC 
Ml2223BIj -4DoC to +85°C 

Ml2224CCP ±1 lSB ±21/2 DOC to +7DOC 
Ml2223CCS DOC to +7DoC 
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ML2223EVAL 

12-81T AID Converter with PC Compatible 
Serial Interface Evaluation Kit 

GENERAL DESCRIPTION FEATURES 

• RS-232 compatible asynchronous interface 

• One or two-wire data transmission 

The ML2223 12-bit plus sign ND Converter has an 
Asynchronous serial output designed specifically for the 
communications port (COM1 or COM2 etc.) of IBM PC
compatible computers. This is the same port used by the 
mouse or any other external serial port device such as 
modems and printers. The ML2223 evaluation kit is a 
combination of hardware and software to ease the 
interface between the PC and device without spending 
considerable time writing software or prototyping the 
circuit board. The board contains optional functions to set 
baud rate, reference voltage and analog multiplexing to 
allow user customization. The software provided ranges 
from a simple Assembly/C routine to a sophisticated GUI 
(Graphical User Interface) that furnishes software control 
over the hardware and an "oscilloscope" type display of 
the analog input. 

• Assembly, C and LabWindows™ software provided 

'" 

DB9 

Rx 

efS 8 

RTS 7 

OTR 4 

GND 5 

3.3m 

r 
DATA BUSY 

I +5V 

• 9600 or 19200 on-board baud rate generator 

• 256Kbaud available with external generator 

• DB9 connector for direct connection to COM port 

RF 
CHOKE 

KIT CONTENTS 

• ML2223EVAL Users guide 

• ML2223 data sheet 

• Fully populated, assembled and tested 
Evaluation board 

• 3.5" Disk with PC-compatible software 

• Gerber File 

+5V OGND +5V 

10 Dour 
11 BUSY 

14.---.~1~1------------------~ 
7 .----1--------------------'-'1 

VIN+ 

ML2223 VIN-13~.~1~2-------_ 
8 ~1_'9'-------, 

15 1-'2'--__ _ 

LT1381 1 
RS--232 
LEVEl 2.2nF 

SHIFTER 4 

5 
2.2nF 

3.3KQ 

r 
12.2nF J2.2nF 

'" 

74LS161 
4~81T 

BINARY 13 

10 
COUNTER 

14 

16 

'" 

13 

18 CCLK 
12-BIT 

17 

0 AID 
~ CONVERTER 20 

SClK I/O 9 SClK AGND 5 

" 
18 '" 

§ 
11 

+5V "'!: 7 INSClK 
RF ~!:i 

<)'" 

'" 
CHOKE C:l< 

14 0 
+5V 17 ClKMOOE ~ 10 

15 

'" DGND 16 IS 
+5V 13 CURR 

12 

RESET 

'" 14 '" 
~ 2.2nF 

16 

15 

'" 
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ML2230 

JlP Compatible 12-Bit Plus Sign AID Converter 
with Sample and Hold 

GENERAL DESCRIPTION 
The ML2230 is a member of Micro Linear's 12-bit plus 
sign CMOS ND converter family utilizing a self 
calibrating algorithmic technique. The sample-and-hold, 
incorporated on the ML2230, has a differential input for 
noise immunity and power supply rejection. All errors of 
the sample-and-hold are accounted for in the analog-to
digital converter's accuracy specification. 

The ML2230B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2230C 
and ML2230D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to an 8-bit microprocessor bus 
without additional components, the ML2230 outputs the 
13-bit data result two 8-bit bytes. Data format is 2's 
complement. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to a 16-bit microprocessor bus the ML2233 
provides a 13-bit data result. 

BLOCK DIAGRAM 

VREF DVCC DCND 

I I 
~----------~ r---~~ 

VIN-

12-BIT + SICN AID 
AND 

SAMPLE AND HOLD 
FUNCTION 

AVec Vss ACND 

DAV 

ClK 
L--_-oSYNC 

FEATURES 

• Resolution 12-bits + sign 

• Conversion time 
(including S/H acquisition) 31.S~ max 

• Sample and hold acquisition 2.3~ max 

• Non-linearity error ±3/.LSB and ±1 LSB max 

• Low harmonic distortion 0.01% 

• No missing codes 

• Self calibrating - maintains accuracy over time 
and temperature 

• Inputs withstand 17VI beyond supplies 

• Data transfer options - interrupt, DMA, or polling 

• Outputs data in two 8-bit bytes 

• Standard 24-pin DIP 

PIN CONNECTIONS 

ML2230 
24-Pin DIP (P24) 

ACND 

VIN+ 

VIN- 3 

Vss 5 

DAV 6 

SYNC 

DO 

Dl 

D2 

DVCC 12 

TOP VIEW 

AVec 

ClK 

WR 

iffi 
CS 
AO 

Al 

D7 

D6 

DCND 

D5 

D4 
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PIN DESCRIPTION 
DIP PCC NAME FUNCTION 

AGND Analog ground. 

2 2 V1N+ Positive differential analog input; 
range = Vss:S; V1N+:s; AVee, 
I(VIN+} - (VIN-}I :s; VREF· 

3 3 V1N- Negative differential analog input; 
range = Vss:S; V1N-:S; AVee, 
I(V1N+) - (VIN-)I :s; VREF. 

4 4 VREF Voltage reference input; referenced to 
analog ground. 

5 5 Vss Negative power supply; decouple to 
AGND. 

6 8 DAV Data available; indicates a conversion 
has completed and data is available or 
calibration completed. 

7 9 SYNC In the slave mode, SYNC is a positive 
edge triggered input used to start a 
conversion. in master mode, SYNC 
is an output and indicates a 
conversion has occurred. 

8 10 DO Bidirectional data bit. 

9 11 D1 Bidirectional data bit. 

10 13 D2 Bidirectional data bit. 

" 14 D3 Bidirectional data bit. 

12 15 DVee Digital power supply. Tie to AVee from 
same power supply. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVee and DVed ............................ 6.0V 
Negative Supply Voltage (Vss) ................................ -6.0V 
Voltage at Analog 

inputs ....................................... Vss - 7V to AVee + 7V 
Voltage at VREF ............................. Vss - 7V to AVee + 7V 
Input Current per Digital Pin ................................ ±1 OmA 
input Current at Analog inputs .............................. ±20mA 
Storage Temperature Range ................... -65°C to + 150°C 
Package Dissipation @ 25°C ................................ 875mW 
lead Temperature soldering, 

Dual-in-Line Package (Plastic) ............................. 260°C 

ML2230 

DIP PCC NAME FUNCTION 

13 16 D4 Bidirectional data bit. 

14 17 D5 Bidirectional data bit. 

1518,19 DGND Digital ground. 

16 20 D6 Bidirectional data bit. 

17 21 D7 Bidirectional data bit. 

18 22 A1 Address for the microprocessor 
interface to access anyone of the four 
registers. 

19 23 AO Address for the microprocessor 
interface to access anyone of the fou r 
registers. 

20 24 CS Chip select; enables writing to or 
reading from. 

21 25 RD Read; enables Ml2230 to drive 
data bus. 

22 26 WR Write; allows writing into the registers. 

23 27 ClK Clock input. Driven with an external 
clock or crystal referenced to DGND. 
The crystal must be parallel resonant 
with minimum capacitive loading. 
(i.e., no bypass caps should be used 
and leads should be kept short.) 

24 28 AVee Positive analog power supply. 
Decouple to AGND. Tie to DVee from 
same power supply. 

OPERATING CONDITIONS 
(Note 2) 

Temperature Range ........................................ O°C to 70°C 
Supply Voltage (AVee and DVed ........ 4.5Voe to 6.0Voe 
Negative Supply Voltage (Vss) .......... -4.5Voe to -6.0Voe 
Reference Voltage (VREF) ........................................ 2.60V 
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ELECTRICAL CHARACTERISTICS 
The following specifications apply for Vee = +5V ± 5%, Vss = -5V ± 5%, VREF = 2.500V, VIN- = AGND, 
VIN+ = -2.5V to +2.5V, TA = T MIN to T MAX unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

Converter Characteristics 

linearity Error 
ML2230BXX 4 fCClK = 0.1 7MHz ±3/4 LSB 
ML2230CXX fCClK = 0.1 7MHz ±1 LSB 
ML2230DXX fCClK = 0.1 SMHz ±1 LSB 

Unadjusted Zero Error 
ML2230BXX 4 ±3/4 LSB 
ML2230CXX ±2 LSB 
ML2230DXX ±2 LSB 

Unadjusted Positive and Negative 5 ±4 LSB 
Full Scale Error 

Zero Error Temperature Coefficient 0.5 ppm/oC 

Gain Temperature Coefficient 10 ppm/'C 

Common-Mode Rejection 5,6 80 dB 

Analog Input Source Resistance 5 2 kn 

Analog Input Range 4 VIN+ Refer to VIN- -VREF +VREF V 

Analog Input Leakage Current 4 100 nA 

Voltage Reference Input 5 0.5 kn 
Source Impedance 

Reference Input Leakage Current 4 100 nA 

Digital and DC Characteristics 

Power Supply Current 
Alcc, Analog Vcc 4 30 50 mA 
Dlcc, Digital Vcc 10 ItA 
Iss, Vss 18 30 mA 

Power Supply Rejection 7 
AVcc DC 80 dB 

DC to 25kHz 50 dB 

Vss DC 80 dB 
DC to 25kHz 50 dB 

VllCLK, Clock Input Low Voltage 4 0.8 V 

VIHCLK, Clock Input High Voltage 4 3.5 AVcc V 

Ill, Input Leakage Current (CLK) 4 AGND ~ VIN ~ AVCC ±200 ItA 
Vll, Input Low Voltage 4 0.8 V 

VIH, Input High Voltage 4 2.0 DVcc V 

VOL, Output Low Voltage 4 IOL = 2.0mA 0.45 V 

VOH, Output High Voltage 4 IOH = -4001tA 2.4 V 

Il' Input Leakage Current (except CLK) 4 AGND ~ VIN ~ AVcc ±10 ItA 
IHI-Z, Output Leakage Current (DO-D7) 4 RD = CS = VIH ±1O ItA 
CI, Input Capacitance (all digital inputs) 10 pF 

Co, Output Capacitance 10 pF 
(outputs DO to D7, and DAV) 
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ElECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) 

tc Conversion Time 4,9 ClK Mode =0 fClK = 7.0MHz 31.5 IlS 
fClK = 5.0MHz 44.0 IlS 

Sample and Hold Acquisition 4,9 ClK Mode = 0 fCLK = 7.0MHz 2.3 IlS 
fClK = 5.0MHz 3.2 IlS 

fClKO Clock Frequency 5,9 Crystal (ClK Mode = 0) 3 7 MHz 
Crystal (ClK Mode = 0) 1 7 MHz 

tclKo Clock Width 5,9 Driven High 50 ns 
(ClK Mode = 0) low 50 ns 

fClKl Clock Frequency 5,10 Driven (ClK Mode = 1) 0.5 (Note 11) MHz 

tClK1 Clock Width 5,10 Driven High 125 ns 
(ClK Mode = 1) low 125 ns 

tAD Address Stable to Valid Data 4 150 ns 

tAR Address Stable Before Read 4 0 ns 

tRA Address Hold After Read 4 0 ns 

tRR Read Pulse Width 4 150 ns 

tRD Read Access 4 150 ns 

t1Z, toz Data Read to H i-Z 4 0 50 ns 

tRY Recovery Between Two Reads 5 250 ns 
or Writes 

tRDCK Read to Clock Setup Time 5,12 40 ns 

tAW Address Stable Before Write 4 0 ns 

tWA Address Hold After Write 4 0 ns 

tww Write Pulse Width 4 150 ns 

tDw Data Setup Before Write Trailing Edge 4 100 ns 

tWD Data Hold After Write Trailing Edge 4 0 ns 

tWRCK Write to Clock Setup Time 5,12 40 ns 

tcKDAV Clock to DAV Assert 4,13 Cl = 50pF 120 220 ns 

tSYNCCK SYNC Input to Clock Setup 5,12 40 ns 

tSYNCN SYNC Input Width 5 (ClK Mode = 0) 6 l/fCLKO 
(ClK Mode = 1) 3 1/fclK1 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) (Continued) 

lcKSYNC External Clock to SYNC Output Delay 5,13 CL '" 50pF 150 200 ns 

tSYNCO SYNC Output Pulse Width 5,13 (ClK Mode = 0) 8 l/fcLKO 
(ClK Mode = 1) 4 l/fcLKl 

tWRDAV Write Reg2 to DAV Rising Edge 4, 14 CL = 50pF 170 ns 

tRDDAV Read RegO to DAV Rising Edge 4,15 CL = 50pF 170 ns 

tr, tf Rise and Fall All Inputs 25 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless othervvise specified are measured with 
respect to ground. 

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 2S°C, 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Common mode rejection IS the ratio of the change in zero error to the change in common mode Input range. 
Note 7: Power supply rejection is the ratio of the change in zero error to the change In power supply voltage. 
Note 8: All parameters measured from 0 BV to 2.0V, Cl = 100pF 
Note 9: CKl X bit in control register = O. 
Note 10: CKl X bit in control register = 1. 
Note 11: Maximum frequency is l/tclKl (high) + tCLKl (low) + rise + fall times and S 3 SMHz. 
Note 12: Setup time required for synchronous start of conversion. 
Note 13: In eLK mode = 0 (CKl X bit in control register = 0) start of conversion will occur at specified time, or time plus one fCLKO period (see Figure 5). 
Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output. 
Note 15: In start mode = " a read from location "0" Will start the next conversion and de-assert the DAVoutput. 

TIMING DIAGRAMS 

.. lAD .. ~ IRA I.-
AO,Al, CS ). 

k--IAR_ IRR 

) ~ 
IRV _IRO_ ~ .1"-11Z, toz 

DATA BUS HIGHZ } VALID HIGHZ 

Figure 1. Read Cycle 

AO,At,a 

IAW __ 

DATA BUS INVALID VALID 

_IOW __ 

�.-----tww-----J .. ~I 

Figure 2. Write Cycle 
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TIMING DIAGRAMS (Continued) 

J / \ \ / 
i-leKDAV 

f-~j 
\ 

ClK,MODE=1 

ClK,MODE =0 

DAV 

WR 

J / \ 
\ / \ 

ttCKDAV 
1_tRDD 1 \ / / 

ClK, MODE = 1 

ClK, MODE = 0 

FIRST BYTE SECOND BYTE 

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 

Figure 3. Data Available 

ClK, MODE = 1 

\ r~ C ClK,MODE=O A ~ 

SYNC OUT -----~~I {"'~ ~:~ J"'" 
Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 

START OF CONVERSION 

ClK 

(NOTEr 2.,:.) ___ , 

(NOTE 1) ___ ..JI 

START OF CONVERSION 
(NOTE 3) 

!'J -----.. 

~ 
SYNC IN 

(START MODE 3) 

(MIS = 0) l~r-------ISYNCN-t--------:--------
twRCK..... -.1 ' 

WR 
(START MODE 0) 

iID 
(START MODE 1) 

NOTES: 
1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

TO 

2. IN CLK MODE 1, Will ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 
3. IN CLK MODE 0, WILL OCCUR EITHER AT TO OR 11 IF SETUP TIMES ARE MET. 

, , 
11 

Figure 5. Start of Conversion (Start Mode 0, 1, 3) 

BLOCK DIAGRAM 

ClK 
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VSS 

AVec 

- OSC 

~ 
MUX S 1 O;~ 

ClK t 
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I 
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START 

BUSY 
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SC 
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/ I 
I 
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TEMPORARY 
REGISTER 

16V1,. r- "" ,.. 

DATA BUFFER 
REGISTER -V 

r-
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LOGIC 

DATA 2' SMDE 
BUS 

A B 

/ 
CONTROL A t>-

REGISTER 
~ V 

8 V 
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REGISTER ~ 

~ 

CONTKO~¢ 
BUS 

~ 

Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 

ALGORITHMIC AID CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample and hold. If the 2x input 
voltage is less than the reference, the MSB is a 0 and the 
2x input voltage is stored in the sample and hold. This 
process repeats again, however now the sample and hold 
voltage is multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF ;:: 0 
then MSB = 1 

(2 x VIN) - VREF -? S/H 
else MSB = 0 

(2 x VIN) -? S/H 

Step 2 If (2 x S/H) - VREF ;:: 0 
then next bit = 1 

(2 x S/H) - VREF -? S/H 
else next bit = 0 

(2 x S/H) -? S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the ND converter handles bipolar inputs, negative 
inputs are handled slightly differently using the same 
principle. 

ML2230 

Figure 7. Self Calibrating AID Converter 

SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled 
before each conversion using auto-zeroing circuitry on 
both the sampling amp and the 2x amp. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREFNREF), and examining the output code. 
Converting VREF should yield plus full scale, since VREF/ 
VREF should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bit accuracy of 2. 
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CONVERSION TIMES 

The following table lists the conversion times which 
include the sample and hold acquisition time. For a 
CAlRD and CAlWR no ND conversion actually takes 
place. 

OPERATION 
8 bitND 
13 bitND 
CALWR 
CALRD 

# OF INTERNAL CLOCKS· 
80 
110 
52 
80 

SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of 
Conversion" and the input channel going into sample 
mode is fixed at 6 internal clocks·, regardless of the Start 
Mode. Six internal clocks after the Start of Conversion the 
Sample and Hold is switched into the sample mode, 
placing two 9pF capacitors in parallel with the inputs 
pins; one on V1N+ and one on VIN-. The sample switch is 
kept in the sample mode for 8 internal clocks (2.31JS at a 
7MHz external clock), then placed in the hold mode. 
During the next 2 internal clocks the charge on the sample 
and hold is transferred into the ND, after which the VREF 
pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in 
Master Mode during a conversion (MIS = 1 Control High 
Byte register) and Start Mode 0, 1, or 2. SYNC is activated 
one internal clock cycle after the Start of Conversion and 
lasts for four internal clocks. 

·For a desCription of Internal clocks see Clock section. 

EXTERNAL 
CLOCK 

(ClKMODEO) 

ANALOG INPUTS 

Differential Inputs and Common Mode Rejection 

The differential inputs of the Ml2230 eliminate the effects 
of common mode input noise (60Hz for example), as 
V1N+ and VIN- are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

low inductance tantalum capacitors of lllF or greater and 
O.OlIlF disc ceramic capacitors are recommended for 
bypassing AVec as well as Vss to AGND. These capacitors 
should be placed close to the AVec and Vss pins. 

MICROPROCESSOR INTERFACE 

There are four 8-bit directly addressable registers; two 
Data Buffer registers and two Control registers. The data 
buffer registers provide the conversion results. The data 
registers are double buffered, allowing one result to be 
read while the next sample is being converted. The data 
registers also allow access to the algorithmic converter's 
calibration code. Normally the Ml2230 is operated 
without ever accessing these registers. (Refer to 
Diagnostics for more information). The two Control 
registers provide complete control and status information. 
These four registers are addressed by pins AO and A 1 . 

I I I 
I I I 
I I I 
I I I 

INTERNAL 
CLOCK 

OR (ClK MODE 1) 

10 11 12 13 14 115 16 117 18 19 20 21 22 23 24 125 26 

I 
I 
I 
I 

SYNC PIN : 
(MASTER MODE) __ --!-: --' 

+ START OF CONVERSION 
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All data is returned from the converter in sixteen bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant bits 

Cycle 

13 

8 

+Max 

OFFF 

007F 

-Min 

FOOO 

FF80 

REGISTER DESCRIPTION 

REGISTER 0 - DATA BUFFER LOW BYTE: 

Zero 

0000 

0000 

Register 0 contains the low byte result of the latest 
conversion when read. Depending on the Start Mode 
selected, reading or writing to this register may start the 
next conversion. 

REGISTER 1 - DATA BUFFER HIGH BYTE: 

Register 1 contains the high byte result of the latest 
conversion when read. 

REGISTER 2 - CONTROL REGISTER LOW BYTE: 

Bit 0 (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 
Reading DAV = 1 indicates that new data is available or a 
calibration is complete. If both data bytes have been read, 
DAV will be cleared automatically. This bit can be 
explicitly acknowledge~writing a ONE to it; writing a 
zero has no effect. The DAV output pin always reflects the 
DAV status bit. 

READ 

DATA BUFFER I D7 06 05 04 D3 02 01 DO 
LOW BYTE 1.... ------------------' 

DATA BUFFER I 015 014 DB 012 011 010 09 08 
HIGH BYTE 1.... ------------------' 

CONTROL LOW 
BYTE'-----'---r_-~~~r_~r_'--r_~ 

00: START IF REGO IS WRITIEN 
01:STARTIFREG0/1ISREAD 

10: CONllNUOUS CONVERSIONS 
AFTER REG 0 IS WRmEN 

11: START IF SYNC GOES HIGH 

SHORT CYCLE 0 '" 13-BIT, 1 = 8-B11 

CHIP CALIBRATED STATUS 

CONY BUSY STATUS 

DAVSTATUS 

ADDRESS 
Al AD 

00 

01 

ML2230 
Bit 1 (BUSY status when READ/RESET when a ONE 
is written): 
Reading BUSY = 1 indicates that a conversion or 
calibration is in progress. Writing a ONE will force a chip 
reset. Writing a zero has no effect. 

RESET DEFAULT CONDITIONS: 

Both Control registers will automatically be cleared. Both 
Data Buffer registers will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the 
DAVB output is inactivated (high). The SYNC pin is forced 
to be an input as a result of clearing the M/S bit in the 
Control High Byte register. 

Bit 2 (ADRDY status when READ/DOCAl request when a 
ONE is written): 
Reading ADRDY = 0 indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 
indicates that is has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 

Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 

SC = 0: 13-bit conversion (default) 
SC = 1 : 8-bit conversion (short cycle) 

READ 

CALCODE HOLDING lOW BYTE REGISTER I 51 ART CONVERSION 
'-------------------' ... SMDE =0 OR2 

CALCODE HOLDING HIGH BYTE REGISTER 

WRITING 1 
ACKNOWLEDGE DAV 

WRITING 1 REQUEST A CALIBRATION 

SHORT CYCLE 

START MODE5 

6 4 

11 I 0 I DMAI L/H ICOlXl MIS I 0 o I 

0: SlAVE MOD~ SYNC IS AN INPUT (DEFAULn 

1: o\1ASTER MODE, SYNC IS AN OUTPUT 

0: faK = 0 DIVIDED BY 2 INTERNALLY (DEFAULn MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz 

1: fnK = 11 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz 

0: HIGH BYTE IS READ ARST THEN LOW BYfE 

1: LOW BYTE IS READ ARST THEN HIGH BYTE 

0: NON DMA MODE. REGOO HAS LOW BYfE, REGOl HAS HIGH 8YfE (DEFAULn 

1: DMA MODE. READ REGOO lWlCE TO GET BOTH BYTES 

Figure 9. Register Description 
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Note: For 8-bit conversions in non-DMA mode, only one 
byte needs to be read. This can be accomplished by 
setting UH = 0, DMA = 0 and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 0 
(default) 

01 Start Conversion upon reading register 0 if 
UH = 0, or Start Conversion upon reading register 
1 if LjH = 1. In DMA mode both bytes need to be 
read. The second byte read will Start Conversion. 

10 Start Continuous Conversions upon writing to 
register O. 

11 Start on external SYNC input going high 
(Requires Slave mode: MIS = 0) 

Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be 
written as zero. 

Register 3 (Control Register High Byte): 

Bits 2,1,0 (TMDE: test mode select bits) 
These bits are used for diagnostic purposes only and 
normally not accessed during operation. The default value 
of TMDE is 000 which selects a normal ND conversion. 
See Diagnostics for more information. 

TMDE Description 

000 Normal ND Conversion 
001 Reserved by Micro Linear (Do Not Use) 
010 CALWR Operation 
011 CALRD Operation 
100 System Offset 
101 Common-mode 
110 Plus Full Scale 
111 Minus Full Scale 

Bit 3 (MIS: Master/Slave bit): 
Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

MIS = 0: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE = 11. 

MIS = 1 : Master Mode SYNC is an output. At the 
beginning of every conversion, 
SYNC is high for 4 internal 
clocks. 

Bit 12 (CKl X: clock select bit): 
Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section 
for a detailed explanation. 

CK1X = 0: 

CK1X = 1: 

the external clock is divided by two and 
used as the internal clock. This is referred 
to as CLK Mode = o. 
the external clock input is used directly 
as the internal clock. This is referred to as 
CLK Mode = 1. 

Bit 5 (LjH: Low Byte/High Byte): 
In non-DMA mode the UH bit defines whether DAVB is 
deactivated by reading the Data Low Byte or Data High 
Byte. In DMA mode, the LjH bit defines the order in 
which the Low/High Data Bytes are presented to the data 
bus. DMA mode automatically deactivates DAVB after 
both bytes are read. 

*non-DMA mode: DMA = 0 

LjH = 0: 

LjH = 1: 

reading register 0 (Low Byte) will de
assert DAVB 

reading register 1 (High Byte) will de
assert DAVB 

*DMA mode: DMA = 1 

LjH = 0: the first read is the Data High Byte, and 
the second read is the Data Low Byte, 
then DAVB output is de-asserted 

LjH = 1 : the first read is the Data Low Byte, and 
the second read is the Data High Byte, 
then DAVB output is de-asserted. 

Bit 6 (DMA: DMA mode bit): 
This bit allows both high and low bytes from the 13 bit 
conversion to be read from one address; either Data Buffer 
Low Byte or Data Buffer High Byte registers. 

DMA=O 

DMA=l: 

The high byte of the conversion will 
always be read from the Data Buffer High 
Byte register and the low byte of the 
conversion will always be read from the 
Data Buffer Low Byte Register. 

Both high and low bytes of the 
conversion can be read from either the 
Data Buffer High or Low Byte Registers. A 
DMA controller, microprocessor, or other 
I/O device can use a single I/O address to 
read both the low and high bytes of the 
conversion. The order in which the high 
and low data bytes are presented is 
defined by the LjH control bit. 

Note: This feature is not restricted to DMA controllers. It is 
an I/O option which may be used by a DMA controller, 
microprocessor, or any other type of I/O device. 

Bit 7 (Reserved by Micro Linear) 
This bit is not used. When written use zero. 
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GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control low Byte 
Register. 

SMDE 
Bits 5,4 

00: A write to register 0 will start a conversion. 
During a conversion, if another write is issued to 
register 0, the "Start Conversion" command will 
be latched and another conversion will 
immediately follow the current one. To insure that 
the second write will be latched, it must occur at 
least 3 internal clocks after the first write. Only 
one additional write will be latched; multiple 
writes within a conversion will only yield one 
more conversion. 

01: Reading the data from the previous conversion 
starts the next conversion. Start Conversion upon 
reading register 0 if UH = 0, or Start Conversion 
upon reading register if UH = 1. In DMA mode 
both bytes need to be read. The second byte read 
will Start the Conversion. 

10: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the 
converter runs continuously. This mode yields the 
maximum conversion rate. 

11: The SYNC input triggers the start of a conversion. 
The MIS bit in the Control High Byte Register 
must be cleared, placing the chip in the slave 
mode. 

ML2230 
Note: the external activation for Start Modes 0, 1, and 3 
are synchronized internally to the system clock. If periodic 
sampli~ required using these Start Modes, the SYNC, 
RD, or WR pulses must be synchronized to the system 
clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 

The ND conversion result is double-buffered using the 
Data Buffer registers and the ND Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVB output going low. The DAVB output goes low 16 
internal clocks after the EOC. From the time DAVB output 
goes lOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figure 10. 

SElF CALIBRATION 

Setting the DOCAl bit issues a cal ibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAVB output goes low. 

A calibration requires 8,260 internal clocks. Using a 
7MHz clock (ClK Mode = 0), this approximately 2 ms. 
Power supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The Ml2230 should be calibrated before any conversions 
are attempted. Calibrations must not be performed 
simultaneously with conversions. Before requesting a 
calibration, the user may want to read the Busy status bit 
to make sure that the converter is idle. Polling the chip 
while the calibration is in progress is not recommended. 

START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 

CONVERSION l __ ..-CONVERSION 2 ..-CONVERSION 3 __ 

DATA 1 AVAILABLE I DATA 2 AVAILABLE 

Figure 10 . 
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CLOCK 

The Ml2230 has the option of dividing the clock at the 
ClK pin by 2, or using it directly to drive the internal 
logic. This option is selected through the CK1 X bit in the 
Control register. When CK1 X = 0 the clock is divided by 
2. This is referred to as ClK Mode = O. The clock at the 
ClK pin is referred to as the External clock, and the 
Internal Clock is the External clock divided by 2. When 
CK1 X = 1, the clock at the ClK pin drives the internal 
logic directly, therefore this clock is referred to as the 
Internal clock. This is also known as ClK Mode = 1. All 
internally clocked logic is positive edge triggered. 

ClK Mode = 0: 

There are two advantages to ClK Mode O. This is the only 
Mode that allows an external crystal to be used. ClK 
Mode 1 cannot operate with an external crystal, the ClK 
pin rnust be driven. The second advantage of ClK Mode 0 
is that the duty cycle for a driven clock is less stringent 
than in ClK Mode 1. (Refer to tClKO and tClKl in AC 
Electrical Characteristics for ClK Mode 0 and 1 timing 
requirements, respectively.) 

On power up the state of the divide by two flip-flop is 
indeterminate. Therefore the relationship between the 
internal clock and the external clock at the ClK pin can 
have one of two possibilities as shown in Figure 11. As a 
result the following should be considered. 

EXTERNAL 
CLOCK 

(CLK MODE = 0) 

INTERNAL 
CLOCK' 

o 

tWRCK, tROCK, and tSYNCCK specs, (RD, WR, and SYNC 
setup times to Start of Conversion). will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an 
uncertainty of one external clock period. 

If periodic sampling is necessary and Start Mode 0, 1 or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external periods, 
half the pulses would correspond with the rising edge of 
the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 

CLK Mode = 1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the 
uncertainty of the tWRCK, tRDCK and tSYNCCK requirements. 

'INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0 

Figure 11 . 
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DIAGNOSTICS 

Diagnostics routines may be run after power up or any 
other time to ensure proper operation. The diagnostic 
features, which are software selectable, don't require 
external hardware. Both the analog and digital sections 
can be tested. 

The ML2230 is placed in the diagnostic mode via the 
TMDE field in the Control High Byte Register. Once the 
ML2230 is placed in one of the diagnostic modes, a 
conversion must be executed before the results can be 
read. As with all conversions, DAVB will be activated 
upon completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 
Selects normal ND conversion. Default condition after a 
software reset. 

TMDE = 001 : Reserved by Micro Linear. 

TMDE = 0101: CALWR operation 
The data in Write register 0 and 1 (CALCODE Holding 
Register), are transferred into the converter's Calibration 
register when a "Start Conversion" is issued. A dummy 
conversion occurs and the DAVB output goes LOW to 
indicate that the operation is complete. 

TMDE = 011 : CALRD operation 
The contents of the Calibration register are transferred 
through the ND Data register and loaded into the Data 
Buffer register. A dummy 8-bit conversion occurs and 
DAVB output goes LOW to indicate that the CALRD 
operation is complete. 

ML2230 
TMDE = 100: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the ND converter and Sample/ 
Hold combination. The VIN+ and VIN- pins will remain in 
a high impedance state while in this mode. 

TMDE = 101 : Common-mode 
Both the positive and negative inputs of the Sample and 
Hold are tied to VREF. The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 11 0: Positive Full Scale 
This test mode connects the positive input of the Sample 
and Hold to VREF and the negative input of the Sample 
and Hold to analog ground. The result of converting in 
this test mode is a value near positive full scale. 

TMDE = 111 : Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to VREF. 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2230's architecture provides a way for the 
microprocessor to indirectly read and write to the ND 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digitalloopback. 

----------------------------------------T-------------------------

1 
1 
1 
1 

A1 AO WR iID Cs 
o 0 0 0 

o 0 

REGISTERS AID CONVERTER 

o 

o 

i A1 AO WR iffi Cs ,..:.... __ -.....:::....: ___ ..:; 
i 0 0 0 
1 
1 
1 
1 
1 
1 

i 0 0 0 1 
1 ________________________________________ 1 ________________________ _ 

Figure 12. Digital Loopback 
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ML2230 
When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in anyone of the four 
modes, the contents of the CALCODE Holding Low Byte 
and High Byte registers are transferred into the ND 
converter's Calibration register. When the TMDE bits are 
set to 011 CAL READ (CALRD), and a Start Conversion is 
issued, the contents of the Calibration register are 
transferred through the NO's Data register into the Data 
Buffer Low Byte and Data Buffer High Byte registers. The 
result of these two operations is a complete loopback from 
the CALCODE Holding registers through the ND 
converter and back into the Data buffer registers. This 
loopback provides user assurance that all the paths are 
clear and there are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be 
restored before the converter is used to convert data. 

ALE 1---"" 

CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the 
Calibration register. If the Low Byte of the data buffer 
register is a" ones after executing a CALRD, the 
calibration failed; otherwise the calibration is successful. 

iml-----+-----' 
Will-----+-----.I WR 

8048 

2-68 

I----I~CS 

INT 1+-----------1 DAV 

P121-----------.I SYNC ClK 

} ANALOG 
INPUT 

CJ 

J 
Figure 13. Interfacing to 8048 Microcontroller 
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AI, AD 1------------,/1 

D~D7~r--------~A 

R/W 1--;--.----\ 

021----~---_i __ ~ 

VMAI------~~~--~ 

+5V 

IRQ~-+-------__1 

6800 
elK 

Figure 14. Interfacing to 6800 Microprocessor 

} ANALOG 
INPUT 

ML2230 

ORDERING INFORMATION 

LINEARITY MINIMUM TEMPERATURE 
PART NUMBER ERROR CONVERSION RANGE PACKAGE 

ML2230BCP ±3/4 LSB 31.5fls O°C to +70°C Plastic DIP (P24) 
ML2230CCP ±1 LSB 31.5f1S O°C to +70°C Plastic DIP (P24) 
ML2230DCP ±1 LSB 44.0flS O°C to +70°C Plastic DIP (P24) 
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_ .. MicrO Linear 
October 1994 

ML2233 

J.lP Compatible 12-Bit Plus Sign AID Converter 
with Sample and Hold 

GENERAL DESCRIPTION 

The ML2233 is a member of Micro Linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic technique. The sample-and-hold, 
incorporated on the ML2233, has a differential input for 
noise immunity and power supply rejection. All errors of 
the sample-and-hold are accounted for in the analog-to
digital converter's accuracy specification. 

The ML2233B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2233C 
and ML2233D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to a 16-bit microprocessor bus 
without additional components, the Ml2233 outputs the 
13-bit data result in one word. Data format is 2's 
complement. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to an 8-bit microprocessor bus the ML2230 
provides a 13-bit data result in two 8-bit bytes. 

BLOCK DIAGRAM 

VREF oVec OGND 

VII.-

r-'------, 

12·BIT + SIGN AID 
AND 

SAMPLE AND HOLD FUNCTION 

AVec Vss AGNO 

r r 

ClK 
'---_OOSYNC 

FEATURES 

• Resolution 

• Conversion time 
(including SIH acquisition) 

• Sample and hold acquisition 

• Non-linearity error 

• Low harmonic distortion 

• No missing codes 

12-bits + sign 

31.5J.1S max 

2.3J.1S max 

±3/4LSB and ±1 LSB max 

0.01% 

• Self calibrating - maintains accuracy over time 
and temperature 

• Inputs withstand 17VI beyond supplies 

• Data transfer options - interrupt, DMA, or polling 

• 13-bit result for 16-bit bus interface 

• Standard 28-pin DIP 

PIN CONNECTIONS 

AGNO 

01 

ML2233 
28-Pin DIP (P28) 

AVec 

ClK 

WR 

iID 
CS 
AO 

012 

011 

OGNO 

010 

D9 

D4 08 

05 07 

06 OVCC '-----_. 
TOP VIEW 
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PIN DESCRIPTION 
PIN# NAME FUNCTION 

AGND Analog ground. 

2 VIN+ Positive differential analog input; 
range = Vss :S; VIN+ :S; AVee, 
I(VIN+) - (VIN-)I :S; VREF· 

3 VIN- Negative differential analog input; 
range = Vss:S; VIN-:S; AVee, 
I(VIN+) - (V1N-)1 :S; VREF. 

4 VREF Voltage reference input; referenced to 
analog ground. 

5 Vss Negative power supply; decouple to 
AGND. 

6 DAV Data available; indicates a conversion 
has completed and data is available or 
calibration completed. 

7 SYNC In the slave mode, SYNC is a positive 
edge triggered input used to start a 
conversion. In master mode, SYNC 
is an output and indicates conversion 
start. 

8 DO Bidirectional data bit. 

9 Dl Bidirectional data bit. 

10 D2 Bidirectional data bit. 

11 D3 Bidirectional data bit. 

12 D4 Bidirectional data bit. 

13 D5 Bidirectional data bit. 

14 D6 Bidirectional data bit. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVee and DVed ............................ 6.0V 
Negative Supply Voltage (Vss) ................................ -6.0V 
Voltage at Analog 

Inputs ....................................... Vss - 7V to AVee + 7V 
Voltage at VREF ............................. Vss - 7V to AVee + 7V 
Input Current per Digital Pin ................................ ±1 OmA 
Input Current at Analog Inputs .............................. ±20mA 
Storage Temperature Range ................... -65°C to + 150°C 
Package Dissipation @ 25°C ................................ 875mW 
lead Temperature (soldering, 10 seconds) 

Dual-In-Line Package (Plastic) ............................. 260°C 

ML2233 

PIN# NAME FUNCTION 

15 DVee Digital power supply. 

16 D7 Bidirectional data bit. 

17 D8 Bidirectional data bit. 

18 D9 Bidirectional data bit. 

19 Dl0 Bidirectional data bit. 

20 DGND Digital ground. 

21 D11 Bidirectional data bit. 

22 D12 Bidirectional data bit. 

23 AO Address for the microprocessor 
interface to access registers. 

24 CS Chip select; enables writing to or 
reading from. 

25 RD Read; enables Ml2233 to drive 
data bus. 

26 WR Write; allows writing into the registers. 

27 ClK Clock input. Driven with an external 
clock or crystal referenced to DGND. 
The crystal must be parallel resonant 
with minimum capacitive loading. 
(i.e., no bypass caps should be used 
and leads should be kept short.) 

28 AVee Positive analog power supply. 
Decouple to AGND. Tie to DVee from 
same power supply. 

OPERATING CONDITIONS 
(Note 2) 

Temperature Range ........................................ O°C to 70°C 
Supply Voltage (AVee and DVed ........ 4.5Voe to 6.0Voe 
Negative Supply Voltage (Vss) .......... -4.5Voe to -6.0Voe 
Reference Voltage (VREF) ........................................ 2.60V 

'Micro Linear 2-71 

--------- -~-- ---- --- --- -~- ----- ---- - - ------

-



ML2233 

ELECTRICAL CHARACTERISTICS 
The following specifications apply for AVec = DVcc = SV ± 5%, VSS = -SV ± 5%, VREF = 2.S00V, VIN- = AGND, 
VIN+ = -2.SV to +2.SV, TA = T MIN to T MAX unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

Converter Characteristics 

linearity Error 
ML2233BC) 4 fCClK = 0.1 ::; 7MHz ±3/4 LSB 
ML2233CCj fCCLK = 0.1::; 7MHz ±1 LSB 
ML2233DCj fCClK = 0.1 ::; 5MHz ±1 LSB 

Unadjusted Zero Error 
ML2233BCj 4 ±3/4 LSB 
ML2233CC) ±2 LSB 
ML2233DCj ±2 LSB 

Unadjusted Positive and Negative 5 ±4 LSB 
Full Scale Error 

Zero Error Temperature Coefficient 0.5 ppml"C 

Gain Temperature Coefficient 10 ppml"C 

Common-Mode Rejection 5,6 80 dB 

Analog Input Source Resistance 5 2 kn 

Analog Input Range 4 VIN+ Referred to VIN- -VREF +VREF V 

Analog Input Leakage Current 4 100 nA 

Voltage Reference Input 5 0.5 kn 
Source Impedance 

Reference Input Leakage Current 4 100 nA 

Digital and DC Characteristics 

Power Supply Current 
Alcc, Analog VCC 4 30 50 mA 
Dlcc, Digital Vcc 10 ~ 
Iss, Vss 18 30 mA 

Power Supply Rejection 7 
AVcc DC 80 dB 

DC to 25kHz 50 dB 

Vss DC 80 dB 
DC to 25kHz 50 dB 

VllClK, Clock Input Low Voltage 4 0.8 V 

VIHClK, Clock Input High Voltage 4 3.5 AVcc V 

Ill, Input Leakage Current (CLK) 4 AGND::; VIN::; AVcc ±200 ~ 

Vll, Input Low Voltage 4 0.8 V 

VIH, Input High Voltage 4 2.0 DVcc V 

VOL, Output Low Voltage 4 IOL = 2.0mA 0.45 V 

VOH, Output High Voltage 4 IOH=-400~ 2.4 V 

Il' Input Leakage Current (except CLK) 4 AGND::;VIN::;AVCC ±10 ~ 

IHI-Z, Output Leakage Current (DO-D12) 4 RD = CS = VIH ±1O ~ 

CI, Input Capacitance (all digital inputs) 10 pF 

Co, Output Capacitance 10 pF 
(outputs DO to D12, SYNC and DAV) 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) 

!e Conversion Time 4,9 CLK Mode: 0 fClK : 7.0MHz 31.5 /-ls 
fClK : 5.0MHz 44.0 /-lS 

Sample and Hold Acquisition 4,9 CLK Mode: 0 fCLK : 7.0MHz 2.3 /-ls 
fClK : 5.0MHz 3.2 /-ls 

fCLKO Clock Frequency 5,9 CLK Mode: 0 Crystal 3 7 MHz 
Driven 1 7 MHz 

fCLKO Clock Width 5,9 Driven High 50 ns 
(ClK Mode: 0) low 50 ns 

fClKl Clock Frequency 5,10 Driven (ClK Mode: 1) 0.5 (Note 11) MHz 

!elKl Clock Width 5,10 Driven High 125 ns 
(ClK Mode: 1) low 125 ns 

tAO Address Stable to Valid Data 4 150 ns 

tAR Address Stable Before Read 4 0 ns 

tRA Address Hold After Read 4 0 ns 

tRR Read Pulse Width 4 150 ns -tRO Read Access 4 150 ns 

tlz, toz Data Read to Hi-Z 4 0 50 ns 

tRY Recovery Between Two Reads 5 250 ns 
or Writes 

tROCK Read to Clock Setup Time 5,12 40 ns 

tAW Address Stable Before Write 4 0 ns 

tWA Address Hold After Write 4 0 ns 

tww Write Pulse Width 4 150 ns 

tow Data Setup Before Write Trailing Edge 4 100 ns 

two Data Hold After Write Trailing Edge 4 0 ns 

tWRCK Write to Clock Setup Time 5,12 40 ns 

tCKOAV Clock to DAV Assert 4,13 Cl : 50pF 120 220 ns 

tSYNCCK SYNC Input to Clock Setup 5,12 40 ns 

tSYNCN SYNC Input Width 5 (ClK Mode: 0) 6 1/fclKO 
(CLK Mode: 1) 3 1/fclKl 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) 

lcKSYNC External Clock to SYNC Output Delay 5,13 CL = 50pF 150 200 ns 

tSYNCO SYNC Output Pulse Width 5,13 (ClK Mode = 0) 8 l/fcLKO 
(ClK Mode = 1 ) 4 l/fcLKl 

tWRDAV Write Reg2 to DAV Rising Edge 4,14 CL = 50pF 170 ns 

tRDDAV Read RegO to DAV Rising Edge 4,15 CL = 50pF 170 ns 

t" tf Rise and Fall All Inputs 25 ns 

Note 1: Absolute maximum ratmgs are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testmg, sampling or by correlation with worst-case test conditions. 
Note 3: TYPlcals are parametric norm at 25°C 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not In outgomg quality level calculation. 
Note 6: Common mode rejection is the ratio of the change In zero error to the change In common mode mput range 
Note 7: Power supply rejection tS the ratio of the change In zero error to the change in power supply voltage. 
Note 8: All parameters measured from O.BV to 2.0V, Cl = 1 OOpF. 
Note 9: CKl X bit in control register = O. 
Note 10: CK1 X btt in control register = 1. 
Note 11: Maximum frequency IS l/tClKl (htgh) + tclKl (low) + rise + fall times and $ 3.SMHz. 
Note 12: Setup time required for synchronous start of conversion. 
Note 13: In CLK mode = 0 (CK1X bit In control register = 0) start of conversion will occur at specified time; or time plus one fClKO peTtod (see Figure 5) 
Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de·assert DAVoutput 
Note 15: In start mode = 1, a read from location /JO/J will start the next conversion and de-assert the DAV output 

TIMING DIAGRAMS 

.. tAD .. -. tRA I~ 
AO,CS ) K 

~tAR_ tRR 
.. } 

---.I 
tRY r.--tRD_ -. .1~t1Z,toZ 

DATA BUS HIGHZ ~ VALID HIGHZ 

Figure 1. Read Cycle 

~ I"" tWA 

AO,CS )( 
l_tAW_ ~ r-tWD 

DATA BUS INVALID VALID X INVALID 

l_tDw_ 

WR ~ 
......--- tRV---. i I .. tww .. 

Figure 2. Write Cycle 
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TIMING DIAGRAMS (Continued) 

J / ~ \ / 
i-tcKDAV 

;=-j 
\ 

ClK, MODE = 1 

ClK,MODE=O 

DAV 

J / \ 
\ / \ 

ttCKDAV 

{~DD 1 \ / I 

ClK,MODE=1 

ClK,MODE=O 

-FIRST BYTE SECOND BYTE 

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 

Figure 3. Data Available 

ClK,MODE= 1 

\ r~ C ClK,MODE=O A ~ 
----'~I {tcKSYNC If J~ IcKSYNC 

SYNC OUT -----
~---tsYNCO 

Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 

START OF CONVERSION 

CLK 
(NOTE,2_) ___ " 

(NOTE 1) ___ --'I 

-.- ~tSYNCCK 

START OF CONVERSION 
(NOTE 3) 
I~---" 

~ 
SYNC IN 

(START MODE 3) 
(MIS =0) 1.._1-------tSYNCN-t-------!--------

twRCK.... -I' 
WR 

(START MODE 0) 

iW 
(START MODE 1) 

NOTES: 
1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

TO 

2.IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 
3.IN ClKMODEO, WILL OCCUR EITHER AT TO OR T11F SETUP TIMES ARE MET. 

I , 
T1 

Figure 5. Synchronous Start of Conversion (Start Mode 0,1,3) 

BLOCK DIAGRAM 
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Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 

ALGORITHMIC AID CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a samplelhold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample and hold. If the 2x input 
voltage is less than the reference, the MSB is a 0 and the 
2x input voltage is stored in the sample and hold. This 
process repeats again, however now the sample and hold 
voltage is multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF ~ 0 
then MSB = 1 

(2 x VIN) - VREF -7 S/H 
else MSB = 0 

(2 x VIN) -7 S/H 

Step 2 If (2 x S/H) - VREF ~ 0 
then next bit = 1 

(2 x S/H) - VREF -7 S/H 
else next bit = 0 

(2 x S/H) -7 S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the ND converter handles bipolar inputs, negative 
inputs are handled slightly differently using the same 
principle. 

ML2233 

Figure 7. Self Calibrating AID Converter 

SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled 
before each conversion using auto-zeroing circuitry on 
both the sampling amp and the 2x amp. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREFNREF), and examining the output code. 
Converting VREF should yield plus full scale, since VREF/ 
VREF should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bit accuracy of 2. 
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ML2233 
CONVERSION TIMES 

The following table lists the conversion times which 
include the sample and hold acquisition time. For a 
CALRD and CALWR no ND conversion actually takes 
place. 

OPERATION 
8 bitND 
13 bitND 

CAlWR 
CAlRD 

# OF INTERNAL ClOCKS· 
80 
110 
52 
80 

SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of 
Conversion" and the input channel going into sample 
mode is fixed at 6 internal clocks·, regardless of the Start 
Mode. Six internal clocks after the Start of Conversion the 
Sample and Hold is switched into the sample mode, 
placing two 9pF capacitors in parallel with the inputs 
pins; one on VIN+ and one on VIN-. The sample switch is 
kept in the sample mode for 8 internal clocks (2.3115 at a 
7MHz external clock), then placed in the hold mode. 
During the next 2 internal clocks the charge on the sample 
and hold is transferred into the ND, after which the VREF 
pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in 
Master Mode during a conversion (MiS = 1 Control 
register) and Start Mode 0, 1, or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion and lasts 
for four internal clocks. 

*For a descriptIon of internal clocks see Clock section, 

EXTERNAL 
CLOCK 

(CLKMODEO) 
, , , , 

, , , , 

ANALOG INPUTS 

Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2233 eliminate the effects 
of common mode input noise (60Hz for example), as VIN+ 
and VIN- are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of 1 J.!F or greater and 
0.01 J.!F disc ceramic capacitors are recommended for 
bypassing AVec as well as Vss to AGND. These capacitors 
should be placed close to the AVec and Vss pins. 

MICROPROCESSOR INTERFACE 

There are two 13-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer 
register provides the conversion results. The data register 
is double buffered, allowing one result to be read while 
the next sample is being converted. The data register also 
allows access to the algorithmic converter's calibration 
code. Normally the ML2233 is operated without ever 
accessing these registers. (Refer to Diagnostics for more 
information). The Control register provides complete 
control and status information. The two registers are 
addressed by pin AD. 

, , , , , , , , , , , , 
INTERNAL 

CLOCK 
OR (CLKMODE 1) 

'1 6 '7 10 11 12 13 14 '15 16 '17 18 19 20 21 22 23 24 '25 26 

SYNC PIN 
(MASTER MODE) , , 

+ START OF CONVERSION 
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,_ SAMPLING INPUT 
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Figure 8. Sample and Hold Timing 
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All data is returned from the converter in two's 
complement format. 

Cycle 

13 

8 

+Max 

OFFF 

007F 

-Min 

1000 

1 F80 

REGISTER DESCRIPTION 

REGISTER 0 - DATA BUFFER: 

Zero 

0000 

0000 

Register a contains the results of the latest conversion 
when read. Depending on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 

REGISTER 1 - CONTROL REGISTER 

Bit 0 (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 
Reading DAV = 1 indicates that new data is available or a 
calibration is complete. DAV will be cleared 
automatically when the data is read. This bit can be 
explicitly acknowledge~writing a ONE to it; writing a 
zero has no effect. The DAV output pin always reflects the 
DAV status bit. 

READ 
12 11 10 9 8 7 6 5 4 3 

ADDRESS 
AO 

Ml2233 
Bit 1 (BUSY status when READ/RESET when a ONE 
is written): 
Reading BUSY = 1 indicates that a conversion or 
calibration is in progress. Writing a ONE will force a chip 
reset. Writi ng a zero has no effect. 

RESET DEFAuLT CONDITIONS: 

The Control register will automatically be cleared. The 
Data Buffer register will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRQL 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the MIS bit in the Control 
register. 

Bit 2 (ADRDY status when READ/DOCAl request when a 
ONE is written): 

Reading ADRDY = a indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 
indicates that is has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 

WRITE 
12 11 10 I} 8 5 4 3 0 

DATA BUFFER I 
REG L.. -----------------' 

13-BIT CONVERTED DATA o LI ___ ~C:.;A:.;LC:..:O..:D.:..E H:..:O:.;L..:D.:..IN..;G..:R.:..EG:...IS_TE..:R~ __ ----ll ~::1~~~V~:S~ON 

TEST MODE 

MASTEO/SIAVE 

SHORT CYCLE 

00: START IF REGD IS WRITTEN 
01: START IF REGO IS READ 
10: CONTINUOUS CONVERSIONS 

AFfER REGO IS WRIlTEN 
11: START IF SYNC GOES HIGH 

0: feLK = 1, CLK DIVIDED BY 2 INTERNALLY (DEFAULT) 
MAXIMUM INPUT CLOCK FREQUENCY IS 7MHz. 

1: icLK = 1, eLK DRIVES INTERNAL LOGIC DIRECTLY 
MAXIMUM INPUT CLOCK fREQUENCY IS 3.5MHz. 

WRITING 1 
ACKNOWLEDGES DAV 

WRITING 1 RESETS CHIP 

SHORT CYCLE 0 = l:J..BIT, 1 = 6-BIT 

STARTMOOES 

000, NORMAL AID CONVERSiON 

0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT) 
1, MASTER MODE, SYNC IS AN OUTPUT 

Figure 9. Register Description 
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ML2233 
Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 

SC = 0: 13-bit conversion (default) 
SC = 1 : 8-bit conversion (short cycle) 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 0 
(default) 

01 Start Conversion upon reading register 0 
10 Start Continuous Conversions upon writing to 

register O. 
11 Start on external SYNC input going high 

(Requires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be 
written as zero. 

Bits 10,9,8 (TMDE: test mode select bits) 
These bits are used for diagnostic purposes only and 
normally not accessed during operation. The default value 
of TMDE is 000 which selects a normal ND conversion. 
See Diagnostics for more information. 

TMDE Description 

000 Normal ND Conversion 
001 Reserved by Micro Linear (Do Not Use) 
010 CAlWR Operation 
011 CAlRD Operation 
1 00 System Offset 
101 Common-mode 
110 Plus Full Scale 
111 Minus Full Scale 

Bit 11 (MIS: Master/Slave bit): 
Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

MIS = 0: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE = 11. 

MIS = 1 : Master Mode SYNC is an output. At the 
beginning of every conversion, 
SYNC is high for 4 internal 
clocks. 

Bit 12 (CK1 X: clock select bit): 
Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section 
for a detailed explanation. 

CK1X = 0: 

CK1 X = 1: 

the external clock is divided by two and 
used as the internal clock. This is referred 
to as ClK Mode = o. 
the external clock input is used directly 
as the internal clock. This is referred to as 
ClK Mode = 1. 

2-80 'Micro Linear 



GENERAL OPERATING INFORMATION 

CONVERSION·START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Register. 

SMDE 
Bits 5,4 

00: A write to register 0 will start a conversion. 
During a conversion, if another write is issued to 
register 0, the "Start Conversion" command will 
be latched and another conversion will 
immediately follow the current one. To insure that 
the second write will be latched, it must occur at 
least 3 internal clocks after the first write. Only 
one additional write will be latched; multiple 
writes within a conversion will only yield one 
more conversion. 

01: Reading the data from the previous conversion 
starts the next conversion. 

10: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the 
converter runs continuously. This mode yields the 
maximum conversion rate. 

11: The SYNC input triggers the start of a conversion. 
The MIS bit in the Control Register must be 
cleared, placing the chip in the slave mode. 

Note: the external activation for Start Modes 0, 1, and 3 
are synchronized internally to the system clock. If periodic 
sampli~ required using these Start Modes, the SYNC, 
RD, or WR pulses must be synchronized to the system 
clock. Start Mode 2 guarantees periodic sampling. 

ML2233 
DOUBLE·BUFFERED DATA REGISTER 

The ND conversion result is double·buffered using the 
Data Buffer register and the ND Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAV output going low. The DAV output goes low 16 
internal clocks after the EOC. From the time DAVoutput 
goes lOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read the 
data as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAl bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAV output goes low. 

A calibration requires 8,260 internal clocks. Using a 
7MHz clock (CLK Mode = 0), this approximately 2 ms. 
Power supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The Ml2233 should be calibrated before any conversions 
are attempted. Calibrations must not be performed 
simultaneously with conversions. Before requesting a 
calibration, the user may want to read the Busy status bit 
to make sure that the converter is idle. Polling the chip 
while the calibration is in progress is not recommended. 

START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 

CONVERSION l-++_-CONVERSION 2 __ CONVERSION 3_ 

DATA 1 AVAILABLE I DATA 2 AVAILABLE 

Figure 10. 
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ML2233 
CLOCK 

The Ml2233 has the option of dividing the clock at the 
ClK pin by 2, or using it directly to drive the internal 
logic. This option is selected through the CK1 X bit in the 
Control register. When CK1 X = 0 the clock is divided by 
2. This is referred to as ClK Mode = O. The clock at the 
ClK pin is referred to as the External clock, and the 
Internal Clock is the External clock divided by 2. When 
CK1 X = 1, the clock at the ClK pin drives the internal 
logic directly, therefore this clock is referred to as the 
internal clock. This is also known as ClK Mode = 1. All 
internally clocked logic is positive edge triggered. 

CLK Mode =0: 

There are two advantages to ClK Mode O. This is the only 
Mode that allows an external crystal to be used. ClK 
Mode 1 cannot operate with an external crystal, the ClK 
pin must be driven. The second advantage of ClK Mode 0 
is that the duty cycle for a driven clock is less stringent 
than in CLK Mode 1. (Refer to tcLKo and tcLKl in AC 
Electrical Characteristics for ClK Mode 0 and 1 timing 
requirements, respectively.) 

On power up the state of the divide by two flip-flop is 
indeterminate. Therefore the relationship between the 
internal clock and the external clock at the ClK pin can 
have one of two possibilities as shown in Figure 11. As a 
result the following should be considered. 

EXTERNAL 
CLOCK 

(CLK MODE = 0) 

INTERNAL 
CLOCK' 

o 

tWRCK, tROCK, and tSYNCCK specs, (RD, WR, and SYNC 
setup times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an 
uncertainty of one external clock period. 

If periodic sampling is necessary and Start Mode 0, 1 or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external periods, 
half the pulses would correspond with the rising edge of 
the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 

CLK Mode = 1: 

This mode eliminates the requirement that external start 
pulses must 'be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the 
uncertainty of the tWRCK, tROCK and tSYNCCK requirements. 

2 4 

'INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0 

Figure 11. 
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DIAGNOSTICS 
Diagnostics routines may be run after power up or any 
other time to ensure proper operation. The diagnostic 
features, which are software selectable, don't require 
external hardware. Both the analog and digital sections 
can be tested. 

The ML2233 is placed in the diagnostic mode via the 
TMDE field in the Control Register. Once the ML2233 is 
placed in one of the diagnostic modes, a conversion must 
be executed before the results can be read. As with all 
conversions, DAV will be activated upon completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 
Selects normal AID conversion. Default condition after a 
software reset. 

TMDE = 001 : Reserved by Micro Linear. 

TMDE = 0101: CALWR operation 
The data in Write register 0 (CALCODE Holding Register), 
is transferred into the converter's Calibration register when 
a "Start Conversion" is issued. A dummy conversion 
occurs and the DAV output goes LOW to indicate that the 
operation is complete. 

TMDE = 011 : CALRD operation 
The contents of the Calibration register are transferred 
through the AID Data register and loaded into the Data 
Buffer register. A dummy 8-bit conversion occurs and 
DAV output goes LOW to indicate that the CALRD 
operation is complete. 

ML2233 
TMDE = 100: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the AID converter and Sample/ 
Hold combination. The VIN+ and VIN- pins will remain in 
a high impedance state while in this mode. 

TMDE = 101 : Common-mode 
Both the positive and negative inputs of the Sample and 
Hold are tied to VREF. The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 110: Positive Full Scale 
This test mode connects the positive input of the Sample 
and Hold to VREF and the negative input of the Sample 
and Hold to analog ground. The result of converting in 
this test mode is a value near positive full scale. 

TMDE = 111: Negative Full Scale 
This test mode connects the positive input of the Sample 
and HQld to analog ground and the negative input to VREF. 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2233's architecture provides a way for the 
microprocessor to indirectly read and write to the AID 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 

1-----------------------------------------------------------------I REGISTERS : AID CONVERTER 

I AOWRIlfiCS 0: 
1 0 0 0 I 

AO WR iID CS 
o 1 0 0 1 

1 1 _______________________________________ L ________________________ _ 

Figure 12. Digital Loopback 
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ML2233 
When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in anyone of the four 
modes, the contents of the CALCODE Holding register is 
transferred into theND converter's Calibration register. 
When the TMDE bits are set to 011 CAL READ (CALRD), 
and a Start Conversion is issued, the contents of the 
Calibration register are transferred through the AID's Data 
register inlo the Data Buffer register. The result of these 
two operations is a complete loopback from the 
CALCODE Holding register through the AID converter and 
back into the Data buffer register. This loopback provides 
user assurance that all the paths are clear and there are no 
stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be 
restored before the converter is used to convert data. 

A23 ) 
Al "1--"":'::::': 

CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the 
Calibration register. If the Low Byte (lower 8 bits) of the 
data buffer register are ones after executing a CALRD, the 
calibration failed; otherwise the calibration is successful. 

ASI--_.rnr~""1c)--....... ..les 
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68000 RtW I-_-.... __ ~ 

ML2233 

1)--.-.1 iID 

IPlO ~-----------1 DAV 

ClK 
SYNC 

+2.5V EXTERNAL 
REFERENCE 

CJ 

J 
Figure 13. Interfacing to 68000 Microprocessor 
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INT BID 

D1SIl'-------;::D"'AT'"'A-=B::":U=-S ---'\1 D1S 
DO DO 

iID R/W 

WR~--< 

TMS320C2S 

ML2233 

01.-....... -----1 

CLK 
AD 

IS 
X2/CLKIN 

1----+jREADy 

AO Xl 

Figure 14. Interfacing to TMS320C25 Digital Signal Processor 

ORDERING INFORMATION 

PART NUMBER MAXIMUM MAXIMUM TOTAL MINIMUM 
LINEARITY ERROR UNADJUSTED ERROR CONVERSION 

ML2233BCP ±3/4 LSB ±11/2 LSB 31.511s 
ML2233CCP ±1 LSB ±21/2 LSB 31.5115 
ML22330CP ±1 LSB ±21/2 LSB 44.0115 

'Micro Linear 

ML2233 

-
PACKAGE 

Plastic 01 P (P28) 
Plastic OIP (P28) 
Plastic 01 P (P28) 
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ML2252, ML2259 

f..lP Compatible 8-Bit AID Converters 
with 2- or 8-Channel Multiplexer 

GENERAL DESCRIPTION 

The ML2252 and ML2259 combine an 8-bit ND 
converter, 2- or 8-channel analog multiplexer, and a 
microprocessor compatible 8-bit parallel interface and 
control logic in a single monolithic CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and a 
double buffered three-state data bus. These analog-to
digital converters allow the microprocessor to operate 
completely asynchronous to the converter clock. 

The built in sample and hold function provides the ability 
to digitize a 5V, 50KHz sine wave to 8-bit accuracy. The 
differential comparator design provides low power supply 
sensitiveity to DC and AC variations. The voltage 
reference can be externally set to any value between 
ground and Vee, thus allowing a full conversion over a 
relatively small span if desired. All parameters are 
guaranteed over temperature with a power supply voltage 
of 5V±1O%. 

The device is suitable for a wide range of applications 
from process and machine control to consumer, 
automotive, and telecommunication applications. 

ML2252 BLOCK DIAGRAM 

CHO 

CHI 

Vee 

? 

ADDRESS 
LATCH 
AND 

DECODER 

ADDRESS AO GND 
LATCH 
ENABLE 

FEATURES 

• Conversion time (felK = 1.46MHz) 6.6j.!s 

• Total unadjusted error ±1/2LSB or ±1 LSB 

• No missing codes 

• Sample and hold 390ns acquisition 

• Capable of digitizing a 5V, 50KHz sine wave 

• 2- or 8-channel input multiplexer 

• OV to 5V analog input range with single 5V 
power supply 

• Operates ratiometrically or with up to 5V 
voltage reference 

• No zero or full scale adjust required 

• Analog input protection 25mA per input min 

• Continuous conversion mode 

• Low power dissipation 15mW MAX 

• TTL and CMOS compatible digital inputs and outputs 

• Standard 20-pin or 28-pin DIP or PCC 

• Temperature range 

CLOCK 

+VREF -VR'. OUTPUT 
ENABLE 

O°C to +70°C, 
or -40°C to +85°C, 

or -55°C to + 125°C 

DBO 
OBI 
DB2 

DB3 
DB4 
DBS 

DBG 
DB7 
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ML2252, ML2259 

ML2259 BLOCK DIAGRAM 

CHO ,-------0 START 
CHl 

CH2 

CH3 
CH4 

CHS 

CH6 

CH7U-""L-_--:;::"""_ ... 

ADDRESS 
LATCH 
AND 

DECODER 

ADDRESS AO A 1 A2 GND 
LATCH 

ENABLE 

PIN CONFIGURATION 

ML2252 
20-Pin DIP (P20) 

CHl CHO 

START ADDRO 

EOC ALE 

DB3 DB7 

OE DB6 

ClK DBS 

Vee DB4 

+VREF DBO 

GND -VREF 

DBl DB2 

TOP VIEW 

ML2259 
28-Pin DIP(P28) 

CH3 CH2 

CH4 CHl 

CHS CHO 

CH6 ADDRO 

CH7 ADDRl 

START ADDR2 

EOC ALE 

DB3 DB7 

OE DB6 

ClK DBS 

Vee DB4 

+VREF DBO 

GND -VREF 

DBl DB2 

TOP VIEW 

+VREF -VREF 

DB3 

OE 

ClK 

Vee 

+VREF 

'" :c 
u 

CH7 

START 

roc 

DB3 

OE 

ClK 

Vee 

It 
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DBO 
DBl 
DB2 

DB3 
DB4 
DBS 
DB6 
DB7 

OUTPUT 
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ML2252 
20-Pin pee (Q20) 
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TOP VIEW 

ML2259 
28-Pin pee (Q28) 
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DB6 
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z '" " '" '" '" 
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TOP VIEW 

2-87 

-



ML2252, ML2259 

PIN DESCRIPTION 
Pin Number 

ML2252 ML2259 Name Function 

CH3 Analog input 3. 

2 CH4 Analog input 4. 

3 CH5 Analog input 5. 

4 CH6 Analog input 6. 

5 CH7 Analog input 7. 

2 6 START Start of conversion. Active high digital input pulse initiates conversion. 

3 7 EOC End of conversion. This output goes low after a START pulse occurs, stays 
low for the entire ND conversion, and goes high after conversion is 
completed. Data on DBO-DB7 is valid on rising edge of EOC and stays valid 
until next EOC rising edge. 

4 8 DB3 Data output 3. 

5 9 OE Output enable input. When OE = 0, DBO-DB7 are in high impedance state; 
OE = 1, DBO-DB7 are active outputs. 

6 10 CLK Clock. Clock input provides timing for ND converter, S/H, and digital 
interface. 

7 11 Vee Positive supply. 5V ±1 0%. 

8 12 +VREF Positive reference voltage. 

9 13 GND Ground. OV, all analog and digital inputs or outputs are referenced to this 
point. 

10 14 DB1 Data output 1. 

11 15 DB2 Data output 2. 

12 16 -VREF Negative reference voltage. 

13 17 DBO Data output O. 

14 18 DB4 Data output 4. 

15 19 DB5 Data output 5. 

16 20 DB6 Data output 6. 

17 21 DB7 Data output 7. 

18 22 ALE Address latch enable. input to latch in the digital address (ADDR2-0) on the 
rising edge of the multiplexer. 

23 ADDR2 Address input 2 to multiplexer. Digital input for selecting analog input. 

24 ADDRl Address input 1 to multiplexer. Digital input for selecting analog input. 

19 25 ADDRO Address input 0 to multiplexer. Digital input for selecting analog input. 

20 26 CHO Analog input O. 

1 27 CH1 Analog input 1. 

28 CH2 Analog input 2. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, Vee ............................................................. 6.5V 
Voltage 

Molded Chip Carrier Package 
Vapor Phase (60 sec.) ...................................... 215°C 

Logic inputs ................................... -O.3V to Vee +O.3V Infrared (15 sec.) ............................................. 220°C 
Analog inputs ................................ -O.3V to Vee +0.3V 

input Current per Pin (Note 2) .............................. ±25mA OPERATING CONDITIONS 
Storage Temperature .............................. -65°C to + 150°C 
Package Dissipation Supply Voltage, Vee ................................... 4.5VDe to 6.3VDe 

at T A = 25°C (Board Mount) ............................. 875mW Temperature Range (Note 3) ................. T MIN ~ T A ~ T MAX 
Lead Temperature (Soldering 10 sec.) ML2252/59BMj, ML2252/59CMj ....... -55°C to + 125°C 

Dual-in-Line Package (Plastic) ............................. 260°C ML2252/59Blj, ML2252/59CIj ........... -40°C TO +85°C 
Dual-in-Line Package (Ceramic) .......................... 300°C ML2252/59BCP, ML2252/59BCQ, ML2252/59CCP, 

ML2252/59CCQ .................................... O°C TO +70°C 
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ML2252, ML2259 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee = +VREF = 5V ±1 0%, -VREF = GND and fCLK = 1.46MHz 

ML2252B, ML2259B ML2252C, ML2259C 

PARAMETER NOTES CONDITIONS I TYP II MIN (NOTE 4) MAX MIN I TYP II (NOTE 4) MAX IUNITS 

Converter and Multiplexer Characteristics 

Total Unadjusted Error 5,7 VREF = Vcc ±1/2 ±1 LSB 

+VREF Voltage Range 6 -VREF Vce + 0.1 -VREF Vce + 0.1 V 

-VREF Voltage Range 6 GND-O.l +VREF GND-O.l +VREF V 

Reference Input Resistance 5 14 20 3S 14 20 28 KO 

Analog Input Range 5,8 GND - 0.1 Vcc + 0.1 GND-O.l Vcc + 0.1 V 

Power Supply Sensitivity 6 DC, Vcc = 5V ±1O% ±1/32 ±1/4 ±1/32 ±1/4 LSB 

100mVp-p, 100KHz ±1/16 ±1/16 LSB 
Sine on Vcc, VIN = 0 

IOFF, Off Channel Leakage 5,9 On Channel = Vcc -1 -1 IJA 
Current (Note 9) Off Channel = OV 

On Channel = OV 1 1 IJA 
Off Channel = Vcc 

ION, On Channel Leakage 5,9 On Channel = OV -1 -1 IJA &I 
Current (Note 9) Off Channel = Vcc 

On Channel = Vcc 1 1 IJA 
Off Channel = OV 

SYMBOL PARAMETER CONDITIONS UNITS 

Digital and DC 

VIN(l) Logical "1" Input Voltage S 2.0 V 

VIN(O) Logical "0" Input Voltage S 0.8 V 

IIN(l) Logical "1" Input Current 5 VIN = Vcc 1 IJA 
IIN(O) Logical "0" Input Current 5 VIN = OV -1 IJA 
VOUT(l) Logical "1" Output Voltage 5 lOUT =-2mA 4.0 V 

VOUT(O) Logical "0" Output Voltage 5 lOUT = 2mA 0.4 V 

lOUT Three-State Output Current 5 VOUT = OV -1 IJA 
VOUT = Vcc 1 IJA 

Icc Supply Current 5 1.5 3 mA 

AC and Dynamic Performance Characteristics (Note 10) 

tACQ Sample and Hold Acquisition 1/2 l/fcLK 

fCLK Clock Frequency 5 10 1460 KHz 

tc Conversion Time 8.5 8.5 + 250ns l/fcLK 

SNR Signal to Noise Ratio VIN = 51 KHz, 5V Sine. 47 dB 
fCLK = 1.46MHz 
(fSAMPLING '" 150KHz). Noise is Sum 
of All Nonfundamental Components 
up to 1/2 off SAMPLING 
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ML2252, ML2259 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC and Dynamic Perfonnance Characteristics (Note 10) (Continued) 

THD Total Harmonic Distortion VIN = 51 KHz, 5V Sine. -60 dB 
feLK = 1.46MHz 
(fSAMPlING"" 150KHz). THD is Sum 
2, 3, 4, 5 Harmonics Relative to 
Fundamental 

IMD Intermodulation Distortion VIN = fA + fs. fA = 49KHz, 2.5V Sine. -60 dB 
fs = 47.8KHz, 2.5V Sine, 
fClK = 1 .46MHz 
(fSAMPLING "" 150KHz). IMD is (fA + fB) 
(fA - fa), (2fA + fs), (2fA - fs), (fA + 2fB), 
(fA - 2fs) Relative to Fundamental 

FR Frequency Response VIN = 0 to 50KHz. 5V Sine Relative 0.1 dB 
to 1KHz 

toc Clock Duty Cycle 6,11 40 60 % 

tEOC End of Conversion Delay 5 1/2 1/2 + 250ns l/fnK 

tws Start Pulse Width 5 50 ns 

tss Start Pulse Setup Time 6,12 Synchronous Only 40 ns 

tWAlE Address Latch Enable Pulse Width 5 50 ns 

ts Address Setup 5 0 ns 

tH Address Hold 5 50 ns 

tHl, HO Output Enable for DBO-DB7 6 Figure 1, Cl = 50pF 100 ns 

6 Figure 1, Cl = 10pF 50 ns 

tlH,OH Output Disable for DBD-DB7 6 Figure 1, Cl = 50pF 100 ns 

6 Figure 1, Cl = lOpF 50 ns 

CIN Capacitance of Logic Input 5 pF 

COUT Capacitance of Logic Outputs 10 pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated CirCUit may be Impaired. All voltages unless othervvise specified are measured With 
respect to ground. 

Note 2: When the Input voltage (Y,N) at any Pin exceeds the power supply ralls (Y,N < GNO -0 1 V or Va:; + 0.1) the absolute value of current at that pin should be limited 
to25mAor less. 

Note 3: -55°C to + 125°C operatmg temperature range deVICes are 100% tested at temperature extremes With worst-case test condlttons. -40°C to +85°C operating 
temperature range devices are 100% tested With temperature limits guaranteed by 100% testing, sampling.. or by correlation With worst-case test conditions 

Note 4: TYPlcals are parametric norm at 25"C. 
Note 5: Parameter guaranteed and 1 00% production tested 
Note 6: Parameter guaranteed. Parameters not 1 00% tested are not In outgomg quality level calculation 
Note 7: Total unadjusted error Includes offset, full scale, Imeanty, multiplexer and sample and hold errors 
Note 8: For -VREF :2': VIN (+) the dIgital output code Will be 0000 0000. Two on-chip diodes are tied to each analog Input which Will forward conduct for analog Input voltages 

one diode drop below ground or one diode drop greater than the Vee supply. Be careful, durmg testing at low Vee levels (4 SV), as high level analog mputs (SV) can 
cause thiS input diode to conduct - especially at elevated temperatures, and cause errors for analog mputs near full scale. The spec allow 100mV forward bias of either 
diode ThiS means that as long as the analog VIN or VREF does not exceed the supply voltage by more than 100mV, the output code Will be correct. To achieve an 
absolute OVoc to SVoc Input voltage range Will therefore require a minimum supply voltage of 4.900Voc over temperature Variations, Initial tolerance and loading 

Note 9: Leakage current is measured With the clock not switching. 
Note 10: Cl = SOpF, timing measured at 50% pOint. 
Note 11: A 40% to 60% clock duty cycle range Insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limits, 

the minimum time the clock IS high or the minimum time the clock IS low must be at least 40ns. The maximum time the clock can be high or low IS 60J.lS. 
Note 12: The conversion start setup time reqUirement only needs to be satisfied If a conversion must be synchronized to a given clock rising edge. If the setup time IS not met, 

start conversion will have an uncertamty of one clock pulse. 
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ML2252, ML2259 

TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 3. Linearity Error vs VREF Voltage 

1.0 FUNCTIONAL DESCRIPTION 

1.1 MULTIPLEXER ADDRESSING 

The ML2252 and ML2259 contain a single ended analog 
multiplexer. A particular input channel is selected by 
using the address decoder. The relationship between the 
address inputs, ADDRO-ADDR2, and the analog input 
selected is shown in Table 1. The address inputs are 
latched into the decoder on the rising edge of the address 
latch signal ALE. 

SELECTED 
ANALOG CHANNEL 

CHO 

CH1 

SELECTED 
ANALOG CHANNEL 

CHO 

CHl 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7 

ML2252 

ML2259 

ADDRESS 
INPUT 

o 

ADDRESS INPUT 
ADDR2 ADDR1 ADDRO 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Table 1. Multiplexer Address Decoding 

Vee =~v 
VIN =ov 
leLK = 1.46MHz 
TA = 25°C 

1.5 .. 
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0 .. 
III 
t; 
~ 
0 

0.5 

\. 

"" ~ r---
o 

o 
VREF (Vod 

Figure 4. Unadjusted Offset Error vs VREF Voltage 

1.2 AID CONVERTER 

The ND converter uses successive approximation to 
perform the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is 
composed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB 
decision levels while the series resistor lower array generates 
the 4 LSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required 
between 24 = 16 elements (as opposed to 28 = 256 
elements in conventional designs). And since the levels are 
based on the ratio of capacitors to capacitors and resistors to 
resistors, the accuracy and long term stability of the 
converter is improved. This also guarantees monotonicity 
and no missing codes, as well as eliminating any linearity 
temperature or power supply dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove 
any DC offset and full scale gain error, thus improving 
accuracy and linearity. 
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Another advantage of the capacitor array approach used in 
the Ml2252 and Ml2259 is the inherent sample-and-hold 
function. This true S!H allows an accurate conversion to be 
done on the input even if the analog signal is not stable. 
Linearity and accuracy are maintained for analog signals up 
to 1/2 the sampling frequency. As a result, input signals up 
to 50KHz can be converted without degradation in linearity 
or accuracy. 

The sequence of events during a conversion is shown in 
figure 5. The rising edge of a START pulse resets the internal 
registers and initiates a conversion on the next rising edge of 
ClK providing that (tss) start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an 
uncertainty of one clock pulse. The input is then sampled 
for the next half ClK period until EOC goes low. EOC goes 
low on the falling edge of the next ClK pulse indicating that 
the conversion is now beginning. The actual conversion 
now takes place for the next eight ClK pulses, one bit for 
each ClK pulse. After the conversion is done, the data is 
updated on DBO-DB7 and EOC goes high on the rising 
edge of the 9th ClK pulse, indicating that the conversion 
has been completed and data is valid on DBO-DB7. The 
data will stay valid on DBO-DB7 until the next conversion 
updates the data word on the next risi ng edge of EOC. 

A conversion can be interrupted and restarted at any time by 
a new START pulse. 

CLK 

START 

ALE 

ADDRO-ADDR2 
tEOC 

---=-~"'---i 

EOC 

ML2252, ML2259 
1.3 ANALOG INPUTS AND SAMPLE/HOLD 

The Ml2252 and Ml2259 have a true sample-and-hold 
circuit which samples both the selected input and ground 
simultaneously. These analog to digital converters can 
reject AC common mode signals from DC-50KHz as well 
as maintain linearity for signals from DC-50KHz. 

The plot in figure 6 shows a 2048 point FFT of the 
Ml2259 converting a 50KHz, 0 to 5V, low distortion sine 
wave input. The Ml2252 and Ml2259 sample and 
digitize, at their specified accuracy, dynamic input signals 
with frequency components up to the Nyqu ist frequency 
(one-half the sampling rate). The output spectra yields 
precise measurements of input signal level, harmonic 
components, and signal to noise ratio up to the 8-bit level. 
The near ideal signal to noise ratio is maintained 
independent of increasing analog input frequencies to 
50KHz. 

The signal at the analog input is sampled during the 
interval when the sampling switch is open prior to 
conversion start. The sampling window (S/H acquisition 
time) is one half ClK period long and occurs one half ClK 
period after START goes low. When the sampling switch 
closes at the start of the S/H acquisition time, 8pF of 
capacitance is thrown onto the analog input. One half 
ClK period later, the sampling switch opens, the signal 
present at analog input is stored and conversion starts. 
Since any error on the analog input at the end of the S/H 
acquisition time will cause additional conversion error, 
care should be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time is needed to reduce these analog input errors, a 
longer ClK period can be used. 

Each analog input has dual diodes to the supply rails, and 
a minimum of ±25mA (±1 OOmA typically) can be injected 
into each analog input without causing latchup. 

DBO-DB7 ----------~I~~~==========~~~================~~~~I:~--DA-T-A---~ PREVIOUS DATA X IJ. '\. 

OE 

tHI, tHO _11"
tlH, toH-I 1..-

---------------------------------~ 

Figure 5. Timing Diagram 

'Micro Linear 2-93 



ML2252, ML2259 
1.4 REFERENCE 

The voltage applied to the +VREF and -VREF inputs defines 
the voltage span of the analog input (the difference 
between V,NMAX and V,NM,N) over which the 256 possible 
output codes apply. The devices can be used in either 
ratiometric applications or in systems requiring absolute 
accuracy. The reference pins must be connected to a 
voltage source capable of driving the reference input 
resistance, typically 20K. 

In a ratiometric system, the analog input voltage is 
proportional to the voltage used for the ND reference. 
This voltage is typically the system power supply, so the 
+VREF pin can be tied to Vee and -VREF tied to GND. This 
technique relaxes the stability requirements of the system 
reference as the analog input and ND reference move 
together maintaining the same output code for a given 
input condition. 

For absolute accuracy, where the analog input varies 
between specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

+VREF and -VREF can be at any voltage between Vee and 
GND. In addition, the difference between +VREF and 
-VREF can be set to small values for conversions over 
smaller voltage ranges. Particular care must be taken with 
regard to noise pickup, circuit layout ond system error 
voltage sources when operating with a reduced span due 
to the increased sensitivity converter. 

-10 

-20 

-30 .. -40 
:s 
i!5 -50 
;;, 
t: -60 
Z .., 

-70 -< 
:E 

-80 

-90 

-100 

-110 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A lOIlF electrolytic capacitor is recommended to bypass 
Vee to GND, using as short a lead length as possible. In 
addition, with clock frequencies above 1 MHz, a O.lIlF 
ceramic disc capacitor should be used to bypass Vee to 
GND. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by O.lIlF ceramic disc capacitors at 
the reference input pins (pins 12, 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2252 and ML2259 are defined as 

(V 2 V 2 V 2 V 2)1/2 
2010g = 2 + 3 + 4 + 5 

V1 

where V 1 is the rms ampl itude of the fundamental and V 2, 

V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

37.5 
FREQUENCY (KHz) 

75 

Figure 6. Output Spectrum 

2-94 '-Micro Linear 



Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, 
fA and fB' any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfB' where m, n = 0, 1, 2, 
3, .... Intermodulation terms are those for which m or n is 
not equal to zero. The (lMD) intermodulation distortion 
specification includes the second order terms (fA + fB) and 
(fA - fB) and the third order terms (2fA + fB), (2fA - fB), 
(fA + 2fB) and (fA - 2fB) only. 

1.7 DIGITAL INTERFACE 

The analog inputs are selected by the digital addresses, 
ADDRO-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the intemallogic is 
reset. 

The sampling interval starts with the following ClK rising 
edge after a START falling edge and ends on the falling 
edge of ClK. The conversion starts and EOC goes low. The 
sampling clock is at least one half ClK period wide. Each 
bit conversion in the successive approximation process 
takes 1 ClK period. On the rising edge of the ninth ClK 
pulse, the digital.output of the conversion is updated on 
the outputs DBO-DB7 and EOC goes high indicating the 
conversion is done and data on DBO-DB7 is valid. 

One feature of the Ml2252 and Ml2259 is that the data is 
double buffered. This means that the outputs DBO-DB7 
will stay valid until updated at the end ofthe next 
conversion and will not become invalid when the next 
conversion starts. This facilitates interfacing with external 
logic of IlP. 

2.0 TYPICAL APPLICATIONS 

>--,\OOfllO",il---l;':ALOG vee 

-15VDe 
Ml2252 
Ml2259 

GND 

Figure 8. Protecting the Input 

vee 

Ml2252, Ml2259 
The signal OE drives the data bus, DBO-DB7, into the 
high impedance state when held low. This allows the 
Ml2252 and Ml2259 to be tied directly to a IlP system 
bus without any latches or buffers. 

1.7.1 Restart During Conversion 

If the ND is restarted (start goes low and returns high) 
during a convesion, the converter is reset and a new 
conversion is started. The output data latch is not updated 
if the conversion in process is not allowed to be 
completed. EOC will remain low and the output data 
latch is not updated. 

1.7.2 Continuous Conversions 

In the free-running, continuous conversion mode, the start 
input is tied to the (figure 7) EOC output. An initialization 
pulse, following power-up, of mementarily forcing a logic 
high level is required to guarantee operation. 

Ml2252 
Ml2259 

T 

EOC START r-

Figure 7. Continuous Conversion Mode 

4K 

lK 

24K 

vee (5VDc) 

+VREF Vee 

Ml2252 
Ml2259 

1----~--------------~cH 

20K 

lK 
-VREF 

3K 

Figure 9. Operating with Ratiometric Transducers 15% of 
Vee S; VXDR S; 85% of Vee 
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ORDERING INFORMATION 

I TOTAL 
PART NUMBER UNADJUSTED ERROR 

TEMPERATURE 
RANGE 

Two Analog Inputs, 20-Pin Package 

ML2252BMJ ±1/2 LSB -55°C to + 125°C 
ML2252BI) -40°C to +85°C 
ML2252BCP O°C to +70°C 
ML2252BCQ O°C to +70°C 
ML2252C1) ±1 LSB -40°C to +85°C 
ML2252CCP O°C to +70°C 
ML2252CCQ O°C to +70°C 

Eight Analog Inputs, 28-Pin Package 

ML2259BM) ±1/2 LSB -55°C to + 125°C 
ML2259BI) -40°C to +85°C 
ML2259BIP -40°C to +85°C 
ML2259BCP O°Cto +70°C 
ML2259BCQ O°C to +70°C 
ML2259CIP -40°C to +85°C 
ML2259CI) ±1 LSB -40°C to +85°C 
ML2259CCP O°C to +70°C 
ML2259CCQ O°C to +70°C 
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PACKAGE 

Hermetic DIP ()20) 
Hermetic DIP (J20) 
Molded DIP (P20) 
Molded PCC (Q20) 
Hermetic DIP (J20) 
Molded DIP (P20) 
Molded PCC (Q20) 

Hermetic DIP (J28) 
Hermetic DIP (J28) 
Molded DIP (P28) 
Molded DIP (P28) 
Molded PCC (Q28) 
Molded DIP (P28) 
Hermetic DIP (J28) 
Molded DIP (P28) 
Molded PCC (Q28) 
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ML2258 

JlP Compatible 8-Bit AID Converter 
with 8-Channel Multiplexer 

GENERAL DESCRIPTION 

The ML2258 combines an 8-bit ND converter, 8-channel 
analog multiplexer, and a microprocessor compatible 8-bit 
parallel interface and control logic in a single monolithic 
CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and 
latched three-state outputs. 

The device is suitable for a wide range of applications 
from process and machine control to consumer, 
automotive, and telecommunication applications. 

The ML2258 is an enhanced pin compatible second 
source for the industry standard ADC0808/ADC0809. The 
ML2258 enhancements are faster conversion time, true 
sample and hold function, superior power supply 
rejection, wider reference range, and a double buffered 
data bus as well as faster digital timing. All parameters are 
guaranteed over temperature with a power supply voltage 
of 5V±1O%. 

BLOCK DIAGRAM 

INO 

INl 

IN2 

IN3 
8-CHANNEL 

IN4 
MULTIPLEXER 

INS 

ING 

IN7 

ADDROo--

FEATURES 

• Conversion time 6.611S 

• Total unadjusted error ±1/2LSB or ±1 LSB 

• No missing codes 

• Sample and hold 390ns acquisition 

• Capable of digitizing a 5V, 50KHz sine wave 

• 8-input multiplexer 

• OV to 5V analog input range with single 5V 
power supply 

• Operates ratiometrically or with up to 5V 
voltage reference 

• No zero or full scale adjust required 

• Analog input protection 25mA per input min 

• Low power dissipation 3mA max 

• TTL and CMOS compatible digital inputs and outputs 

• Standard 28-pin DIP or surface mount PCC 

• Superior pin compatible replacement for ADC0808 and 
ADC0809 

START CLOCK 

r-L---L-I~l-___ -<> END OF CONVERSION 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

THREE 
STATE 

OUTPUT 
LATCH 
BUFFER 

(INTERRUPT) 

D80 
D81 
DB2 
DB3 
DB4 
DBS 
DBG 
DB7 

ADDRl 0-- ADDRESS 
LATCH 

ADDR2 0-- AND 
DECODER 

ADDRESS 0-
LATCH ENA8LE 1 1 : _________________ ! 

Vee GND +VREf -VREf OUTPUT 
ENA8LE 
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PIN CONFIGURATION 

ML2258 
28-Pin DIP (P28) 

IN3 IN2 

IN4 INI 

INS INO 

IN6 ADDRO 

IN7 ADDRI 

START ADDR2 

EOC ALE 

DB3 DB7 

OE DB6 

ClK DBS 

Vee DB4 

+VREF DBO 

GND -VREF 

OBI DB2 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME 

IN3 

2 IN4 

3 INS 

4 IN6 

5 IN7 

6 START 

7 EOC 

8 DB3 

9 OE 

10 ClK 

11 Vee 

12 +VREF 

FUNCTION 

Analog input 3. 

Analog input 4. 

Analog input 5. 

Analog input 6. 

Analog input 7. 

Start of conversion. Active high digital 
input pulse initiates conversion. 

End of conversion. This output goes 
low after a START pulse occurs, stays 
low for the entire ND conversion, and 
goes high after conversion is 
completed. Data on DBO-DB7 is valid 
on rising edge of EOC and stays valid 
until next EOC rising edge. 

Data output 3. 

Output enable input. When OE = 0, 
DBG-DB7 are in high impedance 
state; OE = 1, DBO-DB7 are active 
outputs. 

Clock. Clock input provides timing for 
ND converter, S/H, and digital 
interface. 

Positive supply. 5V ± 10%. 

Positive reference voltage. 

ClK 

Vee 

PIN# NAME 

13 GND 

14 DB1 

15 DB2 

16 -VREF 

17 DBO 

18 DB4 

19 DB5 

20 DB6 

21 DB7 

22 ALE 

23 ADDRO 

24 ADDRl 

25 ADDR2 

26 INO 

27 IN1 

28 IN2 
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28-Pin pee (Q28) 

'" ~ 
.. '" N 

~ 
Q 

!:: !:: !:: !:: !:: 

ADDRO 

ADDRI 

ADDR2 

ALE 

DB7 

DBb 

DBS 

0 N ~ Q .. 
~ z ;;; '" '" '" > '" 

0 0 >, 0 0 
+ 

TOP VIEW 

FUNCTION 

Ground. OV, all analog and digital 
inputs or outputs are reference to this 
point. 

Data output 1 . 

Data output 2. 

Negative reference voltage. 

Data output O. 

Data output 4. 

Data output 5. 

Data output 6. 

Data output 7. 

Address latch enable. Input to latch in 
the digital address (ADDR2-0) on the 
rising edge of the multiplexer. 

Address input 0 to multiplexer. Digital 
input for selecting analog input. 

Address input 1 to multiplexer. Digital 
input for selecting analog input. 

Address input 2 to multiplexer. Digital 
input for selecting analog input. 

Analog input O. 

Analog input 1. 

Analog input 2. 



ML2258 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, Vee ............................................................. 6.5V 
Voltage 

Logic Inputs ................................... -O.3V to Vee +O.3V 

Molded Chip Carrier Package 
Vapor Phase (60 sec.) ...................................... 215°C 
Infrared (15 sec.) ............................................. 220°C 

Analog Inputs ................................ -O.3V to Vee +O.3V 
Input Current per Pin (Note 2) .............................. ±25mA OPERATING CONDITIONS 
Storage Temperature .............................. -65°C to + 150°C 
Package Dissipation Supply Voltage, Vee ................................... 4.5VDe to 6.3VDe 

at T A = 25°C (Board Mount) ............................. 875mW Temperature Range (Note 3) ................. T MIN ~ T A ~ T MAX 
Lead Temperature (Soldering 10 sec.) ML2258BMJ, ML2258CMJ ................. -55°C to + 125°C 

Dual-In-Line Package (Plastic) ............................. 260°C ML2258BIj, ML2258BIP, ML2258BIQ, ML2258CIj 
Dual-In-Line Package (Ceramic) .......................... 300°C ML2258C1P, ML2258CIQ ..................... -40°C to +85°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX Vee = +VREF = 5V+10% -VREF = GND and felK = 10 24MHz , , - , 

ML22588 ML2258C 

PARAMETER NOTES CONDITIONS MIN I TYP I (NOTE 4) MAX MIN I TYP II (NOTE 4) MAX IUNITS 

Converter and Multiplexer 

Total Unadjusted Error 5, 7 VREF = Vee ±1/2 ±1 LSB 

+VREF Voltage Range 6 -VREF Vee + 0.1 -VREF Vee +0.1 V ---VREF Voltage Range 6 GND-O.l +VREF GND-O.l +VREF V 

Reference Input Resistance 5 14 20 35 14 20 28 KQ 

Analog Input Range 5,8 GND-O.l Vee + 0.1 GND-O.l Vee+ 0.1 V 

Power Supply Sensitivity 6 DC, Vee = 5V± 10% ±1/32 ±1/4 ±1/32 ±1/4 LSB 

100mVp-p, 100KHz ±1/16 ±1/16 LSB 
Sine on Vee, VIN = 0 

IOFF, Off Channel Leakage 5,9 On Channel = Vee -1 -1 JlA 
Current (Note 9) Off Channel = OV 

On Channel = OV 1 1 JlA 
Off Channel = Vee 

ION, On Channel Leakage 5,9 On Channel = OV -1 -1 JlA 
Current (Note 9) Off Channel = Vee 

On Channel = Vee 1 1 JlA 
Off Channel = OV 

Digital and DC 

VIN(ll, Logical "1" Input 5 2.0 2.0 V 
Voltage 

VIN(OI, Logical "0" Input 
Voltage 

5 0.8 0.8 V 

IIN(1), Logical "1" Input 5 VIN = Vee 1 1 JlA 
Current 

IIN(OI' Logical "0" Input 5 VIN =OV -1 -1 JlA 
Current 

VOUT(1), Logical "1" 5 IOUT=-2mA 4.0 4.0 V 
Output Voltage 

VOUT(O), Logical "0" 5 lOUT = 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output 5 VOUT = OV -1 -1 JlA 
Current VOUT= Vee 1 1 JlA 

Icc, Supply Current 5 1.5 3 1.5 3 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC and Dynamic Performance Characteristics (Note 10) 

tACQ Sample and Hold Acquisition 4 l/fCLK 

fCLK Clock Frequency 5 100 10240 KHz 

tc Conversion Time 5 67 67 + 250ns l/fcLK 

SNR Signal to Noise Ratio V1N = 51 KHz, 5V Sine. 47 dB 
fCLK = 10.24MHz 
(fSAMPLING "" 150KHz). Noise is Sum 
of All Nonfundamental Components 
up to 1/2 of fSAMPLING 

THO Total Harmon ic 0 istortion VIN = 51 KHz, 5V Sine. -60 dB 
fClK = 10.24MHz 
(fSAMPLING "" 150KHz). THO is Sum 
of 2, 3,4,5 Harmonics Relative to 
Fundamental 

IMO Intermodulation Distortion V1N = fA + fB· fA = 49KHz, 2.5V Sine. -60 dB 
fB = 47.8KHz, 2.5V Sine, 
fClK = 10.24MHz 
(fSAMPLING "" 150KHz). IMD is (fA + fB), 
(fA - fB), (2fA + fB)' (2fA - fB)' (fA + 2fB), 
(fA - 2fB) Relative to Fundamental 

FR Frequency Response VIN = 0 to 50KHz. 5V Sine Relative 0.1 dB 
to 1 KHz 

toc Clock Duty Cycle 6, 11 40 60 % 

tEOC End of Conversion Delay 5 8 8 + 250ns l/fcLK 

tws Start Pulse Width 5 50 ns 

tss Start Pulse Setup Time 6,12 Synchronous Only 40 ns 

tWALE Address latch Enable Pulse Width 5 50 ns 

ts Address Setup 5 0 ns 

tH Address Hold 5 50 ns 

tHl, HO Output Enable for DBO-DB7 6 Figure 1, Cl = 50pF 100 ns 

6 Figure 1, CL = 10pF 50 ns 

tlH,OH Output Disable for DBO-DB7 6 Figure 1, Cl = 50pF 200 ns 

6 Figure 1, Cl = 10pF 100 ns 

C1N Capacitance of logic Input 5 pF 

COUT Capacitance of logic Outputs 10 pF 

Note 1: Absolute maximum ratings are limits beyond whIch the life of the Integrated Circuit may be Impaired All voltages unless otherwIse speCIfIed are measured with 
respect to ground 

Note 2: When the Input voltage (VIN) at any pm exceeds the power supply rails (VIN < V- or YIN> V+l the absolute value of current at that pin should be limited to 25mA or less. 

Note 3: -55"C to + 125°C operating temperature range devices are 1 00% tested at temperature extremes with worst-case test conditions. -40°C to +8SoC operating 
temperature range deVices are 100% tested with temperature limits guaranteed by 100% testmg, sampling, or by correlation with worst-case test conditions. 

Note 4: TYPlcals are parametric norm at 25"C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not In outgoing quality level calculation. 
Note 7: Total unadjusted enor Includes offset, full scale, Imeanty, multiplexer and sample and hold errors. 
Note 8: For -VREF;;::: VIN (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog mput which will forward conduct for analog mput voltages 

one diode drop below ground or one diode drop greater than the Vee supply Be careful, dUring testmg at low Vec levels (4.5V), as high level analog mputs (5V) can 
cause thiS mput diode to conduct - especially at elevated temperatures, and cause errors for analog Inputs near full scale. The spec allow 1 OOmV forward bias of either 
diode. ThiS means that as long as the analog VIN or VREF does not exceed the supply voltage by more than 100mV, the output code WIll be correct To achieve an 
absolute OVDC to 5VDC mput voltage range will therefore reqUIre a mmlmum supply voltage of 4 900VDC over temperature Variations, mltlal tolerance and loading 

Note 9: Leakage current IS measured WIth the clock not sWltchmg. 
Note 10: Cl = SOpF, tlmmg measured at 50% pomt. 
Note 11: A 40% to 60%-clock duty cycle range Insures proper operation at all clock frequencies. In the case that an avaIlable clock has a duty cycle outSIde of these limits, 

the minImum time the clock IS high or the mInimum time the clock is low must be at least 40ns. The maximum time the clock can be high or low IS 60J,.ls. 
Note 12: The conversIon start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock nstng edge. If the setup time is not met, 

start conversion Will have an uncertainty of one clock pulse. 
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Figure 1. High Impedance Test Circuits and Waveforms 
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TYPICAL PERFORMANCE CURVES (Continued) 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 MULTIPLEXER ADDRESSING 

The Ml2258 contains an 8-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address decoder. The relationship between the 
address inputs, ADDRO-ADDR2, and the analog input 
selected is shown in Table 1. The address inputs are 
latched into the decoder on the rising edge of the address 
latch signal ALE. 

SELECTED ADDRESS INPUT 
ANALOG CHANNEL ADDR2 ADDRl ADDRO 

INO 0 0 

IN1 0 0 

IN2 0 1 

IN3 0 1 

IN4 1 0 

INS 1 0 

IN6 1 1 

IN7 1 1 

Table 1. Multiplexer Address Decoding 

1.2 AID CONVERTER 

0 

1 

0 

1 

0 

1 

0 

1 

The ND converter uses successive approximation to 
perform the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is 
composed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB 
decision levels while the series resistor lower array generates 
the 4 lSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

CLK 

START 

ALE 

ADDRO-ADDR2 

EOC 

Ie 

DBO-DB7 PREVIOUS DATA 

DE 

ML2258 
The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required 
between 24 = 16 elements (as opposed to 28 = 256 
elements in conventional designs). And since the levels are 
based on the ratio of capacitors to capacitors and resistors to 
resistors, the accuracy and long term stability of the 
converter is improved. This also guarantees monotonicity 
and no missing codes, as well as eliminating any linearity 
temperature or power supply dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove 
any DC offset and full scale gain error, thus improving 
accuracy and linearity. 

Another advantage of the capacitor array approach used in 
the Ml2258 over conventional designs is the inherent 
sample and hold function. This true S/H allows an accurate 
conversion to be done on the input even if the analog signal 
is not stable. Linearity and accuracy are maintained for 
analog signals up to 1/2 the sampling frequency. As a result, 
input signals up to 75KHz can be converted without 
degradation in linearity or accuracy. 

The sequence of events during a conversion is shown in 
figure 5. The rising edge of a START pulse resets the internal 
registers and the falling edge initiates a conversion on the 
next rising edge of ClK. Four ClK pulses later, sampling of 
the analog input begins. The input is then sampled for the 
next four ClK periods until EOC goes low. EOC goes low on 
the rising edge of the 8th ClK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next 56 ClK pulses, one bit for each 7 
ClK pulses. After the conversion is done, the data is updated 
on DBO-DB7 and EOC goes high on the rising edge of the 
67th ClK pulse, indicating that the conversion has been 
completed and data is valid on DBO-DB7. The data will stay 

Figure 5. Timing Diagram 
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ML2258 
valid on DBO-DB7 until the next conversion updates the 
data word on the next rising edge of EOC. 

A conversion can be interrupted and restarted at any time by 
a new START pulse. 

1.3 ANALOG INPUTS AND SAMPLE/HOLD 

The Ml2258 has a true sample and hold circuit which 
samples both the selected input and ground 
simultaneously. This simultaneous sampling with a true 
S/H will give common mode rejection and AC linearity 
performance that is superior to devices where the two 
input terminals are not sampled at the same instant and 
where true sample and hold capability does not exist. 
Thus, the Ml2258 can reject AC common mode signals 
from DC-50KHz as well as maintain linearity for signals 
from DC-50KHz. 

The plot below (figure 6) shows a 2048 point FFT of the 
Ml2258 converting a 50KHz, 0 to 5V, low distortion sine 
wave input. The Ml2258 samples and digitizes, at its 
specified accuracy, dynamic input signals with frequency 
components up to the Nyquist frequency (one-half the 
sampling rate). The output spectra yields precise 
measurements of input signal level, harmonic components, 
and signal to noise ratio up to the 8-bit level. The near ideal 
signal to noise ratio is maintained independent of increasing 
analog input frequencies to 50KHz. 

The signal at the analog input is sampled during the 
interval when the sampling switch is open prior to 
conversion start. The sampling window (S/H acquisition 
time) is 4 ClK periods long and occurs 4 ClK periods after 
START goes low. When the sampling switch closes at the 
start of the S/H acquisition time, 8pF of capacitance is 
thrown onto the analog input. 4 ClK periods later, the 
sampling switch opens, the signal present at analog input 
is stored and conversion starts. Since any error on the 
analog input at the end of the S/H acquisition time will 
cause additional conversion error, care should be taken to 
insure adequate settling and charging time from the 
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'" ~ -50 
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>- -60 Z 
~ -70 
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-80 

-90 
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source. If more charging or settling time is needed to 
reduce these analog input errors, a longer ClK period can 
be used. 

The ML2258 has improved latchup immunity. Each analog 
input has dual diodes to the supply rails, and a minimum 
of ±25mA (±1 OOmA typically) can be injected into each 
analog input without causing latchup. 

1.4 REFERENCE 

The voltage applied to the +VREF and -VREF inputs defines 
the voltage span of the analog input (the difference 
between VINMAX and VINMIN) over which the 256 possible 
output codes apply. The devices can be used in either 
ratiometric applications or in systems requiring absolute 
accuracy. The reference pins must be connected to a 
voltage source capable of driving the reference input 
resistance, typically 20K. 

In a ratiometric system, the analog input voltage is 
proportional to the voltage used for the ND reference. 
This voltage is typically the system power supply, so the 
+VREF pin can be tied to Vee and -VREF tied to GND. This 
technique relaxes the stability requirements of the system 
reference as the analog input and ND reference move 
together maintaining the same output code for a given 
input condition. 

For absolute accuracy, where the analog input varies 
between specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

In contrast to the ADC0808 and ADC0809, the Ml2258 
-VREF and +VREF reference values do not have to be 
symmetric around one half of the supply. +VREF and 
-VREF can be at any voltage between Vee and GND. In 
addition, the difference between +VREF and -VREF can be 
set to small values for conversions over smaller voltage 
ranges. Particu lar care must be taken with regard to noise 
pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 

37.5 
fREQUENCY (KHz) 

75 

Figure 6. Output Spectrum 
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1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 10llF electrolytic capacitor is recommended to bypass 
Vee to GND, using as short a lead length as possible. In 
addition, with clock frequencies above 1 MHz, a 0.11lF 
ceramic disc capacitor should be used to bypass Vee to 
GND. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.11lF Ceramic disc capacitors at 
the reference pins (pins 12, 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the Ml2258 is defined as 

(V 2 V 2 V 2 V, 2 1/2 
2010g = 2 + 3 + 4 + 5) 

V1 

where V1 is the rms amplitude of the fundamental and V2, 
V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

ML2258 
Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, 
fA and fB, any active device with nonlinearities will create 
distortion products, of order (m+n), at sum and difference 
frequencies of mfA + nfB' where m, n = 0, 1, 2, 3, .... 
Intermodulation terms are those for which m or n is not 
equal to zero. The Ml2258 (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms (2fA + fB), 
(2fA - fB), (fA + 2fB) and (fA - 2fB) only. 

1.7 DIGITAL INTERFACE 

The analog inputs are selected by the digital addresses, 
ADDRO-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the 4th ClK rising edge 
after a START falling edge and ends on the 8th rising edge 
of ClK, 4 ClK periods later. On the rising edge of the 8th 
ClK pulse, the conversion starts and EOC goes low. 

Each bit conversion in the successive approximation 
process takes 7 ClK periods. On the rising edge of the 64 
ClK pulse, the digital output of the conversion is updated 
on the outputs DBO-DB7. On the rising edge of the 65th 
ClK pulse, EOC goes high indicating the conversion is 
done and data on DBO-DB7 is valid. 

One feature of the Ml2258 over conventional devices is 
that the data is double buffered. This means that the 
outputs DBO-DB7 will stay valid until updated at the end 
of the next conversion and will not become invalid when 
the next conversion starts. This facil itates interfacing with 
external logic of IlP. 

The signal OE drives the data bus, DBO-DB7, into the 
high impedance state when held low. This allows the 
Ml2258 to be tied directly to a IlP system bus without any 
latches or buffers. 
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2.0 TYPICAL APPLICATIONS 
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Figure 9. Continuous Conversion Mode 
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ORDERING INFORMATION 

ALTERNATE TOTAL TEMPERATURE 
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

ML2258BM) ADC0808C) -55°C to + 125°C Hermetic DIP (J28) 
ML2258BI) ADC0808CC) ±1/2LSB -40°C to +85°C Hermetic DIP (J28) 
ML2258BIP ADC0808CCN -40°C to +85°C Molded DIP (P28) 
ML2258BIQ ADC0808CCV -40°C to +85°C Molded PCC (Q28) 

ML2258CI) -40°C to +85°C Hermetic DIP (J28) 
ML2258CIP ADC0809CCN ±lLSB -40°C to +85°C Molded DIP (P28) 
ML2258C1Q ADC0809CCV -40°C to +85°C Molded PCC (Q28) 

--
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PRELIMINARY 

ML2261 

pP Compatible High-Speed 8-Bit 
AID Converter with T/H (S/H) 

GENERAL DESCRIPTION 
The ML2261 is a high-speed, JiP compatible 8-bit AID 
converter with a conversion time of 670ns over the 
operating temperature range and supply voltage 
tolerance. The ML2261 operates from a single 5V 
supply and has an analog input range from GND to 
Vee· 

The ML2261 has two different pin selectable modes. 
The TIH mode has an internal track and hold. The SIH 
mode has a true internal sample and hold and can 
digitize 0 to 5V sinusoidal signals as high as 500kHz. 
Timing is compatible with the AD7821. 

The ML2261 digital interface has been designed so that 
the device appears as a memory location or 1/0 port 
to a JiP. 

The ML2261 is an enhanced, pin compatible second 
source for the industry standard ADC0820 and AD7820. 
The ML2261 enhancements are faster conversion time, 
parameters guaranteed over the supply tolerance and 
temperature range, improved digital interface timing, 
superior power supply rejection, and better latchup 
immunity on analog inputs. 

BLOCK DIAGRAM 

SHiffi 

OFl 

DECODE DB7 
lOGIC, 

DBb LATCH 
& DB5 

THREE DB4 
STATE DB3 OUTPUT 

BUFFER DB2 
DBI 
DBO 

1 ~ 
TIMING ~INT & 

CONTROL 

! ! b SHiffi MODE cs WR/RDY Ri'i 

FEATURES 
• Conversion time, WR-RD mode over temperature 

and supply voltage tolerance 
Track & Hold Mode .................... 850ns max 
Sample & Hold Mode ................. 700ns max 

• Total unadjusted error ......... ±1/2 LSB or ±1 LSB 
• Digitizes a 5V, 250kHz sine wave to 8-bit accuracy 
• No missing codes 
• OV to 5V analog input range with single 5V power 

supply 
• No zero or full scale adjust required 
• Analog input protection .. . . . . . . . . . .. . . .. 25mA min 
• Operates ratio metrically or with up to 5V voltage 

reference 
• No external clock required 
• Easy interface to JlP' or operates stand alone 
• Power-on reset circuitry 
• Low power ..................................... 75mW 
• Standard 20-pin DIP or surface mount PCC 
• Superior pin compatible replacement for ADC0820 

and AD7820 

PIN CONNECTIONS 

20-Pin DIP 20-Pin pce 

V,N Vee DBO Vee 

DBO SHiffi DBI V,N I SHiffi 

DBI OFl 3 2 1 20 19 
DB2 18 OFl 

DB2 DB7 

DB3 DBb 
DB3 DB7 

WR/RDY DB5 
WR/RDY 16 DBb 

MODE DB4 
MODE 15 DD5 

Ri'i cs Ri'i 14 DB4 
9 10 11 12 13 

INT +VREF 
INT I -VR" I CS 

GND -VREF GND +VREF 

TOP VIEW TOP VIEW 
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PIN DESCRIPTION 
PIN NO. NAME FUNCTION 

VIN Analog input. 

2 DBO Data output - bit 0 (LSB). 

3 DB1 Data output - bit 1. 

4 DB2 Data output - bit 2. 

5 DB3 Data output - bit 3. 

6 WR/RDY Write input or ready outpJ&.ln 
WR-RD mode, this pin is WR 
input. In RD mode, this pin is 
RDY open drain output. See 
Digital Interface section. 

7 MODE Mode select input. 
MODE = GND: RD mode 
MODE = Vee: WR-RD mode 

Pin has internal current source 
pulldown to GND. 

8 RD Read input. In RD mode, this 
pin initiates a conversion. In 
WR-RD mode, this pin latches 
data into output latches. See 
Digital Interface section. 

9 INT Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, Vcc .................................... 6.5V 
Voltage 

Logic Inputs ........................... -O.3V to Vcc + O.3V 
Analog Inputs ......................... -O.3V to Vcc + O.3V 

Input Current per Pin (Note 2) ...................... ±25mA 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ....................... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ........................ 260°C 
Dual-In-Line Package (Ceramic) . . . . . . . . . . . . . . . . . . . .. 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220°C 

ML2261 

PIN NO. NAME FUNCTION 

10 GND Ground. 

11 -VREF Negative reference voltage for 
AID converter. 

12 +VREF Positive reference voltage for 
AID converter. 

13 CS Chip select input. This pin must 
be held low for the device to 
perform a conversion. 

14 DB4 Data output - bit 4. 

15 DB5 Data output - bit 5. 

16 DB6 Data output - bit 6. 

17 DB7 Data output - bit 7 (MSB). 

18 OFL Overflow output. This output 
goes low at end of conversion 
if VIN is greater than 
+V REF - Y2LSB. 

19 SH/TH S/H~H mode select. When 
SH/TH = VeG the device is in 
sam~ and hold mode. When 
SH/TH = GND, the device is in 
track and hold mode. Pin has 
internal pulldown current 
source to GND. 

20 Vee Positive supply. +5 volts ± 5%. 

OPERATING CONDITIONS 
Supply Voltage, Vcc ....................... 4.5VDC to 6.0Voc 
Temperature Range (Note 3) .............. T MIN :S T A :S T MAX 

ML2261BI), ML2261C1) ..................... -40°C to +85°C 
ML2261BCQ, ML2261CCQ 
ML2261BCp, ML2261CCP ..................... O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = TMIN to TMAJV Vee = +VREF = 5V ± 5%, and -VREF = GND 

ML2261XCX ML2261XIX 

PARAMETER NOTES CONDITIONS MIN I (N=4) I MAX MIN I (N!": 4) I MAX UNITS 

Converter 

Total Unadjusted Error 
ML2261BXX 5,7 VREF = Vee ±1/2 ±1/2 LSB 
ML2261CXX ±1 ±1 LSB 

+VREF Voltage Range 6 -VREF Vee+O.1 -VREF Vee+0.1 V 

-VREF Voltage Range 6 GND-0.1 +VREF GND-0.1 +VREF V 

Reference Input 5 1 2 3 1 2 3 kO 
Resistance 

Analog Input Range 5,8 GND-0.1 Vee+0.1 GND-O.1 Vee+0.1 V 

Power Supply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee = 5V ± 5%, VREF = 4.75V 

100mVp-p ±1/16 ±1116 lSB 
100kHz sine on Veo 
VIN = 0 

Analog Input leakage 5,9 Converter Idle -1 +1 -1 +1 IlA 
Current 

Analog Input Capacitance During Acquisition Period 45 45 pF 

Digital and DC 

VIN(1, logical "1" Input WR, RD, CS 2.0 2.0 V 
5 

Voltage MODE, SHITH Vec-O.5 Vee-O.5 V 

VIN(O, logical "0" Input WR, RD, CS 0.8 0.8 V 
5 

Voltage MODE, SH/TH 0.5 0.5 V 

IIN(1, logical "1" WR, RD, CS 1 1 IlA 
5 VIH = Vee Input Current MODE, SH/TH 15 50 150 15 50 150 IlA 

IIN(O, logical "0" WR, RD, CS -1 -1 IlA 
5 Vll- GND 

Input Current MODE, SH/TH -20 -20 IlA 

VOUT(1, logical "1" 5 lOUT = -2mA 4.0 4.0 V 
Output Voltage 

VOUT(O, logical "0" 5 lOUT - 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output VOUT = OV -1 -1 IlA 
5 

Current VOUT = Vee 1 1 pA 

CauT, logic Output 5 5 pF 
Capacitance 

CIN, logic Input 5 5 pF 
Capacitance 

leo Supply Current 5 CS = WR = RD = "1" 8 14 8 15.5 mA 
No Output load 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA - TMIN to TMAl(, Vee = +VREF a 5V ± 5%, -VREF a GND, and timing measured at 1.4V, 
Cl = 100pF. 

ML2261XCX ML2261 XIX 

PARAMflER NOTES CONDITIONS MIN 1(=4)1 MAX MIN 1(=4)1 MAX UNITS 

/IC. and Dynamic Perfurmance (Note 9) 

tcRDt Conversion Time, 5 RD to INT, MODE = OV 1060 1100 ns 
Read Mode 

tcwR-RDt Conversion Time, 5,9 WR Falli!!lL 
SH/TH=Vee 650 700 690 740 ns 

Write-Read Mode Edge to INT, 
tRO < tiNT, 

SHITH=GND 850 920 MODE - Vee ns 

SNR, Signal to Noise Ratio VIN = 5V, 250kHz 48 48 dB 
Noise is sum of all 
nonfundamental 
components 
from O-500kHz. 
SHITH = Veo MODE = Vee 
fSAMPLING = 1 MHz 

HD, Harmonic Distortion VIN = 5V, 250kHz -63 -63 dB 
THD is sum of 2-5th 
harmonics relative to 
fundamental. 
SHITH = Veo MODE - Vee 
fSAMPLING = 1 MHz 

IMD, Intermodulation fa - 2sv, 250kHz -60 -60 dB 
Distortion fb = 2.5V, 248kHz 

1MB is (fa + fbI, (fa - fbI, 
(2fa + fbI, (2fa - fbI, 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SH/TH = Veo MODE - Vee 
fSAMPLING = 1 MHz 

FR, Frequency Response VIN - 5V, 0-250kHz ±0.1 ±o.l dB 
Relative to 1 kHz 
SH/TH - Veo MODE = Vee 
fSAMPLING = 1 MHz 

SHITH - Vee 4.0 4.0 Vips 
SR, Slew Rate Tracking 6 

SHITH - GND .25 .25 Vips 

/II:. Perfonnance Read Mode (Pin 7 = OV), Figure 2 

tRDY, CS to RDY Delay 5 0 65 0 70 ns 

tRDDt RD Low to 5,10 Figure 1 1060 1100 ns 
RDY Delay 

tess. CS to RD, WR 5 0 0 ns 
Setup Time 

tcSH, CS to RD, WR 5 0 0 ns 
Hold Time 

k&Dt Conversion Time - 5,10 1060 1100 ns 
RD Low to INT Low 
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ELECfRICAL CHARACfERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMA)(, Vee = +VREF = 5V ± 5%, -VREF = GND, and timing measured at 1.4V, 
Cl = 100pF 

ML2261XCX ML2261 XIX 

PARAMETER NOTES CONDITIONS MIN I (N:: 4) j MAX MIN I (N!:4) I MAX UNITS 

Jt£ Performance Read Mode (Pin 7 = OV), Figure 2 (Continued) 

kCD- Data Access Time 5 tCRD tCRD+30 tCRD tCRD+30 ns 
RD to Data Valid 

tRDPW, RD Pulse Width 5 tCRD+30 tCRD+30 ns 

tINTH, RD to INT Delay 5,10 0 65 0 70 ns 

.!illJ, Data Hold Time - 6, 10 Figure 1 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tp, Delay Time Between 5, 10 Sam2!.e & Hold Mode, 300 325 ns 
Conversions - INT Low SHITH = VCC 
to RD Low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

Jt£ Performance Write-Read Mode (Pin 7 = 5V), Agures 3 and 4 

tcss, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

tWIV WR Pulse Width 
5 SH/TH = VCC 170 50K 180 50K ns 

6 SH/TH = GND 320 50K 360 50K ns 

tRD, Rea<!!ime - WR 5 tRD < tlNTL 275 290 ns 
High to RD Low Delay 

tRI, RD to INT Delay 5, 10 tRD < tlNTL 0 255 0 270 ns 

tACC1, Data Access Time 5 tRD < tlNTL 0 260 0 280 ns 
- RD low to Data Valid 

tC\.l1&KD' Conversion Time 5,9,10 tRD < tlNTu SH/TH = Vcc 650 700 690 740 ns 
- WR Falling Edge to -
INT Low 6,9,10 tRD < tlNTu SH/TH = GND 850 920 ns 

tlNTu Internal Comparison 5, 10 tRD > tlNTL 650 670 ns 
Time - WR Rising Edge 
to INT low 

tAC.c2L Data Access Time 5 tRD > tlNTL 0 50 0 60 ns 
- RD to Data Valid 

tDH, Data Hold Time - 6, 10 Figure 1 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tINTH, RDI to INTI Delay 5,10 0 65 0 70 ns 

tp, Delay Time Between 5,10 Sam2!.e & Hold Mode, 300 325 ns 
Conversions - INT low SHITH = Vcc 
to WR low 

Track & Hold Mode, 240 260 ns 
5H/TH = GND 

tlHWIV WRI to INTI Delay 5,10 Standalone Mode 0 100 0 110 ns 

tiD, INT! to Data 5, 10 Standalone Mode 0 20 0 30 ns 
Valid Delay 
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Note 1: 

Note 2: 

Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 

Note 8: 

Note 9: 
Note 10: 

ML2261 

Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
When the voltage at any pin exceeds the power supply rails (V,N < GND or Y,N > Vee) the absolute value of current at that pin 
should be limited to 2SmA or less. 
O°C to +70°C and -4Q°C to +8SoC operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested at the 
minimum specified times for WR, RD, tRI, and tp. For example, for the M12261XCX in the sample and hold mode, WR/RD mode: tWR = 
170ns, tRO = 27Sns with a frequency of 1.00MHz (cycle time of lOOOns). 
For -VREF ? Y,N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, during testing at 
low Vee levels (4.5V), as high level analog inputs (SV) can cause this input diode to conduct - especially at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that as long as the analog 
Y'N or VREF does not exceed the supply voltage by more than 100m\!, the output code will be correct. To achieve an absolute OVoc to 
SVoc input voltage range will therefore require a minimum supply voltage of 4.900Voc over temperature variations, initial tolerance and 
loading. 
Conversion time, write~read mode = tWR + tRO + tRio 

Defined from the time an output crosses 0.8V or 2.4V. 

DATA 
OUTPUT~ 

lOPFT 5kl 

Vee 

~ DATA 
OUTPUT 

10PFT 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 

Vee 

VOl 

90% 

~H tc.: 
VOL +100 mV 

Figure 1. High Impedance Test Circuits and Waveforms 
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ROY 

DBO-DB7 

~tACCO 

, IN SAMPLE & HOLD MODE A PULL UP RESISTOR 
ON ROY SHOULD Nor BE USED UNLESS 
CSI IS 2> 20ns BEFORE RDI. 

Figure 2. RD Mode Timing 

, , 
, ....... .. 

J. 

Figure 3. WR·RD Mode Timing (tRD > tlNTV 

PBO-DB7 ----------

Figure 4. WR·RD Mode Timing (tRD < tlNn) 

OBO-OB7 

Figure 5. WR·RD Mode Stand·A1one Timing CS = RD = 0 
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1.0 FUNDIONAl DESCRIPTION 
The ML2261 uses a two stage flash technique for ND 
conversion. This technique first performs a 4 bit flash 
conversion on VIN to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. An additional overrange function 
detects if VIN is greater than +VREF - Y2LSB. 

1.1 ANALOG INPUT 

The analog input on the ML2261 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter is shown 
in Figure 6. When the conversion starts in the TtH 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) Sl, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, VIN is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined RON resistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resistance Rs. This period ends in the WR-RD 
mode when WRI or by an internal timer in the RD 
mode. At this point Sl and S4 open and the analog 
input at VIN is no longer being sampled; thus during 
this time the analog voltage on VIN does not affect 
converter performance. 

SI 

Y,N -'V'R",s ....... _~RoV.4"'N~d\ ~~ ~~~ 
TO MS .....-.d( cJ ~ '"I* '\ 
LADDER S2 ."::"! S3 

16 MSB COMPARATORS 

RON S4:rl'34~PF 3.6K 

6.4K • 1 pF RON 

TO LS ---X, : I S6 
LADDER S5 ~.65PF "::" 4 

15 LSB COMPARATORS 

Figure 6. Converter Equivalent Input Circuit 

ML2261 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
VIN must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least 50ns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite charging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on ,the external 
source to charge up and settle the input adequately. 

When the ML2261 operates in the StH mode (pin 19 = 
Vee> both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sam~ period. This period starts after 
the falling edge of INT and ends with the falling e~ 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user _ 
controlled and must satisfy a minimum of tp. 

During this period Sl, S3, S4 and S6 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2261 in TtH mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a StH operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25VtlJ.S (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2261 in 5tH mode does not have the slew rate 
limitation of the TtH mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the 5tH mode can theoretically 
digitize signals of frequencies much higher than the 
TtH mode. The ML2261 in 5tH mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4VtlJ.S) without sacrificing conversion 
accuracy. In most applications, the 5tH mode is more 
desirable than TtH mode because of the better dynamic 
performance. 
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1.2.1 CONVERTER - TtH MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 7a,J!!iJially, the internal comparators 
are auto-zeroed while WR is hl&!:h.A conversion is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquire<i.Q!:. sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time is ended by 
closin!L!b.e sampling switch to the LSB comparators. 
While WR is high, the lSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's. When the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, exce~Uhe 
conversion is initiated by the falling edge of RD, and 
the MSB and L5B conversions are generated by internal 
clock edges that are generated while RD is low. 

a). TtH Mode 

1.2.2 CONVERTER - 5tH MODE 

The operating sequence for 5tH mode is illustrated in 
Figure 7b. Notice that it is similar to TtH mode 
described above except this mode has ~ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 
the analog input is sampled at the same time all _ 
comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sign~he M5B comparators make 
their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are latched. The lSB 
comparators make their decision when WR is high. 
When the l5B comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the M5B and L5B 
conversions are generated by internal clock edges that 
are generated while RD is low. 

I- ~I· -I· -I 

b). 5tH Mode 
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ALL COMPAIWURS ACQUISITION LSD 
AUTOZEROED. PERIOO. MSD COMPARATORS 

COMPARATORS DECIDING. 
ARE TRACKING 
V,N. LSB 
COMPARATORS 

1 ARE SAMPLING I t 
V,N. I 

CONVERSION 
SlARTS. 

V,N SAMPLING 
ENDS. MSB 
COMPARArOR 
RESULTS ARE 
LATCHED. 

\I....------JI 

iii) BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESUrrs AND 
BRINGS INT LOW. 

ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARATORS 
AUTOZEROED. 

MSB 
COMPARArORS 
DECIDING. 

LSD 
COMPARATORS 
DECIDING. 

CONVERSION 
STARTS. 
V,N SAMPLING 
ENDS. HOLD 
TIME STARTS. 

MSB 
COMPARArOR 
RESULTS ARE 
LATCHED. 

iii) BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS INT LOW. 

Figure 7. Operating 5equence (WR-RD Mode) 
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1.3 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the AID converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
AID converter is shown in Figure 8. 

+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference voltages can be 
offset from GND and the difference between +VREF+ and 
-VREF- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+VREF - (-VREF)] decreases. 

OUTPUT 
CODE 

11111111\ 
11111110 

11111101 
I 
1 
1 

1 / 

" 
00000010 

00000001 

/ 

/ 
/ 

/ 

FULL SCALE 

')-
00000011~ 

00000000 - -- - -- I I Jr 

o lLSB 2LSB'S 3LSB'S \. FS 
FS - llSB 

!\tN, INPUT VOLTAGE (IN TERMS OF LSB'SI 

Figure 8. AI D Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 
A O.lpF ceramic disc capacitor is recommended to 
bypass Vee to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by O.lpF ceramic disc capacitors at 
the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 
Since the ML2261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fs)' Any frequency 
components above fsl2 will be aliased below fsl2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fsl2, then 
the requirements on the anti-alias filter become difficult 

ML2261 

to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fmax 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) for the ML2261 in 
the WR-RD mode, (tRD < tINTL) can be calculated as 
follows: 

f = 1 
max tWR + tRD + tRI + tp 

f = 1 
max 170ns + 275ns + 255ns + 300ns 

fmax = 1.00 MHz 

tWR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRI = RD to I NT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of lMHz for the 
ML2261. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2261 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fs. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 9 plots are 4096 point FFT's of the ML2261 
converting a 257kHz and a 491kHz, 0 to 4.5V, low 
distortion sine wave input. The ML2261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.5.2 SIGNAL-TO-NOISE RATIO 
Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 
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O~----~------~---r--~----~------~ 

200 

FREQUENCY (KHz) 

a) Ouput Spectrum with fiN = 257kHz, fs = 1 MHz 

Or------.-------r------~----_,r_----" 

-10 

200 400 

FREQUENCY (KHz) 

b) Output Spectrum with fiN = 491 kHz, fs = 1 MHz 

Figure 9. Dynamic Performance, Sample and Hold Mode 

1.5.3 HARMONIC DISTORfION 
Harmonic distortion is the ratio of the nns sum of 
harmonics to the fundamental. Total hannonic 
distortion (THD) of the Ml2261 is defined as 

(Vi + vi + vi + VS2)'h 
20 log = -'--=_--=-_-C-._-=-_ 

V1 

where Vl is the rms amplitude of the fundamental and 
V"b V3,. V", Vs are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODULATION DISTORfION 
With inputs consisting of sine waves at two frequencies, 
fA and fa, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfa, where m, n = 0, 1, 
2, 3 ..• Intermodulation terms are those for which m 
or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fsl, (2fA - fB), (fA + 2fB), and (fA - 2fB) only. 

1.6 DIGITAL INTERFACE 
The Ml2261 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.6.1 RD MODE 
In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the pP to start a 
conversion, wait, and then read data with a single read 
instruction. 

The timing for the RD mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 
that the device is ready to do a conversion. The _ 
conversion starts on the falling edge of RD. While RD is 
low, the MSB and lSB decisions are made with 
internally generated clock edges. When the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active state with_ 
valid output data Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp!!L. 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY in the sample 
and hold mode will cause clock ilJkction, degrading 
the total unadjusted error, unless CS I is 2:: 20ns before 
RDI. 

1.6.2 WR-RD MODE 
In the WR-RD mode, the WR/RDY pin is configured as 
the WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data 
This can be done in several ways, described below. 

1.6.3 WR-RD MODE - USING INTERNAl DELAY 
(tRO > tiNT"> 

The timing is shown in Figure 3. To do a conversion, 
CS must be low to select the device. Then, WR falling 
edge triggers the conversion. While WR is low, the MSB 
comparison is made. When WR returns high the lSB 
decision is made. After some internal delay, INT goes 
low indicating er:!!Lof conversion. Valid data will appear 
on DB0-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 

2-118 'Micro Linear 



1.6.4 WR-RD MODE - READING BEFORE DELAY 
(tRD < tINTL) 
The internally generated delay for the LSB decision 
when tRD > tlNTL is longer than necessary due to 
circuit design tolerances of tlNTL delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD. The timing diagram for this mode is shown in 
Figure 4. WR is the same as when tRD > .!IwL. But in 
this case, RD is brougb1l..ow tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallinlidge of RD and is reset 
on the risin~dge of RD or CS. When RD is brought 
low before INT goes low the data~s always remains 
in the high-impedance state until INTI. 

ML2261 

1.6.5 WR-RD MODE - STAND ALONE OPERATION 

Stan~lone operation can be implemented by tying CS 
and RD low as shown in Fig~5. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When~R goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a~ar automaticall~ end of 
conversion. Since RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.6.6 POWER-ON RESET 

When power is first applied, !!!!..internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the Ml2261 from starting in 
an unknown state. During this period of approximately 
3Jls, INT remains high and the data bus is in the high
impedance state. 
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2.0 TYPICAL APPLICATIONS 

Vee 

+l5Voc ML2261 

+ 

·rpf 

-15Voc 

o TO Vee 

ML2261 Veel--__ <> 

+VREF 

-VREF 
GNO 

• NO PROTECTION IS REQUIRED IF INPUT CURRENT < 25mA 

OSV,NSVee 

2-120 

Figure 10. Protecting the Input FIgUre 11. Using Vee as Reference for Ratiometric 
Operatioo 

4.75V 

+ 
VREFOUT 

ML2261 
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ML2340 
Y,N 

O/A 
,H WITH 

VOUT REFERENCE 

FIgUre 12. Using External Reference of D/A Figure 13. 68000 lYPe Interface to ML2261 

Gw-_______________ ~G 
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Figure 14. 9·Bit Resolution 

'Micro Linear 



ML2261 

2.0 TYPICAL APPLICATIONS (Continued) 

5V 

50K 
25K 

Ml2261 

cst+--._--------cs 
WR~~--------WR 
RD~t__i--------RD A 
INTt+--~--------+INT 

t+-----------RD B 

r----------.~ 
Ml2261 

DB7f-------;;OO:;;A..-------'\I 
D~r-----~~-----_vl 

Figure 15. ±2.5V Analog Input Range Figure 16. Simultaneous Sampling of lWo Variables 

Y,N 

g~f----~~~A---------~\I~ 

DB7 
D~ 

Ml2341 
D/A 

f------~ INT 
i-------i DEN 

TMS320 
IE14 
C15 

PAO 
PAl 

cs .... ___ ....J L------i PA2 
WRr---------;~WiE __ _l 

Figure 17. TMS320 Interface with D/A Output 

Ml2261 
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Y,N 
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Ro 
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Figure 18. 8051 Interface to ML2261 
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TYPICAL APPLICATIONS (Continued) 

Vee ISVod 

+VREF Vee 

lk 

24k MU261 

I---+-------~ V,N 

2Dk 

>+-:c----1 -VREF 

lk~--f 

3k 

Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 

ORDERING INFORMATION 
TOfAI. TEMPERATURE 

PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

M12261BIJ ±V2 lSB -40·C to +85·C HERMfflC DIP (J20) 
Ml2261BCP O·C to +70·C MOlDED DIP (P20) 
M12261BCQ O·C to +70·C MOlDED PCC (Q20) 
M12261CIJ ±1 lSB -40·C to +85·C HERMfflC DIP (J20) 
Ml2261CCP O·C to +70·C MOlDED DIP (P20) 
M12261CCQ O·C to +70·C MOlDED PCC (Q20) 
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ML2264 

4-Channel High-Speed 8-Bit 
AID Converter with T/H (S/H) 

GENERAL DESCRIPTION 
The ML2264 is a high-speed, I1P compatible, 4-channel 
8-bit ND converter with a conversion time of 680ns over 
the operating temperature range and supply voltage 
tolerance. The ML2264 operates from a single 5V supply 
and has an analog input range from GND to Vee. 

The ML2264 has two different pin selectable modes. The 
T/H mode has an internal track and hold. The S/H mode 
has a true internal sample and hold and can digitize 0 to 
5V sinusoidal signals as high as 500kHz. 

The ML2264 digital interface has been designed so that 
the device appears as a memory location or I/O port to a 
I1P. Analog input channels are selected by the latched and 
decoded multiplexer address inputs. 

The ML2264 is an enhanced, pin compatible second 
source for the industry standard AD7824. The ML2264 
enhancements are faster conversion time, parameters 
guaranteed over the supply tolerance and temperature 
range, improved digital interface timing, superior power 
supply rejection, and better latchup immunity on analog 
inputs. 

BLOCK DIAGRAM 

AINt 

AIN 2 

AIN3 

AIN4 

AO At 

-VREF GND 

SH/iii Y Y 

INT CS WR/RDY iID SH/i'H MODE 

FEATURES 

• Conversion time, WR-RD mode over temperature and 
supply voltage tolerance 

Track & Hold Mode ................................. 830ns max 
Sample & Hold Mode .............................. 700ns max 

• Total unadjusted error .................... ±1/2 LSB or ±1 LSB 

• Capable of digitizing a 5V, 250kHz sine wave 

• 4-analog input channels 

• No missing codes 

• OV to 5V analog input range with single 5V power 
supply 

• No zero or full scale adjust required 

• Analog input protection ............................... 25mA min 

• Operates ratiometrically or with up to 5V voltage 
reference 

• No external clock required 

• Power-on reset circuitry 

• Low power ....................................................... 100rnW 

• Narrow 24-pin DIP or surface mount SOIC 

• Superior pin compatible replacement for AD7824 

PIN CONNECTIONS 

24-Pin DIP 24-Pin sOle 

AIN4 Vee AIN4 Vee 
AIN3 sH/i'H AIN3 SH/iii 
AIN2 AO AIN2 AO 
AINt At AINt At 
MODE DB7 MODE DB7 

DBO DB6 DBO DB6 
DBt DBS DBt DBS 
DB2 DB4 DB2 DB4 
DB3 CS DB3 CS 
iID WR/RDY iffi WR/RDY 

+VREF INT +VREF 
GND -VREF GND -VREF 
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PIN DESCRIPTION 
PIN# NAME FUNCTION 

A IN4 Analog input 4. 

2 A IN 3 Analog input 3. 

3 A IN 2 Analog input 2. 

4 A IN 1 Analog input 1. 

5 MODE Mode select input. 
MODE = GND: RD mode 
MODE = Vee: WR-RD mode 

Pin has internal current source 
pulldown to GND. 

6 DBO Data output - bit 0 (LSB). 

7 DB1 Data output - bit 1 . 

8 DB2 Data output - bit 2. 

8 DB3 Data output - bit 3. 

10 RD Read input. In RD mode, this pin 
initiates a conversion. In WR-RD 
rnode, this pin latches data into output 
latches. See Digital Interface section. 

11 INT Interrupt output. This output signals 
the end of a conversion and indicates 
that data is valid on the data outputs. 
See Digital Interface section. 

12 GND Ground. 

13 -VREF Negative reference voltage for 
NO converter. 

14 +VREF Positive reference voltage for 
NO converter. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, Vee ................................................. 6.5V 
Voltage 

Logic Inputs .................................. -O.3V to Vee + 0.3V 
Analog Inputs ............................... -O.3V to Vec + 0.3V 

Input Current per Pin (Note 2) .............................. ±25mA 
Storage Temperature .............................. -65°C to + 150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ............................. 875mW 
Lead Ternperature (Soldering 10 sec.) 

Dual-In-Line Package (plastic) ............................. 260°C 
Dual-In-Line Package (Ceramic) .......................... 300°C 
SOIC 

Vapor Phase (60 sec.) ...................................... 215°C 
Infrared (15 sec.) ............................................. 220°C 

PIN# NAME FUNCTION 

15 WR!RDY Write input or re~output. In WR-RD 
mode, this pin is WR input. In RD 
mode, this pin is ROY open drain 
output. See Digital Interface section. 

16 CS 

17 DB4 

18 DB5 

19 DB6 

20 DB7 

21 A1 

22 AO 

23 SH/TH 

24 Vee 

Chip select input. This pin rnust be 
held low for the device to perform a 
conversion. 

Data output - bit 4. 

Data output - bit 5. 

Data output - bit 6. 

Data output - bit 7 (MSB). 

Digital address input 1 that selects 
analog input channel. See multiplexer 
addressing section. 

Digital address input 0 that selects 
analog input channel. See multiplexer 
addressing section. 

S/H, T/H mode select. When SH/TH = 
Vec, the device is in sample and hold 
mode. When SH/TH = GND, the 
device is in track and hold mode. Pin 
has internal pUlidown current source 
toGND. 

Positive supply. +5 volts ± 5%. 

OPERATING CONDITIONS 

Supply Voltage, Vec ............................ 4.5VDC to 6.0VDC 
Ternperature Range (Note 3) ................. T MIN::;; T A::;; T MAX 

ML2264BMj, ML2264CMJ ................. -55°C to + 125°C 
ML2264BIj, ML2264C1J ........................ .40°C to +85°C 
ML2264BCS, ML2264CCS 
ML2264BCP, ML2264CCP ....................... O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = T MIN to T MAX Vee = +VREF = 5V + 5%, and -VREF = GND , , -

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS 1 TYP )1 MIN (NOTE 4) MAX J TYP )1 MIN (NOTE 4) MAX UNITS 

Converter 

Total Unadjusted Error 
ML2264BXX 5,7 VREF = Vee ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Integral Linearity Error 
ML2264BXX 5, 7 VREF = Vee ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Differential Linearity Error 
ML2264BXX 5 VREF = Vee ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Full Scale Error 
ML2264BXX 5 ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Zero Scale Error 
ML2264BXX 5 ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB -Channel to Channel 5 ±1/4 ±1/4 LSB 

Mismatch 

+VREF Voltage Range 6 -VREF Vee+0.1 -VREF Vee+0.1 V 

-VREF Voltage Range 6 GND-O.l +VREF lJND-O.1 +VREF V 

Reference Input Resistance 5 1 2.5 4 1 2.5 4 kn 

Analog Input Range 5,8 GND-O.l Vee+0.1 lJN D-O. 1 Vee+0.1 V 

Power Supply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee =5V ± 5%, VREF = 4.50V 

100mVp-p ±1/16 ±1/16 LSB 
100kHz sine on Vee, VIN = 0 

Analog Input Leakage 5 ON Channel = Vee -1 -1 IlA 
Current, OFF Channel OFF Channel = OV 

ON Channel = OV 1 1 IlA 
OFF Channel = Vee 

Analog Input Leakage 5 ON Channel = OV -1 -1 IlA 
Current, ON Channel OFF Channel = Vee 

ON Channel = Vee 1 1 IlA 
OFF Channel = OV 

Analog Input Capacitance During Acquisition Period 45 45 pF 

Digital and DC 

V1N(1), Logical "1" Input 5 WR, RD, CS, AO, Al 2.0 2.0 V 

Voltage MODE, SH/TH Vee-0.5 Vee-0.5 V 

V1N(O), Logical "0" Input 5 WR, RD, CS, AO, Al 0.8 0.8 V 

Voltage MODE, SH/TH 0.5 0.5 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise speeified, TA = T MIN to T MAX, Vee = +VREF = 5V ± 5%, and -VREF = GND, and timing measured at lAV, 
CL = lOOpF. 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I(N~:4)1 MAX I( TYP ,)1 MIN (NOTE 4) MAX UNITS 

Digital and DC (Continued) 

IIN(1), Logical "1" 5 VIH = Vee WR, RD,CS, 1 1 J.lA 
Input Current AO,Al 

MODE, SH!TH 15 50 150 15 50 150 J.lA 
IINIO), Logical "0" 5 VIL = GND WR, RD,CS -1 -1 J.lA 
Input Current 

MODE, SH!TH -20 -20 J.lA 
VOUT(l), Logical "1" 5 IOUT=-2mA 4,0 4,0 V 
Output Voltage 

VOUTIO), Logical "0" 5 lOUT = 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output 5 VOUT= OV -1 -1 J.lA 
Current 

VOUT= Vee 1 1 J.lA 
COUT, Logic Output 5 5 pF 
Capacitance 

CIN, Logic Input 5 5 pF 
Capacitance 

Ice, Supply Current 5 CS = WR = RD = "1" 18 20 mA 
No Output Load 

AC and Dynamic Performance (Note 9) 

teRD, Conversion Time, 5 RD to INT, MODE = OV 1020 1100 ns 
Read Mode 

teWR-RD, Conversion Time, 5,9 WR Falling SH!TH = Vee 700 775 ns 
Write-Read Mode Edge to INT, 

tRD < tiNT, SH!TH = GND 830 930 ns 
MODE = Vee 

SNR, Signal to Noise Ratio VIN = 5V, 250kHz 48 48 dB 
Noise is sum of all 
nonfundamental 
components 
from 0-500kHz, 
SH!TH = Vee, MODE = Vee 
fSAMPLING = 1,0 MHz 

HD, Harmonic Distortion VIN = 5V, 250kHz -63 -63 dB 
THD is sum of 2-5th 
harmonics relative to 
fundamental. 
SH!TH = Vee, MODE = Vee 
fSAMPLING = 1.0 MHz 

IMD,lntermodulation fa = 2.5V, 250kHz -60 -60 dB 
Distortion ib = 2.5V, 248kHz 

1MB is (fa + fb), (fa - ib), 
(2fa + fb), (2fa - ib), 
(fa + 2ib), or (fa - 2fb) 
relative to fundamental. 
SH!TH = Vee, MODE = Vee 
fSAMPLING = 1.0 MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, TA = T MIN to T MAX, Vee = +VREF = 5V ± 5%, and -VREF = GND, and timing measured at lAV, 
Cl = lOOpF 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS 
I, TYP )1 MIN (NOTE 4) MAX 

I( TYP )1 
MIN (NOTE 4) MAX UNITS 

AC and Dynamic Performance (Note 9) (Continued) 

FR, Frequency Response VIN = 5V, 0-250kHz ±0.1 ±0.1 dB 
Relative to 1 kHz 
SH!TH = Vee, MODE = Vee 
fSAMPLING = 1.0 MHz 

SR, Slew Rate Tracking 6 SH!TH = Vee 4.0 4.0 V/IlS 

SH!TH =GND 0.25 0.25 V/jlS 

tAS, MUltiplexer Address 5 SH!TH = GND, Figure 1 0 0 ns 
Setup Time (Track & Hold Operation) 

tAH, Multiplexer Address 5 SH!TH = GND, Figure 1 60 70 ns 
Hold Time (Track & Hold Operation) 

tAS, Multiplexer Address 5 SH!TH = Vee, Figure 2 225 245 ns 
Setup Time (Sample & Hold Operation) 

tAH, Multiplexer Address 5 SH!TH = Vee, Figure 2 60 70 ns 
Hold Time (Sample & Hold Operation) 

AC Performance Read Mode (Pin 5 = OV), Figure 4 

tRDY, CS to RDY Delay 5 0 60 0 65 ns 

tRDD, RD Low to 5,10 Figure 3 1020 1100 ns 
RDY Delay 

tess, CS to RD, WR 5 0 0 ns 
Setup Time 

tesH, CS to RD, WR 5 0 0 ns 
Hold Time 

teRD, Conversion Time - 5,10 1020 1100 ns 
RD Low to INT low 

tAeeD, Data Access Time 5 teRD-lO teRD+20 teRD-l0 teRD+20 ns 
RD to Data Valid 

tRDPW, RD Pulse Width 5 teRD+30 teRD+30 ns 

tINTH, RD to INT Delay 5,10 0 65 0 75 ns 

tDH, Data Hold Time - 6,10 Figure 3 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tp, Delay Time Between 5,10 Sample & Hold Mode, 300 325 ns 
Conversions - INT Low SH!TH = Vee 
to RD Low 

Track & Hold Mode, 240 260 ns 
SH!TH = GND 

AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 

tess, CS to RD, WR 5 0 0 ns 
Setup Time 

tesH, CS to RD, WR 5 0 0 ns 
Hold Time 

tWR, WR Pulse Width 5 SH!TH = Vee 190 50K 205 SOK ns 

6 SH!TH = GND 320 50K 360 50K ns 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = T MIN to T MAX, Vee = +VREF = 5V ± 5%, and -VREF = GND, and timing measured at lAV, 
Cl = lOOpF 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS I, TYP )1 MIN (NOTE 4) MAX I( TYP .)1 MIN (NOTE 4) MAX UNITS 

AC Performance Write-Read Mode (Pin 5 = 5V) Figures 5 and 6 (Continued) 

tRO, Read Time - WR 5 tRD < tlNTL 275 300 
High to RD low Delay 

tRI, RD to INT Delay 5,10 tRO < tlNTL a 235 a 270 

tACC1, Data Access Time 5 tRO < tlNTL a 240 a 300 
- RD low to Data Valid 

tCW...&RD' Conversion Time 5,9,10 tRO < tINTL, SH(fH = V CC 700 775 
- WR Falling Edge to 

6,9,10 tRD < tINTL, SH(fH = GND 830 930 INT low 

tINTL, I nternal Comparison 5,10 tRO> tlNTL 620 670 
Time - WR Rising Edge 
to INT low 

tAcC2, Data Access Time 5 tRO> tlNTL a 50 a 60 
- RD to Data Valid 

tDH, Data Hold Time - 6,10 Figure 3 a 50 a 60 
RD Rising Edge to Data 
High Impedance State 

tINTH, RDI to INTI Delay 5,10 a 65 a 75 

tp, Delay Time Between 5,10 Sample & Hold Mode, 300 325 
Conversions - INT low SH(fH = Vcc 
toWR low 

Track & Hold Mode, 240 260 
SH(fH = GND 

tIHWR, WRI to INTI Delay 5,10 Standalone Mode a 90 a 100 

tiD, INT -L to Data 5,10 Standalone Mode a 20 0 30 
Valid Delay 

Note 1: Absolute maximum ratmgs are limits beyond which the life of the Integrated Circuit may be Impaired All voltages unless otherwise specified are measured with 
respect to ground. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 2: When the voltage at any pin exceeds the power supply rails (VIN < GND or VIN > Vee) the absolute value of current at that pin should be limited to 25mA or less. 
Note 3: -55°C to + 125°C operatmg temperature range devICes are 100% tested at temperature extremes with worst-cast test conditions. aoc to +70°C and -40°C to +85°C 

operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst~case test 
conditions. 

Note 4: TYPlcals are parametnc norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not In outgoing quality level calculation-. 
Note 7: Total unadjusted error includes offset, full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error IS tested at the minimUm specified times 

for WR, RB, tRl, and tp. For example, for the Ml2264XCX In the sample and hold mode, WR/R'D mode tWR = 190ns, tRO == 275n5 with a frequency of 1.000MHz 
(cycle time of 1000ns). 

Note 8: For -VREF:2: VIN the digital output code will be 0000 0000. Two on~chlp diodes are tied to the analog input whICh Will forward conduct for analog Input voltages one 
diode drop below ground or one diode drop greater than the Vcc supply Be careful, during testing at low Vee levels (4.5V), as high level analog Inputs (5V) can 
cause thiS input diode to conduct - especially at elevated temperatures, and cause errors for analog Inputs near full scale The spec allows lOOmV forward bias of 
either diode. This means that as long as the analog VIN or VREF does not exceed the supply voltage by more than 1 OOmV, the output code will be correct. To achieve 
an absolute OVDC to SVoc input voltage range wJlI therefore require a minimum supply voltage of 4.900Voc over temperature variations, Initial tolerance and 
loadmg 

Note 9: Conversion time, wnte-read mode == tWR + tRO + tRI. 
Note 10: Defined from the time an output crosses O.SV or 2 4V 
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.... ,,~zzmzzx:::= 
IAH 

lAs 

a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = Vecl 

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND) 

cs~ Is ~ ~ tAH 

AO, Al ~f~~ .....,z.....,z.....,z.....,z.....,z.....,zz.....,z.....,z.....,z...,.z...,.z...,.z ..... z ..... 

Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = Vecl 

DATA 
OUTPUT~ 

10pF % 5kl-

DATA 
OUTPUT 

~
kvee 

10PF* 

OUTPUT Vee 
ENABLE 

OUTPUT 

OUTPUT Vee 
ENABLE 

OUTPUT 
IoH~ Vee ----/--== 

VOL ---~ VOL + 100mV 

Figure 3. High Impedance Test Circuits and Waveforms 
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\ 
,----

-_J-
ROY 

IOH 

*/n SAMPLE & HOLD mode a pull up resistor on RDY should not be used unless 
CS! is ~ 20ns before RD!. 

Figure 4. RD Mode Timing 

Figure 5. WR-RD Mode Timing (tRD > tlNn) 

Figure 6. WR-RD Mode Timing (tRD < tlNn) 

~ 1;= I/O 

OBO-OB7 ____ .J»-----~ri~~~ 

Figure 7. WR-RD Mode Stand-Alone Timing CS = RD = 0 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2264 uses a two stage flash technique for AiD 
conversion. This technique first performs a 4 bit flash 
conversion on VIN to determine the 4 MSB's. These 4 
MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog input 
signal from the DAC is then subtracted from the input, and 
the difference voltage is converted by a second 4 bit flash 
conversion, providing the 4 LSB's of the output data word. 

1.1 MUlTIPLEXER ADDRESSING 

The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and A 1. The relationship 
between the address inputs, AO and A 1, and the analog 
input selected is shown in Table 1. 

Selected 
Address Input 

Analog Channel AO A1 

AIN 1 0 0 

AIN 2 1 0 

A IN 3 0 1 

A IN 4 1 1 

Table 1. Multiplexer Address Decoding 

The address inputs are latched into the ML2264 on the 
falling edge of the RD, WR, or CS depending on the state 
of pins 5H/TH and mode as shown in Table 2. 

Address Latching 
Signal Mode Operation Mode 

RD-l- GND GND 

WR-l- Vee GND 

cs-l- GND Vee 

cs-l- Vee Vee 

Table 2. 

In the Sample & Hold mode of operation CS is used as the 
address latch enable, allowing for continuous conversions 
without addressing a given analog input for each 
conversion. 

The Track & Hold mode of operation requires an analog 
input to be addressed and latched for each conversion 
that the ML2264 performs. 

1.2 ANALOG INPUTS 

The analog input on the ML2264 behaves differently than 
inputs on conventional converters. The analog input 
current requirements change while the conversion is in 
progress, and the amount of input current depends on 
what cycle the converter is in. 

ML2264 
The equivalent input circuit for the converter is shown in 
~re 8. When the conversion starts in the T/H mode 
(WR-l- in the WR-RD mode or RDt in the RD model 51, 
54 and S6 close and 53 opens. This period is known as the 
acquisition period where the MSB flash converter tracks 
the input signal and the LSB flash converter samples it. 
During this period, VIN is connected to the 16 M5B and 
15 LSB comparators. Thus 38pF of input capacitance must 
be charged up through the combined RON resistance of 
the internal analog switches plus any external source 
resistance, Rs. In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through the 
external source resistance Rs. This period ends in the WR
RD mode when WR1' or by an internal timer in the RD 
mode. At this point 51 and 54 open and the analog input 
at VIN is no longer being sampled; thus during this time 
the analog voltage on VIN does not affect converter 
performance. 

As shown above, the critical period for charging up the I 
analog input occurs when the M5B and LSB comparators 
are sampling the input, known as the acquisition period. .1' 
The source of the external signal on VIN must adequately 
charge up the analog voltage during the acquisition 
period. To do this, the input must settle within the 
required analog accuracy tolerance at least SOns before 
the end of the acquisition period so that the M5B 
comparators have adequate time to make the correct 
decision. If more time is needed due to finite charging or 
settling time of the external source, the WR low period 
can be extended in WR-RD mode. In RD mode, since the 
acquisition time is fixed by internal delays, the burden is 
on the external source to charge up and settle the input 
adequately. 

When the ML2264 operates in the S/H mode (pin 23 = 
Vecl both the MSB and the L5B flash converter perform a 
true sample and hold operation during the acquisition or 
sampling period. This period starts after the falling edge of 
INT and ends with the falling~dge of WR in the WR-RD 
mode or the falling edge of RD in the RD mode. The 
duration of this period is user controlled and must satisfy a 
minimum oftp. 

During this period 51,53,54 and 56 close, therefore 
46pF of input capacitance rnust be charged up in addition 
to the 11 pF of stray capacitance. 

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2264 in T/H mode has 
a track and hold mechanism for sampling the input. The 
input is attached to the MSB comparators directly in the 
MSB compare cycle, or acquisition period. When the MSB 
compare cycle ends, the state of the MSB comparators is 
latched. The LSB Flash Converter always performs a S/H 
operation. Thus, the analog input signal can be changing 
during the MSB compare cycle, or acquisition period, and 

.~Micro Linear 2-131 



ML2264 
the MSB comparators will be tracking it as long as the 
slew rate of the analog input is slow enough so that the 
MSB comparators can respond. The ML2264 can track 
and hold signals with slew rates as high as O.25V/flS 
(16kHz @ 5 volts) without sacrificing conversion 
accuracy. 

The Ml2264 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically digitize 
signals of frequencies much higher than the T/H mode. 
The ML2264 in S/H mode can digitize signals of 
frequencies as high as 250kHz @ 5V (slew rates as high as 
4V/flS) without sacrificing conversion accuracy. In most 
applications, the S/H mode is more desirable than T/H 
mode because of the better dynamic performance. 

1.3.1 Converter - T/H Mode 

The operating sequence for the WR-RD mode is illustrated 
in Figure 9a. Initially, the internal comparators are auto
zeroed while WR is high. A conversion is initiated by the 
falling edge of WR. While WR is low, the MSB 
comparators are tracking the analog input and comparing 
this voltage against voltages from the internal resistor 
ladder. At the same time, the input is being acquired-2!.. 
sampled by LSB comparators. On the rising edge of WR, 
the MSB comparator results are latched, and the LSB 
acquisition time is ended by closing the sampling switch 
to the LSB comparators. While WR is high, the LSB 
comparators then compare the residual input voltage 
against internal voltages from the resistor ladder to 
determine the 4 LSB's. When the LSB comparison or 
conversion is complete, INT goes low and latches the 
conversion result into the output latches. Then, the 
comparators are auto-zeroed while WR is high before 
another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, excee!Jhe 
conversion is initiated by the falling edge of RD, and the 
MSB and LSB conversions are ~erated by internal clock 
edges that are generated while RD is low. 

J"lIIPF 

V,N -'V'R",s rl-_-,\RoII.4K",N--'':rSI Tl:~:PF ~~~ 
TOMS Y • I 

LADDER ~I' • -=- J. S3 

16 MSB COMPARATORS 

R N S4:r1.34~PF 3.6K 

6.4K Y : lpF RON 

TO LS --<>"'" • I S6 
LADDER S5::c -=- 1... -=- O.65pF -=-

15 LSB COMPARATORS 

Figure 8. Converter Equivalent Input Circuit 

1.3.2 Converter - S/H Mode 

The operating sequence for S/H mode is illustrated in 
Figure 9b. Notice that it is similar to T/H mode described 
above except this mode has a true sample and hold 
function. The falling edge of INT closes the sampling 
switch and starts the acquisition period where the analog 
input is sampled at the same tim~ comparators are 
auto-zeroed. The falling edge of WR opens the internal 
sampling switch, ends the acquisition period, and starts 
the conversion on the internally sample and held sJ.&!:1.al. 
The MSB comparators make their decisions while WR is 
low. On the rising edge of WR, the MSB comparator 
results are latched. The LSB comparators make their 
decision when WR is hi~When the LSB comparison or 
conversion is complete, INT goes low and latches the 
conversion result into the output buffers. Then, the 
acquisition period begins again and the converter is ready 
for the next conversion. 

The operating sequence for the RD mode is the same as 
the WR-RD mode, except the conversion is initiated by 
the falling edge of RD, and the MSB and LSB conversions 
are generated by internal clock edges that are generated 
while RD is low. 
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(a) T/H Mode 

(a) S/H Mode 

1.4 REFERENCE 

.. 

\1-..-----11 
ACQUISITION MSB LSB 
OR SAMPLING COMPARATORS 
PERIOD. ALL DECIDING. 

COMPARATORS 
DECIDING. 

COMPARATORS 
AUTOZEROED. 

I I I 
CONVERSION MSB iID BROUGHT LOW 
STARTS. COMPARATOR LATCHES LSB 
VIN SAMPLING RESULTS ARE COMPARATOR 
ENDS. HOLD LATCHED. RESULTS AND 
TIME STARTS. BRINGS INT LOW. 

\ 1 
ALL ACQUISITION LSB 
COMPARATORS 
AUTOZEROED. 

PERIOD. MSB COMPARATORS 
COMPARATORS DECIDING. 
ARE TRACKI NG 
VIN. LSB I COMPARATORS I 
ARE SAMPLI NG 
VIN. 

CONVERSION 
STARTS. 

VIN SAMPLING 
ENDS. MSB 
COMPARATOR 
RESULTS ARE 
LATCHED. 

I 
iID BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS INT LOW. 

Figure 9. Operating Sequence (WR-RD Mode) 

OUTPUT 

~ 

The +VREF and -VREF inputs are the reference voltages that 
determine the full scale and zero input voltages, 
respectively, for the ND converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an output 
code of all zeroes. The transfer function for the ND 
converter is shown in Figure 10. 

CODE FULL SCALE 

+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference voltages can be 
offset from GND and the difference between +VREF+ and 
-VREF- can be made small to increase the resolution of the 
conversion. Note that the total unadjusted error increases 
when [+VREF - (-VREF)] decreases. 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

I TRANSITION 

:::::::: /~ 
11111101 

I 
I / 
I , 
I , 
I , 

l ;/' 
00000011tL-
00000010 

00000001 

00000000 - --------+--+1 ---J"~ 
A 0.1 J.lF ceramic disc capacitor is recommended to bypass 
Vee to GND, using as short a lead length as possible. 

o ~ ~ ~ ~FS 
.... ~ ~ FS-1LSB 

N M 

AIN, INPUT VOLTAGE (IN TERMS OF LSB'S) 
If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1 J.lF ceramic disc capacitors at 
the reference input pins. Figure 10. A/D Transfer Characteristic 
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1.6 DYNAMIC PERFORMANCE 

1.6.1 Sinusoidal Inputs 

Since the ML2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little or 
no signal degradations. Using the Nyquist criteria, the 
highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fs). Any frequency 
components above fsl2 will be aliased below fsl2. In most 
applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fsl2, then the 
requirements on the anti-alias filter become difficult to 
impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fMAX in 
order to relax the filtering requirements enough to make a 
realizable anti-alias filter. 

The maximum sampling rate (fmax! for the ML2264 in the 
WR-RD mode, (tRD < tINTL) can be calculated as follows: 

1 fmax = ----'----
tWR +tRD +tRI +tp 

£ = 1 
max 190ns + 275ns + 235ns + 300ns 

fmax = 1.000 MHz 

tWR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRI = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1 MHz for the 
ML2264. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling rate, fs. 

or----,----r--r-,----r---, 
-10 

-20 

-30 

40~--_1---_+-_t-~---t_--~ 

i~o~--_1---_+-_t-~---t_--
g~o~--~----+--i-1_---+_--~ 
~-ro~---1----+--.-~---t---~ 

~-80 
-90 

-100 J!.!II1F-I-LflU-1-Mf-I''-'IIII-IJ-=t-... L..f-
-110 f---_t-+-_+---L--'-+_--ft--t_--t-1 

200 

FREQUENCY (kHz) 

a) Output Spectrum with fiN = 257kHz, fs = 1MHz 

In applications where aliased frequency components are 
acceptable and filtering of the input signal is not needed, 
or where a filter with a steep amplitude response is 
available, the user can apply an input sinusoid higher than 
250kHz to the device. Note, however, that as the input 
frequency increases above 500kHz, dynamic performance 
degradation will occur due to the finite bandwidth of the 
internal sample and hold. 

The Figure 11 plots are 4096 point FFT's of the ML2264 
converting a 257kHz and a 491 kHz, 0 to 4.5V, low 
distortion sine wave input. The ML2264 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist frequency 
(one-half the sampling rate). The output spectra yields 
precise measure-ments of the input signal level, harmonic 
components, and signal to noise ratio up to the 8-bit level. 
The near ideal signal to noise ratio is maintained 
independent of increasing analog input frequencies to 
500kHz. 

1.6.2 Signal-To-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more the levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2264 is defined as 
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b) Output Spectrum with fiN = 491kHz, fs = 1MHz 

Figure 11. Dynamic Performance, Sample and Hold Mode 
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20 log (v/ + v/ + V42 + v/)1/2 
V, 

where V, is the rms amplitude of the fundamental and 
V2, V3, V 4, Vs are the rms amplitudes of the individual 
harmonics. 

1.6.2 Signal-To-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sam pi ing 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more the levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2264 is defined as 

2 2 2 21/2 
2010g= (V2 +V3 +V4 +Vs ) 

V, 

where V, is the rms amplitude of the fundamental and 
V2, V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

1.6.4 Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, 
fA and fB' any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfB, where m, n = 0, 1, 2, 
3 ... Intermodulation terms are those for which m or n is 
not equal to zero. The (lMD) intermodulation distortion 
specification includes the second order terms (fA + fB) and 
fA - fB) and the third order terms (2fA + fB), (2fA - fB), 
(fA + 2fB), and (fA - 2fB) only. 

1.7 DIGITAL INTERFACE 

The ML2264 has two basic interface modes, RD and WR
RD, which are selected by the MODE input pin. 

1.7.1 RD Mode 

In the RD mode, WR/RDY pin is configured as the RDY 
output. The read mode performs a conversion with a 
single RD pulse. This allows the I1P to start a conversion, 
wait, and then read data with a single read instruction. 

The timing for the RD mode is shown in Figure 4. To do a 
conversion, CS must be low to select the device. After CS 
goes low, the RDY output goes low indicating that the 
device is ready to do a conversion. The conversion starts 

ML2264 
on the falling edge of RD. While RD is low, the MSB and 
LSB decisions are made with internally generated clock 
edges. When the conversion is complete, RDY goes high 
and It::rr.goes low signaling the end of the conversion. 
After INT goes low, the data outputs go from high 
impedance to active state wit.h..Yalid output data. Data 
stays valid until either RD or CS goes high. When either 
signal goes high, the Q!!!put data lines return to the high 
impedance state and INT returns high. 

1.7.2 WR-RD Mode 

In the WR-RD mode, the WR!RDY pin is configured as the 
WR input. In this mode, WR initiates the conversion and 
RD controls reading the output data. This can be done in 
several ways, described below. 

1.7.3 WR-RD Mode - Using Internal Delay 
(tRD > tlNn) 

The timing is shown in Figure 5. To do a conversion, CS 
must be low to select the device. Then, WR falling edge 
triggers the conversion. While WR is low, the MSB 
comparison is made. When WR returns high the LSB 
decision is made. After some internal delay, INT goes low 
indicating end of conversion. Valid data will appear on ..-
DBO-7 when RD is t:)ulled 10w.INT is then reset by the ~ 
rising edge of either CS or RD. 

1.7.4 WR-RD Mode - Reading Before Delay 
(tRD < tlNn) 

The internally generated delay for the LSB decision when 
tRD > tlNTL is longer than necessary due to circuit design 
tolerances of tlNTl delay. If desired, a faster conversion 
will result without loss of accuracy by bringing RD low 
within the minimum time specified for tRD' The timing 
diagram for this mode is shown in Figure 6. WR is the 
same as when tRD > ~NTL' But in this case, RD is brought 
low tRD ns after WR rising edge and before INT. INT goes 
low indicating an end of conversion after the falling edge 
of RD and is reset on the rising edge of RD or CS. When 
RD is brought low before INT goes low the data bus 
always remains in the high-impedance state untiIINT-I.. 

1.7.5 WR-RD Mode - Stand Alone Operation 

Stand alone operation can be implemented by tying CS 
and RD low as shown in Figure 7. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When~R goes high, the LSB 
comparison is made. Since RD is already low, the output 
data will appear automatically at end of conversion. Since 
RD is always low, I NT is reset on rising edge of WR and 
goes low at end of conversion. 

1.7.6 Power-On Reset 

When power is first applied, an internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2264 from starting in 
an unknown state. During this period of approximately 
311s, INT remains high and the data bus is in the high
impedance state. 
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2.0 TYPICAL APPLICATIONS 

sv 

'NO PROTECTION REQUIRED IF INPUT CURRENT <2SmA 

Figure 12. Protecting the Input 

I-..-_-osv 

Figure 13. Using Vee as Reference for 
Ratiometric Operation 

Figure 14. Using External Reference of D/A 

12V 

ML2264 

CS,...-~ 
AOj+---t 

A1 r---L----.I 
INT~--------~ 

68008 

Figure 15. 68000 Type Interface to ML2264 

sv 

SOK 

Figure 16. ±2.5V Analog Input Range 

AIN1 
AIN2 
AIN3 
AIN4 

ML2264 8051 

CS~---tP3, 1 
AO P3,2 
A1 P3,3 

WR P3,4 
iID P3, S 

INT P3,6 

DR7!--;D""Ac::TA;--'\I 
ORO 1-'="--;,/1 

Figure 17. 8051 Interface to ML2264 
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2.0 TYPICAL APPLICATIONS (Continued) 

AIN I 
A IN2 
A IN 3 
A IN 4 

DB71---~=:-:------------' 
DBOI-__ --'D..,A,..T"'A __ --, 

TMS320 
/E14 
Cl5 

PAO 
PAl 

'-----jPA2 
~--------1YVE 

Figure 18. TMS320 Interface with 0/ A Output 

Vcc (5Voc) 

Vcc 

r--L-}---+-_______ ~AINI 
1--+---------jAIN2 
1---+----------iA IN 3 

L--r_r---t--~======~---jAIN4 
20k 

>-+---j-VREF 

lk 

3k 

Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 
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ORDERING INFORMATION 

TOTAL TEMPERATURE 
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

M12264BMJ ±1/2 LSB -55°C to + 125°C Hermetic DIP U24) 
ML2264Blj -40°C to +85°C Hermetic DIP U24) 
ML2264BCP O°C to +70°C Molded DIP (P24) 
ML2264BCS O°C to +70°C Molded SOIC (S24) 

ML2264CMj ±1 LSB -55°C to + 125°C Hermetic DIP U24) 
ML2264CI] -40°C to 85°C Hermetic DIP U24) 
ML2264CCP O°C to +70°C Molded DIP (P24) 
ML2264CCS O°C to +70°C Molded SOIC (S24) 

2-138 'Micro Linear 



.~Micro Linear 
October 1994 

ML2271 

JlP Compatible High-Speed 10-Bit 
A/D Converter with S/H 

GENERAL DESCRIPTION 
The ML2271 is a high speed, JlP compatible 1 O-bit ND 
converter. A three step flash technique is used to achieve a 
conversion time of 1 .65JlS. The ML2271 operates from a 
single 5V supply and has an analog input range from 
GND to Vee. 

The ML2271 has a true internal sample and hold and can 
digitize sinusoid signals as high as 150kHz without 
conversion errors. 

The ML2271 digital interface has been designed so that 
the device appears as a memory location or I/O port to a 
JlP, eliminating the need for external interfacing logic. The 
data outputs are latched and have three state control, 
allowing direct connection to a JlP bus or I/O port. The 
addition of an internal timing generator also allows the 
device to easily operate in stand alone applications. 

The ML2271 is pin and function compatible with the 
ADC1061. 

BLOCK DIAGRAM +VREF 

r 
V'NO-'---------I 

FEATURES 

• Conversion time over temperature 
and supply voltage tolerance 

• Linearity error 

• Full scale error 

• Zero error 

• Capable of digitizing a 5V, 150kHz sine wave 

• No missing codes 

• OV to 5V analog input range with single 5V 
power supply 

• Analog input protection - 25mA min 

• Operates ratiometrically or 
with up to 5V voltage reference 

• No external clock required 

• Easy interface to JlP, or operates stand-alone 

• Latched, 3-state data outputs 

• Power-on reset circuitry 

• Low power -175mW max 

• Standard 20-pin DIP or surface mount SOIC 

• O°C to 70°C, --40°C to +85°C operating 
temperature range 

DB9 
DB8 
DB7 
DB6 
DBS 
DB4 
DBl 
DB2 
DBl 
DBO 

WR 

cs 

........ -'.-~RD 

TIMING & 
CONTROL 
CIRCUITRY 

b 
GND 

INT 

'Micro Linear 

1.8JlS 

±lLSB 

±lLSB 

±lLSB 

2-139 



ML2271 

PIN CONFIGURATION 
20-Pin DIP 20-Pin sOle 

o vee 000 o vee 000 

INT DOl INT DOl 

WR 002 WR 002 

RO 003 RO 003 

cs 004 cs 004 

AVec DDS AVec 15 DOS 

-VREF 006 -VREF 006 

VIN 007 VIN 007 

+VREF OB8 +VREF 12 OB8 

GNO OB9 GNO 10 11 009 

TOP VIEW TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

o Vee Digital supply. +5V ±5%. 7 -VREF Negative reference input voltage for 

Connect to A Vee. NO converter. 

2 INT Interrupt output. This output signals 8 V,N Analog input. 
the end of a conversion and indicates 9 +VREF Positive reference input voltage for 
that data is valid on the data outputs. NO converter. 
See Digital Interface section. 

10 GND Ground. 
3 WR Write input. Input which initiates a 11 DB9 Data output - bit 9 (MSB) 

conversion. See Digital Interface 
section. 12 DB8 Data output - bit 8 

4 RD Read input. This input latches data 13 DB7 Data output - bit 7 
into the output latches. See Digital 14 DB6 Data output - bit 6 
Interface section. 

15 DB5 Data output - bit 5 
5 CS Chip select inpu!:..lbis in~must be 

16 DB4 Data output - bit 4 held low during WR and RD for the 
device to perform a conversion. 17 DB3 Data output - bit 3 

6 A Vee Analog supply. +5V ±5%. Connect to 18 DB2 Data output - bit 2 
o Vee. 19 DB1 Data output - bit 1 

20 DBO Data output - bit 0 (LSB) 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, A Vee, D Vee ......................................... 6.5V 
Voltage 

Logic Inputs .................................. -0.3V to Vee + 0.3V 
Analog Inputs ................................. -0.3V to Vee + 0.3 

Input Current per Pin (Note 2) .............................. ±25mA 
Storage Temperature .............................. -65°C to + 150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ............................. 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) .......................... 260°C 
Molded Small Outline IC Package 

Vapor Phase (60 sec.) ..................................... 215°C 
Infrared (15 sec.) ............................................ 220°C 

ELECTRICAL CHARACTERISTICS 

ML2271 

OPERATING CONDITIONS 

Temperature Range (Note 3) ................. T MIN :s; T A :s; T MAX 
ML2271CCS ............................................ 0°C to +70°C 
ML2271 CCP ............................................ O°C to +70°C 
ML2271 CIS .......... : ............................... -40°C to +85°C 
ML2271 ClP ......................................... -40°C to +85°C 

Unless otherwise specified TA = T MIN to T MAX D Vee = A Vee = +VREF = 5V +5% and -VREF = GND , , - , 
ML2271CCX ML2271CIX 

PARAMETER CONDITIONS MIN I (N~: 4) I MAX MIN I (N~:4)1 MAX UNITS 

Converter 

Integral Linearity Error 
ML2271CXX VREF = Vcc (Notes 5,7) ±1 ±1.5 LSB 

Differential Linearity Error 
ML2271CXX VREF = Vcc (Note 5) ±1 ±1 LSB 

Fu II Scale Error 
ML2271CXX (Note 5) ±1 ±1 LSB 

Zero Scale Error 
ML2271CXX (Note 5) ±1 ±1 LSB 

Total Unadjusted Error 
ML2271CXX (Note 5) ±1.5 ±2.0 LSB 

+VREF Voltage Range (Note 6) -VREF Vce+O.1 -VREF Vcc+O.1 V 

-VREF Voltage Range (Note 6) GND-O.1 +VREF GND-O.1 +VREF V 

Reference Input Resistance (Note 5) 0.9 1.3 1.7 0.9 1.3 1.7 kO 

Analog Input Range (Notes 5,8) -VREF +VREF -VREF +VREF V 

Power Supply Sensitivity DC Vcc = 5V ± 5%, VREF = 4.75V ±1/32 ±1/4 ±1/32 ±1/4 LSB 
(Note 5) 

100mVp_p, 100kHz sine on Vcc, ±1/16 ±1/16 LSB 
VIN = 0 (Note 5) 

Analog Input Leakage Current Converter Idle (Notes 5,9) -2 +2' -2 +2 I1A 
Analog Input Capacitance During Acquisition Period 25 25 pF 
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ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified, T A = T MIN to T MAX, 0 Vee = A Vee = +VREF = 5V ±5%, and -VREF = GND 

ML2271CCX ML2271CIX 

PARAMETER CONDITIONS MIN 1 (N:: 4) 1 MAX MIN 1 TYP)I (Note 4) MAX UNITS .. 
Digital and DC 

VIN(1), Logical "1" 
Input Voltage (Note 5) 2.0 2.0 V 

VIN(O), Logical "0" 
Input Voltage (Note 5) 0.8 0.8 V 

IIN(1), Logical" 1 " 
Input Current VIN = Vee (Note 5) 1 1 IlA 
IIN(O), Logical "0" 
Input Current VIN = OV (Note 5) -1 -1 IlA 
VOUT(1), Logical "1" 
Output Voltage lOUT = -2mA (Note 5) 4.0 4.0 V 

VOUT(O), Logical "0" 
Output Voltage lOUT = 2mA (Note 5) 0.4 0.4 V 

lOUT, Three-State VOUT = OV (Note 5) -1 -1 IlA 
Output Current VOUT = Vee (Note 5) 1 1 IlA 
COUT, Logic 
Output Capacitance 5 5 pF 

CIN, Logic Input Capacitance 5 5 pF 

Icc, Supply Current, CS=WR= RD=O 32 35 mA 
Analog Plus Digital No Output Load (Note 5) 

AC and DynamiC Performance (Note 9) 

teoNV, Conversion Time, Figure 2 tWR = 250ns 1.65 1.8 115 
Interrupt Mode (Note 6) 

tcWRD, Conversion Time, Figure 3 1.9 2.0 115 
Write-Read Mode (Note 5) 

tcRD, Conversion Time, Figure 4 1.9 2.0 115 
Write-Read Mode (Note 6) 

SNR, Signal to Noise Ratio VIN = 5V, 150kHz Noise is sum 60 60 d8 
of all nonfundamental 
components from 0-300kHz. 
fSAMPLING = 600kHz 

HD, Harmonic Distortion VIN = 5V, 150kHz -60 -60 dB 
THO is sum of 2-5th harmonics 
or aliases relative to fundamental. 
fSAMPLING = 600kHz 

IMD, Intermodulation fa = 2.5V, 150kHz -60 -60 dB 
Distortion fb = 2.5V, 148kHz 

1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), relative to 
fundamental. fSAMPLING = 600kHz 

FR, Frequency Response VIN = 5V, 0-150kHz ±0.1 ±0.1 dB 
Relative to 1 kHz 
fSAMPLING = 600kHz 

SR, Slew Rate Tracking 2.36 2.36 V!j.ls 
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ELECTRICAL CHARACTERISTICS (continued) 
Unless otherwise specified, TA = T MIN to T MAX, D Vee = A Vee = +VREF = 5V ±5%, and -VREF = GND 

ML2271CCX ML2271CIX 

PARAMETER CONDITIONS MIN 
I TYP I (Note 4) MAX MIN I TYP II (Note 4) MAX UNITS 

AC Performance, Figures 2, 3, 4, and 5 

tcss, CS to RD, WR 
Setup Time (Note 5) 0 0 ns 

tCSH, CS to RD, WR 
Hold Time (Note 5) 0 0 ns 

tWR, WR Pulse Width (Note 5) 250 SOK 250 50K ns 

tACCZ, WR to Data Valid (Note 5) 2.05 2.05 ~s 

tRD, Read Pulse Width (Note 5) 100 100 ns 

tWRL, WRt to RD.j, (Note 6) 0 0 ns 

tINTH, RDt to INn (Note 5) 10 55 10 55 ns 

!AcC1, Data Access Time, (Note 5) 0 55 0 55 ns 
RD.j, to Data Valid 

!ukData Access Time, 
INT.j, to Data Valid 

(Note 5) 0 50 0 50 ns 

t1 H, tOH, RDt to Data High Figure 1 10 50 10 60 ns 
Impedance State (Note 5) 

tp, Delay From End of (Note 6) 20 20 ns 
Conversion to 
Next Conversion 

tiC, INT.j, to Start of Next (Note 5) 500 500 ns 
Conversion 

Note 1: Absolute maximum ratmgs are limits beyond which the life of the mtegrated cirCUit may be Impaired. All voltages unless otherwise specified are measured with 
respect to ground 

Note 2: When the voltage at any pm exceeds the power supply ralls (YIN < or GND or YIN> Vee) the absolute value of current at that pm should be iLmlted to 25mA or less. 
Note 3: GOC to +70°C and -40°C to +85°C operatmg temperature range deVices are 100% tested with temperature hmlts guaranteed by 100% testing, samplmg, or by 

correlation with worst-case test conditions. 
Note 4: Typlcals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100'% tested are not In outgoing quality level calculation. 
Note 7: Total unadjusted error Includes offset, full scale, lineanty, and sample and hold errors. 
Note 8: For -VREF 2 VIN the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog Input which wdl forward conduct for analog Input voltages one 

diode drop below ground or one diode drop greater than the Vee supply Be careful, dunng testing at low Vec levels (4.SV), as high level analog Inputs (5V) can 
cause this Input diode to conduct - espeCIally at elevated temperatures, and cause errors for analog Inputs near full scale The spec allows 1 OOmV forward bias of 
either diode. This means that as long as the analog VIN or VREF does not exceed the supply voltage by more than 1 OOmV, the output code will be correct To achieve 
an absolute OVoc to SVoc Input voltage range will therefore reqUire a minimum supply voltage of 4 900Voc over temperature Variations, Initial tolerance and 
loadmg. 
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DATA Vee 
OUTPUT~ OUTPUT 

5k 
ENABLE 

10PFJ -=-
OUTPUT 

Vee 

~ OUTPUT 
Vee 

DATA ENABLE 

OUTPUT 

10PF* Vee mH~ 
OUTPUT 

VOL VOl+l00mV 

Figure 1. High Impedance Test Circuits and Waveforms Figure 2. Interrupt Mode Timing 

less tCSH tess 

1_----IWRl----_I+-

RD 

lewRo-------.t_ 

DBO-DB9 
______ _ __ ________ _ ___ _ ____ __ _ _ VALID 

DATA 

~-------tAee2--------~ 

Figure 3. WR-RD Mode Timing 

CS 

leRO ---':I+-~' 

DBO-DB9 

READ IS TIED TO WRITE 

Figure 4. RD Mode Timing 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2271 uses a three step flash technique for ND 
conversion. This technique first performs a 3 bit flash 
conversion on VIN to determine the 3 most significant bits 
(MSB decision). These 3 MSB's are then cycled through an 
internal DAC to recreate the analog input. This 
reconstructed analog input signal from the DAC is then 
subtracted from the input, and the difference voltage is 
converted by a second 3 bit flash conversion providing 
the next 3 significant bits, called intermediate significant 
bits (lSB decision). This procedure is then performed again 
to provide the final 4 least significant bits (LSB decision). 

1 

\ 
1 

.. ~1" 

ML2271 

The ML2271 has a true internal sample and hold. The 
internal operat~sequence is shown in Figure 5. The 
falling edge of WR opens the S/H sampling switch, ends 
the acquisition time for the analog input, and starts the 
conversion on the internally sample and held signal. Then 
the MSB, ISB, and LSB decisions are made. INT goes low 
at end of conversion and RD controls the data outputs. 
This falling edge of INT also closes the sampling switch 
and starts the acquisition period for the next conversion. 

1 
1 

"I" 

1 
1 
1 
1 
1 
1 
1 

"I'" I 1 

ACQUISITION 
PERIOD. ISB AND lSB 
COMPARATORS 
AUTOZEROED. 

IS8 IS8 ACQUISITION 
PERIOD. IS8 AND lS8 
COMPARATORS 
AUTOZEROED. 

COMPARATORS COMPARATORS 
DECIDING. DECIDING. 

t 
VINSAMPLING 
ENDS. MSB 
COMPARATOR 
RESULTS ARE 
lATCHED. 

t 
IS8 
COMPARATOR 
RESULTS ARE 
lATCHED. 

t 
lSB 
COMPARATOR 
RESULTS ARE 
lATCHED. 

Figure 5. Operating Sequence 

1.1 ANALOG INPUT 

The analog input on the ML2271 behaves differently than 
inputs on conventional converters. The analog input 
current requirements change while the conversion is in 
progress, and the amount of input current depends on 
what cycle the converter is in. 

The input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit shown in Figure 6B. The 
acquisition period for the S/H starts on INT falling edge 
and ends on WR falling edge. 

The critical period for charging up the analog input occurs 
during the acquisition period and the source of the 
external signal on VIN must adequately charge up the 
analog voltage during this time. To do this, the input must 
settle within the required analog accuracy tolerance 
lOOns before the end of the acquisition period so that the 
sampling capacitors have adequate time to store the input 
signal. If more time is needed due to finite charging or 
settling time of the external source, the WR high period 
can be extended as long as is required. 

1.2 SAMPLE AND HOLD 

The ML2271 does not have the limitation of an equivalent 
circuit implemented with a track/hold. An internal sample 
and hold acquires the analog signal, holds it internally, 
and then a conversion is performed on the sample and 
held signal. Since this is a true sample and hold function, 
the ML2271 can sample and hold signals with frequencies 
as high as 150kHz @ 5V (slew rates as high as 2.36V/Jls) 
without sacrificing conversion accuracy. 

1.3 REFERENCE 

The +VREF and -VREF inputs are the reference voltages that 
determine the full scale and zero input voltages, 
respectively, for the ND converter. Thus, +VREF defines 
the analog input which produces a full scale output and
VREF defines the analog input which produces an output 
code of all zeroes. The transfer function for the ND 
converter is shown in Figure 7. 
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ML2271 
+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference voltages can be 
offset from GND and the difference between +VREF and 
-VREF can be made small to increase the resolution of the 
conversion. Note that the linearity error increases when 
[+VREF - (-VREF)] decreases. 

~IIPF 
RS 

v/N~M+---------, 

10.5Pf 

6 MSB COMPARATORS 

::: rO.OYf I ~~~~ 
0.05pf \ I l_s6 

TOIS ~ 
LADDER S5 -: 

:;;:0.5pf 

141SB COMPARATORS 

yt-n 200Q 

S7 7.5pf ~ J:!. RON 

TO 5tH BLOCK J + 58 

Figure 6A. Converter Input Circuit 

Figure 68. Converter Equivalent Input Circuit 

111111111 fULLSCALE ~ 

~ :::::::: i ':::~ 
~ 00000011 ~' ,/ 

00000010 

00000001 

00000000 ------ I I. 
o r;; ~ ~ ~FS 

m ~ , FS-1LSB 

A/N, INPUT VOLTAGE (IN TERMS Of LSB'S) 

Figure 7. AID Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPlING 

O.lI1F in parallel with O.OlI1F ceramic disc capacitors are 
recommended to bypass A Vee to GND, as well as D Vee 
to GND, using the shortest lead lengths possible. 

If +VREF and -VREF inputs are driven by long lines, they 
should be bypassed by O.lI1F in parallel with O.OlI1F 
ceramic disc capacitors at the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 Sinusoidal Inputs 

Since the ML2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little or 
no signal degradations. Using the Nyquist criteria, the 
highest frequency input to the converter could 
theoretically by 1/2 the sampling rate (fs). Any frequency 
components above fs/2 will be aliased below fs/2. In most 
applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then the 
requirements on the antialias filter become difficult or 
impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fs in 
order to relax the filtering requirements enough to make a 
realizable antialias filter. 

The maximum sampling rate (fMAx) for the ML2271 can 
be calculated as follows: 

fMAx = 1 
!cONT +tp 

fMAx = 1 
1 .4511s + 0.30011s 

fMAx = 570kHz 

tWR = Write Pulse Width 

tWRD = Write to Data Delay 

tp = Delay Time Between Conversions 

Note that the dynamic performance specifications (SNR, 
HD, IMD and FR) for the ML2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, fs. 
This allows adequate margin between the input frequency 
and the aliased components to allow antialias filtering if 
needed. 

In applications where aliased frequency components are 
acceptable and filtering of the input signal is not needed, 
the user can apply an input sinusoid higher than 150kHz 
to the device. Note, however, that as the input frequency 
increases above 150kHz, dynamic performance 
degradation will occur due to the finite bandwidth of the 
internal sample and hold. 

1.5.2 Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
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frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more the levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61.96 dB. 

1.5.3 Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2271 is defined as 

(V2 + V2 + V2 + V2)1/2 
20 log = 2 3 4 5 

Vl 

where V1 is the rms amplitude of the fundamental and V2, 
V3, V 4, Vs are the rms amplitudes of the individual 
harmonics. 

1.5.4 Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fs, any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfs, where m, n = 0, 1, 2, 
3 ... Intermodulation terms are those for which m or n is 
not equal to zero. The (lMD) intermodulation distortion 
specification includes the second order terms (fA + fs) and 
(fA - fs) and the third order terms (2fA + fs), (2fA - fs), and 
(fA - 2fB) only. 

1.6 DIGITAL INTERFACE 

Depending on the way the external signals are applied to 
the ML2271 , the timing of the conversion and resultant 
digital interface can be configured in three different 
modes. 

While the operation for each mode is described below, 
there are some general rules that dictate the general 
relationships between CS, WR, RD, INT, and DBO-DB9. 
The falling edge of WR terminates the acquisition period 
and initiates a conversion. INT is forced low when a 
conversion is internally completed. INT is reset high by 
the RD rising edge. DBO-DB9 is.J.r!.!he high i~.eedance 
state except when both RD and INT are low. RD low 
period does not affect the internal conversion but only 
determines when the digital siB!1als DBO-DB9 are active; 
thus, RD can occur anytime. CS is used to select the 
device and needs to be low only while WR is low or 
when RD is low. 

1.6.1 Interrupt Mode 

Timing for the Interrupt Mode is shown in Figure 2. To do 
a conversion, CS must be low to select the device. INT 
fallli:!.g edge starts the acquisition period. The falling edge 
of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 
Bits) ISB and LSB decisions are made with internal timing 

ML2271 
signals. After the conversion is complete, INT goes low 
indicating end of conversion. When RD goes low, 
DBO-DB9 goes from high impedance to the active state 
with the digital result of the conversion. INT is rest high 
and DBO-DB9 is reset to high impedance on the rising 
edge of RD. 

Interrupt Operation is intended to be used in interrupt 
driven systems or applications where INT signals the 
transfer of data. 

1.6.2 Write-Read Mode 

Write-Read Qperation is the same as Interrupt Operation 
except that RD is brought low before the internal 
conversion is completed (before INT goes low). 

Timing for Write-Read Qperation is shown in Figure 3. To 
perform a conversion, CS must be low to select the 
device. INT fallli:!.g edge starts the acquisition period. The 
falling edge of WR ends the acquisition period and the 
MSB decision is made. Then, the ISB and LSB decisions 
are made by internal timing signals. In this mode, RD is 
brought low before the internal conversion is completed. 
When the internal conversion is completed, INT will be 
forced low and data will appear on DBO-DB9 as long as _ 
RD is still low. INT is reset high and DBO-DB9 is reset to 
high impedance on the rising edge of RD. 

Write-Read Operation is intended for applications where 
RD controls the transfer of data to a microprocessor. 

1.6.3 Read Mode 

Read Mode ~ratio~implemented by tying RD to WR 
and keeping RD and WR low long enough so that the 
conversion time is totally determined by the internal 
timing signals. 

Timing for the Read Mode is shown in Figure 4. To do a 
conversion, CS must be low to select the device. The RD 
and WR falling edge starts the conversion. RD and WR is 
held low for the entire internal conversion. Thus, the MSB, 
ISB, and LSB comparisons along with the end of the 
acquisition period are made by internally generated 
timing signals. After the conversion is complete, INT goes 
low. Since RD is fixed low, DBO-DB9 will go from t!lgb 
impedance to active state as soon as INT goes low. INT is 
reset high and DBO-DB9 is reset to high impedance on 
rising edge of WR and RD. 

Read Mode Operation allows a conversion to be done 
with the device's own internal timing and thus, no eternal 
timing is needed. 

1.6.4 Power-On Reset 

When power is first applied, an internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2271 from starting in 
an unknown state. During this period of approximately 
50~s, INT remains high and the data bus is in the high
impedance state. 
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2.0 TYPICAL APPLICATIONS 

+15Voc 
5V 

A Veef-.-_.---...05V 

-15Voe 

'PROTECTION IS REQUIRED IF INPUT CURRENT> 25mA 

Figure 8. Protecting the Input 

+VREF 

ML2271 
0:5 VIN:5 VREF 

-VRE' 

+VREF 

VIN ML2271 

-VREF 

GND 

Figure 9. Using Vee as Reference for 
Ratiometric Operation 

VREfOUT 

ML2341 
D/A 

WITH 
REFERENCE VOUT 

GAl NO 

GAIN1 

Figure 10. Using External Reference of D/ A 

68008 
5V 

ML2271 

CS 
10K ML2271 

AS 
A Vee 

20k 
DVee 
+VREF 

INT DTACK 10k VIN 
VIN 

RD 
R/W 20k -VREF 

DB9 
GND 

DBO -:-

Figure 11. 68000 Type Interface to ML2271 Figure 12. ±2.5V Analog Input Range 
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2.0 TYPICAL APPLICATIONS (Continued) 

V EF 

~ CS CS ............ 
WR WR 
lID RDA 

ML2271 INT INT 
0-r- ~ DB9 

DATA 

":~ 
V 

'-- CS 
WR!---

ML2271 
lID RoB 

INT INT 
0---

~ DB9 
DATA 

DBO 
V~ 

Figure 13. Simultaneous Sampling of Two Variables 

DB9 ~ DB9 

DBO 
DATA DBO v 

INT INT 

-<J Ro DEN 

0- ML2271 rtf ADDRESS ~ HEN 
DECODE 

WR 

~ ;L-DB7 TMS320 
DBO \r- /E14 

Cs CLOCK C15 
SOURCE ML2341 + OR 

D/A TIMER 
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Figure 14. TMS320 Interface with D/A Output 
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Figure 15. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 
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ORDERING INFORMATION 

PART NUMBER LINEARITY ERROR TEMPERATURE RANGE PACKAGE 

ML2271C1P ±1 LSB -40°C TO +85°C MOLDED DIP (P20) 
ML2271CIS -40°C TO +85°C MOLDED SOIC (520) 

ML2271CCP ±1 LSB O°C TO +70°C MOLDED DIP (P20) 
ML2271CCS o°c TO +70°C MOLDED SOIC (520) 
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'Micro Linear ML2280, ML2283 

Serial I 10 8-Bit AID Converters 

GENERAL DESCRIPTION 
The ML2280 and ML2283 are 8-bit successive approximation 
AID converters with serial 1/0 and configurable input 
multiplexers with up to 4 input channels. 

All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to
digital converters accuracy specification. 

The voltage reference can be externally set to any value 
between GND and Vee, thus allowing a full conversion over 
a relatively small voltage span if desired. 

The ML2283 is an enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 AI D converter. 
All parameters are guaranteed over temperature with a 
power supply voltage of SV ±10%. 

BLOCK DIAGRAMS 

ML2280 

Cs 

CLK 

VREFJ2 

l l 
Vee GND 

FEATURES 
• Conversion time 6J.1s 
• ML2280 capable of digitizing a 5\1, 40kHz sine wave 
• Total unadjusted error with external 

reference ± 112 LSB or ± 1 LSB 
• Sample-and-hold 375 ns acquisition 
• 0 to 5 V analog input range with single 5 V power 

supply 
• 2.5 V reference provides 0 to 5 V analog input range 
• No zero or full-scale adjust required 
• Low power 12.5mW MAX 
• Analog input protection 25 mA (min) per input 
• Differential analog voltage inputs _ 
• 0.3" width 8- or 14-pin DIP 
• 4-channel input MUX option 
• Superior pin compatible replacement for ADC0833 

ML2283 

DI 

SARS 
4-Bit 

CLK 

cs 

DO 

SE 
CHO 

4-CHANNEL 
CHI S.E. AID 

OR CONVERTER ~DGND 

CH2 2-CHANNEL WITH 
DIFF. SAMPLE & HOLD 

MULTIPLEXER FUNCTION 

6 b 
AGND VREF/2 Vee v+ 
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ML2280, ML2283 . 

PIN CONNECTIONS 

ML2280 Single Differential Input 

8-PIN DIP 

csD8 Vcc 
VIN( +) 2 7 CLK 

VIN(-) 3 6 00 

CNO 4 5 VREFI2 

TOP VIEW 

PIN DESCRIPTION 
NAME 

Vee 
DGND 

AGND 

GND 

V+ 

DO 

FUNCTION 

Positive supply. 5 volts ± 10% 

Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 

Analog ground. The negative refer
ence voltage for AI D converter. 

Combined analog and digital 
ground. 

Analog inputs. Digitally selected to 
be single ended (VIN) or; VIN + or 
VIN- of a differential input. Analog 
range ~ GND~VIN~Vee 

Reference. The analog input range 
is twice the positive reference 
voltage value applied to this pin. 

Input to the Shunt Regulator. 

Data out. Digital output which 
contains result of AI D conversion. 
The serial data is clocked out on 
falling edges of ClK. 

ML2283 4-Channel MUX 

v+ 

cs 
CHO 

CHI 

CH2 

CH3 

OCNO 

NAME 

SARS 

CLK 

DI 

14-PIN DIP 

Vcc 

01 

ClK 

SARS 

00 

VREFi2 

TOP VIEW 

FUNCTION 

Successive approximation register 
status. Digital output which indi
cates that a conversion is in pro
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com
pleted. When CS= 1, SARS is in 
high impedance state. 

Clock. Digital input which clocks 
data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 

Data input. Digital input which 
contai ns serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign
ment and AID converison. When 
CS = 1, all digital outputs are in high 
impedance state. When CS=O, 
normal AI D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Current into V + .................................. 15 mA Supply Voltage, Vee ..................... 4.5VDe to 6.3VDe 
Supply Voltage, Vee ............................... 6.5V Temperature Range (Note 3) ................ TM1N",TA", T MAX 
Voltage ML2280BMJ, ML2283BMj ............... -55°Cto +125°C 

Logic Inputs .......................... -7V to Vee +7V ML2280Blj, ML2283BIj ................. -40°Cto +85°C 
Analoglnputs ...................... -O.3VtoVee +O.3V ML2280CIj, ML2283CIj 

Input Current per Pin (Note 2) ..................... ± 25 mA ML2280BCp, ML2283BCP .................. O°C to +70°C 
Storage Temperature ....... . . . . . . . . . . . . .. - 65°C to + 150°C ML2280CCp, ML2283CCP 
Package Dissipation 

alTA -25°C (Board Mount) ..................... 800mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) .................... 260°C 
Dual-In-Line Package (Ceramic) .................... 300°C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified TA = T MIN to TMAX, Vcc= 5V ±10%, fCLK -l.333MHz, and VREFI2=2.5Y. 

ML2280B, ML2283B ML228OC, ML2283C 

PARAMETER NOTES CONDITIONS MIN I N~~41 MAX MIN I N~~41 MAX UNITS 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 
Total Unadjusted Error 5,7 VREFI2-2.5V ±'/2 ±1 LSB 

VREF/2 not Connected ±2 ±2 LSB 

Reference Input 5 3 5 7.5 3 5 7.5 kQ 
Resistance, VREF/2 

Common·Mode Input 5,8 GND Vee GND Vee V 
Range -0.05 +0.05 -0.05 +0.05 

DC Common-Mode 6 Common Mode ±'h6 ±'/4 ±lh6 ±'/4 LSB 
Error Voltage GND to Vee/2 

AC Common-Mode 6 Comon Mode Voltage ±'/4 ±'/4 LSB 
Error GNDtoVee, 

Oto 50kHz 

DC Power Supply 6 Vee -5V±10% ±'h2 ±'/4 ±1f32 ±1f4 LSB 
Sensitivity VREF",Vee+0.1V 

AC Power Supply 6 100 mV p.p, 25 kHz Sine ±1f4 ±'/4 LSB 
Sensitivity on Vee 

Change in Zero Error 6 15mAintoV+ ±'/2 ±'lz LSB 
from Vee-5Vto Inter- Vee-N.c. 
nal Zener Operation VREFI2-2.5V 

Vz, Internal Diode 15mAintoV+ 6.9 6.9 V 
Regulated Breakdown 
(atV+) 

V + Input Resistance 5 20 35 20 35 kQ 

IOff' Off Chan nel 5,9 On Channel- Vee -1 -1 ,.A 
Leakage Cu rrent OffChannel-OV 

On Channel- 0 V +1 +1 ,.A 
Off Channel-Vee 

IOn' On Channel 5,9 On Channel-OV -1 -1 ,.A 
Leakage Current Off Channel-Vee 

On Channel-Vee +1 +1 ,..A 
OffChannel-OV 
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ML2280~ ML2283 , 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA - T MIN to T MAX, Vee = 5 V ± 10%, feLK -1.333 MHz, and VREF12 = 2.5 V. 

TYP 
PARAMETER CONDITIONS NOTE 4 

DICITALAND DC CHARACTERISTICS 
VIN(1), logical "1" Input 5 2.0 
Voltage 

VIN(O), Logical "0" Input 
Voltage 

5 

IIN(1), Logical "1" Input Current 5 VIN-VCC 
IIN(O), logical "0" Input 5 VIN-OV -1 
Current 

VOUT(1), Logical "1" Output 
Voltage 

5 IOUT- -2mA 4.0 

VOUT(O), Logical "0" Output 
Voltage 

5 IOUT-2mA 

lOUT, Hi-Z Output 5 VOUT-OV -1 
Current VOUT-VCC 
ISOURCE, Output Source 5 VOUT=OV -6.5 
Current 

ISINK, Output Sink Current 5 VOUT-VCC 
Icc, Supply Current 5 1.3 

AC. ELECTRICAL CHARAC.TERISTICS 
fclI(, Clock Frequency 5 10 

tACQ' Sampie-and-Hoid 1/2 
Acquistion 

te, Conversion Time Not including MUX 8 
Addressing Time 

SNR, Signal to Noise Ratio 12 VIN =4OkHz,5VSine. 47 
ML2280 fCLK -1.333 MHz 

(fSAMPlING!a!120kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to 1/2 of 
fSAMPLING 

THD, Total Harmonic 12 VIN-4OkHz,5VSine. -60 
Distortion ML2280 fCLK -1.333 MHz 

(fSAMPlING!a!120kHz). 
THD is Sum of 2, 3, 4, 5 
Harmonics Relative to 
Fundamental 

IMD,lntermodulation 12 VIN -fA +fs· fA -40kHz, -60 
Distortion ML2280 2.5VSine. 

fs = 39.8 kHZ, 2.5 V Sine, 
fCLK -1.333 MHz 
(fSAMPlING!a!120kHz). 
IMD is (fA +fs), (fA -fs), 
(2 fA +fs), (2 fA -fs), 
(fA+2fsl, (fA-2fsl Rela-
tive to Fundamental 

Clock Duty Cycle 5,10 40 

tsET-Uff CS Falling Edge or Data 5 130 
Input Valid to CLK Rising Edge 

ltiOLD, Data Input Valid after 5 80 
CLK Rising Edge 
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ML2280,ML2283 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAX, Vcc=5V ±10%, fCLK =1.333MHz, and V REFI2=2.5V 

CONDITIONS 

~l' tpdo-ClK Falling Edge to 5,11 CL =l00pF 
utput Data Valid Data MSB First 90 

Data lSB First 50 

tlH, toH, - Rising Edge of CS to 6 CL =10pF, RL -10k (see 40 
Data Output and SARS Hi-Z High Impedance Test 

Circuits) 

6 CL = l00pF, RL =2k 80 

C1N, Capacitance of Logic 5 
Input 

CaUT, Capacitance of Logic 5 
Outputs 

200 
110 

90 

160 

LIMIT 
UNITS 

ns 
ns 

ns 

ns 

pF 

pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN<GND orVIN > Vee) the absolute value of current at that 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. OOC 
to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam
pling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, mUltiplexer and sample-and-hold errors. 

Note 8: ForVIN( - )~VIN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, 
during testing at low Vee levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analogVIN or VREF does not exceed the supply voltage by more than 50 mY, the output code will be correct. To achieve an absoluteOV to 
5V input voltage range will therefore require a minimum supply voltage of 4.950 Voe over temperature variations, initial tolerance and loading. 

Note 9: leakage current is measured with the clock not SWitching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300ns. The maximum 
time the clock can be high or low is 601's. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See 
Block Diagram) to allow for comparator response time. 

Note 12: Because of multiplexer addressing, test conditions for the Ml2283 is V IN = 30 kHz,S V sine (fsAMPUNG"89 kHz). 
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"G:~ 
DOAND VOH~ 

SARSOUTPUTS GND -----" 

toH 

~ 
_ VCC- 90% 
CS SO% 

GND 10% 

~
H 

DOAND Vee -----

SARS OUTPUTS VOL 10% 

Figure 1. High Impedance Test Circuits and Wavefonns 
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DO --...... 0\.'-__ ..,,1 
BIT7 
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Figure 2. Timing Diagrams 
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CLOCK (CLK) 

CHIP SELECT (Cs) 

DATA IN (01) 
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MU280 Timing 

10 11 

CLOCK (ClK) 
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-1 1 CHIP SELECT (CS) 1 

~·I----------------------~ 
1 
1 

DATA OUT (00) I 
HI·Z I 
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o 
(lSB) 

'lSB FIRST OUTPUT NOT AVAILABLE ON ML22BO 

MU283 Timing 

DATA OUT (00) ----=,,-------H 

Figure 2. Timing Diagrams (Continued) 
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1.0 

vU5llJ, 
I-VRfF-2.5V 
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/' 

Z 
::::l 
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CLOCK FREQUENCV (MHz) 

Figure 3. Linearity Error V5 felK 

I VCC=5V 
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fCLKe1.333MHz 

V'N=OV 
fCLK = 1.333MHz 
TA=25°C 
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Figure 4. Linearity Error V5 VREF Voltage Figure 5. Unadjusted Offset Error V5 VREF Voltage 
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13 
0�'0::---------------------, 
CS 2 

CLKCI6~-----------t_----_r-M~U~X-f------t-----------~ 
Vee ADDRESS 

3 
CHO' O-+----+----+-1~--<lo-/ ...,..-.,.--...--'+1 

CHI C4~ ____ ~--+-~--~~ 

CH2 0-+----+---+--1----.---' 

CH3 o------+--+_r-...-' 

ANALOG 
MUX 

(EQUIVALENn 

L-~~~----~C~~--_t~~ 

9 
V~Fl2~14~--------------~-----TO~IN~T~ER~N-A~L--------t. 

Vee O-=:'------------------t---.... CIRCUITRY 

V+·~I _____ t-____ I*~ 

R 
;-----~Ve-e-----, 

INPUT ~ ~~ 
13~TO 

OGN°l 16 i INTERNAL 
17 CIRCUITS 
18 

-=
AGNO.~8----------------IN~PU~T-PR-OT--ECT--IO-N----A-LL-lOG---IC-I-N-P-UT-;S 

* SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH Ml2280. 

Figure 6, ML2283 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION 
1.1 Multiplexer Addressing 

Table 1. ML2283 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

The design of these converters utilizes a sample data compar
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be
tween an assigned" +" input terminal and a "-" input ter
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less than the 
" -" input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 

A particular input configuration is assigned during the MUX 
addresSing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell may be 
selected as a different pair but channel 0 or channell cannot 
act differentially with any other channel. In addition to select
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in 7able 7. 

The MUX address is shifted into the converter via the 01 
input. Since the Ml2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 

2 DIFFERENTIAL 

+(-) 

-(+) 

+(-) 

-(+) 

SGU 
DIF 

1 

1 

1 

1 

SGlI 
OIF 
0 
0 
0 
0 

Single-Ended MUX Mode 

MUXAddress 

ODD 1 SELECT 

SIGN 1 0 0 

0 0 1 + 
0 1 1 

1 0 1 

1 1 1 

Differential MUX Mode 

MUXAddress 

0001 SELECT 
SIGN 1 0 0 

0 0 1 + 
0 1 1 

1 0 1 -
1 1 1 

4 SINGLE-ENDED 

0 + 

+ 

2 + 

3 + 

AGND 

-= 

MIXED MODE 

+ 

2 + 

3 + 

AGND 

F'lgUre 7. Analog Input Multiplexer Functional 
Options for Ml2283 
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Channel # 

1 2 

+ 
+ 

Channel # 

1 2 
-

+ 
+ 

-

3 

+ 

3 

-

+ 



1.2 Digitallnteriace 
The block diagram and timing diagrams in Figures 2-5 illus
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the ClK input. On each rising edge of 
the clock, the data on 01 is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the 01 input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of '/2 clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the 01 input is 
ignored. 

The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal OAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
j.lP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this 112 clock cycle later. 

The serial data is always shifted out MSB first during the con
version. After the conversion has been completed, the data is 
shifted out a second time with lSB first. The Ml2280 data is 
shifted out only once, MSB first. 

All internal registers are cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The 01 input and DO output can be tied together and con-

M12280 

vee 
5V 

10k 

V + 
Ml2283 

10k ~t' t 
Vz 

1.2V ~ 
GND 

VFULL.SCAU"'2.4 V 

ML2280, ML2283 

trolled through a bidirectional j.lP 110 bit with one connec
tion. This is possible because the 01 input is only latched ih 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 

1.3 Reference 
The ML2280 and ML2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the AI 0 converter must remain 
stable with time and temperature. For ratiometric applica
tions, see the ML2281 and ML2284 which have a VREF input 
that can be tied to Vee. 

The voltage applied to the VREF/2 pin defines the voltage span 
of the analog input (the difference between VIN + and VIN -) 
over which the 256 possible output codes apply. A full-scale 
conversion (an all1s output code) will result when the voltage 
difference between a selected" +" input and" -" input is 
approximately twice the voltage at the VREF/2 pin. This inter
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5VDe converter supply. To accommodate a 5V input span, 
only a 2.5 V reference is required. The output code changes 
in accordance with the follOWing equation: 

OutputCode-256 (VIN(+)-VINH) 
2(VREF /2) 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term VREF/2 is 
the voltage to ground. 

The VREF/2 pin is the center point of a two resistor divider 
(each resistor is 101&) connected from Vee to ground. Total 
ladder input resistance is the parallel combination of these 
two equal resistors. As shown in Figure 8, a reference diode 
with a voltage less than Vee/2 can be connected without 
requiring an external biasing resistor if its current require
ments meet the indicated level. 

The minimum value OfVREF/2 can be quite small (See Typical 
Performance Curves) to allow direct conversions of trans
ducer outputs providing less than a 5 V output span. Particu-

Vee 
5V 

10k 

M12280 V 
M12283 

REF/2 

10k ~~ 
2.5V 

GND 

VFULL-SCAU"'5.0V 

NOTE: NO EXTERNAL BIASING RESISIDR NEEDED IF vz< v~e and Iz min.< V~;:; Vz 

FIgUre 8. Reference Biasing 
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lar care must be taken with regard to noise pickup, circuit 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con
verter (1 l5B equals VREF/256). 

1.4 Analog Inputs and SamplelHold 
An important feature of the Ml2280 and Ml2283 is that they 
can be located at the source of the analog signal and then 
communicate with a controlling I-IP with just a few wires. This 
avoids bussing the analog inputs long distances and thus 
reduces noise pickup on these analog lines. However, in 
some cases, the analog inputs have a large common mode 
voltage or even some noise present along with the valid ana
log signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" +" and" -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" +" and"-" 
inputs. 

The ML2280 and Ml2283 have a true sample-and-hold cir
cuit which samples both" +" and" -" inputs simultane
ously. This simultaneous sampling with a true 5/H will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two input terminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these AI D converters can 
reject AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (5/H acquisition time) is '12 ClK per
iod wide and occurs '12 ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the 51 H acquisition time, 8 pF of 
capacitance is thrown onto the analog input. '12 ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored."Any error on the analog input at 
the end of the 51 H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 

For latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ± 25 mA (± 100mA typi
cally) can be injected into each analog input without causing 
latch-up. 

1.5 Zero Error Adjustment 
The zero of the AI D does not require adjustment. If the mini
mum analog input voltage value, VINMIN is not ground, a 
zero offset can be done. The converter can be made to out-

put 00000000 digital code for this minimum input voltage by 
biasing any VIN - input at this VINMIN value. This utilizes the 
differential mode operation of the AI D. 

The zero error of the AI D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the VIN - input and applying a small magnitude 
positive voltage to the VIN + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal '12 l5B value (112 l5B =9.8 mV for 
VREF/2= 2.5OOVoc!. 
1.6 Full-Scale Adjustment 
The full-scale adjustment can be made by applying a differen
tial input voltage which is ]1/2 l5B down from the desired 
analog full-scale voltage range and then adjusting the magni
tude of the VREF/2 input for a digital output code which is just 
changing from 11111110 to 11111111. 

1.7 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desired zero reference plus '/2 l5B (where the lSB is calcu
lated for the desired analog span, 1 lSB=analog span 1256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" -" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the VIN + input which is given by: 

VIN+fsadjust = VMAX-1.5*[(VMAX-VMIN)/256] 
where V MAX = high end of the analog input range 

VMIN = low end (offset zero) of the analog range 

The VREF or Vee voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.8 Shunt Regulator 
A unique feature of the Ml2283 is the inclusion of a shunt 
regulator connected from V + terminal to ground which also 
connects to the Vee terminal (which is the actual converter 
supply) through a silicon diode as shown in Figure 9. When 
the regulator is turned on, the V + voltage is clamped at 11 
VBE set by the internal resistor ratio. The typical I-V curve of 
the shunt regulator is shown in Figure 10. It should be noted 
that before V + voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5V), 35 kQ of resistance is 
observed between V + and GND. When the shunt regulator 
is not used, V + pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 
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Figure 9. Shunt Regulator 
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Figure 10. I-V Characteristic of the 
Shunt Regulator 
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2.0 APPLICATIONS 

80511nterfaee and Controlling Software 

CHO P13 

1'12 
8051 

I'll 

CH3 P10 

Mnemonic InsIrudion 

START ANL Pl, iIOF7H ;SELECT AID 
(CS -0) 

MOIl B,II5 ;BITCOUNTER - 5 
MOIl A,IIADDR ;A-MUXBIT 

LOOP 1: RRC A ;CV - ADDRESS BIT 
JC ONE ;TESTBIT 

;BIT-O 
ZERO: ANL Pl, iIOFEH ;DI-O 

SJMP CONT ;CONTINUE 
;BIT-l 

ONE: ORL Pl,lIl ;01-1 
CONT: ACALL PULSE ;PULSE SKO" 1 .. 0 

DJNZ B,LOOPI ;CONTINUE UNTIL DONE 
ACALL PULSE ;EXTRA CLOCK FOR SYNC 
MOIl B,II8 ;BITCOUNTER - 8 

LOOP 2: ACALL PULSE ;PULSE SKO" 1 .. 0 
MOIl A, Pl ;CV-DO 
RRC A 
RRC A 
MOIl A,C ;A - RESULT 
RLC A ;A(O) - BIT AND SHIFT 
MOIl C,A ;C - RESULT 
DJNZ B,LOOP2 ;CONTINUE UNTIL DONE 

RETI 
;PULSE SUBROUTINE 

PULSE: ORL Pl, iI04 ;SK-l 
NOP ;DELAY 
ANL Pl, iIOFBH ;SK-O 
RET 
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APPLICATIONS (Continued) 

START THE 
AI D CONVERSION 

ClOSET1 

2-164 

5Voc 

M12283 "Stand-Alone" or Evaluation Circuit 

51k(4) 

i 
11 12 

S 
15 

ClK 

+If 
~TART 10 

NC 
5Voc (OR VIN) 

12 

12 

S 

11 

MUXADDRESS 

i i 
13 14 

PARAllEl INPUTS 

INPUT SHIFT REGISTER 
74HC165 

Ml2283 

OUTPUT SHIFT REGISTER 
74HC164 

10 

5VDC 

-START BIT 

SGLlDiF 

i 
3 

Ve( DO 

14 

SVnc 

10 

1/2 74HC74 M.'::S8;;--+----4---::0~A::::JA:-:D:::I;::SP~LA::y:---<>---+---~lS:;;8-o >VDl 

low-Cost Remote Temperature Sensor 

Vee 
(SVoc) 

ET V,N(+) vee 

f 10flF 

iRl 
ML2283 

SVDC 

Ok 
IN VIN (-) VREF/2 

OJ. 
-=: 

"Micro Linear 

-=: 

7.Sk 

Sk 
TAMAX 
ADJ. 

NC 

51k 
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APPLICATIONS (Continued) 

-15Voc 

Protecting the Input 

Vee 

ML2280 

Vee 
(5Vocl 

+ 
I10~F 

DIODE ClAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 

Digitizing a Current Flow 

Vee 
~Voc)O-~JV~~--------~~~--~--------~----------. 

0.19 -ILOAD (2A FULL-SCALE) 

1009 Vee 
(5 Voc) 

VIN(-) Vee 

+ 
240k 11O~F 

-= ML2280 

1009 
ZERO~-----IVIN(+) VREF/21-..---+-< 

ADJ. 

120k 

Operating with Ratiometric Transducers 

Vee 
(5Voc) 

20k 

VXDR 

2k 
":" 

9.1k 

2.5V 

Span Adjust: o V"';; VIN"';; 3V 

Vee 
(5Voc) 

VIN(+) Vee 
+ .---o--IVIN (+) Vee ..--+--------. 

lk 
ZERO VIN (-). r lOJ.'F 

ADJ. 

3k ML2280 

0.35 
Vee 

VREF/2 ..-=-.--< 

• VIN (-) =0.15Vee 
15% OF Vee" VXDR ,,85% OF Vee 

16k 

lk 
FS 
ADJ. 

8.2k 
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APPLICATIONS (Continued) 

2-166 

VIN 

Zero-Shift and Span Adjust: 2 V';;; VIN';;; SV 

Vee 
(5Voc) 

.---0--/ VIN (+) Vee 1-4---------. 
300Q 

ML2280 

VIN ( - ) VREFi2 

"::" 1.2k 

., 
I 
I 
I 
I 
I 

SETS ZERO 1.2V I 
I 
I 

CODE VOLTAGE 330 

lk ~ ------ _ .... 
2.7k 2Voc 

ZEROAD/. 

Digital Load Cell 

330 

• USES ONE MORE WIRE THAN lOAD CELL ITSELF 
• TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL 

FOR DIGITAL OUTPUT TRANSDUCER 
• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 

SPECS FOR GAUGE FACTOR AND OFFSET 
• lOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 

HIGH NOISE IMMUNITY 
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? START 

L S 
LS193 

Q b-~ OO~. COUNT 
ABCOOOWN TMS320 

1J Lo 

SERIES 

Q 

5V J\Q 

1 0 Q 
oSP 

J\Q 

Lo 

J\~b-M122BO FSR 

ClK~ CLK 
'"'-' VIN + 
- VIN- CS ~ 

DO DR 

CLK 

Sampling Rate 111 KHz, Data Rate 1.33 MHz 

ClK 

~A~ ~ ______________________________________________________ -J / \ 

Cs \ / "-
FSR \ / 

HI-Z 
DO DO 

HI-Z 

Interfacing ML2280 to TMS320 Series 

_~ Micro Linear 2-167 
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ORDERING INFORMATION 

PAKrNUMBfR 
ALTERNATE 

PAKrNUMBER 

SINGLE ANALOG INPUT, 8-PIN PACKAGE 
ML2280BMJ 
ML2280BIJ 
ML2280BCP 
ML228OC1J 
ML2280CCP 

FOUR ANALOG INPUTS, 14-PIN PACKAGE 
ML2283BMJ ADC0833BJ 
ML2283BIJ ADC0833BCJ 
ML2283BCP ADC0833BCN 
ML2283CIJ ADC0833CCJ 
ML2283CCP ADC0833CCN 

2-168 

lOYAL 
UNAOJUmO ERROR 

±1/2LSB 

±lLSB 

± 1/2 LSB 

±lLSB 

'Micro Linear 

TEMPERATURE 
RANGE 

-55·Cta +125·C 
-40·Cta +85·C 

O·ta +70·C 
-40·Cta +85·C 
O·Cta +70·C 

-55·Cta +125·C 
-40·Cta +85·C 

O·to +70·C 
-40·Cta +85·C 
O·Cta +70·C 

PACKAGE 

HERMETIC DIP OOB) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 

HERMETIC DIP 014) 
HERMETIC DIP 014) 
MOLDED DIP (P14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 



'Micro Linear ML2281, ML2282 
ML2284,ML2288 

Serial I 10 8-Bit AI D Converters with 
Multiplexer Options 

GENERAL DESCRIPTION 
The ML2281 family are 8-bit successive approximation AI D 
converters with serial 1/0 and configurable input multiplex
ers with up to 8 input channels. 

All errors of the sample-and-hold, incorporated on the 
ML2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 

The voltage reference can be externally set to any value be
tween GND and Vee, thus allowing a full conversion over a 
relatively small voltage span if desired. 

The ML2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 AI D converters. The ML2281 series 
enhancements are faster conversion time, true sample-and
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of 5V ±10%. 

BLOCK DIAGRAMS 
MI2281 

1 1 
Vee GND 

FEATURES 
• Conversion time 6/As 
• Total unadjusted error ± 112 LSB or ± 1 LSB 
• Sample-and-hold 375 ns acquisition 
• 2, 4, or 8-input multiplexer options 
• 0 to 5 V analog input range with single 5 V power 

supply 
• Operates ratiometrically or with up to 5 V voltage 

reference 
• No zero or full-scale adjust required 
• ML2281 capable of digitizing a 5 V, 40 kHz sine wave ___ 
• Low power 12.5 mW MAX ~ 
.0.3" width 8-, 14-, or 20-pin DIP 
• 20-pin surface mount PCC ML2288 
• Superior pin compatible replacement for ADC0831, 

ADC0832, ADC0834, and ADC0838 
• Analog input protection 25 mA (min) per input 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7 

4-811 

COMMON 

ML2288 

!+----<lDI 

I--!-----+o SARS 

1+-...... _----0 CLK 

L=:J--i----o CS 

I----W> DO 

.--_-1_-=:::;----<> Sf 

AID 
CONVERTER 

WITH 
SAMPLE & HOLD 

FUNCTION 

b 
AGND VREF 

--Q DGND 

b 
Vee v+ 
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PIN CONNECTIONS 

ML2281 Single Differential Input 
II-PINDIP 

<:sos Vee 
VIN(+) 2 7 ClK 

VIN(-) 3 6 DO 

GND 4 5 VR" 

TOP VIEW 

ML2284 4-Channel MUX 
14-PIN DIP 

TOP VIEW 

ML2282 2-Channel MUX 
II-PIN DIP 

<:sOs vee (VR") 
CHO 2 7 CLK 

CHI 3 6DO 

GND45DI 

TOP VIEW 

ML2288 8-Channel MUX 
2o-PIN PCC 

CH2 CHI CHO Vee V + 

~\ I // 

CH3 
CH4 
CH5 
CH6 
CH7 

TOP VIEW 

<:s 
01 
CLK 
SARS 
DO 

PIN DESCRIPTION 

2-170 

NAME 

Vee 
DGND 

AGND 

COM 

V+ 

FUNCTION 

Positive supply. 5 volts ± 10% 
Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this poi nt. 

Analog ground. The negative refer
ence voltage for AI D converter. 

Analog inputs. Digitally selected to 
be single ended (VIN) or; VIN + or 
VIN- of a differential input. Analog 
range = GND';;VIN';;Vee 

Common reference point for ana
log inputs. AI D conversion is 
performed on voltage difference 
between analog input and this 
common reference point if single
end conversion is specified. 

Reference. The positive reference 
voltage for AI D converter. 

Shift enable. Input controls 
whether lSB first bit stream is 
shifted out on serial output DO. If 
SE = 1, MSB first is shifted out only. 
IfSE=O, an MSB first bit stream is 
shifted out, then a second bit 
stream with lSB first is shifted out 
after end of conversion. 

Input to the Shunt Regulator. 

NAME 

DO 

SARS 

CLK 

DI 

'Micro Linear 

ML2288 8-Channel MUX 
20-PIN DIP 

TOP VIEW 

Cs 
01 

ClK 

SARS 

DO 

SE 

FUNCTION 

Data out. Digital output which 
contains result of AI D conversion. 
The serial data is clocked out on 
falling edges of ClK. 

Successive approximation register 
status. Digital output which indi
cates that a conversion is in pro
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com
pleted. When CS=l, SARS is in 
high impedance state. 

C10ckDigital input which clocks 
data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign
ment and AI D converison. When 
CS = 1, all digital outputs are in high 
impedance state. When CS=O, 
normal AI D conversion takes 
place. 



ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

CurrentintoV+ .................................. 15mA Supply Voltage, Vee ..................... 4.5Voct06.3VDe 
Supply Voltage, Vee ............................... 6.5 V 
Voltage 

Logiclnputs .......................... -7VtoVee +7V 
Analoglnputs ...................... -0.3VtoVee +0.3V 

Input Current per Pin (Note 2) ..................... ± 25 mA 

Temperature Range (Note 3) ................ T MIN"TA "TMAX 
ML2281/2/4/8 BM) ................... -55°Cto +125°C 
ML2281/2/4/8 CM) 
ML2281/2/4/8BI) ..................... -40°C to +85°C 
ML2281/2/4/8 CIj 

Storage Temperature .................... -65°Cto +150°C 
Package Dissipation 

ML2281/2/4/8BCP ...................... O°Cto +70°C 
ML2281/2/4/8CCP 

atTA -25°C (Board Mount) ..................... 800mW 
Lead Temperature (Soldering 10 Sec.) 

Dual·ln-Line Package (Molded) .................... 260° C 
Dual-In-Line Package (Ceramic) ................... 300° C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) .......................... 215° C 
Infrared (15 sec.) ............................. 220° C 

ELECTRICAL CHARACTERISTICS 
Unless othelWise specified TA ~ TMIN to TMAX, VCC~VREF~5V ± 10%, and fCLK~1.333MHz 

ML22818, ML22828 ML2281C, ML2282C 
ML22848,ML22888 ML2284C,ML2288C 

PARAMETER NOTES CONDITIONS MIN J TYP I NOTE 4 MAX MIN I N~~41 MAX UNITS 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted Error 5,7 VREF-Vee ±'12 ±1 LSB 

Reference Input 5,8 6 10 15 6 10 15 kQ 
Resistance 

Common-Mode Input 5,9 GND Vee GND Vee V 
Range -0.05 +0.05 -0.05 +0.05 

DC Common-Mode 6 Common Mode ±'h6 ±'/4 ±'h6 ±'/4 LSB 
Error Voltage GND to Veel2 

AC Common-Mode 6 Comon Mode Voltage ±'/4 ±'/4 LSB 
Error GNDtoVeel2 

Ot050kHz ' 

DC Power Supply 6 Vee- 5V ±10% ±'!J2 ±'/4 ±'!J2 ±'/4 LSB 
Sensitivity VREF"Vee+0.1V 

AC Power Supply 6 100mVp.p, 25 kHz sine ±'/4 ±'/4 LSB 
Sensitivity on Vee 

Change in Zero Error 6 15mAintoV+ ±'/2 ±'12 LSB 
from Vee~5Vto Inter- Vee-N.c. VREF~5V 
nal Zener Operation 

Vz, Internal Diode 15mAintoV+ 6.9 6.9 V 
Regu lated Breakdown 
(atV+) 

V + Input Resistance 5 20 35 20 35 kQ 

IOff' Off Channel 5,10 On Channel-Vee -1 -1 ,..A 
Leakage Current OffChannel-OV 

On Channel~OV +1 +1 ,..A 
OffChannel~Vee 

IOn' On Channel 5,10 OnChannel-OV -1 -1 ,..A 
Leakage Current OffChannel~Vee 

On Channel~Vee +1 +1 ,..A 
OffChannel~OV 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA ~ T MIN to TMAX, VCC~ VREF~5V ± 10%, and fCLK~ 1.333MHz 

ML22818, ML22828 ML2281C, ML2282C 
ML22848,ML22888 ML2284C, ML2288C 

PARAMETER NOTES CONDITIONS MIN I TYP I NOTE 4 MAX MIN I TYP I NOTE 4 MAX 

DIGITAL AND DC CHARACTERISTICS 

VINIl}' Logical "1" 5 2.0 2.0 
Input Voltage 

VINIO)' Logical "0" 5 0.8 0.8 
Input Voltage 

IINIl}' Logical "1" Input 5 VIN~VCC 1 1 
Current 

IINIO), Logical "0" Input 5 VIN~OV -1 -1 
Current 

VOUT(1), Logical "1" 5 IOUT~ -2mA 4.0 40 
Output Voltage 

VOUTIO), Logical "0" 5 IOUT~2mA 0.4 0.4 
Output Voltage 

lOUT, HI-Z Output 5 VOUT~OV -1 -1 
Current VOUT~VCC 1 1 

ISOURCE, Output 5 VOUT~OV -6.5 -6.5 
Source Current 

ISINK' Output Sink 5 VOUT~VCC 8.0 8.0 
Current 

Icc, Supply Current 5 1.3 2.5 1.3 2.5 
ML2281, ML2284, 
ML2288 

ML2282 5 Includes Ladder 1.8 35 1.8 3.5 
Current 

PARAMETER CONDITIONS 

AC ELECTRICAL CHARACTERISTICS 

fCLK' Clock Frequency 5 10 1333 

tACQ' Sample-and-Hold 
Acqulstion 

'12 

te, Conversion Time Not rncludrng MUX 8 
Addressrng Time 

SNR, Signal to NOise Ratro 12 VIN~40kHz, 5V Sine. 47 
ML2281 fClK ~ 1.333 MHz 

(fSAMPLlNG~120kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to 1/2 of 

fSAMPLING 

THO, Total Harmonic 12 VIN~40kHz, 5VSine. -60 
Distortion ML2281 fClK ~ 1.333 MHz 

(fSAMPLlNG~120kHz). 
THO is Sum of 2, 3, 4, 5 
Harmonics Relative to 
Fundamental 
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UNITS 

V 

V 

j.iA 

j.iA 

V 

V 

/-lA 
/-lA 

mA 

mA 

mA 

mA 

LIMIT 
UNITS 

kHz 

l/fclK 

l/fclK 

dB 

dB 



ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX, VCC=VREF=5V ±10%, and fCLK= 1.333MHz 

TYP 
PARAMETER CONDITIONS NOTE 4 

AC ELECTRICAL CHARACTERISTICS (Continued) 

IMD, Intermodulation 12 VIN=fA +fB. fA =40kHz, -60 
Distortion Ml2281 2.5V Sine. 

fB = 39.8 kHz, 2.5 V Sine, 
fClK = 1.333 MHz 
(fSAMPLlNC~120 kHz). 
IMD is (fA +fB), (fA -fB), 
(2 fA +fB), (2 fA -fB), 
(fA +2fB), (fA -2fB) Rela· 
tive to Fundamental 

Clock Duty Cycle 5,11 40 

tSET.UP, CS Falling Edge or Data 5 130 
Input Valid to ClK Rising Edge 

tHOLD, Data Input Valid after 5 80 
ClK Rising Edge 

~l' tpdo-ClK Falling Edge to 5,13 Cl =100pF 
utput Data Valid Data MSB First 90 

Data lSB First 50 

t1H, IoH, - Rising Edge of CS to 6 Cl = 10pF, Rl = 10 k (see 40 
Data Output and SARS HI·Z High Impedance Test 

Circuits) 

5 Cl =100pF, Rl =2k 80 

CIN, Capacitance of Logic 5 
Input 

COUT, Capacitance of Logic 5 
Outputs 

60 

200 
110 

90 

160 

LIMIT 
UNITS 

dB 

% 

ns 

ns 

ns 
ns 

ns 

ns 

pF 

pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN <GND or VIN >VCC) the absolute value of current at that 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst·case test conditions. O°C 
to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% tesllng, 
sampling, or by correlation with worst·case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not m outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full·scale, linearity, multiplexer and sample·and~hold errors. 

Note 8: Cannot be tested for Ml2282. 

Note 9: For VIN( -) ~ VIN( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, 
during testing at low Vcc levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct·especially at elevated 
temperatures, and cause errors for analog inputs near full·scale. The spec allows 50mV forward bias of either diode. This means that as long as 
the analog VIN orVREF does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OV to 
5V input voltage range will therefore require a mmimum supply voltage of 4.950 Voc overtemperature variations, initial tolerance and loading. 

Note 10: leakage current is measured with the clock not switching. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 3OOns. The maximum 
time the clock can be high or low is 60"s. 

Note 12: Because of multiplexer addressmg, test conditions for the Ml2282 would be VIN = 34kHz,S V sine (fSAMPLlNC"'102 kHz); Ml2284 
VIN = 32 kHz, 5V sine (fSAMPLlNC"'95 kHz); Ml2288 VIN = 30kHz, 5V sine (fSAMPLlNC"'89 kHz). 

Note 13: Since data, MSB first, IS the output of the comparator used m the successive approximation loop, an additional delay is built in (see 
Block Diagram) to allow for comparator response time. 
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ClK 

CS 
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IN (01) 

DATA 
OUTPUT :r-:.r 

CLJ R'l 

DATA 
OUTPUT 

i~ee 
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GND 

OOAND VOH~ 
SARS OUTPUTS GND ___ --''''' 

foH 

~' Vee--
- 90% 
CS 50% 

GND 10% 

~
H 

OOAND Vee -----

SARS OUTPUTS 10% 
VOL 

Figure 1. High Impedance Test Circuits and Waveforms 
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Figure 2. Timing Diagrams 
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ML2281 Timing 
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CLOCK (CLK) 
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DATA OUT (DO) 

4 

CLOCK(CLK) 

CHIP SELECT (Cs) 

DATA IN (DI) 

DATA OUT (DO) --==--~ 

4 

CLOCK (CLK) 

CHIP SELECT (CS) 

DATAIN(DI) 

SAR STATUS (SARS) 
HI·Z '-____ -+-'; 
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SAMPLE & HOLD 
ACQUISITION (tACQ) 
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Figure 2. Timing Diagrams (Continued) 
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CLOCK (CLK) 

CHIP SELECT «('5) 

DATAIN(OQ 

SAl STATUS (SARS) 

TO~~~~1 
LS8 FIRST 
OUTPUT 
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SE 

oo------~~----~ 

'.0 

0.75 
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M12288 liming 

"ClOCK EDGE #18 CLOCKS IN THE LSB BEFORE SE IS TAKEN LOW 

FIgUre 2. liming Diagrams (Continued) 
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Figure 3. Unearity Error vs fCLK 
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~l2281,~l2282,~l2284,~l2288 

I VCC=5V 
Vcc=5V VIN""OV 
fClK '" 1.333MHz klK '" 1.333 MHz 

TA=25°( 

0.75 0.75 

0.25 

-' 
~ -~ 

F::::::::,.... ;;:::25°C " 
~ r----r---

0.25 

o o 
o o 

VREF(VOc) VREf (Voe) 

Figure 4. Linearity Error vs VREF Voltage Figure 5. Unadjusted Offset Error vs VREF Voltage 
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8 
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12 
VREf 
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ANALOG 
MUX 

(EQUIVALENn 

Vee 
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13~TO 
16 ~ INTERNAL 
17 rh CIRCUITS 
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·SOME OF THESE FUNCTIONS/PINS ARE Nm AVAILABLE WITH mHER OPTIONS. 

START 

13_* 
r---------------~~------~P_~SE 

NmE 1: FOR THE ML2284 0115 INPUT DIRECTLY TO THE 0 INPUT OF SELECT 1. SELECT 0 IS FORCED TO A "1". FOR THE ML2282, DlIS INPUT DIRECTLY TO THE 0 
INPUT OF O~~/SIGN. SELECT 0 IS FORCED TO A "1" AND SELECT liS FORCED TO A"O". 

Figure 6. Ml2288 Functional Block Diagram 
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~L2281,~L2282,~L2284,~L2288 

1.0 FUNCTIONAL DESCRIPTION 
1.1 Multiplexer Addressing 
The design of these converters utilizes a sample data compar
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be
tween an assigned" +" input terminal and a "-" input ter
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less than the 
" -" input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option will convert the difference be
tween the voltage at any analog input and a common termi
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell may be 
selected as a different pair but channel 0 or channell cannot 
act differentially with any other channel. In addition to select
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in 7ables 1,2, 
and3. 
The MUX address is s. ·,to the converter via the 01 
input. Since the ML2281 wl'l.<lins only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

The common input line on the ML2288 can be used as a 
pseudo differential input. In this mode, the voltage on the 
COM pin is treated as the" -" input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the output signals are all 
referred to this potential. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 

Table 1. ML2288 MUX Addressing 8 Single-Ended or 4 
Differential Channels 

Single-Ended MUX Mode 

MUXAddress Analog Single-Ended Channel # 

SGLI 0001 SELECT 

OIF SIGN 1 0 0 1 2 3 4 5 6 7 COM 

1 0 0 0 + -
1 0 0 1 + -

1 0 1 0 + -
1 0 1 1 + -
1 1 0 0 + -

1 1 0 1 + -
1 1 1 0 + -
1 1 1 1 + -

Differential MUX Mode 

MUXAddress Analog Differential Channel-Pair # 

SGLI 0001 SELECT 0 1 2 

DIF SIGN 1 0 0 1 2 3 4 5 

0 0 0 0 + -
0 0 0 1 + -

0 0 1 0 + -

0 0 1 1 

0 1 0 0 - + 
0 1 0 1 - + 
0 1 1 0 - + 
0 1 1 1 

Table 2. ML2284 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 

MUXAddress Channel # 

SGLI ODOI SELECT 

OIF SIGN 1 0 1 2 

1 0 0 + 
1 0 1 + 
1 1 0 + 
1 1 1 

3 

6 7 

+ -

- + 

3 

+ 
COM is internally tied to A GND 

Differential MUX Mode 

MUXAddress Channel # 

SGlI 0001 SELECT 

DIF SIGN 1 0 1 2 3 

0 0 0 + -
0 0 1 + -
0 1 0 - + 
0 1 1 - + 

2-178 'Micro Linear 



Table 3. M12282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 

Single-Ended MUX Mode 

MUXAddress Channel # 
SGLlDIF ODD/SIGN 0 1 

1 0 + 
1 1 + 

COM is internally tied to GND 

Differential MUX Mode 

MUXAddress Channel # 
SGLlDIF ODD/SIGN 0 1 

0 0 + -
0 1 - + 

8 Single-Ended 8 Pseudo-Differential 

+ + 

+ + 

+ 2 + 

+ 3 + 

4 + 4 + 

5 + + 

+ + 

+ + 

COM(-) + 
COM(-) 

-=- V8IAS~ 

~ 

4 Differential Mixed Mode 

O,,( + 

O,,( + (-) 

- (+) 2,3\ 
2,3\ + (-) + 

- (+) 
4 + 

4,5\ + (-) 
+ 

- (+) 

6, 7( +(-) 6 + 

- (+) + 

+ 
COM(-) 

VBIAS-=-

J. 

Figure 7. Analog Input Multiplexer Functional 
Options for M12288 

1.2 Digitallnterface 

The block diagram and timing diagrams in Figures 2-5 illus
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the ClK input. On each rising edge of 
the clock, the data on 01 is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the 01 input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of liz clock period is 
used for sample & hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the DI input is 
ignored. 

The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
IJP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this liz clock cycle later. 

The serial data is always shifted out MSB first during the con
version. After the conversion has been completed, the data 
can be shifted out a second time with lSB first, depending on 
level ofSE input. For the case of Ml2288, ifSE=l, t~data is 
shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low transition of SARS), the data is shifted out 
again immediately after the end of conversion; this time lSB 
first. If SE is brought low after end of conversion, the lSB first 
data is shifted out on falling edges of clock after SE goes low. 
For Ml2282 and 2284, SE is internally tied low, so data is 
shifted out MSB first, then shifted out a second time lSB first 
at end of conversion. For ML2281, 5E is internally tied high, 
so data is shifted out only once MSB first. 

All internal registers are cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The DI input and DO output can be tied together and con
trolled through a bidirectionallJP I/O bit with one connec
tion. This is possible because the DI input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 
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1.3 Reference 

The voltage applied to the reference input to these converters 
defines the voltage span of the analog input (the difference 
between VINmax and VINmin) over which the 256 possible 
output codes apply. The devices can be used in either ra
tiometric applications or in systems requiring absolute accu
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10k. This pin is the top of a resistor divider string 
used forthe successive approximation conversion. 

In a ratio metric system, the analog input voltage is propor
tional to the voltage used for the AID reference. This voltage 
is typically the system power supply, so the VREF pin can be 
tied to Vee. This technique relaxes the stability requirements 
ofthe system reference as the analog input and AID refer
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 

The maximum value of the reference is limited to the Vee 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with less than 5 
volts of voltage span. Particular care must be taken with re
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 

1.4 Analog Inputs and SamplelHold 

An important feature of the Ml2281 family of devices is that 
they can be located at the source of the analog signal and 
then communicate with a controlling j.lP with just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How
ever, in some cases, the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" +" and" -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" +" and" -" 
inputs. 

The Ml2281 family have a true sample and hold circuit 
which samples both" +" and" -" inputs simultaneously. 
This simultaneous sampling with a true SIH will give com
mon mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the Ml2281 family of devices 
can rejectAC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (51 H acquisition time) is liz ClK per
iod wide and occurs '/2 ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the 51 H acquisition time, 8 pF of 

capacitance is thrown onto the analog input. liz ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the 51 H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 

The Ml2281X family has improved latchup immunity. Each 
analog input has dual diodes to the supply rails, and a mini
mum of +1- 25 mA (+1-100mA typically) can be injected 
into each analog input without causing latchup. 

1.5 Dynamic Performance 
Signal-to-Noise-Ratio 

Signal-to-noise ratio (SNR) is the measured signal-to-noise at 
the output of the converter. The signal is the RMS magnitude 
of the fundamental. Noise is the RMS sum of all the nonfun
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti
zation noise. The theoretical SNR for a sine wave is given by 

SNR~ (6.02N +1.76) dB 

where N is the number of bits. Thus for ideal8-bit converter, 
SNR~49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
Ml2281 Series is defined as 

20 log 
(V22 +V32 +V42 +Vs2)1/2 

Vl 

where Vl is the RMS amplitude of the fundamental and V2, 
V3, V4, Vs are the RMS amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fB' any active device with nonlinearities will create distor
tion products, of order (m +n), at sum and difference frequen
cies of mfA +nfB' where m, n~O, 1, 2, 3, .... Intermodulation 
terms are those for which m or n is not equal to zero. The 
(lMD) intermodulation distortion specification includes the 
second order terms (fA +fB) and (fA - fB) and the third order 
terms (2fA+fB), (2fA-fB), (fA+2fB) and (fA-2fB) only. 

1.6 Zero Error Adjustment 

The zero of the AI D does not require adjustment. If the mini
mum analog input voltage value, VINmin is not ground, a 
zero offset can be done. The converter can be made to out
put 00000000 digital code for this minimum input voltage by 
biasing any VIN - input at this VIN min value. This utilizes the 
differential mode operation of the AI D. 
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The zero error of the AI D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the VIN - input and applying a small magnitude 
positive voltage to the VIN + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal liz LSB value (1/2 LSB = 9.8 mV for 
VREF=5.0ooVDd· 

1.7 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen
tial input voltage which is 1'1z LSB down from the desired 
analog full-scale voltage range and then adjusting the magni
tude ofthe VREF input or Vee for a digital output code which 
is just changing from 11111110 to 11111111. 

1.8 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desired zero reference plus liz LSB (where the LSB is calcu
lated for the desired analog span, 1 LSB = analog span 1256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" -" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the VIN + input which is given by: 

VIN + fs adjust = Vmax -1.5*[(Vmax-Vmin)/256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 
The VREF or Vee voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.9 Shunt Regulator 

A unique feature of ML2288 and ML2284 is the inclusion of a 
shunt regulator connected from V + terminal to ground 
which also connects to the Vee terminal (which is the actual 
converter supply) through a silicon diode as shown in Figure 
B. When the regulator is turned on, the V + voltage is 
clamped at 11 V BE set by the internal resistor ratio. The typical 
I-V curve of the shunt regulator is shown in Figure 9. It should 
be noted that before V + voltage is high enough to tu rn on 
the shunt regulator (which occurs at about 5.5V), 35 kQ of 
resistance is observed between V + and GND. When the 
shunt regulator is not used, V + pin should be either left float
ing ortied to GND. The temperature coefficient of the regula
tor is -22mV/°C. 

~L2281,~L2282,~L2284,~L2288 

12V v+ r------.., Vee 

\ 1+- I 
CURRENT LIMITING I 
RESISTOR, I +.; 15 mA I 

I 
I 
I 
I 
I 

GNDI 

28.8k 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L.. ______ ..1 

Figure 8. Shunt Regulator 

1+ 

15mA ----------

v+ 

Figure 9. I-V Characteristic of the 
Shunt Regulator 
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2.0 APPLICATIONS 

8051 Interface and Controlling Software 

8051 

Mnemonic Instruction 

START ANL P1,#OF7H ;SELECf AID 
(CS -0) 

MOV B,#5 ;BIT COUNTER - 5 
MOV A,#ADDR ;A - MUXBIT 

LOOP 1: RRC A ;CY +- ADDRESS BIT 
JC ONE ;TEST BIT 

;BIT-O 
ZERO: ANL P1,#OFEH ;DI-O 

SJMP CONT ;CONTINUE 
;BIT-1 

ONE: ORL P1,#1 ;D1-1 
CONT: ACALL PULSE ;PULSE SK 0 - 1 ... 0 

DJNZ B,LOOP1 ;CONTINUE UNTIL 
DONE 

ACALL PULSE ;EXTRA CLOCK FOR 
SYNC 

MOV B,#8 ;BIT COUNTER - 8 
LOOP 2: ACALL PULSE ;PULSESKO -1- 0 

MOV A,P1 ;CY- DO 
RRC A 
RRC A 
MOV A,C ;A - RESULT 
RLC A ;A(O) +- BIT AND SHIFT 
MOV C,A ;C - RESULT 
DJNZ B, LOOP 2 ;CONTINUE UNTIL 

DONE 
RET! 

;PULSE SUBROUTINE 
PULSE: ORL P1,#04 ;SK -1 

NOP ; DELAY 
ANL P1, #OFBH ;SK - 0 
RET 
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APPLICATIONS (Continued) 

5VOC 

CLOSEl~ STARr THE 
AID CONVERSION 

LM335 

~L2281,~L2282,~L2284,~L2288 

ML2288 "Stand-Alone" or Evaluation Circuit 
MUXADDRESS 

11 

S 
15 

ClK 

10 

NC 
5Voc (ORV,N) 

16 
F+-HCLK 

S 
1/274HC74 

MSB 

12 

51k(4) 

1-, 
12 

11 

i 1-, 
II 14 

PARAllEL INPUTS 

INPUT SHIFT REGISTER 
74HC165 

ML2288 

OUTPUT SHIFT REGISTER 
74HCI64 

10 6 

DATA DISPLAY 

Low-Cost Remote Temperature Sensor Vee 
(5Voc) 

3k 

r---O-< ........ ----/VIN (+l 

ML2281 

Vee 1---..+,---1 
Jl0~F 

i 

10k 
TAMIN 

ADJ. 

10k 
vo" I---~TAMAX 

ADJ. 

'Micro Linear 

5Voc 

STARr BIT 

NC 

9 
Vee 00 

14 

5VOC 

SEll 
51k 

LSB 5Voc 
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~L2281,~L2282,~L2284,~L2288 

APPLICATIONS (Continued) 

Obtaining 9-Bit Resolution 

Vee...,.--t---,----------, 

Y,N 
R 

R 

CONTROLLER PERfORMS A ROUTINE TO DETERMINE WHICH 
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE. 

THIS INFORMATION PROVIDES THE EXTRA BITS. 

-ISVoc 

Digitizing a Current Flow 

Vee O.IQ 
(SVocl 

l00Q 

240k 

-:" 

l00Q 
ZERO 

ADI· 

120k 

_ILOAD 

V'N(-) Vee 

Ml2281 

V,N(+) VREF 

(2A fUll-SCALE) 

Vee 
(SVoc) 

Protecting the Input 

Ml2281 

Vee 
(SVocl 

DIODE ClAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 2SmA 

LM336 

Operating with Ratiometric Transducers Span Adjust: 0 V ~ VIN ~ 3 V 

20k r------, 

3k Ml2281 

'V,N(-) =O.ISVee 
IS% Of Vee ';VXOR ';8S% Of Vee 

2-184 

Vee 
(SVoc) 

10k 

24k 
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ML2281, ML2282, ML2284, ML2288 

APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2V 40 VIN 40 5 V Digital load Cell 

,---o--tVIN(+) 

MI2281 

SETS ZERO 
CODE VOLTAGE 330 

lk 
2.7k 2Voc 

ZERO ADJ. 

Vee 
(5Voc) 

330 

Vee 1-+---------, 

Uk 

., 
I 
I 
I 

'V-==~~I 
I 
I 
I 
I .... ______ -..I 

• USES ONE MORE WIRE THAN LOAD CELL ITSELF 
• l\W) MINI-DiPs COULD BE MOUNTED INSIDE LOAD CELL 

FOR DIGITAL OUTPUT TRANSDUCER 
• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 

SPECS FOR GAUGE FACTOR AND OFFSET 
• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 

HIGH NOISE IMMUNITY 

Convert 8 Thennocouples with only One CDId-Junction Compensator 

~~---------~CHO 

lk 

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER
ENTIAL INPUTS CONSTANT 
WITH CHANGES IN REFERENCE TEMPERArURE (T REF). 

'Micro Linear 
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ML2281, ML2282, Ml2284, ML2288 

APPLICATIONS (Continued) 

CLK 

cs 

01 

2-186 

4mA-20mA Current Loop Converter 

24 6.2 200 
k k k 

+IN 

-IN 

-= 

5k 
2 10k 

Vee 

47 3.9 V+ 
k k 

Vo 
GNO 

• ALL POWER SUPPLIED BY LOOP 
• 1500V ISOlATION AT OUTPUT 

Isolated Data Converter 

1N4148 ''''"'=-................ -----....... VeeOUT 

1N4148 

ClK 

cs Vee 

ML2288 

01 
8 ANALOG 
CHANNELS 

00 

• NO POWER REQUIRED REMOTELY 
-= 6N139 HIGH GAIN 

OPTOCOUPlER 
• 1500V ISOlATION 
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CLK 

cs \ 
FSR 

HI·Z 
DO 

ML2281, ML2282, ML2284, ML2288 

MI2281 

C~P<J-t--------1--------~--------~~--i 

~:~ ~ cs P<J-'--------I-------------------' 
DO 

ClK 

SAAlPLlNG RATE lUkHz, DATA RATE 1.33MHz 

\ 

Interfacing ML2281 to TMS320 Series 

'Micro Linear 

TMS3lO 
SERIES 

OSP 

DR 

00 

I 
I 

I \ 

'--
HI·Z 
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~L2281, ML2282, ML2284, Mt2288 

ORDERING INFORMATION 

PARr NUMBER 
ALTERNATE 

PARr NUMBER 

SINGLE ANAlOG INPUT, B-PIN PACKAGE 
ML2281BM) ADC0831B) 
ML2281BIJ ADC0831BCj 
ML2281BCP ADC0831BCN 
ML2281C/J ADC0831CC) 
ML2281CCP ADC0831CCN 

TWO ANAlOG INPUTS, B-PIN PACKAGE 
ML2282BM) ADC0832B) 
ML2282BIJ ADC0832BC) 
ML2282BCP ADC0832BCN 
ML2282CIJ ADC0832CC) 
ML2282CCP ADC0832CCN 

FOUR ANAlOG INPUTS, 14-PIN PACKAGE 
ML2284BM) ADC0834B) 
ML2284BIJ ADC0834BC) 
ML2284BCP ADC0834BCN 
ML2284C1) ADC0834CC) 
ML2284CCP ADC0834CCN 

EIGHT ANAlOG INPUTS, 20-PIN PACKAGE 
ML2288BM) ADC0838BJ 
ML2288BIJ ADC0838BC) 
ML2288BCP ADC0838BCN 
ML2288BCQ ADC0838BCV 
ML2288CIJ ADC0838CC) 
ML2288CCP ADC0838CCN 
ML2288CCQ ADC0838CCV 

2-188 

TOTAL 
UNADJUSTED ERROR 

±'/2LSB 

±lLSB 

±'/2LSB 

±lLSB 

±'/2LSB 

±lLSB 

±'bLSB 

±lLSB 

'Micro Linear 

TEMPERATURE 
RANGE 

- 55°C to + 125°C 
-40°C to +85°C 

0° to +70°C 
-40°C to +85°C 

O°Cto +70°C 

- 55°C to + 125°C 
-40°C to +85°C 
O°Cto +70°C 

-40°C to +85°C 
O°Cto +70°C 

-55°Cto +125°C 
-40°C to +85°C 

0° to +70°C 
-40°Cto +85°C 

O°Cto +70°C 

-55°C to +85°C 
-40°Cto +85°C 

O°Cto +70°C 
O°Cto +70°C 

-40°Cto +85°C 
O°Cto +70°C 
O°Cto +70°C 

PACKAGE 

HERMETIC DIP 008) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 

HERMETIC DIP 008) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 

HERMETIC DIP 014) 
HERMETIC DIP 014) 
MOlDED DIP (P14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 

HERMETIC DIP 020) 
HERMETIC DIP 020) 
MOLDED DIP (P20) 
MOlDED PCC (Q20) 
HERMETIC DIP 020) 
MOLDED DIP (P20) 
MOlDED PCC (Q20) 



.~Micro Linear 
September 1994 

PRELIMINARY 

ML2330 

Selectable Dual 3V /3.3V /5V 8-Bit DACs 

GENERAL DESCRIPTION 

The ML2330 Selectable Dual 3V/3.3V/5V 8-bit DACs are 
dual voltage-output digital-to-analog converters which 

FEATURES 

• 3V ±10%, 3.3 ±10% or 5V ±10% operation 

• Low supply current (4mA max) 

• Individual and full power down (down to 1~) 
can be independently programmed or powered down to 
conserve power. The devices are intended for use in 
portable or low power 3V systems where space is critical. 

Programming access to the DACs is provided over a high 
speed (10Mb/s), 3-wire serial interface which is 
compatible to the SPITM and Microwire!M In addition to 
independent programming of the DAC output voltages, 
each device may be powered down independent of the 
other DAC to conserve power. Each DAC draws 2mA of 
maximum quiescent current when operating, and typically 
less than 1 ~ when powered down. 

• 1 OMb/s three-wire serial interface, compatible to SPI 
and Microwire 

• 8-pin SOIC packages 

• Available in Extended Commercial Temperature range 
(-20°C to 70°C) 

The device comes in an 8-pin SOIC package and in a 
special Extended Commercial temperature range 
(-20°C to 70°C). 

SPI1S a trademark of Motorola. 
Mlcrowlre IS a trademark of Nattonal Semiconductor. 

BLOCK DIAGRAM 

§eLK 

Dour 

vcc , ____________________ 1! ___________________ • 

I I 
I I 
I I 
I I 
I I 
I I 
I 17 
I 
I 
I 
I 

21 

I 
I 
I 

CONTROL 
AND 

TIMING 

4 1 

I 
I 
I 
I 
I 16 
I 
I 
I 
I 
I 
I 
I I 

·--------------------rs ------------------- I 

GND 

'Micro Unear 

OUT A 

OUTB 
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ML2330 

PIN CONFIGURATION 

2-190 

ML2330 

8-Pin sOle (S08N) 

D1NO. Vee 
SctK 2 7 OUT A 

fi 3 • OUTS 

DouT 4 S GND 
TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

DIN Data In 

2 SCLK Serial Clock 

3 CS Chip Select 

4 Dour Data Out 

5 GND Ground 

6 OUTB Output of DAC B 

7 OUTA Output of DAC A 

8 Vcc Positive Supply 

'Micro Linear 



ML2330 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Supply Voltage (Vecl ................................................ 6.0V Supply Voltage (Vecl .................................... 2.7V to 5.5V 
GND ................................................ -0.3V to Vee + 0.3V Temperature Range ............................. -20°C < T A < 70°C 
Logic Inputs ..................................... -O.3V to Vee + 0.3V 
Input Current per Pin ............................................ ±25mA 
Storage Temperature ................................ -65°C to 150°C 
Package Dissipation at TA = 25°C ........................ 750mW 
Lead Temperature (Soldering 10 sec.) 
SOIC ..................................................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee = 3.3V ±1 0%, FeLK = 10MHz RL = 1 K, CL = 100pF 

PARAMETER I SYMBOL CONDITIONS MIN TYP MAX UNITS 

Converter 

Resolution 8 bits 

Integral Linearity Error ILE ±1 LSB 

Differential Linearity Error DLE ±1 LSB 

Offset Error 15 20 25 mV --Gain Error ±3 %FS 

Analog Output 

Output Drive Current @OO&FF mA 

Power Supply Rejection Ratio @OO & FF dB 

Digital and DC 

Logic Input Low VIL 0.5 V 

Logic Input High VIH 2.0 V 

Logic Input Low Current IlL VIN =GND -1 J.1A 
Logic Input High Current IIH VIN =VCC 1 J.1A 
Logic Output Low VOL 1= 3.2mA 0.4 V 

Logic Output High VOH 1= O.4mA 2.4 V 

Supply Current Icc RL== 2.5 4 mA 

Power Down Current Vcc = 3V 1 J.1A 

Vcc = 5V 5 JlA 

AC Performance 

Settling Time ts ±1/2 LSB 5 10 Jls 

Slew Rate 1.4 V/Jls 

Crosstalk 60 dB 
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ML2330 

TIMING CHARACTERISTICS 
vcc = 3.3V ±10%, Cl = 50pF, TA = TMIN to TMAX, unless otherwise noted 

PARAMETER I SYMBOL I CONDITIONS MIN TYP MAX UNITS 

Converter 

CS Fall to SClK 
Setup Time tess 20 ns 

SClK Rise to ES 
Rise Hold Time tCSH 50 ns 

DIN to SClK 
Rise Setup Time tos 20 ns 

DIN to SClK 
Rise Hold Time tOH 20 ns 

SClK Frequency fClK 10 MHz 

SClK Duty Cycle 40 60 % 

SClK to Dour Valid too 30 ns 

ML2330 MICROWIRE ML2330 SPI 
PORT 

2 
ScLK SK 

PORT 
4 

Dour MISO 

1 
DIN so 

1 
DIN MOSI 

4 
Dour SI 

2 
SCLK SCK 

cs 3 
I/O 

3 cs I/O 

Figure lA. Connections for Microwire. Figure 1 B. Connections for SPI. 

~ ________________________________________ ~r--

ScLK 

Douy· DO 

DOUY* are the data from previous input. 

Figure lC. Interface Timing 
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Ml2330 

cs 

SeLK 

... ~ 
1"--100 

DOUT =============C ... =x'--_____ _ 
Figure 2. Detail Interface Timing 

FUNCTIONAL DESCRIPTION 

SERIAL INTERFACE 

The ML2330 communicates with microprocessors through 
a synchronous, full-duplex, 3-wire interface (figure 1 A & 
B). At power on, the control registers are cleared and both 
DACs have high impedance outputs. Data timing shown 
in figure 1 C is sent MSB first and can be transmitted in 
one 4-bit and one 8-bit packet or in one 12-bit word. If a 
16-bit control word is used, the first four bits are ignored. 
The serial clock (SCLK) synchronizes the data transfer. Data 
is transmitted and received simultaneously. Figure 2 shows 
detailed serial interface timing. Note that the clock should 
be low between updates. DouT does not go into a high 
impedance state if the clock idles or CS is high. 

Serial data is clocked into the data registers in MSB-first 
format, with the address and configuration information 
preceding the actual DAC data. Data is sampled on the 
SCLK'S rising edge while CS is low. Data at DOUT is 
clocked out 12.5 clock cycles later, on the SCLK'S falling 
edge. 

Chip select (CS) must be low to enable the read or write 
operation. If CS is hi~ the interface is disabled and DOUT 
remains unchanged. CS must go low at least 10ns before 
the first clock pulse to properly clock in the first bit. With 
CS low, data is clocked into the ML2330's internal shift 
register on the rising edge of the external serial clock. SCLK 
can be driven at rates up to 10MHz. 

SERIAL INPUT DATA FORMAT AND 
CONFIGURATION CODES 

The 12-bit serial input format shown in Figure 3 comprises 
two DAC address bits (A 1, AO), two power down control 
bits (P1, PO) and eight bits of data (07 ... DO). 

DOUT-1 A1 AO P1 D7 ... DO I"-DIN 

Figure 3. Serial Input Format 

The 4-bit address/control code configures the DAC as 
shown in Table 3. 

A1 AO Function 

0 0 No operation 

0 1 Select control bits and DAC A 

1 0 Select control bits and DAC B 

1 1 Select control bits and both DACs 

Table 3.1 Address Selection 

P1 PO Function 

0 0 Normal 

a 1 Power down DAC A 

1 a Power down DAC B 

1 1 Power down entire chip 

Table 3.2 Power Down Selection 

DAC OPERATION 

The DACs are implemented using an array of equal 
current sources that are decoded linearly for the four most 
significant bits to improve differential linearity and to 
reduce output glitch around major carries. A voltage 
difference between on-board bandgap reference voltage 
and GND is converted to a reference current using an 
internal resistor to set up the appropriate current level in 
the DACs. The DACs output current is then converted to a 
voltage output by an output buffer and a resistive network. 
The matching among the on-chip resistors preserves the 
gain accuracy between these conversions. 

r .... Micro Linear 2-193 

I -



ML2330 
VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2330. It is trimmed for Zero Temperature Coefficient at 
25°C to minimize output voltage drift over the specified 
operating temperature range. 

OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the DAC output current to a 
voltage output using a resistive network. The outputs can 
swing from GND +0.02V to either 2.02V (3V) or 4.02V 
(5V). The DAC transfer function is: 

~ = KxDATA+ 0.02 
OUT 256 

where K = 2 if Vee = 3V and K = 4 if Vee = 5V 

In the 3V operation, the amplifier outputs will settle to 
1/2LSB in lOllS when loads are greater than 1 KQ (2KQ for 
SV operation) and capacitive loads smaller than lOOpF. 

ORDERING INFORMATION 

VCC SUPPLY RANGE 

ML2330 can be operated at 3V ±10% (ML2330-2), 3.3V 
±10% (ML2330-3) or SV ±l 0% (ML2330-S). 

POWER DOWN MODE 

There are three power down modes in the ML2330. By 
clearing the control bits Pl-PO (Table 3.2), the entire chip 
will be powered down with a supply current less than 
SI!A. Individual DACs can also be powered down to save 
power. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML2330ES -20°C to +70°C 8-PIN SOIC (S08N) 
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,~ Micro Linear 
October 1994 
PRELIMINARY 

ML2340, ML2350 

Single Supply, Programmable 
8-Bit Df A Converters 

GENERAL DESCRIPTION 

The ML2340 and ML23S0 are CMOS voltage output, 8-bit 
D/A converters with an internal voltage reference and a 
~P interface. These devices are designed to be powered 
by a single supply, although they can be powered from 
dual power supplies. The output voltage swings above 
zero scale (Vzs) in the unipolar mode or around zero scale 
(Vzs) in the bipolar mode, both with programmable gain. 
Vzs can be set to any voltage from AGND to 2.2SV below 
Vee. The digital and analog grounds, DGND and AGND, 
are totally independent of each other. DGND can be set to 
any voltage from AGND to 4.SV below Vee for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the ML2340 
and ML23S0 makes them ideal for a wide range of 
applications in hard disk drives, automotive, telecom, and 
a variety of general purpose industrial. One specific 
intended application is controlling a hard disk voice coil. 

The internal reference of the ML2340 provides a 2.2SV or 
4.S0V output for use with ND converters that use a single 
SV ±1 0% power supply, while the ML23S0 provide a 
2.S0Vor S.OOV reference output. 

BLOCK DIAGRAM 

T T 
VREFOUT 0----8 

AGND 

I 

VREFIN 

B·BIT DIA Your 

GAINO GAIN I 

FEATURES 

• Programmable output voltage gain settings of 2, 1, 
liz, '/4 provide 8-, 9-, 10-, or 11-bit effective resolution 
around zero 

• AGND to Vee output voltage swing 

• Bipolar or unipolar output voltage 

• 4.SV to 13.2V single supply or ±2.2SV to ±6.SV 
dual-supply operation 

• Transparent latch allows microprocessor interface 
with 30ns setup time 

• Data flow through mode 

• Voltage reference output 
ML2340 ............................................ 2.2SV or 4.S0V 
ML23S0 ............................................ 2.S0V or S.OOV 

• Nonlinearity .................................... ±'/4 LSB or ±'/2 LSB 

• Output voltage settling time over temperature and 
supply voltage tolerance 

Within 1 V of Vee and AGND ................... 2.S~s max 
Within 1 OOmV of Vee and AGND ............... S~s max 

• TTL and CMOS compatible digital inputs 

• Low supply current (SV supply) ..................... SmA max 

• 18-pin DIP or surface mount SOIC 

• Operating temperature range of O°C to +70°C, --40°C to 
+8SoC, and -Ssoc to + 12SOC 

PIN CONNECTIONS 

ML2340 
ML2350 

18-Pin DIP (P18) 

VREF IN 

DB6 

DBS 

DB4 

ML2340 
ML2350 

18-Pin sOle (S18W) 

Vee 
VOUT 

VZS 
AGND 
DGND 

DBO 
DBI 
DB2 

DBJ ----..-=""'""=-0 .... 

VREF IN 
VREFOUT 
GAIN I 
GAIN 0 
XFER 
DB7 
DB6 
DBS 
DB4 
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ML2340, ML2350 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

Vee Positive supply. 

2 VOUT Voltage output of the D/A converter. 
VOUT is referenced to Vzs. 

3 Vzs Zero Scale Voltage. VOUT is referenced 
to Vzs. Vzs is normally tied to AGND 
in the unipolar mode or to mid-supply 
in the bipolar mode. When the device 
is operated from a single power 
supply, Vzs has a maximum current 
requirement of -300~ in the bipolar 
mode. 

4 AGND Analog ground. 

5 DGND Digital ground. This is the ground 
reference level for all digital inputs. 
The range is AGND < (Vee - 4.5V). 
DGND is normally tied to system 
ground. 

6 DBO Data input - Bit 0 (LSB). 

7 DB1 Data input - Bit 1. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage Vee with Respect to AGND ............ 14.2V 
DGND ............................................. -O.3V to Vee + O.3V 
Vzs, VREF IN ............................................... -O.3V to Vee + O.3V 
Logic Inputs ..................................... -O.3V to Vee + O.3V 
input Current per Pin (Note 2) .............................. ±25mA 
Storage Temperature .............................. -65°C to + 150°C 
Package Dissipation at TA = 25°C (Board Mount) ... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-in-Line Package (Molded) ........................... 260°C 
Dual-in-Line Package (Ceramic) .......................... 300°C 
Molded Small Outline iC Package 

Vapor Phase (60 sec.) ...................................... 215°C 
infrared (15 sec.) ............................................. 220°C 

PIN# NAME FUNCTION 

8 DB2 Data input - Bit 2. 

9 DB3 Data input - Bit 3. 

10 DB4 Data input - Bit 4. 

11 DB5 Data input - Bit 5. 

12 DB6 Data input - Bit 6. 

13 DB7 Data input - Bit 7 (MSB). 

14 XFER Transfer enable input. The data is 
transferred into the transparent latch at 
the high level of XFER. 

15 GAiN 0 Digital gain setting input o. 
16 GAiN 1 Digital gain setting input 1. 

17 VREF OUT Voltage reference output. VREF OUT is 
referenced to AGND. VREF OUT is set 
to 2.5V and 5.0V in a low-voltage and 
high-voltage operation, respectively 
for the ML2350; 2.25V and 4.5V for 
the ML2340. 

18 VREF IN Voltage reference input. VREF IN is 
referenced to AGND. 

OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vee .......................... 4.5VDeto 13.2VDe 
Temperature Range (Note 3) ................. T MIN ~ T A ~ T MAX 

ML2340BMJ, ML2340CMJ 
ML2350BMJ, ML2350CMJ ................. -55°C to + 125°C 
ML2340BIj, ML2350BIj ....................... -40°C to +85°C 
ML2340BCP, ML2340CCP 
ML2350BCp, ML2350CCP 
ML2340BCS, ML2340CCS 
ML2350BCS, ML2350CCS ....................... O°C to +70°C 
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ML2340, ML2350 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee - AGND = SV ±1 0% and 12V ±1 0%, VREF IN for ML2340 = 2.2SV 
and 4.S0V, for ML23S0 VREF IN = 2.S0V and S.OOV, VOUT load is RL = 1 K and CL = 1 OOpF, VREF load is RL = 1 K and 
CL = 1 OOpF and input control signals with tR = tF ~ 20ns. 

ML2340XIX, ML2350XMX 
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX 

PARAMETER NOTES CONDITIONS II TVP)I MIN (NOTE 4) MAX I( TYP II MIN (NOTE 4) MAX UNITS 

Converter and Programmable Gain Amplifier 

Converter Resolution 5 8 8 Bits 

Integral Linearity Error 5 GAIN; 2, 1, ';" or '/. 
ML2340BXX, ML2350BXX ±'/. ±'/. LSB 
ML2340CXX, ML2350CXX ±'j, ±'j, LSB 

Differential Linearity Error 5 GAIN = 2, 1, ';" or '/4 
ML2340BXX, ML2350BXX ±'/4 ±'/4 LSB 
ML2340CXX, ML2350CXX ±'j, ±'j, LSB 

Mode Select 5 Vzs with respect to AGND 
Unipolar Output 0 1.0 0 1.0 V 
Bipolar Output 1.50 Vce-2.25 1.50 Vee-2.25 V 

Offset Error 5 Figure 1 
Unipolar Mode GAIN = '/4, '/2, 1 tl0 ±12 mV 

GAIN = 2 ±20 ±24 mV 

Bipolar Mode 5 Figure 1 
GAIN = '/4, '/2, 1,2 ±1O plus tl0 plus mV 

±2'j, LSB ±2'/2 LSB 

Gain Error 5 Figure 1 
Unipolar Mode GAIN = '/4, ';', 1,2 ±0.5 ±2 to.5 ±2.5 %FS 
Bipolar Mode GAIN = '/4, ';', 1, 2 ±0.5 ±2 to.5 ±2.5 %FS 

Reference 

VREF OUT Voltage 5 
ML2340BXX Vce ~ 7.0V TA = 25°C 2.23 2.25 2.27 2.23 2.25 2.27 V 

TMIN toTMAX 2.22 2.28 2.18 2.32 V 

Vec:? 8.0V TA = 25°C 4.48 4.50 4.52 4.48 4.50 4.52 V 
TMIN toTMAX 4.46 4.54 4.43 4.57 V 

ML2340CXX Vee~ 7.0V TA = 25°C 2.22 2.25 2.29 2.22 2.25 2.28 V 
TMINtoTMAX 2.20 2.30 2.18 2.32 V 

Vec:? 8.0V TA = 25°C 4.45 4.50 4.55 4.45 4.50 4.55 V 
TMIN to TMAX 4.40 4.60 4.35 4.65 V 

ML2350BXX 5 Vce~ 7.0V TA = 25°C 2.48 2.50 2.52 2.48 2.50 2.52 V 
TMIN to TMAX 2.47 2.53 2.43 2.57 V 

Vee:?8.0V TA = 25°C 4.98 5.00 5.02 4.98 5.00 5.02 V 
TMINtoTMAX 4.96 5.04 4.90 5.10 V 

ML2350CXX Vee ~ 7.0V TA = 25°C 2.45 2.50 2.55 2.46 2.50 2.55 V 
TMIN to TMAX 2.44 2.58 2.42 2.59 V 

Vee:?8.0V TA = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 
TMIN toTMAX 4.90 5.10 4.85 5.15 V 

Temperature C?efficient 

VREF OUT 50 50 ppm;oC 

VREF Output Current 5 0.75 5 0.75 5 mA 

VREF OUT Power Supply 5 100mVp_p, 1 kHz -40 -60 -40 -60 dB 
Rejection Ratio Sinewave on Vee 
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ELECTRICAL CHARACTERISTICS (Continued) 

ML2340XIX, ML2350XMX 
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX 

PARAMETER NOTES CONDITIONS II TYP )1 MIN (NOTE 4) MAX I( TYP )1 MIN (NOTE 4) MAX UNITS 

VREF IN and Vzs 

VREF IN Input Range 5 Vee"; 8.75V AGND+2 Vee-1.75 AGND+2 Vee-1.75 V 
Vee ~ 8.75V AGND+2 AGND+7 AGND+2 AGND+7 V 

VREF IN DC Input 5 10 10 MQ 
Resistance 

Vzs Voltage Range 5,8 Vee"; 7.0V AGND Vee-2.25 AGND Vee-2.25 V 

Analog Output 

VOUT Output Swing 
Unipolar Mode 5,8 RL = lOOK AGND+ Vee-0.5 AGND+ Vee-0.5 V 

0.01 0.01 

RL = 1 K AGND+ Vee-La AGND+ Vee-1.0 V 
1.0 1.0 

Bipolar Mode 5 RL = lOOK AGND+ Vee-0.1 AGND+ Vee-0.1 V 
0.1 0.1 

RL = 1 K AGND + Vee-1.O AGND+ Vee-La V 
1.0 1.0 

VOUT Output Current 5 AGND+ 1 V<VouT<Vee-1 V -10 +10 -10 +10 mA 

Power Supply 100mVp_p, 1 kHz -60 -60 dB 
Rejection Ratio sinewave on Vee 

Digital and DC 

VIN(O) Logical "0" 5 0.8 0.8 V 
Input Voltage 

VIN(1) Logical "1" 5 2.0 2.0 V 
Input Voltage 

IIN(O) Logical "0" 5 VIN = DGND -1 -1 J.LA 
Input Current 

IIN(l) Logical "1" 5 VIN = Vee 1 1 J.LA 
Input Current 

Supply Current, 
Bipolar Mode 
Icc, Vee Current 5 Vee=5V± 10% 5.3 5.3 mA 
IAGND, 
Analog Ground Current -5.0 -5.0 mA 
Ivzs, Vzs Current -90 -300 -90 -300 J.LA 
Icc, Vee Current 5 Vee=12V±1O% 9.3 9.3 mA 
IAGND, 
Analog Ground Current -9.0 -9.0 mA 
Ivzs, Vzs Current -90 -300 -90 -300 J.LA 
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ELECTRICAL CHARACTERISTICS (Continued) 

ML2340XIX, ML2350XMX 
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX 

PARAMETER NOTES CONDITIONS 1< TYP )1 MIN (NOTE 4) MAX II TYP )1 MIN (NOTE 4) MAX UNITS 

Digital and DC (Continued) 

Supply Current, 
Unipolar Mode 
Icc, Vee Current 5 Vee = SV± 10% 6.0 6.0 mA 

IAGND, 
Analog Ground Current -4.3 -4.3 mA 
Ivzs, Vzs Current -1.7 -1.7 mA 

Icc, Vee Current 5 Vee = 12V±10% 11.0 11.0 mA 
IAGND, 
Analog Ground Current -7.3 -7.3 mA 
Ivzs, Vzs Current -3.7 -3.7 mA 

AC Performance 

Settling Time 5 Figure 2, 
IS1 Output Step of AGND + 1 V 1.2 2.5 1.2 3.0 Ils 

toVee-1V, RL= lK 

tS2 Output Step of 2.5 5 2.5 6 Ils 
AGND + 100mV to 
Vee - 100mV, RL = lOOK 

IS3 Output Step of ±1 LSB 1 1 Ils 

tS4, Gai n Change Change of Any Gain Setting 1.1 2.5 1.1 Ils 

tXFER, XFER Pulse Width 5 Figure 3 60 60 ns 

tDBS, DBO-DB7 5 Figure 3 40 45 ns 
Setup Time 

tDBH, DBO-DB7 5 Figure 3 0 0 ns 
Hold Time 

tRESET, Power-On 6 16 16 Ils 
Reset Time 

Note 1: Absolute maximum ratings are limits beyond whICh the hfe of the Integrated cirCUit may be Impaired. All voltages unless otherwise specified are measured with 
respect to analog ground 

Note 2: When the voltage at any pm exceeds the power supply rads (VIN < AGND or VIN > Vecl the absolute value of current at that pm should be limited to 25mA or less. 
Note 3: _55°C to + 125°C operatlOg temperature range deVices are 100% tested at temperature extremes with worst-case test conditions. -40°C to +85°C operating 

temperature range deVices 3re 100% tested With temperature limits guaranteed by 100% testing, samplmg, or by correlation With worst-case test conditions. 
Note 4: TYPlcals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed Parameters not 100% tested are noL m outgomg quality level calculation. 
Note 7: Supply current and analog ground current are speCified With the dlgltalmputs stable and no load on VOUT. 
Note 8: In unipolar operation With Vzs and AGNO bed together, digital codes that represent an analog value of less than 1 OOmV from AGNO should be aVOided. 

'Micro Linear 2-199 

! 
I 

~ 



ML2340, ML2350 

t 
ANALOG 
OUTPUT 

_GAIN ERROR 

OFFSET (ZERO) ERROR 

t 
ANALOG 
OUTPUT GAIN 

ERROR",-

, 
, , 

IDEAL WITH 
OFFSET 

.- " , 
, / 

"'-/ , , 
, 

DIGITAL INPUT_ DIGITAL INPUT_ 

Unipolar Mode Unipolar Mode 
Figure 1. Gain and Offset Error 

GAIN 0, GAIN 1 

XFER 

-----------------t -~ -::--------------

VOUT ------+------

Figure 2. Settling Time 

XFER r\ 
----------------~ tWR ~---------------

DBO-DB7 -------------- VALID DATA 

tOBS tOBH 

Figure 3. Single Buffered Mode 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of equal 
current sources that are decoded semi linearly for the four 
most significant bits to improve differential linearity and to 
reduce output glitch around major carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
intemal resistor to set up the appropriate current level in 

ML2340, ML2350 

the D/A converter. The D/A converter output current is 
then converted to a voltage output by an output buffer 
and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode by 
modulating the reference input within the specified 
VREF IN range. 

r---~~--~~--~r---~----~--------------vcc 

L--r~--~~--~-+--+-~--~----~--------DACOUT 

L---_o-------<>-------<>-----4-------~------------- DACOUT 

Figure 4. D/A Converter Implementation 

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from ±2.25V to ±6.6V. 

The internal digital and analog circuitry is powered 
between Vee and AGND. The range of DGND is 
AGND s DGND s Vee - 4.5V with the logic thresholds 
set between 0.8V and 2.0V above DGND (standard TTL 
logic level). The range of Vzs is AGND s Vzs s (Vee -
2.25V). 

1.3 UNIPOLAR AND BIPOLAR OUTPUT 
VOLTAGE SWING 

ML2340 and ML2350 can operate in either unipolar 
bipolar output voltage mode. Unipolar/bipolar mode 
selection is determined by comparing the zero scale 
voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAC voltage output 
when the digital input data is set to all "O's" Unipolar 
mode is selected when Vzs is lower than 1 .00 volt, and 
bipolar mode is selected when Vzs is greater than 1.50 
volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, VOUT swings above Vzs. Ideally the 
00000000 code results in an output voltage of Vzs, and 
the 11111111 code results in an output voltage of 
VFS x 255/256, where VFS is the full-scale voltage 
determined by VREF IN and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VOUT swings around Vzs. The input 
data is in 2's complement binary format. Ideally, the 
00000000 code results in an output voltage of Vzs; the 
10000000 code results in an output voltage of (Vzs - VFS); 
and the 01111111 results in an output voltage of (Vzs + 
VFS 127/128), where VFS is the full scale output voltage 
determined by VREF IN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper gain 
setting determined by the GAIN 0 and GAIN 1 inputs. 
There are four possible gain settings for unipolar output 
voltage mode and bipolar output voltage mode as listed 
below: 

Unipolar Output Voltage Mode 

Voltage Output Swing 
GAIN 1 GAIN 0 GAIN Relative to Vzs 

a a '/4 VREF IN x '/4 

a 1 '/2 VREF IN x ';' 

1 a 1 VREF IN x 1 

1 1 2 VREF IN x 2 
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ML2340, ML2350 
Bipolar Output Voltage Mode 

GAIN 1 GAIN 0 GAIN Voltage Outputp_p 

0 0 '/. VREF IN X '/. 

0 1 'f, VREF IN X '/. 

1 0 1 VREF IN X '/' 

1 1 2 VREF IN X 1 

The output buffer can source or sink as much as lOrnA of 
current with an output voltage of at least 1 V from either 
Vee or AGND. As the output voltage approaches Vee or 
AGND the current sourcing/sinking capability of the 
output buffer is reduced. The output buffer can still swing 
down to within 1 OmV of AGND and up to within 40mV of 
Vee with a lOOK load at VOUT to AGND in the unipolar 
operation. In the bipolar operation, the output buffer 
swing is limited to about 1 OOmV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the ML2340 
and ML2350. Two reference voltages can be produced by 
each device. An internal comparator monitors the power 
supply voltage to determine the selection of the reference 
voltage. A reference voltage of 2.25 volts on the ML2340 
and 2.S0 volts on the ML2350 is selected when the supply 
voltage is less than approximately 7.50 volts. Otherwise, a 
reference voltage of 4.S0 volts and 5.00 volts is selected. To 
prevent the comparator from oscillating between the two 
selections, avoid operation with a power supply between 70 
and 8.0 volts. 

The bandgap reference is trimmed for zero Temperature 
Coefficient (TC) at 35°C to minimize output voltage drift 
over the specified operating temperature range. 

The internal reference is buffered for use by the DAC and 
external circuits. The reference buffer will source more 
than SmA of current and sink more than 1 rnA of current. 
With VREF IN connected to VREF OUT, the following output 
voltage ranges of the DAC are obtained: 

ML2340 

VREF = 2.2SV with VREF = 4.SV with 

Gain 
Vcc 57•OV Vec <?: B.OV 

Setting Unipolar Bipolar Unipolar Bipolar 

,/. 0100.562V -0.281 V 10 0101.125V -O.562Vlo 
+0.281V +0.562V 

'f, 0101.125V -O.562Vlo 0102.250V -1.125Vlo 
+O.562V +1.125V 

1 Ot02.250V -1.125Vto 0104.500V -2.250Vlo 
+1.125V +2.250V 

2 0104.500V -2.250Vlo Ot09.000V -4.500Vlo 
+2.250V +4.500V 

ML2350 

VREF = 2.S0V with VREF = S.OV with 

Gain 
Vcc 57•0V Vcc <': B.OV 

Setting Unipolar Bipolar Unipolar Bipolar 

'/. 0100.625V -O.3125V to 0101.2SV -O.625Vlo 
+0.3125V +0.625V 

'/, 0101.250V -O.6250Vlo 0102.50V -1.250Vlo 
+0.6250V +1.250V 

1 0102.500V -1.2S00Vlo OloS.OOV -2.S00Vto 
+1.2S00V +2.S00V 

2 OloS.OOOV -2.5000Vlo 010 lO.OOV -S.OOOVlo 
+2.S000V +5.000V 

An external reference can alternatively be used on VREF IN 

to set the desired full scale voltage. The linearity of the D/A 
converter depends on the reference used, however. To 
insure integral linearity at an 8-bit level, a reference 
voltage of no less than 2V and no more than 7V (2.75V 
for operation with a low-voltage power supply) should 
be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the ML2340 and ML2350 consist 
of a transfer input (XFER) and eight data inputs, DBO 
through DB7. The digital interface operates in one of the 
two modes: 

1.6.1 Single-Buffered Mode 

Digital input data on DBO-DB7 is passed through an 8-bit 
transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly to 
the inputs of the internal DAC, changes on the digital data 
while the XFER input is still active will cause an 
immediate change in the DAC output voltage. To hold the 
input data on the latch, the XFER input needs deactivated 
while the data is still stable. 

1.6.2 Flow-Through Mode 

In the flow-through mode, the input latch is bypassed. 
When XFER is set to logic "1", a change of data inputs, 
DBO-DB7, results in an immediate update of the output 
voltage. 

1.7 POWER-ON-RESET 

The ML2340 and ML2350 have an internal power-on
reset circuit to initialize the device when power is first 
applied to the device. The power-on-reset interval of 
typically 8115 begins when the supply voltage, Vee reaches 
approximately 2.0V. During the power-on-reset interval, 
the transparent latch is reset to all "O's". 
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2.0 TYPICAL APPLICATIONS 

+VREFI-___ 4.:.:.=-5V'--__ ~__l 

ML2271 

o ~ VIN ~4.5V 

VREFIN 

ML2340 

D/A 
WITH 

REFERENCE 
Your 

Figure S. Using 4.S0V Reference of D/A for Reference of AID Using Single SV Vee ± 10% 

+5V 

UNIPOLAR 
Your 

OT05V 

DR7~---------------~ 

DROr---------, 

DR7 
DRO 

ML2340 
D/A 

XFER .. -----' 

Figure 6. TMS320 Interface 

TMS320 
/E14 
C15 

PAO 
'-----I PAl 

L...---iPA2 

1----------------------------------------------------------, 
I 
I 
I 5.0V -100rnV 
I 
I 
I 

I 
I 

}I 256 CODES 

1.25V ~
2.5V 

~56CODES 
O.625V 

~~256CODES 
--------'--GND GND GND ~GND 

Vour, GAIN 2 Your, GAIN 1 Your, GAIN 1/2 Your, GAIN 1/4 

1 ______ -----------------------------------------------_____ _ 

Figure 7. Single SV Supply Unipolar VOUT 
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TYPICAL APPLICATIONS (Continued) 

2-204 

+12V 

BIPOlAR 
VOUT 

AROUND 
4.5V 

r------------------------------------------------------------~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,----------9.0V 

"'<i~. ..~. 
~56 CODES ~5.062V 256 CODES 

-----"I..-----4.5V 4.5V 4.5V 4.5V 
3.93SV 

3.375V 
VOUT GAIN 1/2 VOUT, GAIN 1/4 

2.25V ' 
VOUT,GAINI 

---------'-GND + l00mV 
VouT,GAIN 2 

L ___________________________________________________________ _ 

Figure 8. Single 12V Supply, Bipolar Your with 11-Bits Resolution Around Zero 

MICRO· 
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2 +5V 19 
Vee +12V 
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I---~~XFER 

19 
GAIN 1 

":" 16 
REF PWRGNDA 13 

O.I1'F I 
VREFOur 20 ":" IsENSE "'S'-____ -+ 
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VZS 1-'4c-+--1,-,4,CONTROL+ 
Vour 3 15 OUTPUT-p.l",.2 ____ --' 
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FROM 
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 

'Micro Linear 



ORDERING INFORMATION 

PART NUMBER 

VREF OUT = 2.2SV with Vee = SV 

ML2340BMJ/5 
ML2340BIJ/5 
ML2340BCP/5 
ML2340BCQ/5 

ML2340CMJ/5 
ML2340CCP/5 
ML2340CCQ/5 

VREFOUT = 2.S0V with Vee = SV 

ML2350BMJ/5 
ML2350BI]/5 
ML2350BCP/5 
ML2350BCQ/5 

ML2350CMJ/5 
ML2350CCP/5 
ML2350CCQ/5 

VREF OUT = 4.S0V with Vee = 12V 

ML2340BMJ/12 
ML2340BIJ/12 
ML2340BCP/12 
ML2340BCQ/1 2 

ML2340CMJ/1 2 
ML2340CCP/12 
ML2340CCQ/12 

VREF OUT = S.OOV with Vee = 12V 

ML2350BMJ/12 
ML2350BIJ/12 
ML2350BCP/12 
ML2350BCQ/12 

ML2350CMJ/1 2 
ML2350CCP/12 
ML2350CCQ/12 

INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 

±'/. LSB 

±'f, LSB 

±'/. LSB 

±'f, LSB 

±'/. LSB 

±'f, LSB 

±1/4 LSB 

±1/2 LSB 

TEMPERATURE 
RANGE 

-55°C to + 125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

_55°C to + 125°C 
O°C to +70°C 
O°C to +70°C 

-55°C to + 125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

-55°C to + 125·C 
O°C to +70·C 
O·C to +70·C 

-55·C to + 125·C 
-40·C to +85°C 
O°C to +70°C 
O·C to +70°C 

-55·C to + 125°C 
O·C to +70·C 
O°C to +70°C 

-55°C to + 125·C 
-40·C to +85°C 
O·C to +70°C 
O·C to +70°C 

-55°C to + 125°C 
O·C to +70·C 
O·C to +70·C 
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PACKAGE 

Hermetic DIP (J18) 
Hermetic DIP (]l8) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP (18) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP (J18) 
Hermetic DIP (18) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP (18) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP(18) 
Hermetic DIP (18) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP (18) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP (J18) 
Hermetic DIP (J18) 
Molded DIP (P18) 
Molded PCC (Q18) 

Hermetic DIP (18) 
Molded DIP (P18) 
Molded PCC (Q18) 
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PRELIMINARY 

ML2341, ML2351 

Single Supply, Programmable 
8-Bit Df A Converters 

GENERAL DESCRIPTION 
The Ml2341 and Ml23S1 are CMOS voltage output, 
8-bit D/A converters with an internal voltage reference 
and a pP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable gain. Vzs can be set to any voltage 
from AGND to 2.2SV below Vee. The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below Vee for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
Ml2341 and Ml23S1 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The Ml2341 provides a 2.2SV or 4.50V reference 
output for use with AID converters that use a single 
SV ± 10% power supply, while the Ml23S1 provides a 
2.S0V or S.OOV reference output. 

BLOCK DIAGRAM 

vee AGNO 

i i 

VOUT 

GAINOGAINI 

FEATURES 
• Programmable output voltage gain settings of 2, 1, 

V2, 1,4 provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

• AGND to Vee output voltage swing 
• Bipolar or unipolar output voltage 
• 4.SV to 13.2V single supply or ±2.2SV to ±6.5V 

dual-supply operation 
• Single- and double-buffered, edge-triggered 

interface with 30ns write time, Ons hold time 
• Voltage reference output 

Ml2341 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.2SV or 4.50V 
Ml23S1 00000000000000000000000000 000 0 2.S0V or SoOOV 

• Nonlinearity 000000000000000000000 ±% lSB or ±V2 lSB 
• Output voltage settling time over temperature and 

supply voltage tolerance 
Within 1V of Vee and AGND 000000000 2.5ps max 
Within 100mV of Vee and AGND 0000000 Sps max 

• TTL and CMOS compatible digital inputs 
• low supply current (VREF S 2oSV) 00000000 SmA max 
• 20-pin DIP or PCC 
• Operating temperature range of O°C to +70°C, 

-40°C to +8SoC, and -SSOC to +12SOC 

PIN CONNEOIONS 

VREFIN 

Vee 

VOUT 

Vzs 

AGNO 

OGNO 

OBO 

OBI 

OB2 

OB3 

ML2341 
ML23S1 

20-Pin DIP 

TOP VIEW 

VREFOUT 

GAIN 1 

GAIN 0 
VZS 

Cs 
AGNO 

WR 
OGNO 

XFER 
OBO 

OB7 
OBI 

OB6 

OB5 

OB4 

ML2341 
ML2351 

20-Pin pcc 

Vee VREFOUT 

VOUT I VREFIN I GAIN 1 

3 2 1 20 19 
18 

17 

16 

15 

14 
9 10 11 12 13 

OB2 I OB4 I OB6 

OB3 OB5 

TOP VIEW 

GAIN 0 

CS 

WR 

XFER 

OB7 
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PIN DESCRIPTION 
PIN # NAME FUNcrlON 

VREF IN Voltage reference input. VREF IN is 
referenced to AGND. 

2 Vee Positive supply. 

3 VOUT Voltage output of the D/A 
converter. VOUT is referenced to 
Vzs· 

4 Vzs Zero Scale Voltage. VOUT is 
referenced to Vzs. Vzs is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply, Vzs has a maximum 
current requirement of -300pA in 
the bipolar mode. 

5 AGND Analog ground. 

6 DGND Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vee 
- 4.5V). DGND is normally tied to 
system ground. 

7 DBO Data input - Bit 0 (lSB). 

8 DB1 Data input - Bit 1. 

9 DB2 Data input - Bit 2. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage Vcc with Respect to AGND ............ 14.2V 
DGND .................................. -{).3V to Vcc + O.3V 
Vzs- VREF IN ••••••••••••••••••••••.••••••• -{).3V to Vcc + 0.3V 
Logic Inputs ............................. -{).3V to V cc + 0.3V 
Input Current per Pin (Note 2) .... . . . . . . . . . . . . . . . . .. ±25mA 
Storage Temperature .................... . .. -65°C to +150°C 
Package Dissipation at TA = 25°C (Board Mount) ..... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ........................ 260°C 
Dual-In-Line Package (Ceramic) . . . . . . . . . . . . . . . . . . . .. 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220°C 

ML2341, ML2351 

PIN # NAME FUNcrlON 

10 DB3 Data input - Bit 3. 

11 DB4 Data input - Bit 4. 

12 DB5 Data input - Bit 5. 

13 DB6 Data input - Bit 6. 

14 DB7 Data input - Bit 7 (MSB). 

15 XFER Transfer enable input. In the 
double buffered mode of 
operation, the data in the input 
latch is transferred to the D/A 
converter at the high level of XFER. 

16 WR Write enable input. While CS is 
low, data inputs are latched into 
th~ut latch on the rising edge 
ofWR. 

17 CS Chip select input. Active low input 
which enables latchin&...i.!:l the data 
on the rising edge of WR. 

18 GAIN 0 Digital gain setting input O. 

19 GAIN 1 Digital gain setting input 1. 

20 VREF OUT Voltage reference output. 
VREF OUT is referenced to AGND. 
VREF OUT is set to 2.5V and 5.0V in 
a low-voltage and high-voltage 
operation, respectively for the 
Ml2351i 2.25V and 4.5V for the 
Ml2341. 

OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vcc ...................... 4.5Voc to 13.2Voc 
Temperature Range (Note 3) .............. T MIN :5 T A :5 T MAX 

ML2341BM), ML2341CM) 
ML2351BM), ML2351CM) ................. -55°C to +125°C 
ML2341BI), ML2341CI) 
ML2351BI), ML2351CI) ..................... -40°C to +85°C 
ML2341BCQ, ML2341CCQ 
ML2351BCQ, ML2351CCQ 
ML2341BCP, ML2341CCP 
ML2351BCP, ML2351CCP ..................... O°C to +70OC 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee - AGND = SV ± 10% and 12V ± 10% (Note 9), 
VREF IN for ML2341 = 2.2SV and 4.S0V, for ML23S1 VREF IN = 2.S0V and S.OOv, VOUT load is RL = lK and CL = 100pF, 
VREF load is RL = lK and C L = 100pF and input control signals with tR = tF :::; 20ns. 

ML2341XIX, ML2341XMX 
ML2341XCX, ML2351XCX ML2351XIl<, ML2351XMX 

PARAMETER NOTES CONDITIONS MIN I (N::: 4) I MAX MIN I (N::: 4) I MAX UNITS 

Converter and Programmable Gain Amplifier 

Converter Resolution 5 8 8 Bits 

Integral linearity Error 5 GAIN = 2, 1, 'I" or 1.4 
Ml2341BXX, Ml2351BXX ±1.4 ±'/.! LSB 
Ml2341CXX, Ml2351CXX ±y, ±Y2 LSB 

Differential linearity Error 5 GAIN = 2, 1, 1f2, or 1.4 
Ml2341 BXl<, Ml2351 BXX ±'/.! ±1.4 lSB 
Ml2341CXl<, Ml2351CXX ±Y2 ±y, lSB 

Mode Select 5 Vzs with respect to AGND 
Unipolar Output 0 to 0 to V 
Bipolar Output 1.50 Vec-2.25 1.50 Vee-2.25 V 

Offset Error 5 Figure 1 
Unipolar Mode GAIN = 1.4, '12, 1 ±10 ±12 mV 

GAIN = 2 ±20 ±24 mV 

Bipolar Mode 5 Figure 1 
GAIN = 1.4, '12, 1, 2 ±10 plus ±10 plus mV 

±2Y2 lSB ±2Y2 lSB 

Gain Error 5 Figure 1 
Unipolar Mode GAIN = 1.4, '12, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 
Bipolar Mode GAIN = 1.4, 1f2, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 

Reference 

V REf OUT Voltage 5 
Ml2341 BXX/5 Vee = 5.0V TA = 25°C 2.23 2.25 2.27 2.23 2.25 2.27 V 

TMIN to TMAX 2.22 2.28 2.18 2.32 V 

Ml2341CXXl5 Vee = 5.0V TA = 25°C 2.22 2.25 2.29 2.22 2.25 2.28 V 
TMIN to TMAX 2.20 2.30 2.18 2.32 V 

Ml2351 BXX/5 5 Vee = 5.0V TA = 25°C 2.48 2.50 2.52 2.48 2.50 2.52 V 
TMIN to TMAX 2.47 2.53 2.43 2.57 V 

Ml2351CXX/5 Vee = 5.0V TA = 25°C 2.45 2.50 2.55 2.46 2.50 2.55 V 
TMIN to TMAX 2.44 2.58 2.42 2.59 V 

Ml2341 BXX/12 5 Vee = 12.0V TA = 25°C 4.48 4.50 4.52 4.48 4.50 4.52 V 
TMIN to TMAX 4.46 4.54 4.43 4.57 V 

Ml2341CXXl12 Vee = 12.0V TA = 25°C 4.45 4.50 4.55 4.45 4.50 4.55 V 
TMIN to TMAX 4.40 4.60 4.35 4.65 V 

Ml2351 BXX/12 5 Vee = 12.0V TA = 25°C 4.98 5.00 5.02 4.98 5.00 5.02 V 
TMIN to TMAX 4.% 5.04 4.90 5.10 V 

ML2351 CXX/12 Vee = 12.0V TA = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 
TMIN to TMAX 4.90 5.10 4.85 5.15 V 

Temperature Coefficient 
VREf OUT 50 50 ppmloC 

V REF Output Cu rrent 5 0.75 5 0.75 5 mA 

VREf OUT Power Supply 5 100mVp_p, 1kHz -40 -60 -40 -60 dB 
Rejection Ratio Sinewave on Vee 
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ML2341, ML2351 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAl(, Vee - AGND = 5V ± 10% and 12V ± 10% (Note 9), 
VREF IN for Ml2341 = 2.25V and 4.50V; for Ml2351 VREF IN - 2.SOV and 5.00V, VOUT load is RL = 1K and CL· 100pF, 
VREF load is ~ = 1K and CL = 100pF and input control signals with tR • tF :5 20ns. 

ML2341X1X, ML2341XMX 
ML2341Xcx, ML2351XCX ML2351XJX, ML2351XMX 

PARAMETER NOJ'ES CONDITIONS MIN I (N"Z: 4) I MAX MIN I (N:: 4) I MAX UNrrs 

VREF IN and Vzs 

VREF IN Input Range 5 Vee:5 8.75V AGND+2 Vee-1.75 AGND+2 Vee-1.75 V 
Vee;::: 8.75V AGND+2 AGND+7 AGND+2 AGND+7 V 

VREF IN DC Input 5 10 10 Mel 
Resistance 

Vzs Voltage Range 5,8 Vee:5 7.0V AGND Vee- AGND Vee- V 
2.25 2.25 

5,8 Vee;::: 8.0V AGND Vee-3.O AGND Vee-3•O V 

Analog Output 

VOUT Output Swing 
Unipolar Mode 5,8 RL = 100K AGND+ Vee-·05 AGND+ Vee-·05 V 

0.01 0.01 

RL = 1K AGND+ Vee-1.O AGND+ Vee-1.O V 
1.0 1.0 

Bipolar Mode 5 Rt = 100K AGND+ Vce-0.1 AGND+ Vee-0.1 V 
0.1 0.1 

Rt = 1K AGND+ Vee-1.0 AGND+ Vee-1•O V 
1.0 1.0 

VOUT Output Current 5 AGND+1V<VouT<Vee-1V -10 +10 -10 +10 mA 

Power Supply 100mVp-p,1kHz -60 -60 dB 
Rejection Ratio sinewave on Vee 

Digital and DC 

VIN(OI logical "0" 5 0.8 0.8 V 
Input Voltage 

VIN(1) logical "1" 5 2.0 2.0 V 
Input Voltage 

IIN(OI logical "0" 5 VIN = DGND -1 -1 pA 
Input Current 

IIN(11 logical "1" 5 VIN - Vee 1 1 pA 
Input Current 

Supply Current, 
Bipolar Mode 
leo Vee Current 5 Vee - 5V ± 10% 5.3 5.3 mA 
IAGNOI 
Analog Ground Current -5.0 -5.0 rnA 
Ivzs, Vzs Current -90 -300 -90 -300 pA 

leo Vee Current 5 Vee = 12V ± 10% 9.3 9.3 rnA 
IAGNOI 
Analog Ground Current -9.0 -9.0 rnA 
IvzSl Vzs Current -90 -300 -90 -300 pA 
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ML2341, ML2351 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJ<, Vee - AGND = SV ± 10% and 12V ± 10% (Note 9), 
VREF IN for Ml2341 = 2.2SV and 4.50V; for Ml23S1 VREF IN = 2.50V and S.OOY, VOUT load is RL = 1k and CL = 100pF, 
VREF load is RL = 1 K and CL = 100pF and input control signals with tR = tF ::; 20ns. 

ML2341XIX, ML2341XMX 
ML2341XCX, ML2351XCX ML2351XIX, ML2351XMX 

PARAMETER NOTES CONDITIONS MIN I (N:J: 4) I MAX MIN I (N::: 4) I MAX UNITS 

Digital and DC (Continued) 

Supply Current, 
Unipolar Mode 
Ico Vec Current 5 Vee = 5V ± 10% 6.0 6.0 mA 
IAGND, 
Analog Ground Current -4.3 -4.3 mA 
Ivzs, Vzs Current -1.7 -1.7 mA 

Ico Vec Current 5 Vec = 12V ± 10% 11.0 11.0 mA 
IAGND, 
Analog Ground Current -7.3 -7.3 mA 
Ivzs, Vzs Current -3.7 -3.7 mA 

N:: Perfonnance 

Settling Time 5 Figure 2, 
tS1 Output Step of AGND + 1V 1.2 2.5 1.2 3.0 f.IS 

to Vce - lY, Rl = lK 

tS2 Output Step of 2.5 5 2.5 6 f1S 
AGND + l00mV to 
Vee-l00mV, Rl = lOOK 

tS3 Output Step of ±1 LSB 1 1 f.IS 

tS40 Gain Change Change of Any Gain Setting 1.1 2.5 1.1 3 f.IS 

tWIV WR Pulse Width 5 Figure 3 40 40 ns 

tXFEIV XFER Pulse Width 5 Figure 3 60 60 ns 

txw, WRI to XFERI 6 Figure 3 30 30 ns 

tDBSo DBO-DB7 5 Figure 3 40 45 ns 
Setup Time 

tDBH, DBO-DB7 5 Figure 3 0 0 ns 
Hold Time 

tess, CS Setup Time 5 Figure 3 50 50 ns 

tcsH, CS Hold Time 5 Figure 3 0 0 ns 

tRESET, Power-On 6 16 16 f.IS 
Reset Time 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < AGND or Y'N > Ved the absolute value of current at that pin 
should be limited to 2SmA or less. 

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C 
to +85°e operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Supply current and analog ground current are specified with the digital inputs stable and no load on VOUT' 
Note 8: In unipolar operation with V's and AGND tied together, digital codes that represent an analog value of less than l00mV from AGND 

should be avoided. 
Note 9: ML2341XXX/5 and ML2351XXX/5 are tested for 5V operation only and ML2341XXX/12 and ML2351XXXl12 are tested for 12V operation. 
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cs------""""\ 

~B{ WR _____ 1_CS_S_,_t-..... r-~ r~ __ tc_-sH ______ _ 

~ ~R~ 
080-087--- -------{ VAllO DA~A }-- ---- - - ---

i.-tDB3---.1 LtDBH 

XFER TIED 10 lOGIC "1" 

Figure 3a. Single Buffered Mode 

CS~'-----J/ 
WR------~ }r -rt--- txw -:=:=:1 

XFER ~--
080-087-- _-{r-"'-;U-I-O-DAT,-A""""\)- Ix"R 

Figure 3b. Double Buffered Mode 

1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 

in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
VREF IN range. 

,--__ .-__ .-__ ...,.... __ ...,.... __ -.-_______ VCC 

L---+-+--f--4---ji-...... -j-...... --f--...... ----- DACOUT 

'--__ +-__ -4--__ ...... __ ...... ___ 4_------- 0ACOUT 

Figure 4. D/A Converter Implementation 
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2341 and ML2351 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from ±2.25V to ±6.6\1. 

The internal digital and analog circuitry is powered 
between Vee and AGND. The range of DGND is 
AGND:5 DGND :5 Vee - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard ITL 
logic level). The range of Vzs is AGND :5 Vzs :5 
(Vee - 2.25V). 

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 

The ML2341 and ML2351 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when Vzs is lower than 1.00 
volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, VOUT swings above Vzs. Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
VFS x 2551256, where VFS is the full-scale voltage 
determined by VREF IN and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VOUT swings around Vzs. The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of Vzs; 
the 10000000 code results in an output voltage of (Vzs 
- VFS); and the 01111111 results in an output voltage of 
(Vzs + VFS 127/128), where VFS is the full scale output 
voltage determined by VREF IN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 

Voltage Output Swing 
GAIN 1 GAIN 0 GAIN Relative to V15 

0 0 1/4 VREF IN x 14 

0 1 1/2 VREF IN x 1fz 

1 0 1 VREF IN x 1 

1 1 2 VREF IN x 2 

ML2341, ML2351 

Bipolar Output Voltage Mode 

GAIN 1 GAIN 0 GAIN Voltage Outputp_p 

0 0 1/4 ±VREF IN x 1/8 

0 1 1fz ±VREF IN x 1/4 

1 0 1 ±VREF IN x 1/2 

1 1 2 ±VREF IN x 1 

The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least lV from 
either Vee or AGND. As the output voltage approaches 
Vee or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vee with a lOOK load at VOUT to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2341 and ML2351. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2341 and 2.50 volts on the 
ML2351 is selected when the supply voltage is less than 
approximately Z50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between ZO and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than lmA of 
current. With VREF IN connected to VREF OUT, the 
following output voltage ranges of the DAC are 
obtained: 

ML2341 

VREf = 2.2SV with V REf = 4.SV with 

Gain Vcc:::; 7.0V Vcc 2': B.OV 

Setting Unipolar Bipolar Unipolar Bipolar 

'14 o to O.562V -O.281V to o to 1.12SV -0.562V to 
+O.281V +O.562V 

'h o to 1.125V -0.562V to o to 2.250V -1.12SV to 
+O.562V +1.12SV 

1 o to 2.2S0V -1.12SV to o to 4.S00V -2.2S0V to 
+1.12SV +2.250V 

2 o to 4.500V -2.2S0V to o to 9.000V -4.500V to 
+2.2S0V +4.S00V 
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ML2351 

V REF = 2.S0V with VREF = S.OOV with 

Gain Vcc::S 7.0V Vcc 2: 8.0V 

Setting Unipolar 8ipolar Unipolar Bipolar 

1,4 o to O.62SV -0.312SV to o to 1.2SV -O.62SV to 
+O.312SV +O.62SV 

1f2 o to 1.2S0V -O.62S0V to o to 2.S0V -1.2S0V to 
+O.62S0V +1.2S0V 

1 o to 2.500V -1.2S00V to o to S.OOV -2.500V to 
+1.2S00V +2.S00V 

2 o to S.OOOV -2.5000V to o to 10.00V -S.OOOV to 
+2.5000V +S.OOOV 

An external reference can alternatively be used on 
VREF IN to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an B-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the device consists of a chip 
select input, CS, a write input, WR, a transfer input, 
XFER and eight data inputs, DBO through DB7. The 
digital interface operates in one of the two modes: 

1.6.1 Single-Buffered Mode 

To use the Ml2341 and Ml2351 in the single-buffered 
mode, tie XFER to logic "1". This will put the D/A latch 
in the transparent mode and the rising edge of WR at 
low level of CS will latch the data on DBO-DB7 into the 
input latch as well as update the D/A output voltage. 

1.6.2 Double-Buffered Mode 

To use the devices in the double-buffered mode, timing 
information is applied to WR as well a~FER inputs. 
The rising edge of WR at low level of CS will latch the 
data on DBO-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFER is 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch is a 
transparent latch controlled by the level, not edge, of 
the XFER input, any write operation to the input latch 
while XFER is still at a high level results in the 
immediate update of the D/A output voltage. 

1.7 POWER-ON-RESET 

The Ml2341 and Ml2351 have an internal power-on
reset circuit to initialize the device when power is first 
applied to the device. The power-an-reset interval of 
typically Bps begins when the supply voltage, Vee 
reaches approximately 2.0V During the power-an-reset 
interval, both the input and data latch are reset to all 
"O'S", 
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2.0 TYPiCAl APPLICATIONS 

4.5V 
+VREF 1--------.-1 

Ml2261 

OS VIN::; 4.SV 

Ml2341 

D/A 
WITH 

REFERENCE VOUT 

Figure 5. Using 4.50V Reference of D/A for Reference of AID Using Single 5V Vee ± 10% 

Vee 
Ml2351 

VOUT 

+5V 

UNIPOLAR 
VOUT 

o TO 5V 

g~ 1-----;;:Dfti:";lAo;-------------J'\1 g~ 

DB7 
DUO 

Ml2341 
Ml2351 

D/A 

1-------.1 iNf 
1-------1 DEN 

TMS320 
IE14 
C15 

PAO 
PAl 

Cs 1+------' '------I PA2 
WRr---------~"'~E __ _l 

'-----' 

Figure 6. TMS320 Interface with D/A Output 

,------------------------------------, 

I 
I 

,----------5.0V - 100mV 

1.1SV 

, .62SV 
i:1 3:~' ~2S6CODES 

~256 CODES 
I GND GND GND ~ GND 
I VOlJT, GAIN 2 VOUT, GAIN 1 VOUT, CAIN 111 VaUl, GAIN 1/.4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I L ______________________________________ ~ 

Figure 7. Single 5V Supply Unipolar VOUT 
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2.0 TYPICAL APPLICATIONS (Continued) 

2-216 

+12V 

MICRO-
CONTROLLER 

BIPOlAR 
Your 

AROUND 
4.5V 

r- - - -- - - -- - - - -- ----- ---- ------- --------- --l 
I I 
I I 

: 9.0V i 
I I 
I I 

I i II ,,\:'~"I ,. 5.625V 
I ~256 CODES ~256 CODES: 
I 4.5V 4.5V 4.5V =s !·~~o" I 
I 3.938V I 

I Vour, G:'i~7:~h VOUl, GAIN = 1/4 1 I ~_ I 
: VOUT, GAIN = 1 : 

I GND + 100mV I 
: VOUT, GAIN = 2 : 
L _________________________________________ ~ 

Figure 8. Single 12V Supply, Bipolar VOUT with ll-Bits Resolution Around Zero 
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 
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ORDERING INFORMATION 

PART NUMBER 
INTEGRAL & DIFFERENTIAL 

NON·L1NEARITY 

V REF OUT = 2.25V with Vee = 5V 

ML2341 BMj/5 ±'I4 LSB 
ML2341Blj/5 
ML2341 BCP/5 
ML2341 BCQ/5 
ML2341CMj/5 ±V2 LSB 
ML2341C1]15 
ML2341CCP/5 
ML2341CCQ/5 

V REF OUT = 2.50V with Vee = 5V 

ML2351BMj/5 ±1J4 LSB 
ML2351BI]l5 
ML2351 BCP/5 
ML2351 BCQ/5 
ML2351CMj/5 ±1fz LSB 
ML2351Clj/5 
ML2351CCP/5 
ML2351CCQ/5 

VREF OUT = 4.50V with Vee = 12V 

ML2341 BM]l12 ±'I4 LSB 
ML2341Blj/12 
ML2341 BCP/12 
ML2341 BCQ/12 
ML2341 CMj/12 ±V2 LSB 
ML2341Clj/12 
ML2341 CCP 112 
ML2341CCQ/12 

V REF OUT = 5.00V with Vee = 12V 

ML2351BMj112 ±'j., LSB 
ML2351 Blj/12 
ML2351 BCP 112 
ML2351 BCQ/12 
ML2351CMJ/12 ±'I2 LSB 
ML2351 CIj/12 
ML2351CCP/12 
ML2351 CCQ/12 

TEMPERATURE 
RANGE 

-55°C to +125°C 
-4Q°C to +85°C 
O°C to +70°C 
DOC to +70°C 
-55°C to +125°C 
-40°C to +85°C 
O°C to +7DoC 
DOC to +70°C 

-55°C to +125°C 
-40°C to +85°C 
DOC to +7DoC 
DOC to +7DoC 
-55°C to +125°C 
-40°C to +85°C 
DOC to +7DoC 
DOC to +7DoC 

-55°C to +125°C 
-40°C to +85°C 
O°C to +7DoC 
O°C to +70°C 
-55°C to +125°C 
-4Q°C to +85°C 
O°C to +7DoC 
O°C to +70°C 

-55°C to +125°C 
-4Q°C to +85°C 
DOC to +70°C 
DOC to +7DoC 
-55°C to +125°C 
-4DoC to +85°C 
DOC to +70°C 
DOC to +70°C 

'Micro Linear 
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PACKAGE 

HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q2D) 

HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) -HERMETIC DIP 02D) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q2D) 

HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q2D) 
HERMETIC DIP (20) 
HERMETIC DIP (20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
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GENERAL DESCRIPTION 

The ML2377 is a complete analog I/O peripheral front
end for DSP based control system. It contains a high
speed la-bit ND converter, a two channel simultaneous 
sample/hold circuit, a 6 channel input multiplexer, a 10-
bit D/A converter and a 8-bit D/A converter. 

The two channel simultaneous sample/hold in 
conjunction with the multiple channel multiplexer 
provided on-chip is especially well suited for disk drive 
applications, where minimum skew positional channel 
conversion and flexible calibration sensing functions are 
desirable. 

Both input and output channel voltages are referenced to 
floating common points provided by the device. An 
additional common point is also available in the ND 
input for flexibility. Bipolar conversion of ±2 volts around 
the floating point is provided by the chip. 

Channel multiplexing and common referencing control 
are provide on-chip via its easy to use microprocessing 
port. In addition, external control of the conversion start 
and MUX addressing is also available for the ML2377. 

The ML2375 is a 4 channel version ofthe ML2377. 

BLOCK DIAGRAM ML2375 

AGND VZ/VREF 

4-CHANNEL 
INPUT 
MUX. 

Vourl0 cr---< 

Vour8 cr---< 

lO-BIT 
D/A 

8-BIT 
D/A 

I 
2-CHANNEL 

SIMUL
TANEOUS 

S/H 

lO-BIT 
AID 

September 1994 
PRELIMINARY 

ML2375, ML2377 

DSP Analog I/O Peripheral 

FEATURES 

• la-bit bipolar ND resolution 

• la-bit bipolar and 8-bit bipolar D/A resolution 

• 2J.lS ND conversion time 

• 21ls D/A settling time (lLSB, 41ls full scale) 

• 2 channel simultaneous S/H 

• 6 bipolar input channels 

• ND and D/A converters have no missing codes 

• Inputs and outputs have floating commons 

• ±2 volt input/output range with 2.5V reference 

• Extra floating common input for ND 
• Programmable input MUX and common 

• TMS320C14 compatible microprocessor interface 

• Single 5 volt power supply 

• External conversion start and MUX control (ML2377) 

• Additional package and bond-out options available 

10-BIT D/A 
REGISTER 

8-BIT D/A 
REGISTER 

VCC DGND 

I I 
CLK 

I 

lO-BIT 
DATA BUS 
BUFFERS 

pP 
CONTROL 

AND 
TIMING 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 

AO 

Al 

START 

RESET 
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BLOCK DIAGRAM ML2377 

MUXI MUX2 

MUXO 

V,NO 

V,N' 
V,N2 

V,N3 b-CHANNEl 
INPUT 

V,N4 MUX. 
V,N5 

VZAD2 

VZADI 

VOUT'0 0----< 10-BIT 
D/A 

VRlO 0-------' 

VZDA1 0 0---------' 

VOUT80----{ 8-BIT 
D/A 

VZDA80------.--1 

VR8 0---------' 

2-CHANNEL 
SIMUl-

TANEOUS 
StH 

PIN CONNECTION 

START 

RESET 

MUXO 

MUXI 

MUX2 

V,N5 

V,N4 

V IN3 

V,N2 

V,N' 

V, NO 

Ml2377 
44-Pin QFP (G44) 

Ml2377 

D3 

D4 

10-BIT 
AID 

DGND 

DGND 

AVCC 

DVCC 

DVCC 

D5 

Db 

D7 

D8 

Ml2375, Ml2377 

AVCC 
D 

AGND DGND DGND VCC 
D 

VCC ClK 

'I 'I 'I 'I 'I 'I 'I 

10-BIT D/A 
REGISTER 

8-BIT D/A 
REGISTER 

AO 

Cs 
WR 

iW 
ClK 

START 

RESET 

V,N3 

V,N2 

V,N' 

V, NO 

AGND 

VZ/VREF 

VouT8 

10-BIT 
DATA BUS 
BUFFERS 

~P 
CONTROL 

AND 
TIMING 

Ml2375 
28-Pin SSOP (R28) 

28 

27 

2. 

25 

2' 

23 

Ml2375 22 

21 

20 

,. 
18 

17 

I. 

15 

DO 

Al 

Dl 

D2 

D3 

D4 

DO 
D1 
D2 

D3 
D4 

D5 

Db 
D7 

D8 

D9 

cs 
WR 

RD 

AO 

Al 

INT 

BUSY 

START 

RESET 

DGND 

VCC 

D5 

Db 

D7 

08 

D9 

VOUT'0 
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PIN DESCRIPTION 

NAME 

VZAD2 

VZADl 

VZDA10 

VZDA8 

START 

RESET 

MUXO 

MUX1 

MUX2 

VIN5-0 

AGND 

VRAD 

VR8 

VRlO 

FUNCTION 

Programmable input common 

Default ND input common. 

1 O-bit D/A common. 

8-bit D/A common. 

Active low input starts ND converter. 

Active low resets the Ie. 
Multiplexer address bit o. 
Multiplexer address bit 1. 

Multiplexer address bit 2. 

Analog input channels 5 through o. 
Analog ground. 

Voltage reference input for establishing 
± full scale for the ND converter. 
± full scale value is 0.8 of the voltage 
on VRAD, referenced to AGND. 

± full scale value for the 8-bit D/A 
converter is 0.8 of the voltage reference 
input on VR8, referenced to AGND. 

± full scale value for the 10-bit D/A 
converter is 0.8 of the voltage reference 
input on VRlO, referenced to AGND. 

NAME 

VOUT8 

VOUT10 

D9-DO 

DVCC 

AVCC 

DGND 

A1 

AO 

BUSY 

INT 

FUNCTION 

Voltage output of the 8-bit D/A converter. 

Voltage output of the 10-bit D/A 
converter. 

Data I/O bit 9 through o. 
Digital power supply. +5 volts ±5%. 

Analog power supply. +5 volts ±5%. 

Digital ground. 

Register address 1. 

Register address o. 
Active high output indicates that an ND 
conversion is in progress. 

Active high output indicating ND 
conversion complete. 

Active low chip select input. 

Write input, active low. 

RD Read input, active low 

ClK Clock input. Clock can be generated by 
tying a crystal from this pin to DGND or 
applying a clock directly to pin. 

Note: ALE (Address latch Enable) for demultlplexlng address and data 
mformatlOn can be made available on request. Consult MICro lmear for 

more I nformatron 
Other pm-out options of the ML2377 are available on request. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltages (AVee and DVed ............................. 6.0V 
Maximum Voltage Between AGND and DGND ........... 1V 
Maximum Voltage Between AVee and DVee ................ O.3V 
Input Current per Pin ............................................. ±2SmA 
Package Dissipation @ 25°C ........................................ 1 W 
Lead Temperature (Soldering, 10 sec) ...................... 300°C 

ELECTRICAL CHARACTERISTICS 

Ml2375, Ml2377 

OPERATING CONDITIONS 
Temperature Range ....................................... O°C to +70°C 
Supply Voltage (AVee and DVed ......... 4.SVoe to 6.0Voe 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation in not implied. 

The following specifications apply for AVee = DVee = +5V ±5%, AGND = DGND = OV, TA = Operating Temperature 
Range VZA01 = VZA02 = VZOA10 = VZOA8 = VRAO = VRs = VRlO = 2.SV, TA = T MIN to T MAX unless otherwise specified, 
Cl = SOpF for all digital outputs, VouT8 and VouTlO load is Rl = 1 K and Cl = 100pF, and input control signals with 
tR = tF 20ns, fCLK = 11 MHz. 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

AID Converter, SIH and Multiplexer Performance 

Integral Linearity Error C Grade ±3 LSB 

B Grade ±1 LSB 

Differential Linearity Error ±1 LSB 

Converter Resolution VREF = 2.5V 10 Bits 

Zero Error VZ= 2.5V ±3 LSB 

Positive and 
Negative Full Scale Error VREF = 2.5V ±3 LSB 

Input Voltage Range 0 Vcc V 

VREF Input Resistance 1.5 3.5 kO 

Maximum VREF Input Voltage Referred to AGND 2.6 V 

ION On Channel Leakage Current OV < VIN < Vcc -1 1 !1A 

IOFF Off Channel Leakage Current OV < VIN < Vcc -1 1 !1A 

CON On Channel 
Input Capacitance OV < VIN < Vcc 20 pF 

COFF Off Channel 
Input Capacitance OV < VIN < Vcc 10 pF 

Clock Duty Cycle 30 70 % 

fClK Input Clock Frequency 1 11 MHz 

tc Conversion Time Including S/H Acquisition Time 22 l/fcLK 

tACO Acquisition Time Included in Conversion Time 2 l/fclK 
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ML2375, ML2377 

ELECTRICAL CHARACTERISTICS (continued) 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

10-Bit Of A Converter Performance 

Integral Linearity Error VREF = 2.5V ±3 LSB 

Differential Linearity Error VREF = 2.5V ±1 LSB 

Settli ng Ti me VREF = 2V, Settling to 
±1/2LSB, ±1 LSB Step 2 lls 
4V Step (Note 1) 4 llS 

Resolution VREF = 2.5V 10 Bits 

Zero Error ±5 LSB 

+ and - Full Scale Error Full Scale = 4V ±1O LSB 

Output Voltage Swing VREF = 2.5V 0.25 Vcc- 0.25 V 

VREF Input Resistance (ML2377 only) 1 MO 

8-Bit Of A Converter Performance 

Integral Linearity Error VREF = 2.5V ±1 LSB 

Differential Linearity Error VREF = 2.5V ±1 LSB 

Settli ng Ti me VREF = 2V, Settling to 
± 1/2LSB, ±1 LSB Step 2 lls 
4V Step (Note 1) 4 llS 

Resolution VREF = 2.5V 8 Bits 

Zero Error ±3 LSB 

+ and - Full Scale Error ±3 LSB 

Output Voltage Range VREF = 2.5V 0.25 Vcc- 0.25 V 

V REF I nput Resistance (ML2377 only) 1 MO 

DC Characteristics 

IlL Logic Input Current 0< VIN < Vcc, MUXO-2, START, ±100 llA 
RESET, ALE 

liN Logic Input Current 0< VIN < Vcc ±1 llA 

IINC Clock Input Current 0< VIN < Vcc ±200 llA 

VIH Logic High 2 V 

VIL Logic Low 0.8 V 

V(CLK)H Clock High (CLK Pin) 3.7 V 

V(CLK)L Clock LOW (CLK Pin) 1.8 V 

IOFF Output Leakage Current CS = VIH, 0 < VOUT < Vcc ±1 llA 

VOL Output Low IOL= 2mA 0.4 V 

VOH Output High IOH = -lmA 2.4 V 
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AC ELECTRICAL CHARACTERISTICS 
SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Supply Current (VREF = 2.5V, No Output load) 

No Input Switching mA 

Analog Ground Current VREF = 2.5V mA 

Microprocessor Interface Read Cycle Timing 

tST START Pulse Width 100 ns 

tAD Address Stable to Data Valid 55 ns 

tAR Address Stable Before Read 5 ns 

tRA Address Hold After Read 5 ns 

tRR Read Pulse Width 50 ns 

tRD Data Valid from Read 55 ns 

tDF Read to Data Float (Note 1) 20 ns 

tRY Recovery Time 
Between Reads 25 ns 

Microprocessor Interface Write Cycle Timing 

tAW Address Stable Before Write 5 ns 

tWA Address Hold After Write 5 ns 

tww Write Pulse Width 50 ns 

tDS Data Valid Before Write 30 ns 

tDH Data Hold After Write 15 ns 

tRY Recovery Time 
Between Writes 25 ns 

Microprocessor Interface Interrupt and Busy Timing 

tCi Clock to Interrupt Active 100 ns 

tRI Read to Interrupt Inactive 100 ns 

tes Clock to Busy Active (ML2377 Only) 100 ns 

tes Clock to Busy Inactive (ML2377 Only) 100 ns 

Note 1: Guaranteed by characterization and/or correlat,on to other test. 
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OUTPUT 
CODE 

(511)0111111111 
(510)0111111110 

POSITIVE FULL·SCALE 
TRANSITION 

/ 

(2) 00 0000 0010 ' 
(1) 00 0000 0001 rI Vz + VFS 

1-1 --------VZ-(O) 00 0000 0000_ 
VZ- VFS J (-1) 1111111111 

/ 
/ , 

/ 
/ , , 

/ 
NEGATIVE FULL·SCALE 

TRANSITION 

/ , , 
(-2) 1111111110 

(-511) 10 0000 0001 
(-512) 10 0000 0000 

VFS = 0.8 x VREF 

Figure 1. Transfer Characteristics 

VOUT---------+------------~ 

1..----tS1, tS2 

t 
ANALOG 

.. ~'/~ 

,,,,,,-
/ 

.. .;'/~ 
:; • .v IDEAL WITH 

,/, OFFSET 

IDEAL ~.'-r 

.~l~·:·l· ~:=~: 
# .:.j .... 

/ ••••• , DIGITAL-

Figure 2. Gain and Offset Error 

Figure 3. Settling Time 

A,CS 

HI·Z 
DATA -~-------<I VALID DATA 

A,CS 

~---------,fS 
I+----tww---.. Il~---

-. tOH 
....--tos---.. 

DATA __ IN_V_A_L_ID_D_A_TA_--, IC-_V_A_L1_D_D_A_T_A __ ..7I"'I...I_N_V_A_L1D DATA 

Figure 4. Read Cycle Timing Figure 5. Write Cycle Timing 
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FUNCTIONAL DESCRIPTION 

DEVICE TYPES 

The family consists of two different devices: 

1) The ML2375 
It is a 28 pin device that contains the basic 1 O-bit ND 
converler, 10-bit D/A converter, 8-bit D/A converter 
and a 4 channel multiplexer. 

2) The ML2377 
It is a 6 channel version of ML2375. In addition, the 
BUSY, INT and multiplexer control pins are also 
available to the user. 

ANALOG INPUT AND OUTPUT VOLTAGES 

The ML2375 and ML2377 allow the analog input and 
output voltages to be referenced to a common point. 
Thus, the input voltage swing and the offset of the ADC 
and the output voltage swing and the offset of the DAC 
can be defined by the voltage applied at the commons, 
VZADl< VZAD2, VZDA10 and VZDAS· 

The voltage at the common for the 10-bit D/A converter 
and the 8-bit D/A converter are defined by VZDAlO and 
VZDAS respectively. For the ND inputs, channel 0 and 1 
common are defined by VZAD1 . The common of the other 
channels (2 to 5) may be programmed to VZAD2 by setting 
the on-chip control register (see Table 3). 

The peak full scale voltage is defined by the reference 
voltages. 

VFS = 0.8 X VREF 

Figure 1 shows the transfer function of the ML2375 and 
ML2377 and the relationship between VZ and VFS. 

A/D CONVERTER OPERATION 

Input Multiplexer Addressing 

The input multiplexer is addressed with either the MUXO 
to MUX2 pins or the internal multiplexer address register. 
The MUXO to MUX2 pins are not latched, and control the 
addressing of the multiplexer directly. If control of the 
multiplexer is to be done from the microprocessor 
addressable mux control register, then all MUX pins 
should be tied to a logic high. This condition, which is an 
illegal mux address, will then route control of the 
multiplexer addressing to the internal register, which is 
under microprocessor control. 

ML2375 multiplexer can only be addressed via its on-chip 
multiplexer register. 

Simultaneous Sample/Hold Function 

The simultaneous sample/hold function is only available 
on channels 0 and 1. When addressing channel 0 or 1 
with the external MUX pins or the internal register bits 
and starting a conversion, both channels will be sampled 
and held simultaneously. Two conversions will then 
proceed back to back, with the BUSY pin and status bit 
going active for two conversion times. The INT pin and 
status bit will go active after the completion of the first 

ML2375, ML2377 

conversion. A read of the data register will then clear the 
INT pin and status bit. After the second conversion is 
completed, the INT pin and status bit will go active again, 
indicating the need for a read of the second result from 
the data register. If, however, the results of the first register 
are not read after the first conversion and before the 
second conversion, the INT pin and status bit remain 
active until the completion of the second conversion. The 
results of the first conversion remain in the data register, 
with the results of the second conversion stored in a 
holding register. After completion of the second 
conversion, which is indicated by the BUSY status bit or 
pin going inactive, both results can be obtained by 
successive reads of the data register. The INT pin and 
status bit are then cleared by the act of the second data 
register read. 

D/A CONVERTER OPERATION 

The D/A converters are updated beginning on the rising 
edge of the WR pin. Settling time is measured from this _ 
point. 

Microprocessor Interface 

The ML2375 is presented as four 1 O-bit registers to the 
microprocessor. These registers are addressed via the 
address pins AO and A 1. The register map below describes 
the four registers. 

Converter Registers 

Table 1. A/D Converter Register 

ADDRESS 00 

09 08 07 06 05 04 03 02 01 DO 

Data Bit 9 8 7 6 5 4 3 2 1 0 

Sign MSB LSB 

Table 2. D/A Converter Register 

ADDRESS 01 

09 08 07 06 05 04 03 02 01 DO 

D/A 10 9 8 7 6 5 4 3 2 1 0 

Sign MSB LSB 

ADDRESS 10 

09 08 07 06 05 04 03 02 01 DO 

D/A 8 7 6 5 4 3 2 1 0 

Sign MSB LSB 0 0 
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REGISTER DESCRIPTIONS 

Register Address 00 

This register holds the results of the 1 O-bit NO conversion 
results when read. The converted results are in 2's 
complement form, where 0 is the potential at the common 
pin. Reading of this register also clears the INT status biL 
and the deasserts the INT pin on the falling edge of the RO 
pin. 

Register Address 01 

When written, it receives the 1 O-bit digital value for the 
10-bit OJA converter. All codes are in 2's complement 
form, where the 0 code indicates the potential at the 
VZDA10 or VZ/VREF pin. This register can also be read, 
which returns the previously written value. 

Register Address 10 

This register receives the 8-bit digital value for the 8-bit OJ 
A converter. This value is also in 2's complement format. 
When read, it returns the previously written value. 8-bit 
data in this 10-bit register is left justified. 

Control Register 

This is the control register. Functions such as NO 
conversion start, multiplexer control, and NO converter 
status are included. 

Table 3. Control Register 

ADDRESS 11 

09 08 07 

ML2375 0 0 0 

M12377 VZs VZ4 VZ3 

ClK 

Figure 6. Interrupt Timing, Ml2375, and Ml2377 

06 

0 

VZ2 

09 

08 

07 

06 

05 

04 

03 

02 

When VZs = 1, ChannelS common = VZAD2 

When VZ4 = 1, Channel 4 common = VZAD2 

When VZ3 = 1, Channel 3 common = VZAD2 

When VZ2 = 1, Channel 2 common = VZAD2 

INT. It is equivalent to the INT pin. It provides 
indication that a conversion is completed. 

BUSY. This bit is NO converter status bit which 
provides indication that a conversion is in 
progress. It is equivalent to the BUSY pin of the 
ML2377. 

START. This bit has the same function as the 
START pin. When this bit receives a 1, it will start 
a conversion. After the conversion has started, this 
bit is cleared after 4 clock cycles. 

MUX2. MUX address bit 2. 

01 MUX1. MUX address bit 1. 

00 MUXO. MUX address bit o. 
CHIP RESET 

The chip is reset when a 0 is presented to the RESET pin. 
All registers are reset to O. Therefore, the OJA and the NO 
converters are all at zero scale and the multiplexer select 
is addressed to channel O. Additionally, VZ2-VZs are 
cleared in the control register. 

05 04 03 02 01 DO 

INT BUSY START 0 MUXl MUXO 

INT BUSY START MUX2 MUXI MUXO 

U<dG~ 
BUSY~ 

Figure 7. BUSY Timing, Ml2377 
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ORDERING INFORMATION 

PART NUMBER PACKAGE GRADE COMMENTS 

ML2375BCP 28-Pin DIP (P28) B Multiplex Address and 
ML2375CCP 28-Pin DIP (P28) C Data Bus 
ML2375BCQ 28-Pin PLCC (Q28) B 
ML2375CCQ 28-Pin PLCC (Q28) C 
ML2375BCR 28-Pin SSOP (R28) B 
ML2375CCR 28-Pin SSOP (R28) C 

ML2377BCQ 44-Pin PLCC (Q44) B Additional Analog Inputs, 
ML2377CCQ 44-Pin PLCC (Q44) C Individual VREF and Vzs 
ML2377BCH 44-Pin TQFP (H44) B 
ML2377CCH 44-Pin TQFP (H44) C 
ML2377BCG 44-Pin QFP (G44) B 
ML2377CCG 44-Pin QFP (G44) C 
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Telecommunications 

Section 3 
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ntLl Micro Linear 
Telecom 

Selection Guide 

Gain/ Attenuators 

Noise Harmonic Power Temperature 
Gain Range Resolution (dBrnc Distortion Digital Supplies Range 

Part Number (dB) (dB Steps) @MaxGain) (dB) Interface (V) ( I Package 

Ml2003 -24 to +24 0.1 0 -60 Serial, ±5 X X 18-Pin DIP 
Hard Wire 20-Pin PlCC 

ML2004 -24 to +24 0.1 0 -60 Serial ±5 X X 14-Pin DIP 

Ml2008 -24 to +24 0.1 0 -60 8-Bit IlP ±5 X X 18-Pin DIP 
20-Pin PlCC 

Ml2009 -24 to +24 0.1 0 -60 16-Bit IlP ±5 X X 18-Pin DIP 
20-Pin PlCC 

Equalizers 

Frequency Idle Channel Harmonic Power Temperature 
Response Noise Distortion Interface Supplies Range 

Part Number Adjustable (dBrnc) (dB) (omment Interface (V) ( I Package -ML2020 Slope, 8 -48 60Hz Serial ±5 X X 16-Pin DIP 
Height Rejection 18-Pin SOIC 
Bandwidth 

Ml2021 Slope, 8 -48 Group Serial ±5 X X 16-Pin DIP 
Height Delay 18-Pin SOIC 
Bandwidth Optimized 

Tone Detectors 

Detect Dynamic Frequency Power Temperature 
Frequency Range Detect Template Supplies Range 

Part Number (Hz) (dBm) (Hz) Comment (V) C I Package 

Ml2031 1 K to 4K -34 to +6 Detect ±10 Exceed Bell Pub 43004 ±5 X X 8-Pin DIP 
No Detect ±36 Clock Outputs of 

ClKIN +2, +8 

Ml2032 1 K to 4K -34 to +6 Detect ±10 Exceed Bell Pub 43004 ±5 X X 8-Pin DIP 
No Detect ±36 Uncommitted Op Amp 
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Programmable Sinewave Generators 

Frequency Min Gain Harmonic Power Temperature 
Part Range Resolution Error Distortion Digital Supplies Range 

Number (Hz) (Hz) (dB) (dB) Comment Interface (V) C I Package 

ML203s DC to 2sK ±0.7s ±0.1 -45 Voltage Serial ±s X X 8-Pin DIP 
Amplitude Vcd2 

Ml2036 DC to sOK ±0.7s ±0.1 -45 Adj. Voltage Serial ±s X X 14-Pin DIP 
Amplitude, 16-Pin SOIC 
Clock Outputs of 
ClKIN +2, +8 

Switched Capacitor Filters 

No. of fo Range folfcLK fo Tempco Power Temp. Range 
Part Number Sections (Hz) Ratio (ppm;oq Supplies (V) C I Package 

Ml2110 2 25 to 30K 100,50:1 20 ±2.s to ±s X X 20-Pin DIP 
20-PIn SOIC 

Ml2111 2 25 to ls0K 100,50:1 20 ±2.5 to ±s X X 20-Pin DIP 
20-PIn SOIC 
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'Micro Linear ML2003, ML2004 
Logarithmic Gain/ Attenuator 

GENERAL DESCRIPTION 
The ML2003 and ML2004 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to 
+24dB in O.ldB steps. 

The gain settings are selected by a 9-bit digital word. 
The ML2003 digital interface is either parallel or serial. 
The ML2004 is packaged in a 14-pin DIP with a serial 
interface only. 

Absolute gain accuracy is O.05dB max over supply 
tolerance of ±10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed 
for a wide variety of applications in telecom, audio, 
sonar, or general purpose function generation. One 
specific intended application is analog telephone lines. 

BLOCK DIAGRAM 

Vee PDN A GND Vss GND 

r r r r r 

VOUT 

(~i,)o-+--I-+--+-H---I 

(~~)O-+---+--+-H--L_-r-____ --' 

AlTEN/ 
GAIN 

C3 fl f3 f2 
(SCK) 

NOTE: SERIAL MODE fUNCDONS INDICATED BY PARENTHESES. 

co 
(LATO) 

fO 
(SOD) 

FEATURES 
• Low noise 0 dBrnc max with +24dB gain 
• Low harmonic distortion -GOdB max 
• Gain range -24 to +24<:1B 
• Resolution O.ldB steps 
• Flat frequency response ±.05dB from .3-4kHz 

±.10dB from .1-20kHz 
• Low supply current 4mA max from ±5V supplies 
• TTL/CMOS compatible digital interface 
• ML2003 has pin selectable serial or parallel 

interface; ML2004 serial interface only 
• Standard l4-pin or l8-pin 0.3" center DIP or 20-

pin molded chip carrier package 

PIN CONNECTIONS 

C3 

(LATI)C2 

(SID)Cl 

(LATO)CO 

PDN 

f3 

(SCK)f2 

fl 

GND 

LATI 

SID 

LATO 

PDN 

SCK 

NC 

GND 

ML2003 
18-PIN DIP 

TOP VIEW 

ML2004 
14-PIN DIP 

TOP VIEW 

AlTEN/GAIN 

Vee 

VOUT 

Vss 

AGND 

V,N 

NC 

fO (SOD) 

SER/PAR 

CO (LATO) 
NC 

PDN 
f3 

f2 (SCK) 

Vee 

Your 

Vss 

AGND 

\ltN 

NC 

SOD 

ML2003 
2O-PIN PCC 

6 
7 
8 

3212019 
o 18 Your 

17 Vss 
16 AGND 
15 NC 
14 NC 

910111213 

TOP VIEW 
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ML2003, ML2004 

PIN DESCRIPTION 

NAME FUNCTION NAME FUNCTION 

C3 In serial mode, pin is unused. In parallel F1 In serial mode, pin is unused. In 
mode, coarse gain select bit. Pin has parallel mode, fine gain select bit. Pin 
internal pulldown resistor to GND. has internal pulldown resistor to GND. 

(lATI) C2 In serial mode, input latch clock which GND Digital ground. 0 volts. All digital inputs 
loads the data from the shift register and output are referenced to this 
into the latch. In parallel mode, coarse ground. 
gain select bit. Pin has internal SER/PAR Seriaim:. parallel select input. When 
pulldown resistor to GND. SERIPAR = Uevice is in serial mode. 

(SID) C1 In serial mode, serial data input that When SERIPAR = 0, device is in parallel 
contains serial 9 bit data word which mode. Pin has internal pullup resistor to 
controls the gain setting. In parallel Vee· 
mode, coarse gain select bit. Pin has (SOD) FO In serial mode, serial output data which 
internal pulldown resistor to GND. is the output of the shift register. In 

(lATO) CO In serial mode, output latch clock which parallel mode, fine gain select bit. Pin 
loads the 9 bit data word back into the has internal pulldown resistor to GND. 
shift register from the latch. In parallel VIN Analog input. 
mode, coarse gain select bit. Pin has 

AGND Analog ground. 0 volts. Analog input internal pulldown resistor to GND. 
and output are referenced to this 

PON Powerdown input. When PON = 1, device ground. 
is in powerdown mode. When PON = 0, 

Vss Negative supply. -5 volts ±10"1o. device is in normal operation. Pin has 
internal pulldown resistor to GND. VOUT Analog output. 

F3 In serial mode, pin is unused. In parallel Vee Positive supply. +5 volts ±10"1o. 
mode, fine gain select bit. Pin has ATTEN/GAIN In serial mode, pin is unused. In 
internal pulldown resistor to GND. parallel mode, attenuation/gain select 

(SCK) F2 In serial mode, shift register clock bit. Pin has internal pulldown resistor to 
which shifts the serial data on SID into GND. 
the shift register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage Temperature Range (Note 2) 
Vcc .............................................. +6.SV Ml2003CP, Ml2004CP, Ml2004CQ ............ OOC to +70OC 
Vss .............................................. -6.SV 

AGND with respect to GND ......................... ±.5V 
Ml20031), ML2004IJ ....................... -40°C to +85°C 

Supply Voltage 
Analog Input and Output ........... Vss - O.3V to Vec + O.3V Vec ........................................... 4V to 6V 
Digital Inputs and Outputs ........ GND - O.3V to Vcc + O.3V Vss ......................................... -4V to -6V 
Input Current Per Pin ............................. ±25mA 
Power Dissipation ................................. 7S0mW 
Storage Temperature Range ................ -65OC to +150°C 
lead Temperature (soldering, 10 sec) . . . . . . . . . . . . . . . .. 3000C 
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ML2003, . ML2004 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX, Vee = 5V ±10",{., Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = 100pF, Rl = 6000, SCK = LATI = LATO = 0, dBm measurements use 6000 as 
reference load, digital timing measured at 1.4V. 

SYMBOL PARAMETER CONDITIONS UNITS 

Analog 

AG Absolute gain accuracy 4 VIN = 8dBm, 1kHz -0.05 -+0.05 dB 

RG Relative gain accuracy 4 100000001 -.05 +.05 dB 
OOOOOOOOO -.05 +.05 dB 
000000001 -.OS +.OS dB 
All other gain settings -0.1 -+0.1 dB 
All values referenced to 100000000 gain 
when ATIEN/GAIN = 1, VIN = 8dBm 
when ATIEN/GAIN = 0, 
VIN = (8dBm - Ideal Gain) in dB 

FR Frequency response 4 300-4000Hz -O.OS -+O.OS dB 
100-20,000 Hz -0.1 -+0.1 dB 
Relative to 1 kHz 

VOS Output Offset Voltage 4 VIN = 0, +24dB gain ±100 mV 

ICN Idle Channel Noise 4 VIN = 0, +24dB gain, C msg. Weighted -6 0 dBrnc 
S VIN = 0, +24dB gain, 1kHz 450 900 nv/y'Hz 

HD Harmonic Distortion 4 VIN = 8dBm, 1kHz -60 dB 
Measure 2nd, 3rd harmonic relative 
to fundamental 

SD Signal to Distortion 4 VIN = 8dBm, 1kHz. t60 dB 
C msg. weighted 

PSRR Power Supply Rejection 4 2OOmVp•p, 1kHz sine, VIN = 0 
on Vee -60 -40 dB 
on Vss -60 -40 dB 

liN Input Impedance, VIN 4 1 Meg 

VINR Input Voltage Range 4 ±3.0 V 

Vosw Output Voltage Swing 4 ±3.0 V 

Digital and DC 

VIL Digital Input low Voltage 4 .8 V 

VIH Digital Input High Voltage 4 2.0 V 

VOl Digital Output Low Voltage 4 1m = 2mA .4 V 

VOH Digital Output High Voltage 4 10H = -lmA 4.0 V 

INS Input Current, SER/PAR 4 VIH = GND -S -100 pA 

INO Input Current, All Qjg!tal 4 VIH = Vee S 100 pA 
Inputs Except SER/PAR 

Icc Vee Supply Current 4 No output load, VIL = GND, 4 mA 
VIH = Vee, VIN = 0 

Iss Vss Supply Current 4 No output load, VIL = GND, -4 mA 
VIH = Vee, VIN = 0 

Icep Vec Supply Current, 4 No output load, VIL = GND, .S mA 
Powerdown Mode VIH = Vee 

I ssp Vss Supply Current 4 No output load, VIL = GND, -.1 mA 
Powerdown Mode VIH = Vee 
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ML2003, ML2004 

ELECTRICAL CHARACTERISTICS (Continued) _ 
Unless otherwise specified TA = TMIN to TMAX, Vee = SV ±10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = 1OOpF, Rl = 6oon, SCK = LATI = LATO = 0, dBm measurements use 600n as 
reference load, digital timing measured at 1.4Y. Cl = 100pF or SOD. 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Characteristics 

tSET Your Settling Time 4 Y,N = 0.185V. Change gain from -24 to 20 /is 
+24dB. Measure from LATI rising edge 
to when Your settles to within 0.05dB 
of final value. 

tSTEP Your Step Response 4 Gain = +24dB. Y,N = -O.185V to +O.185V 20 J1S 
step. Measured when VOUT settles to 
within 0.05dB of final value. 

tSCK SCK On/Off Period 4 250 ns 

ts SID Data Setup Time 4 50 ns 

tH SID Data Hold Time 4 50 ns 

tD SOD Data Delay 4 0 125 ns 

t,PW LAT! Pulse Width 4 50 ns 

topw lATO Pulse Width 4 50 ns 

tiS, tos LAT!, lATO Setup Time 4 50 ns 

t'H, tOH lATI, LATO Hold Time 5 50 ns 

tpLD SOD Parallel load Delay 4 0 125 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated CIrCUIt may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

Note 2: OOC to 700C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. parameters not 1000/0 tested are not in outgoing quality level calculation. 

TIMING DIAGRAM 

SCK 

SID 

SOD 

SCK 

~TI -------------JI 

LATO 

--------------------------~ 

SOD 

TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT. 

Figure 1. Serial Mode Timing Diagram 
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TYPICAL PERFORMANCE CURVES 
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Figure 2. Amplitude vs Frequency (VINl'VOUT = .5VRMS) 
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Figure 3. Amplitude vs Frequency (VINl'VOUT = 2VRMS) 
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ML2003, ML2004 

TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 8. SIN + D vs Gain Setting (V.N!VOUT = 2VRMS) 

1.0 FUNCTIONAL DESCRIPTION 
The Ml2003 consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 

1.1 Gain Stages 

The analog input, VIN, goes directly into the op amp 
input in the coarse gain stage. The coarse gain stage 
has a gain range of 0 to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of 0 to 1.5dB in 
O.ldB steps. 

In addition, both sections can be programmed for 
either gain or attenuation, thus doubling the effective 
gain range. 

The logarithmic steps in each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation is implemented by using the 
resistor string as a simple voltage divider, and gain is 
implemented by using the resistor string as a feedback 
resistor around an internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in O.ldB steps can be obtained by 

80 

VINLKHZ 
70 

60 

;;;-
:!l. 
Q 50 
+ 

./ 
...-
~~ r--~ -

./ ~ --~;~ r---z 
~ 

40 

30 

ATIEN: Y,N = .5VRMS 
GAIN: Y,N = .5VRMslGAIN smlNG 

20 
-24 -18 -12 -6 12 18 24 

GAIN SmlNG (dB) 

Figure 9. SIN + D vs Gain Setting (V.N!VOUT = .5VRMS) 

combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding analog gain 
values is shown in Tables 1 and 2. Note that C3-CO 
selects the coarse gain, F3-FO selects the fine gain, and 
ATTEN/GAIN selects either attenuation or gain. 

1.3 Output Buffer 

The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to 
drive 600 ohms and 100pF loads. Thus, it is suitable 
for driving a telephone hybrid circuit directly without 
any external amplifier. 

1.4 Power Supplies 

The digital section is powered between Vee and GND, 
or 5 volts. The analog section is powered between Vee 
and Vss and uses AGND as the reference point, or ±5 
volts. 

GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vee and Vss 
to the analog output is greater than -GOdB at 1kHz. If 
decoupling of the power supplies is still necessary in a 
system, Vee and Vss should be decoupled with 
respect to AGND. 
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FUNCTIONAL DESCRIPTION (Continued) 

Table 1. Fine Gain Settings (C3-CO = 0) 

--.-Meal Gain (dBI __ 
F3 F2 Fl FO AITEN/GAIN = 1 AITEN/GAIN = 0 

o 0 0 
000 
001 
001 
010 
010 
o 1 1 
o 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 

o .0 .0 
1 -.1 .1 
o -.2 .2 
1 -.3 .3 
o -.4 .4 
1 -.5 .5 
o -.6 .6 
1 -.7 .7 
o -.8 .8 
1 -.9 .9 
o -1.0 1.0 
1 -1.1 1.1 
o ~2 12 
1 -1.3 1.3 
o -1.4 1.4 
1 -1.5 1.5 

1.5 Powerdown Mode 

A powerdown mode can be selected with pin PON. 
When PON = 1, the device is powered down. In this 
state, the power consumption is reduced by removing 
power from the anal?g ~ection and forcing the analog 
output, VOUT, to a high Impedance state. While the 
device is in powerdown mode, the digital section is still 
functional and the current data word remains stored in 
the .Iatc~ ~hen in serial mode. When PON = 0, the 
deVice IS In normal operation. 

1.6 Digital Section 

The ML2003 can b~erated with a serial or parallel 
Interface. The SER/PAR pin selects the desired interface. 
Whe.!l2!'RlPAR = 1, the serial mode is selected. When 
SER/PAR = 0, the parallel mode is selected. The ML2004 
digital interface is serial only. 

1.6.1 Serial Mode 

Serial ~od.e is selected by setting SER/PAR pin high. 
The serial Interface allows the gain settings to be set 
from a serial data word. 

The timing for the serial mode is shown in Figure 10. 
The serial input data, SID, is loaded into a shift register 
on rising edges of the shift clock, SCK. The data can be 
parall~1 I~aded into a latch when the input latch signal, 
LATI, IS high. The LATI pulse must occur when SCK is 
low. In this way, a new data word can be loaded into 
the shift register without disturbing the existing data 
word in the latch. 

The parallel outputs of the latch control the 
attenuation/gain setting. The order of the data word 
bits in the latch is shown in Figure 11. Note that bit 0 is 
the first bit of the data word clocked into the shift 
register. Tables 1 and 2 describe how the data word 
programs the gain. 

ML2003, ML2004 

Table 2. Coarse Gain Settings (F3-FO = 0) 

--1lleal Gain (dB) __ 
C3 C2 Cl CO AITEN/GAIN = 1 AITEN/GAIN = 0 
0 0 0 0 .0 .0 
0 0 0 1 -1.5 1.5 
0 0 1 0 -3.0 3.0 
0 0 1 1 -4.5 4.5 
0 1 0 0 -6.0 6.0 
0 1 0 1 -7.5 7.5 
0 1 1 0 -9.0 9.0 
0 1 1 1 -10.5 10.5 
1 0 0 0 -12.0 12.0 
1 0 0 1 -13.5 13.5 
1 0 1 0 -15.0 15.0 
1 0 1 1 -16.5 16.5 
1 1 0 0 -18.0 18.0 
1 1 0 1 -19.5 19.5 
1 1 1 0 -21.0 21.0 
1 1 1 1 -22.5 22.5 

The device also has the capability to read out the data 
wor~ stored in the latch. This can be done by parallel 
loading the data from the latch back into the shift 
register when the latch signal, LA TO, is high. The LATO 
pulse must occur when SCK is low. Then, the data 
word can be shifted out of the shift register serially to 
the output, SOD, on falling edges of the shift clock 
~K ' 
The loading and reading of the data word can be done 
continuously or in bursts. Since the shift register and latch 
circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. 
~~ev~r, the~e is coupling (typically less than lOOIlV) of the 
digital signals Into the analog section. This coupling can be 
~inimized by clocking the data bursts in during noncritical 
Intervals or at a frequency outside the analog frequency 
range. 

1.6.2 Parallel Mode 

The parallel mode is selected by setting SERIPAR pin 
low. The parallel interface allows the gain settings to be 
set with external switches or from a parallel 
microprocessor interface. 

In parallel mode, the shift register and latch are 
bypassed and connections are made directly to the gain 
select bits with external pins ATTEN/GAIN, C3-CO, and 
F3-FO. Tables 1 and 2 describe how these pins program 
the gain. The pins ATTEN/GAIN, C3-CO and F3-FO have 
internal pulldown resistors to GND. Th~ typical value of 
these pulldown resistors is 100kO. 
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· ML2003, ML2004 

FUNCTIONAL DESCRIPTION (Continued) 
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Figure 10. Serial Mode nming 
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APPLICATIONS 

ML2004 
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Figure 12. typical Serial Interface Figure 13. lYpical,.,r Parallel Interface 
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Using One Long Data Word 

ML2003 

- VIN VOUT JV\.. 
VIN /1P 

AID OR 
AlTEN/GAIN DSP 

C3-CO 
F3-Fl 

11 ~ ;>-

&-BIT LATCH 

11 "" ;... "'" 7 
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APPLICATIONS (Continued) 

Y,N 

3-12 
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Figure 16. Analog AGC 
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Figure 17. Digitally Controlled Volume Control 
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Figure 18. Precision Peak Detector (±1%) with ControUable Acquire and Hold nmes 
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ORDERING INFORMATION 

PART NUMBER 

ML20031J 
ML20031P 
ML20031Q 
ML2003CP 
ML2003CQ 
ML20041J 
ML20041P 
ML2004CP 

TEMP. RANGE 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

O°C to +70°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

O°C to +70°C 

'-Micro Linear 

ML2003, ML2004 

PACKAGE 

HERMETIC DIP (j18) 
MOLDED DIP (P18) 
MOLDED PCC (Q20) 
MOLDED DIP (P18) 
MOLDED PCC (Q20) 
HERMETIC DIP (j14) 
MOLDED DIP (P14) 
MOLDED DIP (P14) 
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ML2008, ML2009 

J.lp Compatible Logarithmic Gain/ Attenuator 

GENERAL DESCRIPTION 
The ML2008 and ML2009 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to +24dB 
in 0.1 dB steps. 

Easy interface to microprocessors is provided by an input 
latch and control signals consisting of chip select and 
write. 

The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
16-bit data bus with a single write operation by hard
wiring the gain/attenuation pin or LSB pin. The ML2008 
can be power downed by the microprocessor utilizing a 
bit in the second write operation. 

Absolute gain accuracy is 0.05dB max over supply 
tolerance of ± 10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed for 
a wide variety of applications in telecom, audio, sonar or 
general purpose function generation. 

BLOCK DIAGRAM 

Vee Vss 

i i 
+5 -5 

WR 
CS 
AOo--_q 

ML2008 

GND AGND 

l ~ 

DI-D8 

FEATURES 

• Low noise 

• Low harmonic distortion 

• Gain range 

• Resolution 

• Flat frequency response 

OdBrnc max with +24dB gain 

-60dB max 

-24 to +24dB 

O.ldB steps 

±0.05dB from 0.3-4kHz 
±0.1 OdB from 0.1-20kHz 

• Low supply current 4mA max from ±5V supplies 

• TIL/CMOS compatible digital interface 

• ML2008 is designed to interface to an 8-bit data bus; 
ML2009 to 16-bit data bus 

• Standard 18-pin 0.3" center DIP or 20-pin molded chip 
carrier package 

ML2009 

Vee Vss GND AGND 

i i l ~ +5 -5 

VIN 

DO-D8 
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PIN CONFIGURATION 

ML2008 
l8-Pin DIP (P18) 

07 08 

06 Vee 

05 VOUT 

04 Vss 

WR AGNO 

03 Y,N 

02 NC 

01 CS 
GNO AO 
'----~ 

TOPVlEW 

20-Pin PLCC (Q20) 

5 ~ :i! II:) ~ 
\J 

TOP VIEW 

VOUT 

Vss 

AGNO 

NC 

NC 

PIN DESCRIPTION 
NAME FUNCTION 

Vss Negative supply. -SVolts ±10% 

Vee Positive supply. SVolts ±1 0% 

GND Digital ground. OVolts. All digital 
inputs are referenced to this ground. 

AGND Analog ground. OVolts. Analog input 
and output are referenced to th is 
ground. 

VIN Analog input 

VOUT Analog output 

D8 Data bit, ADEN/GAIN 

D7 Data bit, C3 

D6 Data bit, C2 

DS Data bit, Cl 

D4 Data bit, CO 

ML2008, ML2009 

ML2009 
l8-Pin DIP (P18) 

07 08 

06 Vee 

05 VOUT 

04 Vss 

Wi AGNO 

03 Y,N 

02 NC 

01 Cs 
GNO DO 

TOP VIEW 

20-Pin PLCC (Q20) 

NAME 

D3 

D2 

Dl 

DO 

WR 

AO 
(ML2008 only) 

'" co 

5 

'" " co ~ co co co > 

VOUT 

Vss 

AGNO 

NC 

NC 

co 15 II:) z 
z "> 
\J 

TOP VIEW 

FUNCTION 

Data bit, F3 

Data bit, PDN, F2 ML2008; F2 ML2009 

Data bit, FO, Fl ML2008; Fl ML2009 

Data bit, FO ML2009 only 

Write enable. This input latches the 
data bits into the registers on rising 
edges ofWR. 

Chip select. This input selects the 
device by only allowiQ&.the WR signal 
to latch in data when CS is low. 

Address select. This input determines 
which data word is being written into 
the registers. 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
Supply Voltage ML2008CP, ML2009CP ............................ O°C to +70°C 

Vee .................................................................... +6.5V 
Vss ..................................................................... -6.5V 

ML2008CQ, ML2009CQ ......................... O°C to +70°C 
ML20081j, ML20091] ............................ -40°C to +85°C 

AGND with Respect to GND ....................... Vee to Vss Supply Voltage 
Analog Inputs and Outputs ..... Vss -O.3V to Vee +0.3V 
Digital Inputs and Outputs ... GND -O.3V to Vee +O.3V 

Vee ................................................................ 4Vto 6V 

Input Current Per Pin ........................................ ±25mA 
Vss ............................................................. -4V to -6V 

Power Dissipation ............................................ 750mW 
Storage Temperature Range ................ -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ElECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee = 5V ±l 0%, Vss = -5V ±l 0%, Data Word: D8 (ATTEN/GAIN) = 1, 
Other Bits = 0, (OdB Ideal Gain), CL = 100pF, RL = 6000, dBm measurements use 6000 as reference load, digital timing 
measured at lAV. 

SYMBOL PARAMETER CONDITIONS UNITS 

Analog 

AG Absolute Gain Accuracy 4 VIN = 8dBm, 1 kHz -0.05 +0.05 dB 

RG Relative Gain Accuracy 4 100000001 -0.05 +0.05 dB 
000000000 -0.05 +0.05 dB 
000000001 -0.05 +0.05 dB 
All other gain settings -0.1 +0.1 dB 
All values referenced to 100000000 
gain when D8 (ATTEN/GAIN) = 1, 
VIN = 8dBm when D8 (A TTEN/GAIN) = 0, 
VIN = (8dBm - Ideal Gain) in dB 

FR Frequency Response 4 300-4000Hz -0.05 +0.05 dB 
100-20,000Hz -0.1 +0.1 dB 
Relative to 1 kHz 

Vas Output Offset Voltage 4 VIN = 0, +24dB gain ±100 mV 

ICN Idle Channel Noise 4 VIN = 0, +24dB, C msg weighted -6 0 dBrnc 
5 VIN = 0, +24dB, 1 kHz 450 900 nv/'I'HZ 

HD Harmonic Distortion 4 VIN = 8dBm, 1 kHz -60 dB 
Measure 2nd, 3rd, harmonic relative 
to fundamental 

SD Signal to Distortion 4 VIN = 8dBm, 1 kHz +60 dB 
C msg weighted 

PSRR Power Supply Rejection 4 200mVp_p, 1 kHz sine, VIN = 0 
on Vcc -60 -40 dB 
on Vss -60 -40 dB 

ZIN Input Impedance, VIN 4 1 Meg 

VINR Input Voltage Range 4 ±3.0 V 

Vasw Output Voltage Swing 4 ±3.0 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOl PARAMETER CONDITIONS UNITS 

Digital and DC 

VIL Digital Input Low Voltage 4 O.B V 

VIH Digital Input High Voltage 4 2.0 V 

liN Input Current, Low 4 VIH =GND -10 ~ 

liN Input Current, High 4 VIH = Vee 10 ~ 

lee Vee Supply Current 4 No output load, VIL = GND, 4 mA 
VIH = Vee, VIN = 0 

Iss Vss Supply Current 4 No output load, VIL = GND, -4 mA 
VIH = Vee, VIN = 0 

leep Vee Supply Current, ML200B 4 No output load, VIL = GND, 0.5 mA 
Powerdown Mode Only VIH = Vee 

Issp Vss Supply Current, ML200B 4 No output load, VIL = GND, -0.1 mA 
Powerdown Mode Only VIH = Vee 

AC Characteristics 

tSET VOUT Settling Time 4 VIN = 0.lB5V. Change ga~rom -24 20 I1s 
to +24dB. Measure from WR rising 
edge to when VOUT settles to within 
0.05dB of final value. 

tSTEP VOUT Step Response 4 Gain = +24dB. VIN = -3V to +3V step. 20 I1s 
Measure from VIN = -3V to when VOUT 
settles to within 0.05dB of final value. 

tDS Data Setup Time 4 50 ns 

tDH Data Hold Time 4 50 ns 

tAS AO Setup Time 4 0 ns 

tAH AO Hold Time 4 0 ns 

tess CS* Setup Time 4 0 ns 

tesH CS* Hold Time 4 0 ns 

tpw WR* Pulse Width 4 50 ns 

Note 1: Absolute maximum ratings are hmlts beyond which the hfe of the Integrated circuit may be Impaired. All voltages unless otherwise specified are measured with 
respect to ground 

Note 2: O°C to +70°C and -40"C to +85°C operatmg temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 3: TYPlCais are parametric norm at 25°C, 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed Parameters not 100% tested are not In outgoing quality level calculation. 
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l1li 



ML2008, ML2009 

TIMING DIAGRAM 

TYPICAL PERFORMANCE CURVES 
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Figure 2. Amplitude vs Frequency 
(V,NIVoUT = O.5VRMS) 
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Figure 4. Output Noise Voltage vs Frequency 
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Figure 3. Amplitude vs Frequency 
(V,NlVOUT = 2VRMS) 
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Figure 5. CMSG Output Noise vs Gain Setting 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 6. CMSG SIN vs Gain Setting 
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Figure 8. SIN +D vs Gain Setting (V,NIVoUT = 2VRMS) 

1.0 FUNCTIONAL DESCRIPTION 

The ML2008, ML2009 consists of a coarse gain stage, a 
fine gain stage, an output buffer, and a /lP compatible 
parallel digital interface. 

1.1 Gain Stages 

The analog input, Y,N, goes directly into the op amp input 
in the coarse gain stage. The coarse gain stage has a gain 
range of 0 to 22.SdB in 1 .SdB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of 0 to 1.SdB in 0.1 dB 
steps. 

Both stages can be programmed for either gain or 
attenuation, thus doubling the effective gain range. 

ML2008, ML2009 
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.08 

.06 

.04 
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-24 -18 -12 -6 12 18 24 

GAIN SETTING (dB) 

Figure 7. Gain Error vs Gain Setting 
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GAIN: V,N = 0.5VRMslGAIN SETTING 

20 
-24 -18 -12 -6 o 6 12 18 24 
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Figure 9. SIN +D vs Gain Setting (V,NIVoUT = O.5VRMS) 

The logarithmic steps in each gains stage are generated by 
placing the input signal across a resistor string of 16 series 
resistors. Analog switches allow the voltage to be tapped 
from the resistor string at 16 points. The resistors are sized 
such that each output voltage is at the proper logarithmic 
ratio relative to the input signal at the top of the string. 
Attenuation is implemented by usi ng the resistor string as 
a simple voltage divider, and gain is implemented by 
using the resistor string as a feedback resistor around an 
internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain from 
-24dB to +24dB in 0.1 dB steps can be obtained by 
combining the coarse and fine gain setting to yield the 
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ML2008, ML2009 
desired gain setting. The relationship between the register 
o and 1 bits and the corresponding analog gain values is 
shown in Tables 1 and 2. Note that C3-CO select the 
coarse gain, F3-FO select the fine gain, and ATTEN/GAIN 
selects either gain or attenuation. 

1_3 Output Buffer 

The final analog stage is the output buffer. This ampl ifier 
has internal gain of 1 and is designed to drive 600Q, 
1 OOpF loads. Thus, it is suitable for driving a telephone 
hybrid circuit directly without any external amplifier. 

Table 1. Fine Gain Settings (C3 - CO = 0) 

Ideal Gain (dB) 
F3 F2 Fl FO AllEN/GAIN = 1 AllEN/GAIN = 0 

0 0 0 0 0.0 0.0 
0 0 0 -D.l 0.1 
0 0 1 0 -0.2 0.2 
0 0 1 -0.3 0.3 
0 1 0 0 -0.4 0.4 
0 0 -0.5 0.5 
0 1 0 -0.6 0.6 
0 1 -0.7 0.7 

0 0 0 -0.8 0.8 
0 0 -D.9 0.9 
0 0 -1.0 1.0 
0 1 -1.1 1.1 
1 0 0 -1.2 1.2 

0 1 -1.3 1.3 
1 0 -1.4 1.4 

1 -1.5 1.5 

2.0 DIGITAL INTERFACE 

The architecture of the digital section is shown in the 
preceding black diagram. 

The structure of the data registers or latches is shown in 
Figures 10 and 11 for the ML2008 and ML2009, 
respectively. The registers control the attenuation/gain 
setting bits and with the ML2008 the power down bit. 

Tables 1 and 2 describe how the data word programs the 
gain. 

The difference between the ML2008 and ML2009 is in the 
register structure. The ML2008 is an 8-bit data bus 
version. This device has one 8-bit register and one 2-bit 
register to store the 9 gain setting bits and 1 powerdown 
bit. Two write operations are necessary to program the full 
10 data bits from eight external data pins. The address pin 
AO controls which register is being written into. The 
powerdown bit, PON, causes the device to be placed in 
powerdown. When PON = 1, the device is powered 

3-20 

1.4 Power Supplies 

The digital section is powered between Vee and GNO, 
or SY. The analog section is powered between Vee and 
Vss and uses AGNO as the reference point, or ±SY. 

GNO and AGNO are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than IOOIlV. However, AGNO 
and GNO should be tied together physically near the 
device and ideally close to the common power supply 
ground connection. 

Typically, the power supply rejection of Vee and Vss 
to the analog output is greater than -60dB at 1 KHz. If 
decoupling of the power supplies is still necessary in a 
system, Vee and Vss should be decoupled with respect 
toAGNO. 

Table 2. Coarse Gain Settings (F3 - FO = 0) 

Ideal Gain (dB) 
C3 C2 Cl CO AllEN/GAIN = 1 AllEN/GAIN = 0 

0 0 0 0 0.0 0.0 
0 0 0 1 -1.5 1.5 
0 0 1 0 -3.0 3.0 
0 0 1 1 -4.5 4.5 
0 1 0 0 -6.0 6.0 
0 0 -7.5 7.5 
0 1 0 -9.0 9.0 
0 1 1 -10.5 10.5 

0 0 0 -12.0 12.0 
0 0 -13.5 13.5 
0 0 -15.0 15.0 
0 1 1 -16.5 16.5 

0 0 -18.0 18.0 
0 1 -19.5 19.5 
1 0 -21.0 21.0 

-22.5 22.5 

down. In this state, the power consumption is reduced by 
removing power from the analog section and forcing the 
analog output, VOUT, to a high impedance state. While the 
device is in powerdown, the digital section is still 
functional and the current data word remains stored in the 
registers. When PON = 0, device is in normal operation. 

The ML2009 is a 9-bit data bus version. This device has 
one 9-bit register to store the 9 gain setting bits. The full 9 
data bits can be programmed with one write operation 
from nine external data pins. 

The internal registers or latches are edge triggered. The 
data is transferred from the external pins to the register 
output on the rising edge of WR. The address pin, AO, 
controls which register the data will be written into as 
shown in Figures 1 and 2. The CS control signal selects 
the device ~allowing the WR signal to~ch in the data 
only when CS is low. When CS is high, WR is inhibited 
from latching in new data into the registers. 



ML2008, ML2009 

08 07 06 05 04 03 02 01 81T 

AO = 0 I ATTEN/GAIN I C3 I C2 I C1 I CO I F3 I F2 I F1 I REG 0 
08 07 06 05 04 03 02 01 DO BIT 

I ATTEN/GAIN I C3 I C2 I C1 I CO I F3 I F2 I F1 I FO I REG 0 

Figure 10. ML2008 Register Structure Figure 11. ML2009 Register Structure 

ML2008 
ML2009 

Your V\IV VIN Your V\IV 

IIJI 
~p 

8 

8 

Figure 12. Typical 8-Bit IlP Interface, Double Write Figure 13. Typical 8-Bit IlP Interface, Single Write 

ML2009 
V\/\J 

ML2009 Ml2233 

V\IV 12-BIT 
IN Your IN +SIGN 

AID 

~p 

OR 
OSP 

~P 

9 

Figure 14. Typical 16-Bit IlP Interface Figure 15. AGe for DSP or Modem Front End 
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ML2008 ML2008 
+5V 

V,N 

V,N ML2009 AOI--+-"'1 
Vour 

WR 

~p 

-5V 

Figure 16. Operation as Logarithmic D/A Converter Figure 17. Controlling Multiple Gain/Attenuators 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML20081) -40°C to 85°C Hermetic Dip (18) 
ML20081P -40°C to 85°C Molded Dip (P18) 
ML20081Q -40°C to 85°C Molded PCC (Q20) 

ML2008CP O°C to +70°C Molded Dip (P18) 
ML2008CQ O°C to +70°C Molded PCC (Q20) 

ML20091) -40°C to 85°e Hermetic Dip (J18) 
ML20091P -40oe to 85°e Molded Dip (P18) 
ML20091Q -40°C to 85°e Molded pee (Q20) 

ML200gep O°C to +70oe Molded Dip (P18) 
ML2009CQ O°C to +70°C Molded pce (Q20) 
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GENERAL DESCRIPTION 
The ML2020 is a monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 

The ML2020 consists of a continuous anti-aliasing filter, a 
60 Hz rejection highpass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 

The equalization filters adjust the slope, height, and band
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 

The ML2020 is implemented in a double polysilicon CMOS 
technology. 

BLOCK DIAGRAM 

CLKSEL vee AGND Vss 

? ? ? 
CLK Your 

LAlI 

SID SOD 

SCK LATO 

ML2020 

Telephone Line Equalizer 

FEATURES 
• Slope, height, and bandwidth adjustable 
• 60Hz rejection filter 
• On chip anti-alias filter 
• Bypass mode 
• Low supply current 6 mA typical from ± 5 V supplies 
• TIL/CMOS compatible interface 
• Double buffered data latch 
• Selectable master clock 1.544 or 1.536 MHz 
• Synchronous or asynchronous data loading capability 
• Compatible with ML2003 and ML200410garithmic 

gain / attenuator 
• Standard 16-pin 0.3" center molded or hermetic dip 

and 18-pin SOIC 

• O°C to +70°C and -40°C to +85°C operating 
temperature range 

PIN CONNECTIONS 

CLKSEL 
SID 
NC 

LATO 
SCK 
NC 

SOD 
CLK 

GND 

M12020 
l6-PIN DIP 

TOP VIEW 

M12020 
l8-PIN SOIC 

TOP VIEW 

Vee 
PON 
VOUT 
AGND 
NC 
Y,N 
NC 
Vss 
LATI 
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PIN DESCRIPTION 
NAME 

CLKSEl 

SID 

LAID 

SCK 

SOD 

CLK 

FUNCTION 

Clock select input. This pin selects 
the frequency of the ClK input. If 
CLK is 1.536 MHz, set ClKSEl = 1. 
If ClK is 1.544MHz, set 
ClKSEl-O. Pin has an internal 
pullup resistor to Vee. 
Serial input data. Digital inputthat 
contains serial data word which 
controls the filter frequency re
sponse setting. 
Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 
Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

Serial output data. Digital output 
of the shift register. 
Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre
quency can be either 1.544MHz 
or 1.536MHz. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
Vcc ......................................... +6.5V 
Vss ......................................... -6.5V 
AGNDwithRespecttoGND ..................... ±O.5V 
Analog Input and Output .......... Vss -O.3VtoVcc +O.3V 
Digital Input and Outputs ........ GND -O.3VtoVcc +O.3V 
Input Current Per Pin .......................... ± 25 mA 
Power Dissipation ............................. 750mW 
Storage Temperature Range ............. -65°Cto +150°C 
lead Temperature (Soldering 10 sec.) ................ 300° C 

NAME 

GND 

LATI 

Vss 
VIN 

AGND 

VOUT 
PON 

Vee 

FUNCTION 

Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 
Negative supply. - 5 volts ± 10%. 
Analog input. 
Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 

Analog output. 
Powerdown input. When PON = 1, 
device is in powerdown mode. 
When PoN=O, device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Positive supply. 5 volts ± 10% 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
Ml202OCp, Ml2020CS .................... 0° C to +70° C 
Ml2020lj ............................ -4Q°Cto +85°C 

Supply Voltage 
Vec ....................................... 4Vt06V 
Vss .................................... -4Vto -6V 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX, Vcc=SV ±10%, Vss= -SV ±1O%, Data Word: BP=l, Other Bits=O, CL = 100pF, 
RL =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK= l.544MHz ±3OOHz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
SR Response, Slope Section 4 1 kHz response 

NLiL 53 52 51 SO 
-- - - - -

0 0 0 0 1 1.4±0.1 dB 
0 0 0 1 0 2.6±0.2 dB 
0 0 1 0 0 4.7±0.2 dB 
0 1 0 0 0 7.8±0.2 dB 
0 1 1 1 1 11.4 ±0.25 dB 
1 0 0 0 0 0±0.1 dB 
1 0 0 0 1 0.4±0.1 dB 
1 0 0 1 0 0.9±0.2 dB 
1 0 1 0 0 1.8±0.2 dB 
1 1 0 0 0 3.7±0.2 dB 
1 1 1 1 1 6.6±0.25 dB 

Referenced to 
0 0 0 0 0 

HR Response, Height Section 4 3250 Hz respo[!i.e referenced to 1 kHz 
response with BP= 1, other bits=O 

NLiL H3 H2 Hl HO 
-- - - - -

0 0 0 0 0 0±0.1 dB 
0 0 0 0 1 0.6±0.2 dB 
0 0 0 1 0 1.2±0.2 dB 
0 0 1 0 0 2.4±0.2 dB 
0 1 0 0 0 5.8±0.3 dB 
0 1 1 1 1 11.2 ±0.3 dB 

BR Response, Bandwidth 4 NLiL B3 B2 Bl BO H3 H2 Hl HO 
Section (Q) -- --------

0 0 0 0 0 1 1 1 1 16.1 ±2.0 
0 0 0 0 1 1 1 1 1 14.2 ±1.5 
0 0 0 1 0 1 1 1 1 12.6±1.5 
0 0 1 0 0 1 1 1 1 9.1±1.0 
0 1 0 0 0 1 1 1 1 3.6±0.5 
0 1 1 1 1 1 1 1 1 1.2 ±0.35 

PK BW Peak Frequency 4 H3 thru HO= 1 3230 3250 3270 Hz 

AG Absolute Gain, Flat 4 1104kHz -0.1 +0.1 +0.3 dB 
Response 

AGB Absolute Gain, Bypass Mode 4 0.3 to 4kHz, BP=O -0.1 +0.1 +0.3 dB 

ICN Idle Channel Noise 4 VIN=O 3 8 dBrnc 

VIN = 0, All Data Bits = 1 9 dBrnc 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAX, Vcc=SV±10%, Vss= -SV ±10%, Data Word: BP=l, Other Bits=O, Cl =l00pF, 
Rl =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK= 1.S44MHz ±300Hz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER 

ANALOG 
HD Harmonic Distortion 4 

SO Signal to Distortion 4 

SFN Single Frequency Noise 5 

PSRR Power Supply Rejection 4 

ZIN Input Impedance, VIN 4 

Vos Output Offset Voltage 4 

VINR Input Voltage Range 4 

Vosw Output Voltage Swing 4 

DIGITAL AND DC 
VIL Digital Input low Voltage 4 

VIH Digital Input High Voltage 4 

VOl Digital Output Low Voltage 4 

VOH Digital Output High Voltage 4 

ILeLK Input Current, ClK SEl 4 

ILPDN Input Current, PDN 4 

IL Input Current, All Other Inputs 4 

lee Vee Supply Current 4 

Iss Vss Supply Current 4 

leep Vee ,Supply Current, 4 
Powerdown Mode 

Issp Vss Supply Current, 4 
Powerdown Mode 

AC CHARACTERISTICS 

tDC Clock Duty Cycle 5 

tseK SCK Oni Off Period 4 

ts SID Data Setup Time 4 

tH SID Data Hold Time 4 

tD SOD Data Delay 4 

tlPW LATI Pulse Width 4 

toPW LATO Pulse Width 4 

tlS,toS lATI, LATO Setup Time 4 

tlH,toH lATI, LATO Hold Time 5 

tpLD SOD Parallel load Delay 4 

CONDITIONS 

VIN =5dBm, 1kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 

VIN = -12dBm, 1 kHz +48 
C msg weighted 

VIN=O, 
4kHz .. frequency .. 150kHz 

200mVp-p' lkHzsine, VIN=O 
on Vee 
onVss 

100 

VIN=O 

±2.0 

RL =600Q ±2.0 

2.0 

1m =2mA 

IOH=-lmA 4.0 

VIN=O 5 

VIN=Vee -5 

VIN=O-Vee 

No output load, VIL =GND, 
VIH=Vee, VIN=O 

No output load, VIL =GND, 
VIH=Vee, VIN=O 

No output load, VIL =GND, 
VIH=Vee 

No output load, VIL =GND, 
VIH=Vec 

40 

250 

50 

50 

0 

50 

50 

50 

50 

0 

-4B 

-50 

-40 
-40 

±50 

0.8 

0.4 

100 

-100 

±10 

10 

-10 

1.2 

-1.2 

60 

125 

125 

LIMIT 
UNITS 

dB 

dB 

dBm 

dB 
dB 

kQ 

mV 

V 

V 

V 

V 

V 

V 

jlA 

jlA 

jlA 

mA 

mA 

mA 

mA 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: O°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation . 
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Figure 2. Typical Slope Filter Response- NL! L = 0 
83-80, H3-HO = 0000, S3-SO =0000 to 1m. 
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Figure 3. Typical Slope Filter Response- NLI L = 1 
83-80, H3-HO = 0000, 53-SO = 0000 to 1111. 
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Figure4. Typical Height Filter Response-NLlL=O 
83-80, 53-SO = 0000; H3-HO = 0000 to 1111. 
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FigureS. Typical Bandwidth Filter Response-NLlL=O 
H3-HO = 1111; S3-SO = 0000; 83-80 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 
The ML2020 consists of a continuous anti-alias filter, a 60 Hz 
reject high pass filter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 

1.1 Anti-Alias Filter 
The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical3dB frequency at 20kHz 
and 30dB of rejection at 124kHz. 

1.2 60 Hz Rejection Filter 
The 60 Hz section is a highpass switched capacitor filter de
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3dB frequency at 135 Hz. 

1.3 Equalization Filters 
The equalizer filters follow the 60Hz highpass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 
This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.3.1 Response of Slope, Height, and Bandwidth 
The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53-
SO. These bits alter the slope of the high pass response under 
1000Hz, and asa result, the absolute gain above 1000Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 

Slope Rei 1 kHz Gain (dB) 

Setting NL/L=l NLIL=O 
0 0.0 Rei 
1 0.4 1.4 
2 0.9 2.6 
3 1.4 3.7 
4 1.8 4.7 
5 2.3 5.5 

6 2.8 6.3 
7 3.4 7.2 
8 3.7 7.8 
9 4.2 8.4 

10 4.6 9.0 
11 5.0 9.5 
12 5.4 10.0 
13 5.8 10.5 
14 6.2 11.0 
15 6.6 11.4 

HT, BW Bits-O 

ML2020 

There is an additional bit, NUL, that also affects the high pass 
response of the slope filter. The slope response curves in 
Figure 2 are with NUL-O. These same response curves are 
shown in Figure 3 with NUL= 1. Notice thatthe NUL bit 
adds more droop in the highpass response below 2500Hz. 
The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and BW Settings 

Relative 1 kHz Gain (dB) 

HTSetting 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 Rei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0.1 
5 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 

f~ 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1 
0 0 0 0 0 0 0 o 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

~8 0 0 0 0 0 o 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
9 0 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 
10 0 0 0 o 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
n 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 
12 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
13 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 
14 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
15 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 

Slope 8115-0 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth ofthe 3250Hz peaked region. 

1.3.2 Transfer Function 
The transfer function for the ML2020 is shown below. This 
transfer function is valid for magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func
tion by typically 0-0.2dB. 

H ( ) -s e (s + b) [s2 + h (CiJo/Q) s + CiJ02] [sin (mile)] s - -- x -- x X """"~-:==' 
S + a b(s + e) ~ + (CiJo/Q) s + CiJ02] (m/fe) 

5 = jx256000xtan (nf/128OOO) 
a - 848.230 

"'0 - 20463.77 
fc = 128000 

b,c See Table 3. 
Q See Table 4. 
h See Table 5. 

(slope) 
(bandwidth) 
(height) 
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Table 3. 

S3-O 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

S3-O 
XXXX 

Table 4. 
B3-0 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

TableS. 
Code 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

3-30 

Slope Response Factors (b, c) 
b 
NL/L=O 

2.371759E+03 
1.985920E+03 
1.701779E+03 
1.493571E +03 
1.326721E +03 
1.196668E+03 
1.087277E +03 
9.983588E+02 
9.179889E+02 
8.537864E+02 
7.966049E+02 
7.478074E+02 
7.035099E+02 
6.651771E+02 
6.299477E+02 
5.990361E+02 

c 
NL/L ... O 

2.371759E+03 

Slope Response Factors (b, c) 
Q 
17.444906 
15.386148 
13.652451 
11.593677 
9.859960 
8.017864 
6.392453 
5.092080 
3.900003 
3.141338 
2.599369 
2.165724 
1.731965 
1.406509 
1.352248 
1.297981 

Height Response Factors (h) 
h 
1.000000 
1.071519 
1.148154 
1.230269 
1.318257 
1.445438 
1.603245 
1.757924 
1.949845 
2.137962 
2.317395 
2.540973 
2.786121 
3.019951 
3.311311 
3.672823 

b 
NLlL=l 

1.116280E+04 
9.345141E+03 
8.007156E+03 
7.026999E+03 
6.241681E+03 
5.629636E+03 
5.114881 E +03 
4.696487E +03 
4.318339E+03 
4.016273E +03 
3.747249E+03 
3.517676E+03 
3.309279E+03 
3.128945E+03 
2.963214E+03 
2.817797E +03 

c 
NL/L=l 

1.116280E+04 

1.4 Smoothing Filter 
The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam
ple information generated by the action of the switched ca
pacitor filters. This filter provides a continuous analog signal 
atthe output, VOUT • 

1.S Output Buffer 
The final stage in the Ml2020 is the output buffer. This ampli
fier has internal gain of 1 and is capable of driving 600Q, 
l00pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.6 Bypass Mode 
The .filter sections can be bypassed by setting the bypass data 
bit, BP, to O. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.7 Filter Clock 
The master clock, ClK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of ClK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The ClKSEl pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, ClKSEl should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic levell, and the internal clock rate is the same 
as the external clock rate. 

1.8 Serial Interface 
The architecture of the digital section is shown in the preced
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

Note that bit 0 is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig
nal, LAID, is high. The LATa pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con
tinuously or in bursts. Since the shift register and latch 
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circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

SCK 

SID 

LATI 

LATO 

SOD 

M12020 
The clocks used to shift and latch data (SCK, lATI, LATO) are 
not related internally to the master clock and can occur asyn
chronous to ClK. 

n 

a) LOAD 

SCK 

SID 

LATI 

LATO n 
SOD 

b) READ 

Figure 6. Serial Timing 

NUL SLOPE BANDWIDTH HEIGHT BYPASS --- ,~ 

NUL 53 52 51 SO B3 B2 B1 BO H3 H2 H1 HO Up _FUNCTION 

13 

1 
12 

1 
11 10 

1 
9 

1 
8 

1 
7 

1 
6 

1 
5 

1 
4 

1 
3 2 

1 
1 I 0 1-BIT NUMBER 

Figure 7. 14-Bit latch 

POWERDOWN MODE 
A powerdown mode can be selected with pin PON' When 
PON -1, the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VOUT, to a high impe
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, ClK, can be 
left active or removed during powerdown mode. When 
PON - 0, the device is in normal operation. 

POWER SUPPLIES 
The digital section inside the device is powered between Vee 
and G N D, or 5 volts. The analog section is powered between 
Vee and Vss, or ± 5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100/-iV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vee and Vss to the analog 
output is greater than - 60 d B at 1 kHz, typically. If decou
piing of the power supplies is still necessary in a system, Vee 
and Vss should be decoupled with respect to AGND. 
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ML2004 
LOG GAIN/ATIEN 

/V\.,_ V,N Vour 

C '" 3 ;;; ~ 

-
-

/.II' 
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ML2020 
EQUALIZER 

V,N Vour 

c '" 3 ;;; ~ 

I J 

Figure 8. Typical Serial Interface 

ML2020 OR ML2004 ML2020 OR ML2004 

- V,N Vour - - V,N VOUT r-
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;;; ~ Sl ;;; ~ Sl 
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I--

-

ML2020 OR ML2004 

- V,N Vour -

c '" 3 c 
;;; ~ Sl 
I LsI-

Figure 9. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Lines 
Using One IDng Data Word 

'-Micro Linear 



ORDERING INFORMATION 

PART NUMBER 

ML2020CP 
ML2020CS 
ML20201J 
ML20201P 
ML20201S 

TEMP. RANGE 

O·C to +70·C 
O·C to +70·C 

-40·C to +85·C 
-40·C to +85·C 
-40·C to +85·C 

'Micro Linear 

PACKAGE 

MOLDED DIP (P16) 
MOLDED SOIC (S18W) 
HERMETIC DIP U16) 
MOLDED DIP (P16) 
MOLDED SOIC (S18W) 

ML2020 

l1li 
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GENERAL DESCRIPTION 
The Ml2021 is a monolithic analog line equalizer for 
telephone applications. The Ml2021 consists of a 
switched capacitor filter that realizes a family of 
frequency response curves optimized for telephone 
line amplitude equalization while minimizing group 
delay. This Ml2021 is the same function as the Ml2020 
telephone equalizer without the 60Hz rejection filter. 

The Ml2021 consists of a continuous anti-aliasing filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, a 600n driver, and a 
digital section for the serial interface. 

The equalization filters adjust the . slope, height, and 
band-width of the frequency response. The desired 
frequency response is programmed by a digital 14-bit 
serial input data stream. 

The Ml2021 is implemented in a double polysilicon 
CMOS technology. 

BLOCK DIAGRAM 

CLKSEL vee AGND Vss 

I I I 

14 

SID 14-BIT SHIFT-REGISTER 

SCK lATO 

August 1992 

ML2021 

Telephone Line Equalizer 

FEATURES 
• Slope, height, and bandwidth adjustable 
• Optimized group delays (500 Hz to 6.4 kHz) 
• On chip anti-alias filter 
• Bypass mode 
• low supply current 6mA typical from ±5V supplies 
• TTL/CMOS compatible interface 
• Double buffered data latch 
• Selectable master clock 1.544 or 1.536 MHz 
• Synchronous or asynchronous data loading 

capability 
• Compatible with Ml2003 and ML2004 logarithmic 

gain/attenuator 
• Standard 16-pin 0.3" center molded or hermetic 

DIP and 18-pin SOIC 
• O°C to +70°C and -40°C to +85°C operating 

temperature range 

PIN CONNECTIONS 

VOUT 

SOD 

ML2021 
l6-pin DIP 

ML2021 
l8-pin sOle 

CLKSEL vee 
SID PON 
NC VOUT 

lATO AGND 
SCK NC 
NC Y,N 

SOD NC 
CLK Vss 

GND --.."-_--":.r-lATI 
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PIN DESCRIPTION 
NAME 

ClKSEl 

SID 

lATa 

SCK 

SOD 

ClK 

FUNCTION 

Clock select input. This pin selects 
the frequency of the ClK input. If 
ClK is 1.536MHz, set ClKSEl= 1. 
If ClK is 1.544MHz, set 
ClKSEl=O. Pin has an internal 
pullup resistor to Vee. 

Serial input data. Digital Input that 
contains serial data word which 
controls the filter frequency re
sponse setti ng. 

Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

Serial output data. Digital output 
of the shift register. 

Master clock input. Digitalmput 
which generates clocks for the 
switched capacitor filters. Fre
quency can be either 1.544MHz 
or 1.536MHz. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
Vcc ......... . . . . . . . . . . . . . . . . . . .. +6.5V 
Vss ................................. -6.5V 
AGNDwlthRespecttoGND ......... ±0.5V 
Analog Input and Output .. . ...... Vss -O.3V to Vee +0.3 V 
Digital Input and Outputs ........ GND -O.3V to Vee +0.3V 
Input(urrentPerPm .......................... ±25mA 
Power Dissipation ............................ 750mW 
Storage Temperature Range ............. - 65° (to +150° ( 
Lead Temperature (Soldering 10 sec.) ....... . ...... 300° ( 

NAME 

GND 

lATI 

Vss 
VIN 

AGND 

VOUT 

PON 

Vee 

ML2021 

FUNCTION 

Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 

Negative supply. - 5 volts ± 10%. 

Analog Input. 

Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 

Analog output. 

Powerdown input. When PON = 1, 
device is in powerdown mode. 
When PON = 0, device is in normal 
operation. This pm has an internal 
pulldown resistor to GND. 

Positive supply. 5 volts ± 10% 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2021(P, ML2021(S .................... OO(to +70° ( 
ML20211) ........ . .. -400 (to +85°( 

Supply Voltage 
Vce ... . . . . . . . . .. . . . . . . . ........... 4Vto 6V 
Vss ................................... -4Vto -6V 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = T MIN to TMAX, Vcc=SV ±10%, Vss= -SV ±10%, Data Word: BP= 1, Other Bits =0, CL = 100pF, 
RL =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK= 1.544MHz ±300Hz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
SR Response, Slope Section 4 1 kHz response 

NUL 53 52 51 SO 
-- - - - -

a a a a 1 1.4±0.1 dB 
a a a 1 a 2.6±0.2 dB 
0 0 1 0 0 4.7±0.2 dB 
0 1 0 0 0 7.B±0.2 dB 
0 1 1 1 1 11.4±0.25 dB 
1 0 0 0 0 0±0.1 dB 
1 0 a 0 1 0.4±0.1 dB 
1 a 0 1 0 0.9±0.2 dB 
1 a 1 0 a 1.B±0.2 dB 
1 1 a 0 a 3.7±0.2 dB 
1 1 1 1 1 6.6±0.25 dB 

Referenced to 
0 a 0 0 0 

HR Response, Height Section 4 3250 Hz respoQi.e referenced to 1 kHz 
response with BP= 1, other bits=O 

NUL H3 H2 H1 HO 
-- - - - -

0 0 0 0 0 a ± 0.15 dB 
0 a 0 0 1 0.5 ± 0.2 dB 
0 0 0 1 0 1.1 ± 0.2 dB 
0 0 1 0 0 2.3 ± 0.2 dB 
0 1 0 0 0 5.7 ± 0.3 dB 
0 1 1 1 1 11.1 ± 0.3 dB 

BR Response, Bandwidth 4 NUL B3 B2 B1 BO H3 H2 H1 HO 
Section (Q) -- --------

0 a a 0 0 1 1 1 1 16.1 ±2.0 
a 0 a 0 1 1 1 1 1 14.2±1.5 
0 0 0 1 0 1 1 1 1 12.6±1.S 
a 0 1 0 0 1 1 1 1 9.1±1.0 
0 1 0 0 0 1 1 1 1 3.6±0.5 
a 1 1 1 1 1 1 1 1 1.2 ±0.35 

PK BW Peak Frequency 4 H3 thru HO=l 3230 3250 3270 Hz 

AG Absolute Gam, Flat 4 .5 to 4kHz -0.1 +0.1 +0.3 dB 
Response 

AGB Absolute Gain, Bypass Mode 4 0.3 to 4kHz, BP=O -0.1 +0.1 +0.3 dB 

ICN Idle Channel NOise 4 VIN=O 3 B dBrnc 

VIN = 0, ail data bits = 1 9 dBrnc 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAX, Vcc=SV ±10%, Vss= -SV ±10%, Data Word: BP=l, Other Bits=O, CL = l00pF, 
RL =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK= 1.S44MHz ±300Hz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER 

ANALOG 

HD HarmOniC Distortion 4 

SD Signal to Distortion 4 

SFN Single Frequency Noise 5 

PSRR Power Supply Rejection 4 

ZIN Input Impedance, VIN 4 

Vos Output Offset Voltage 4 

VINR I nput Voltage Range 4 

Vosw Output Voltage Swing 4 

DIGITAL AND DC 

VIL Digital Input Low Voltage 4 

VIH Digital Input High Voltage 4 

VOL Digital Output Low Voltage 4 

VOH Digital Output High Voltage 4 

ILCLK Input Current, ClK SEL 4 

ILPDN Input Current, PDN 4 

IL Input Current, All Other Inputs 4 

Icc Vcc Supply Current 4 

Iss Vss Supply Current 4 

Iccp Vcc Supply Current, 4 
Powerdown Mode 

Issp Vss Supply Current, 4 
Powerdown Mode 

AC CHARACTERISTICS 

toe Clock Duty Cycle 5 

tSCK SCKOniOfiPeriod 4 

Is SID Data Setup Time 4 

tH SID Data Hold Time 4 

tD SOD Data Delay 4 

tlPW LATI Pulse Width 4 

Iopw LATO Pulse Width 4 

tls,los LATI, LATO Setup Time 4 

tIH,tOH LATI, LATO Hold Time 5 

tpLD SOD Parallel Load Delay 4 

CONDITIONS 

VIN = 5dBm, 1 kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 

VIN = -12dBm, 1 kHz +48 
C msg weighted 

VIN=O, 
4 kHz';;; frequency';;; 150kHz 

200mVp-p, 1 kHz sine, VIN =0 
onVcc 
on Vss 

100 

VIN=O 

±2.0 

RL =600Q ±2.0 

2.0 

IOL =2mA 

IOH= -lmA 4.0 

VIN=O 5 

VIN=VCC -5 

VIN = 0 to Vcc 

No output load, VIL =GND, 
VIH=VCC, VIN=O 

No output load, VIL =GND, 
VIH=VCC, VIN=O 

No output load, VIL = GND, 
VIH=VCC 

No output load, VIL =GND, 
VIH=VCC 

40 

250 

50 

50 

0 

50 

50 

50 

50 

0 

-4B 

-50 

-40 
-40 

±50 

0.8 

0.4 

100 

-100 

±10 

10 

-10 

1.2 

-1.2 

60 

125 

125 

LIMIT 
UNITS 

dB 

dB 

dBm 

dB 
dB 

kQ 

mV 

V 

V 

V 

V 

V 

V 

/'A 
/'A 
/'A 
rnA 

rnA 

mA 

mA 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: O°C to +70°C and - 40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

'Micro Linear 3-37 

-



ML2021 

12 

10.5 

9.0 

iii 7.5 
:g 

~ 
6.0 

:;, 4.5 

~ 
~ 

3.0 

1.5 

-1.5 

-3.0 0 

3-38 

SCK 

SID 

SOD 

SCK 

LATI 
------"1 

LATO 

-------------~ 

SOD 

TIMING PARAMmRS ARE REFERENCED TO THE 1.4 YOIJ MIDPOINl: 

Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response- NLI L = 0 
83-80, H3-HO. 0000, 53-SO = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response- NLIL = 1 
83-80, H3-HO - 0000, S3-SO = 0000 to 1111. 
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Figure4. Typical HeightFilter Response-NLlL=O 
83-80, S3-SO = 0000; H3-HO = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response- NL! L = 0 
H3-HO = 1111; SJ-SO = 0000; 83-80 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 
The ML2021 consists of a continuous anti-alias filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, an output driver, and 
a digital section for the serial interface. 

1.1 ANTI-ALIAS FILTER 
The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3 dB frequency at 20 kHz 
and 30dB of rejection at 124 kHz. 

1.2 EQUALIZATION FILTERS 
The programmable filters implement a family of 
frequency response curves intended to compensate for 
the response of telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.2.1 RESPONSE OF SLOPE, HEIGH"!; AND 
BANDWIDTH 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53-
SO. These bits alter the slope of the highpass response under 
1000Hz, and as a result, the absolute gain above 1000Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 

Slope Rei 1 kHz Gain (dB) 

Setting NUL=l NLIL=O 

0 0.0 Rei 
1 0.4 1.4 

2 0.9 2.6 
3 1.4 3.7 

4 1.8 4.7 
5 2.3 5.5 

6 2.8 6.3 
7 3.4 7.2 

8 3.7 7.8 
9 4.2 8.4 

10 4.6 9.0 
11 5.0 9.5 

12 5.4 10.0 
13 5.8 10.5 

14 6.2 11.0 
15 6.6 11.4 

HI, BW Bits-O 

There is an additional bit, NUL, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NU L - O. These same response curves are 
shown in Figure 3 with NUL= 1. Notice thatthe NUL bit 
adds more droop in the highpass response below 2500Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and BW Settings 

Relative 1 kHz Gain (dB) 

HTSetting 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 Rei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 a 0 0 0 a 0 0 0 0 0 0.1 
5 0 0 0 0 0 0 0 0 0 0 0 a 0.1 0.1 0.1 0.1 

f~ 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1 
0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

~8 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
9 0 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 

10 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
11 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 

12 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
13 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 

14 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
15 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 

Slope Bits-O 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.2.2 TRANSFER FUNCTION 
The transfer function for the ML2021 is shown below. 
This transfer function is valid for magnitude response 
only. The actual magnitude response from an individual 
device may deviate from the computed response from 
the transfer function by typically O-0.2dB. 

H (5) _ c (5 + b) X [52 + h (wo/Q) 5 + wo2] x [sin (nf/Ie)] 
b (5 + c) ~2 + (wo/Q) 5 + wo2] (nf/Ie) 

s = jx256000xtan (nf/128ooo) 
"'0 - 20463.77 
fc = 128000 

b,c See Table 3. 
Q See Table 4. 
h See Table 5. 

(slope) 
<bandwidth) 
(height) 
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Table 3. Slope Response Factors (b, c) 
b 

S3-O NLlL=O 

0000 2.371759E+03 
0001 1.985920E+03 
0010 1.701779E+03 
0011 1.493571E+03 
0100 1.326721 E +03 
0101 1.196668E +03 
0110 1.087277E +03 
0111 9.983588E+02 
1000 9.179889E+02 
1001 8.537864E +02 
1010 7.966049E+02 
1011 7.478074E +02 
1100 7 .035099E +02 
1101 6.651771E+02 
1110 6.299477E+02 
1111 5.990361E+02 

c 
S3-O NL/L=O 

XXXX 2.371759E+03 

Table 4. Slope Response Factors (b, c) 
B3-0 Q 
0000 17.444906 
0001 15.386148 
0010 13.652451 
0011 11.593677 
0100 9.859960 
0101 8.017864 
0110 6.392453 
0111 5.092080 
1000 3.900003 
1001 3.141338 
1010 2.599369 
1011 2.165724 
1100 1.731965 
1101 1.406509 
1110 1.352248 
1111 1.297981 

TableS. Height Response Factors (h) 
Code h 

0000 1.000000 
0001 1.071519 
0010 1.148154 
0011 1.230269 
0100 1.318257 
0101 1.445438 
0110 1.603245 
0111 1.757924 
1000 1.949845 . 
1001 2.137962 
1010 2.317395 
1011 2.540973 
1100 2.786121 
1101 3.019951 
1110 3.311311 
1111 3.672823 

b 
NLlL=l 

1.116280E +04 
9.345141E+03 
8.007156E+03 
7.026999E+03 
6.241681 E +03 
5.629636E+03 
5.114881E+03 
4. 696487E+03 
4.318339E+03 
4.016273E +03 
3. 747249E +03 
3.517676E+03 
3.309279E+03 
3.128945E +03 
2. 963214E +03 
2.817797E+03 

c 
NL/L=l 

1.116280E +04 

ML2021 

1.2.3 GROUP DElAY 
The difference between the ML2020 and ML2021 is the 
elimination of a 60Hz highpass filter in order to 
eliminate positive group delay at low frequency. 

The group delay through the ML2021 can be minimized 
such that less than SOps of group delay can be 
achieved in both unloaded and cable loaded conditions 
relative to 1804Hz in the frequency range of 504 to 
3004Hz. Minimum group delays are dependent upon 
using the proper setting for slope, height, and 
bandwidth for a give equalization requirement. 

1.3 SMOOfHING FILTER 
The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam
ple information generated by the action of the switched ca
pacitor filters. This filter provides a continuous analog signal 
atthe output, VOUT . 

1.4 OUTPUT BUFFER 
The final stage in the ML2020 is the output buffer. This ampli
fier has internal gain of 1 and is capable of driving 6OOQ, 
l00pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.5 BYPASS MODE 
The .fl!ter sections can be bypassed by setting the bypass data _ 
bit, BP, to O. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.G FIIJER CLOCK 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The CLKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSElshould 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, ClKSElshould 
be set to logic levell, and the internal clock rate is the same 
as the external clock rate. 

1.7 SERIAL INTERFACE 
The architecture of the digital section is shown in the preced
ing block diagrarn. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 
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Note that bit 0 is the first bit of the data word clocked into the 
shift register. 
The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig
nal, LAID, is high. The lAID pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 
The loading and reading of the data word can be done con
tinuously or in bursts. Since the shift register and latch 

SCK 

SID 

circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical Intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

The clocks used to shift and latch data (SCK, lATI, lATO) are 
not related internally to the master clock and can occur asyn
chronous to ClK. 

~ n 
----------------------------------~ ~----

~ro-------------------------------------------------------------------------

SOD 

a) LOAD 

SCK 

SID 

~TI-----------------------------------------------------------------------------

~ro n 
----~ ~--------------------------------
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SOD 

b) READ 

Figure 6. Serial Timing 

NLIL SLOPE BANDWIDTH HEIGHT BYPASS --NLIL 53 52 SI 50 83 82 Bl DO H3 H2 HI HO 

I 1 1 1 1 1 I I 1 1 

-~~_r~_,~~T_~_r~~-=~T_~_r~~~~~~_r~~~~~~_r~B~P_,~FUNcrION 

..... _-'-_ ....... ___ .1.-_-'-__ --'-___ .1.-__ ....&... __ --'-____ .1.-__ ....&... __ --'-____ 1...-__ ...11 __ °---11 ~ BIT NUMBER 
13 12 n 10 9 8 7 6 4 3 2 1 

Figure 7. 14-Bit latch 
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1.8 POWERDOWN MODE 

A powerdown mode can be selected with pin PON. When 
PON = 1, the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, Vour, to a high impe
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, elK, can be 
left active or removed during powerdown mode. When 
PON -0, the device is in normal operation. 

2.0 APPLICATIONS 
MI2OO4 

ML2021 

1.9 POWER SUPPLIES 

The digital section inside the device is powered between Vee 
and GND, or 5 volts. The analog section is powered between 
Vee and Vss, or ± 5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than lOOllV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vee and Vss to the analog 
output is greater than - 60dB at 1 kHz, typically. If decou
piing of the power supplies is still necessary in a system, Vee 
and Vss should be decoupled with respect to AGND. 

LOG GAIN/ATTEN 
MI202I 

EQUALIZER 

/V\.._ VJN VOUT - VIN VOUT JV\ -

Q .. 
~ Q .. 

~ ill ~ ill ~ 

I J 
f-

Ill' 
t--

Figure 8. Typical Serial Interface 

ML2021 OR ML2004 ML2021 OR ML2004 MI202I OR ML2OO4 

- VJN VOUT t- - VIN VOUT t-- - VIN VOUT r 

~ ~ ~ 
Q 

Q .. ~ ~ ~ 
.. ~ ~ ~ ill ~ ~ 

I I I L, 

I---

III' 

Figure 9. Controlling Multiple ML2021 and ML2004 Wrth Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 

3-44 

PART NUMBER 

Ml2021CP 
Ml2021CS 
Ml2021I) 
Ml20211P 
Ml2021IS 

TEMP. RANGE 

O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

'Micro Linear 

PACKAGE 

MOLDED DIP (P16) 
MOLDED SOIC (S18W) 
HERMETIC DIP (J16) 
MOLDED DIP (P16) 
MOLDED SOIC (S18W) 
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GENERAL DESCRIPTION 
The Ml2031 and Ml2032 are monolithic tone detectors 
intended for telecommunication applications utilizing 4-
wire loopback capability. The device meets or exceeds 
the 4-wire Maintenance Terminating Unit (MTU) 
requirements outlined in BEll PUB 43004. 

These devices incorporate a 2713 Hz tone detector, clock 
oscillator, and uncommitted op amp in an B-pin DIP. No 
external components are required. 

The Ml2031 or Ml2032 can be used to detect frequencies of 
1004 Hz or 2600 Hz, as the tone detectorfrequency template 
from 1000 Hz to 4000 Hz is proportional to the frequency of 
the external clock. 

The Ml2031 has two clock outputs. ClKoUT 1 is one half the 
frequency of ClKIN, while ClKoUT2 is one eighth of the 
frequency of ClKIN' The Ml2032 has an uncommitted op 
amp instead of the clock outputs. 

The Ml2031 and Ml2032 are implemented in a double 
polysilicon CMOS technology. 

BLOCK DIAGRAMS 
ML2031 

ML2031, ML2032 
Tone Detector 

FEATURES 
• Meets or exceeds BELL PUB 43004 requirements 
• Extended dynamic range detect -34dBm to +6dBm 

no detect .;;; -40dBm 
• Frequency template (fClK IN = 12MHz) 

detect 2713 ± 10Hz 
no detect 2713 ± 36Hz 

• General purpose tone detect range of 1000Hz to 
4000Hz 

• Signal-to-guard ratio 8dS to 13dB 
• No external components required 
• Continuous anti-alias filter 
• 60 Hz reject filter 
• ±5Vsupplies 
• Clock input 12.352MHz, 1.544 MHz, 

or a 12.352MHz crystal 
• ML2031 has clock outputs of 1.544 MHz and 

6.176MHz 
• Tone detection of 1000 Hz to 4000 Hz proportional 

to external clock 
• ML2032 has uncommitted op amp 
• 8-pin dual-in-line package 

ML2032 
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PIN CONNECTIONS 

ML2031 ML2032 

vssD8 VIN+ 
ClKouyl 2 7 Vee 

ClKouT2 3 6 GNO 

TOEl 4 5 ClKIN 

VIN+D8 VOUy 
VIN- 2 7 Vee 

Vss 3 6 GNO 

TOEl 4 5 ClKIN 

lOP VIEW lOP VIEW 

PIN DESCRIPTIONS 
ML2031 ML2032 

PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

1 Vss Negative supply. - 5 V ± 10% VIN+ Positive Analog input. Positive 
2 ClKoUTl Clock output. Digital output from input to the uncommitted op amp. 

oscillator divided by 2. 2 VIN- Negative Analog input. Negative 
3 ClKOUT2 Clock output. Digital output from input to the uncommitted op amp. 

oscillator divided by 8. 3 Vss Negative supply. - 5 V ± 10% 
4 TDET Tone detect output. Digital output 4 TDET Tone detect output. Digital output 

which indicates when valid which indicates when valid 
2713 Hz tone is present on analog 2713 Hz tone is present on analog 
input. input. 

5 ClKIN Clock input. Internal clock can be 5 CLKIN Clock input. Internal clock can be 
generated by tying a 12.352 MHz generated by tying a 12.352MHz 
crystal between this pin and GND, crystal between this pin and GND, 
or by applying a 12.352MHz or or by applying a 12.352 MHz or 
1.544MHz clock to this pin. 1.544MHz clock to this pin. 

6 GND Ground. Analog and digital inputs 6 GND Ground. Analog and digital inputs 
and outputs are referenced to th is and outputs are referenced to this 
point. point. 

7 Vee Positive supply. +5 V ± 10% 7 Vee Positive supply. +5V ±1O% 
8 VIN+ Analog input. 8 VOUT Analog output. Output of the 

uncommitted op amp. 
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ML2031, ML2032 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage Temperature Range (Note 2) 
Vcc ......................................... +6.5V ML2031Cp, ML2032CP .................... O°Cto +70°C 
~ ......................................... -~V ML20311), ML2032IJ .................... -40°Cto +85°C 
AnaloglnputandOutput .......... Vss -O.3VtoVcc +O.3V Supply Voltage 
DigitallnputandOutputs ............. -0.3VtoVcc +O.3V Vcc ....................................... 4Vt06V 
Input Current Per Pin .......................... ± 25 mA Vss .................................... -4Vto -6V 
Power Dissipation ............................. 750mW 
Storage Temperature Range ............. -65°C to +150° C 
Lead Temperature (Soldering 10 sec.) ................ 300° C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA= TMIN to TMAX, Vcc=SV ±10%, Vss= -SV ±10%, CLK1N = 12.3S2MHz ±1200Hz, or 
CLKIN= l.S44MHz ±1S0Hz, CL =100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 
configuration. 

SYMBOL PARAMETER CONDITIONS UNITS 

TONE DETEO 

fTD Tone Detection Frequency 4 VIN = +6dBm to -34dBm 2703 2723 Hz 

fTR Tone Rejection Frequency 4 2679 2747 Hz 

ATD Tone Detection Amplitude 4 VIN = 2703 Hz to 2723 Hz -34 +6 dBm 

ATR Tone Rejection Amplitude 4 -40 dBm 

SGM Signal to Guard Margin 4 800 Hz 8 13 dB 
1400 Hz 8 13 dB 
2000 Hz 8 13 dB 
2450 Hz 8 13 dB 
Signal = -13 dBm, 2713 Hz. 
See BELL PU B 43004 sec. 2.4 
for test method 

SFI SF Tone Immunity 5 VIN + = 2600 Hz +6 dBm 
No tone detect 

tTD Tone Detect Delay 4 VIN+ = -8dBm, 2713 Hz 0 10 30 ms 
Figure 1 

tTR Tone Removal Delay 4 VIN+ = -8dBm, 2713 Hz 0 4 30 ms 
Figure 1 

OPAMP 

VINR Input Voltage Range 5 ±3 V 

Vosw Output Voltage Swing 4 ML2032 Only ±3 V 

Vos Input Offset Voltage 4 ML2032 Only ±20 mV 

liN Input Impedance 4 1 MQ 

AVOL DC Open Loop Gain 4 1k 5k VIV 

fUG Unity Gain Frequency 5 0.5 1 MHz 

ICN Noise- 5 C msg weighted -9 -3 dBrnc 
Input Referred 1kHz 375 nv/VHZ 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA - TMIN to TMAX, Vcc-SV ±10%, VSS- -SV ±10%, ClK,N -12.3S2MHz ±1200Hz, or 
ClK,N -1.S44MHz ±lS0Hz, CL -100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 
configuration. 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC 

Vil Input low Voltage, ClKIN 4 1.5 V 

VIH Input High Voltage, CLKIN 4 3.5 V 

liN Input Current, ClKIN 4 ClKIN = l.5V to 3.5V 10 60 flA 

ClKIN = 0 to l.5V; 3.5V to V cc 150 500 flA 

CIN Input Capacitance, ClKIN 5 11 pF 

VOl Output low Voltage 4 1m = -2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 

Icc Vcc Supply Current 4 No output load 7.5 mA 

Iss Vss Supply Current 4 No output load -4.5 mA 

CLOCK OUTPUT 

fClK 1 ClKOUTl Output Frequency 4 Figure 2 V2 V2 fClKl 

fClK2 ClKoUT2 Output Frequency 4 Figure 2 'Ia 'Ia fClKl 

t1R ClKouT 1 Output Rise Time 4 Figure 2, Cl = 50pF 0 20 ns 

t1f ClKoUT 1 Output Fall Time 4 Figure 2, Cl = 50pF 0 20 ns 

t2R ClKoUT2 Output Rise Time 4 Figure 2, Cl = 50pF 0 20 ns 

t2f ClKOUT2 Output Fall Time 4 Figure 2, Cl = 50pF 0 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: O°C to +700 C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING DIAGRAMS 

I 

~~~ ~.~ 
I l~--------------~I --~~ 

TDET 

ITo MEASURED FROM Y,N + ZERO CROSSING TO 1.4V MIDPOINT ON TDET 
IT. MEASURED FROM 1.4V MIDPOINT ON TDETTO ZERO CROSSING ON Y,N + 

Figure 1. Tone Detect Timing 

CLK'N 

: 1 ~ t-t1R --l I--t1f 
I I I I I 

CLKoUTI / \'-----J \,--_1 x_--,I \'-------11 
1+1.----------------fClK2 .i 
I I~---------

~/ ~ $ -l ~'---12-F-------------------------------I-41 ~t,. 

11F, I,., 12F, 12. MEASURED BETWEEN 0.8 and 2.0VOLT TRANSITION POINTS 
ALL OTHER PARAMETERS REFERRED TO 1.4V MIDPOINT 

Figure 2. Digital Clock Output Timing 
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Figure 3. CLKIN Input Current vs. Input Voltage 
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ML2031, ML2032 

1.0 FUNCTIONAL DESCRIPTION 
The Ml2031 has a divide by 2 and divide by 8 clock output to 
drive external devices. The Ml2032 has an uncommitted op 
amp. Referto the block diagram. 

1.1 Uncommitted OpAmp 
The Ml2032 features an uncommitted op amp. The Ml2031 
has the op amp connected in the unity gain configuration 
(YIN - internally tied to Vour). 

The uncommitted op amp is a general purpose amplifier that 
can be used to interface the device with the analog tele
phone line. It has a high impedance input, a 0.5MHz unity 
gain bandwidth, will drive a 1 k, 100 pF load, and the input 
and output can swing within 1.5V of the supplies. 

1.2 Anti-Alias Filter 
The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. The typical 3 dB corner frequency 
is 25 kHz and the typical rejection at 124kHz is - 30dB. 

1.3 60 Hz Reject Filter 
The 60Hz reject filter is a switched capacitor second order 
high pass designed to reject 60 Hz line interference on the 
analog input. The typical3dB cornerfrequency is 300Hz 
and the typical rejection at 60 Hz is - 24dB. 

1.4 Tone Detector 
The tone detector is a monolithic block designed to indicate 
when a valid 2713 Hz tone is present on the analog input. A 
tone is valid if the following criteria are met: 

1. 2713 Hz tone satisfies amplitude vs. frequency tone 
detector template shown in Figure 4. 

2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713 Hz tone (signal to guard margin). 

The tone detector consists of 2713 Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 

The analog signal first goes through the 2713 Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713 Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 

-Hz_ 
2679 2747 

I I ~BELLPUB 2676 2750: 
43004 

+6-0 

-5- ~ML2031' 
ML2032 

dBm 

I -24-

Figure 4. Tone Detector Template 

The tone and guard signals then go to peak detectors which 
output a DC voltage proportional to the 2713 Hz and non-
2713 Hz energy present on the analog input. 

The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 

The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 

If both comparators indicate that a 2713 Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 

1.5 Crystal Oscillator/Clock Generator 
The crystal oscillator/ clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 

If an external clock input is used to drive ClKIN, the input 
frequency can either be 12.352MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sense circuit that can sense the difference between 
12.352MHz and 1.544MHz and makes the necessary 
changes in the clock generator to accomodate either 
frequency at the input. 

If a crystal is used, a 12.352MHz crystal must be connected 
between ClKIN and GND. This unique 1-pin crystal oscillator 
does not generally require any external capacitors or other 
external components to meet the frequency template. The 
crystal should be physically placed as close as possible to the 
ClKIN pin to minimize stray inductances and capacitances. 

The crystal must have the following characteristics: 

1. Parallel resonanttype 

2. Frequency: 12.352000MHz 

3. Tolerance: ±0.005% @25°C 

4. less than 0.005% variation over desired temperature 
range 

5. Maximum equivalent series resistance of 15Q at a drive 
level of 1 lAW to 200 lAW 

6. Maximum equivalent series resistance of 30Q at drive 
levels of 10 nW to 1 lAW 

7. Typical load capacitance: 18pF 

8. Maximum case capacitance: 5 pF 

The frequency of oscillation will be a function of the crystal 
parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352 MHz, the tem
plate frequencies will change according to the formulas out
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from ClKIN to GND is 2 pI'; then the device will meetthe 
template specifications. Crystals that meet these require
ments are M-tron 3709-010 12.352 for O°C to +70°C and 
3709-02012.352 for -40°C to +85°C operation. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

The Ml2031 has two clock outputs that can be used to drive 
other external devices. The ClKoUT 1 output is a buffered 
output from the oscillator divided by 2. The ClKoUT2 output 
is a buffered output from the oscillator divided by 8. If a 
12.352MHz clock or crystal is used, ClKouTl ~6.176MHz 
and ClKouT2 ~ 1.544MHz. 

1.6 Detecting Tones from 1000 Hz to 4000 Hz 

The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of ClKIN. Thus, the device can 
be set to a center frequency (other than 2713 Hz) by adjusting 
ClKIN frequency. 

The external clock frequency, fClKIN, needed to produce a 
given center frequency, can be calculated by: 

fClKIN ~fe x4552.893 

once fClKIN has been determined, the other template fre
quency points shown in Figure 5 can be calculated by: 

fDL ~fClKINX2.18831 Xl0-4 

fDU ~fClKIN x2.20450xl0- 4 

fRL ~fClKINX2.16888xl0-4 

fRU ~fClKIN x 2.22393 X 10-4 

The above formulas are valid for center frequencies with the 
range of 1000 Hz to 4000 Hz. The internal qivide by 8 cir
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 

When the required ClKIN frequency calculated above is less 
than 6MHz, the internal frequency sense circuit may be-

2.0 APPLICATIONS 

MU031 
MU032 
TONE 

DETECTOR 

MUOO3 
MUOO4 
MUOO8 
MUOO9 

ATIENUATION 
/GAIN 

come enabled causing the detection of an erroneous center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004 Hz tone detector, the clock frequency 
applied must be 571 kHz. 

1.7 Power Supplies 
The analog circuits in the device run from +5 to - 5 (Vee to 
Vss) and are referenced to GND. 

The digital circuits in the device run from +5 to 0 (Vee to 
GND). 

It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vee to GND 
and Vss to GND as physically close to the device as possible. 

dBm 

I 

---•• Hz 

1m Ic lou 

-34--~~----U~~~ 

Figure 5. Tone Detector Template 

MU020 
LINE 

EQUALIZER 

LOOPBACK 
RELAY 

Detect 
Region 

No Detect 
Region 

Figure 6. 4-Wire Termination Equipment 
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ORDERING INFORMATION 

3-52 

PART NUMBER 

Ml2031CP 
Ml20311P 
Ml2032CP 
Ml20321P 

TEMP. RANGE 

O°C to +70°C 
-40°C to +85°C 

O°C to +70°C 
-4Q°C to +85°C 

'Micro Linear 

PACKAGE 

MOLDED DIP (P08) 
MOlDED DIP (P08) 
MOLDED DIP (P08) 
MOLDED DIP (P08) 
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ML2035, ML2036 

Programmable Sinewave Generator 

GENERAL DESCRIPTION 

The frequency of these monolithic sinewave generators is 
programmable for the ML2035 from DC to 25kHz and for 
the ML2036 from DC to 50kHz. No external components 
are required. 

The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing a 
stable and accurate frequency reference. The frequency is 
programmed by a 16-bit serial data word. 

The ML2035 is packaged in an 8-pin DIP and has a VOUT 
amplitude of ±Vcd2. 

The ML2036 provides for a VOUT amplitude of either 
±VREF or ±VREF/2. Also included with the ML2036 is an 
inhibit input which allows the sinewave output to be held 
at zero volts after completing the last half cycle of the 
sinewave preventing steps in voltage. Two pins of the 
ML2036 are clock outputs designed to drive other devices 
with one half or one eighth of the clock input frequency. 

The ML2035 and ML2036 are intended for 
telecommunications and modem applications that need 
low cost and accurate generation of precise test tones, call 
progress tones, and signaling tones. 

BLOCK DIAGRAMS 

ML2035 

SK SK 

vour 

---OCND 

---0 Vss 

LATI 

SID 

SCK 

FEATURES 

• Programmable frequency DC to 50kHz 

• Frequency resolution with 
fClKIN = 12MHz (±0.75Hz) 1.5Hz 

• Absolute gain error ±O.ldB max 

• Harmonic distortion -45dB max 

• Output voltage amplitude of ±VREF or ±VREF/2 

• On chip crystal oscillator 3 to 12MHz 

• ML2036 has clock outputs of 1/2 or 1/8 of the input 
clock frequency 

• No external components required 

• IlP compatible serial interface 

• Double buffered data latch 

• Synchronous or asynchronous data loading capability 

• Power dissipation 50mW max from ±5 supplies 

• Compatible with ML2031 and ML2032 tone detector, 
and ML2004 logarithmic gain/attenuator 

• TTUCMOS compatible inputs 

• ML2035 package 8-pin DIP; ML2036 14-pin DIP or 
16-pin SOIC 

• O°C to +70°C or -40°C to +85°C operating 
temperature range 

ML2036 

SCK 
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PIN CONFIGURATIONS 

NC 

vss 
PDN-INH 

CLKourl 

CLKour2 

SCK 

SID 

LAT. 

3-54 

Ml2035 
S-Pin DIP (POS) 

vssDU CLK'N 
SCK 2 7 GND 

SID 3 6 Vour 

LATI 4 5 Vee 

TOP VIEW 

ML2036 
14-Pin DIP (P14) 

vss 
PDN-INH 

CLKourl 

CLKour2 

SCK 5 

SID 

LATI 
--....~_...r-

TOP VIEW 

Ml2036 

CLK'N 

GAIN 

DGND 

AGND 

Vour 

16-Pin sOle (S16W) 

TOP VIEW 

CLK'N 

GAIN 

NC 

DGND 

AGND 

Your 

VREF 

Vee 

PIN DESCRIPTIONS 
ML2035 

PIN# NAME 

Vss 
2 SCK 

3 SID 

4 lATI 

5 Vee 
6 VOUT 
7 GND 

8 ClK'N 

Ml2036 

PIN# 

FUNCTION 

Negative supply. -5V ± 10%. 

Serial clock. Digital input which 
clocks in serial data on rising edges. 

Serial data. Serial input data which 
programs the freq uency of VOUT. 

Serial latch. Digital input which 
latches serial data into the internal 
data latch on falling edges. 

Positive supply. +5V ± 10%. 

Analog output. VOUT swing is ±Ved2. 

Ground. 0 volts. All inputs and outputs 
referenced to this point. 

Clock input. Internal clock can be 
generated by tying a 3 to 12MHz 
crystal from this pin to GND or 
applying a clock directly to the pin. 

DIP SOIC NAME FUNCTION 

2 Vss Negative supply. -5V ± 10%. 

2 3 PDN-INH Three level input. Controls inhibit 
mode and power down mode. 
Current source pull up to Vee. 

3 4 ClKoUTl Clock output. Digital output from 
internal clock generator that can drive 
other devices. felKouTl = felKIN/2. 

4 5 ClKoUT2 Clock output. Digital output form 
internal generator that can drive 
other devices. felKouT2 = felKIN/B. 

5 6 SCK Serial clock. Digital input which 
clocks in serial data on rising edges. 

6 7 SID Serial data. Serial input data which 
programs the frequency of VOUT. 

7 8 lATI Serial latch. Digital input which 
latches serial data into the internal 
data latch on falling edges. 

8 9 Vee Positive supply. +5V ± 10%. 

9 10 VREF Reference input. The voltage on this 
pin determines the peak-peak swing 
on VOUT. VREF can be tied to Vee-

10 11 VOUT Analog output. 

11 12 AGND Analog ground. 0 volts. Analog inputs 
and outputs referenced to this point. 

12 13 DGND Digital ground. 0 volts. Analog inputs 
and outputs referenced to this point. 

13 15 GAIN Sets VOUT peak amplitude to VREF or 
VREF!2. Current source pull down to 
DGND. 

14 16 elK,N Clock input. Internal clock can be 
generated by tying a 3 to 12MHz 
crystal from this pin to DGND or 
applying a clock directly to the pin . 
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ML2035, ML2036 
lead Temperature (soldering 10 sec) ABSOLUTE MAXIMUM RATINGS 

(Note 1) Dual-In-Line Package (Molded) ........................... 260°C 

Supply Voltage 
Dual-In-Line Package (Ceramic) .......................... 300°C 
Molded Small Outline IC Package 

Vee .................................................................... +6.5V 
Vss ..................................................................... -6.5V 

Vapor Phase (60 sec) ....................................... 215°C 

Analog Input and Output ...... Vss - 0.3V to Vee + 0.3V 
Infrared (15 sec) .............................................. 220°C 

AGND Voltage ............................................ Vss to Vee 
Digital Inputs and Outputs ........... -O.3V to Vee + O.3V OPERATING CONDITIONS 
Input Current per Pin ........................................ ±25mA Temperature Range (Note 2) 
Power Dissipation ............................................ 750mW 
Storage Temperature Range ................ -65°C to + 150°C 

Ml2035CP, Ml2036CP, Ml2036CS ........ O°C to +70°C 
Ml20351), Ml20361) ............................ -40°C to +85°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee = 5V ± 10%, Vss = -5V ± 10%, ClKIN = 12.352MHz, Your load 
CL = 100pF and RL = 1 k, all digital timing measured at l.4V midpoint, and input control signals from 10% to 90% of 
Vee with tR = tF = 20ns. 

SYMBOL! PARAMETER ! NOTES! CONDITIONS MIN TYP MAX UNITS 

Sinewave Generator 

HD Harmonic Distortion 4 2nd or 3rd fOUT = 20Hz to 5kHz -45 dB 
harmonic 
relative to 

fOUT = 5kHz to 25kHz -40 dB 
fundamental 

SND Signal to Noise + 4 200Hz ~ fOUT ~ 3400Hz, noise -45 dB 
Distortion measured 200Hz to 4kHz 

20Hz ~ fOUT ~ 25kHz, noise -40 dB 
measured 20Hz to 75kHz 

ICN Output Idle Channel Noise 4 Power Down Mode, Cmsg weighted -20 0 dBrnc 

Power Down Mode, 1 kHz 50 nV/"Hz 

PSRR Power Supply Rejection 5 200mVp_p, 0-10kHz sine, I Vce -40 dB 
Ratio measured on VOUT I Vss -40 dB 

Vas VOUT Offset Voltage 4 ±75 mV 

VPK VOUT Peak Voltage ±Ved2 V 

VCN VOUT Gain Error 4 Relative I fOUT = 20Hz to 5kHz ±0.1 dB 
toVec I fOUT = 5kHz to 25kHz ±0.3 dB 

Digital and DC 

VIL, ClK Input low Voltage, CLKIN 4 1.5 V 

V1H,ClK Input High Voltage, ClKIN 4 3.5 V 

liN, ClK Input Current, ClKIN 4 ClK,N = 1.5V to 3.5V 10 60 ~ 

ClKIN = 0 to 1.5V; 3.5V to Vee 250 ~ 

C1N,ClK Input Capacitance, elKIN 5 12 pF 

VIL Input low Voltage 4 0.8 V 

V,H Input High Voltage 4 2.0 V 

IlL Input low Current 4 Y,N = OV -1 IlA 

I'H Input High Current 4 VIN = Vce 1 ~ 

C'N Digital Input Capacitance 5 pF 

VOl Output low Voltage 4 1m =-2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 
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ML2035, ML2036 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL! PARAMETER ! NOTES ! CONDITIONS MIN TYP MAX ! UNITS 

Digital and DC (Continued) 

IcC Vce Supply Current 4 No output load, Vcc = 5.5V 5.5 mA 

Iss Vss Supply Current 4 No output load, Vss = -5.5V, -3.5 mA 
Vcc = 5.5V 

IcCi Vcc Supply Current, 4 No output load, Power Down Mode 2.0 IIA 
Power Down Mode 

1551 Vss Supply Current, 4 No output load, Power Down Mode -100 l!A 
Power Down Mode 

Digital Timing 

tCKI ClKIN On/Off Period 4 tR = tF = 10ns, 2.5V midpoint 30 ns 

tSCK SCK On/Off Period 4 100 ns 

tDS SID DATA Setup Time 4 50 ns 

tDH SID DATA Hold Time 4 50 ns 

tLPW lATI Pulse Width 4 50 ns 

tLH lATI Hold Time 4 50 ns 

tLS lA TI Setup Time 5 50 ns 
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ML2036 ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vcc = 5V ± 10%, Vss = -5V ± 10%, AGND = DGND = OV, VREF = 2.5V to 
Vce, and ClKIN = l2.3S2MHz, VOUT load CL = 100pF and RL = 1 k, all digital timing measured at lAV midpoint, and 
input control signals from 10% to 90% of V cc with tR = tF = 20ns. 

SYMBOL! PARAMETER ! NOTES! CONDITIONS MIN TYP MAX UNITS 

Sinewave Generator 

HD Harmonic Distortion 4, 6 2nd or 3rd fOUT = 20Hz to 5kHz -45 dB 
harmonic 
relative to 

fOUT = 5kHz to 50kHz -40 dB 
fundamental 

SND Signal to Noise + 4,6 200Hz 5: fOUT 5: 3400Hz, noise -45 dB 
Distortion measured 200Hz to 4kHz 

20Hz 5: fOUT 5: 50kHz, noise -40 dB 
measured 20Hz to 150kHz 

ICN Output Idle Channel Noise 4 Power Down Mode, Cmsg weighted -20 0 dBrnc 

Power Down Mode, 1 kHz 50 nV/.,tHz 

Inhibit mode, 1 kHz 500 nV/.,tHz 

PSRR Power Supply Rejection 5 200mVp.p, 0-10kHz sine, I Vee -40 dB 
Ratio measured on VOUT I 

Vss -40 dB 

Vas VOUT Offset Voltage 4, 7 ±(0.025 + V 
VOUTP-lil 00) 

VPK VOUT Peak Voltage 6 GAIN = Vee ±VREF V 

GAIN = DGND ±VREF/2 V 

Vsw VOUT Swing 5 GAIN = Vee Vss + 1.5V Vec- l .5V V 

VGN VOUT Gain Error 4,6 fOUT = 20Hz to 5kHz ±0.1 dB 

fOUT = 5kHz to 50kHz ±0.3 dB 

RREF Reference Input Resistance 4 2.5 12 MO 

Digital and DC 

VIL, ClK Input low Voltage, ClKIN 4 1.5 V 

VIH,ClK Input High Voltage, ClKIN 4 3.5 V 

liN, ClK Input Current, ClKIN 4 CLKIN = 1.5V to 3.5V 10 60 !lA 

ClKIN = 0 to 1.5V; 3.5V to Vee 250 !lA 

CIN,CLK Input Capacitance, CLKIN 5 12 pF 

VIL Input Low Voltage 4 LATI, SID, GAIN, SCK 0.8 V 

VIH Input High Voltage 4 LATI, SID, GAIN, SCL 2.0 V 

IlL Input Low Current 4 VIN = OV, LATI, SID, GAIN, SCK -1 !lA 
IIH Input High Current 4 VIN = Vee, LATI, SID, PON-INH, SCK 1 !lA 

IlL, PON Input low Current 4 Pow-INH, VIN = OV -70 -20 -5 !lA 
IIH,G Input High Current 4 GAIN, VIN = Vee 5 20 70 !lA 
VI] Input Logic Low PowlNH 4 DGND-0.5 0.8 V 

VIZ Inhibit State Voltage PowlNH 4 Vss + 0.5 V 

VI3 Input Logic High PoN-INH 4 2.0 V 

CIN Digital Input Capacitance 5 pF 

VOL Output Low Voltage 4 IOL =-2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 

.~Micro Linear 3-57 

--



ML2035, ML2036 

ML2036 ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOLI PARAMETER I NOTES I CONDITIONS MIN TYP MAX 

Digital and DC (Continued) 

Icc Vcc Supply Current 4 No output load, Vcc = VREF = S.SV S.S 

Iss Vss Supply Current 4 No output load, Vss = -S.SV, -3.S 
Vcc = VREF = S.SV 

IcCi Vcc Supply Current, No output load, power down mode 2.0 
Power Down Mode 

1551 Vss Supply Current, No output load, power down mode -100 
Power Down Mode 

Digital Timing 

tcKI CLKIN On/Off Period 4 tR = tF = 1Ons, 2.5V midpoint 30 

tSCK SCK On/Off Period 4 100 

tDs SID DATA Setup Time 4 SO 

tDH SID DATA Hold Time 4 SO 

tlPW LATI Pulse Width 4 SO 

tlH LATI Hold Time 4 SO 

tls LATI Setup Time S 50 

Clock Output 

feLK1 CLKoUT1 Output Frequency 4 Figure 2 1/2 1/2 

fClK2 CLKoUT2 Output Frequency 4 Figure 2 l/B l/B 

t1 R, t2R CLKoUT1, CLKOUT2, S Cl = 40pF, 10% and 90% 0 20 
Output Rise Time transition point 

4 Cl = 100pF, O.BV and 2.0V 0 20 
transition point 

tlF, t2F CLKoUT1, CLKOUT2, 5 Cl = 40pF, 10% and 90% 0 20 
Output Fall Time transition poi nt 

4 Cl = 100pF, O.BV and 2.0V 0 20 
transition point 

Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated ClfCUlt may be Impaired All voltages unless otherwise specified are 
measured with respect to ground. 

Note 2: aoc to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testIng, 
sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C, 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed Parameters not 100% tested are not In outgoing quality level calculation. 
Note 6: Maximum peak-to-peak voltage for output Smewave IS VOUTP_P:S; (125kV x Hz)/fouT. For example at 50kHz output the maxImum guaranteed 

voltage swmg IS 2.5Vp_p. 
Note 7: Offset voltage IS a function of the peak-to-peak output voltage, for example If VOUTP_P = 2.5V, Vos = ±50mV max. 
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TIMING DIAGRAMS 

CLK'N 

SCK 

SID 

LATI 

Figure 1. Serial Interface Timing. 
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Figure 2. Ml2036 Digital Clock Output Timing. 

TYPICAL PERFORMANCE 
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Figure 3. ClK'N Input Current vs. Input Voltage. 
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ML2035, ML2036 

1.0 FUNCTIONAL DESCRIPTION 

The ML2035 and ML2036 are composed of a 
programmable frequency generator, sinewave generator 
crystal oscillator, and serial digital interface. The ML2035 

and ML2036 frequency and sinewave generator functional 
block diagram is shown in figure 4. 

CLKIN 

3-60 
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PHASE ACCUMULATOR 

PHASE SAMPLES 
(7 BITS) 

fREF 

SINEWAVE 
OUTPUT 

SIGN BIT 
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-./ I--T = f:EF 

INPUT TO 
SIGN ROM 

BIT A11krrTh. 

INPUT TO SIGN 
COMPLEMENTOR 

PICTORIAL 
PRESENTATION 
OF DIGITAL DATA 

11TnMm~, 

INPUT TO 
OUTPUT LATCH 

(rnr~:~U1V 

INPUT TO D/A 
CONVERTER 

!rnn\~Ul~1 
INPUT TO 
LOW·PASS 

FILTER 
(ANALOG 
SIGNAL) 

~
OUTPUTOF 
LOW·PASS 

FILTER 
(ANALOG 
SIGNAL) 

Figure 4. Frequency and Sinewave Generator Functional Block Diagram . 

• ~Micro Linear 



1.1 PROGRAMMABLE FREQUENCY GENERATOR 

The programmable frequency generator produces a digital 
output whose frequency is determined by a 16-bit digital 
word. 

The frequency generator is composed of a phase 
accumulator which is clocked at fCLKIN/4' The value stored 
in the data latch is added to the phase accumulator every 
4 cycles of ClKIN. The frequency of the analog output is 
equal to the rate at which the accumulator overflows and 
is given by the following equation: 

fCLKIN x (015 - DO)DEC 
fauT 223 

The frequency resolution and the minimum frequency are 
the same and is given by the following equation: 

M - fCLKIN 
MIN -22'3 

When fCLKIN = 12.352MHz, MMIN = 1.5Hz (±0.75Hz). 
lower frequencies are obtained by using a lower clock. 

Due to the phase quantization nature of the frequency 
generator spurious tones can be present in the output 
range of -55dB relative to fundamental. The energy from 
these tones is included in the signal to noise + distortion 
specification. The frequency of these tones can be very 
close to the fundamental, therefore it is not practical to 
fi Iter them out. 

1.2 SINEWAVE GENERATOR 

The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 

The output smoothing filter "smooths" the analog output 
by removing the high frequency sampling components. 
The resultant voltage on VauT is a sinusoid with all 
distortion components at least 45dB below the 
fundamental. 

The Ml2035 provides a peak sinewave voltage of ±Vcd2. 
The Ml2036 has a VREF input that can be tied to Vce or 
generated from an external voltage. With the gain input 
equal to a logic "1" the sinewave peak voltage is eqllal to 
±VREF; with the gain input equal to a logic "0" the peak 
voltage is ±VREF/2. The sinewave output is referenced to 
AGND for the Ml2036 and GND for the Ml2035. 

The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the peak
to-peak output voltage must be limited to VauTP-p ~ 
(125kV x Hz)/fauT. For example on the Ml2036 an output 
at 50kH must be limited to 2.5Vp_p. Since the Ml2035 

Ml2035, Ml2036 
peak-to-peak output voltage is equal to Vec, the 
maximum output frequency must be limited to 25kHz for 
Vec = 5V. VOUT can drive 1 kn, 100pF loads and swing to 
within 1.5V of Vcc and Vss, provided the slew rate 
limitations mentioned above are not exceeded. 

The output offset voltage, Vas, is a function of the peak
to-peak output voltage and is specified as 

+(0 025 + VaUTP-p)V _. 100 MAX' 

For example, if VauTP- p = 2.5V 

then Vas = ±( 0.025 + 120~ )VMAX' 

So, Vas = ±0.050 VMAX, or ± 50mV max. 

1.3 CRYSTAL OSCILLATOR 

The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 

The internal clock can be generated with a crystal or 
external clock. 

If a crystal is used, it must be placed between ClKIN and 
DGND of the Ml2036 or GND of the Ml2035. An on _ 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components are 
required. The crystal should be a parallel resonant type 
with a frequency between 3MHz to 12.4MHz. It should 
be placed physically as close as possible to the ClKIN and 
DGND(GND). 

An external clock can drive ClKIN directly if desired. The 
frequency of this clock can be anything from 0 to 12MHz. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 3MHz to 12.4MHz 

3. Maximum equivalent series resistance of 15n at a drive 
level of 11lW to 200llW 

4. Maximum equivalent series resistance of 30n at drive 
levels of 1 OnW to 11lW 

5. Typical load capacitance: 18pF 

6. Maximum case capacitance: 7pF 

The frequency of oscillation will be a function of the 
crystal parameters and board capacitance. Crystals that 
meet these requirements at 12.352000MHz are M-tron 
3709-010 12.352 for O°C to +70°C and 3709-020 12.352 
for -40°C to +85°C operation. 

Figure 5. Serial Interface Timing 
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ML2035, ML2036 
The ML2036 has two clock outputs that can be used to 
drive other external devices. The CLKoUTl output is a 
buffered output from the oscillator divided by 2. The 
CLKoUT2 output is a buffered output from the oscillator 
divided by 8. 

1.4 SERIAL DIGITAL INTERFACE 

The digital interface consists of a shift register and data 
latch. The serial 16-bit data word on SID is clocked into a 
16-bit shift register on rising edges of the serial shift clock, 
SCK. The LSB should be shifted in first and the MSB last as 
shown in figure 5. The data that has been shifted into the 
shift register is loaded into a 16-bit data latch on the 
falling edge of LATI. To insure that true data is loaded into 
the data latch from the shift register, LATI falling edge 
should occur when SCK is low, as shown in figure 1. LATI 
should be low while shifting data into the shift register to 
avoid inadvertently entering the power down mode as 
described in paragraph 1.5. Note that all data is entered 
and latched on edges, not levels, of SCK and LATI. 

PART PON-INH PON-INH DATA IN 
NUMBER MODE PIN SHIFT REG. 

ML2036 PDN(1) VI1, Logic "0" X 

ML2036 Inhibit V'2, Inhibit State All O's 
Voltage, Vss to 

Vss + O.SV 

ML203S & PDN(1) V'3, Logic" 1 " All O's 
ML2036 

1.5 INHIBIT AND POWER DOWN MODES 

1.5.1 ML2035 Power Down Mode 

The power down mode of the ML203S can be selected by 
entering all zeros in the shift register and applying a logic 
"1" to LATI and holding it high. A zero data detect circuit 
detects when all bits in the shift register are zero's. In this 
state, the power consumption is reduced to 11.SmW max, 
and VOUT goes to OV as shown in figure 6 and appears as 
10k to analog ground. The master clock, CLKIN, can be 
left active or removed during power down mode. 

1.5.2 ML2036 Inhibit and Power Down Modes 

The ML2036 has an inhibit mode and a power down 
mode which are controlled by the three-level PDN-INH 
input as described in table 1. When a logic "1 ", VI3, is 
applied to the PDN-INH pin, the power down mode is 
entered in the same way as described for the ML203S. 
Also, the ML2036 will be placed in the power down 
mode by applying a logic "0" to the PDwlNH pin. 

If Vss to Vss + O.SV, V12, is applied to the PDN-INH pin, 
the inhibit mode is entered by shifting all zero's into the 
shift register and applying a logic "1" to the LATI pin. 
Once the inhibit mode is entered VOUT will complete the 
last half cycle of the sinewave and then be held at 
approximately Vas, such that no voltage step occurs, as 
shown in figure 6. 

LATI SINEWAVE OUTPUT 

X VOUT = OV 
(10K to AGND) 

logic 1/1" VOUT goes to approximately Vos 
at the next Vos crossing. 
See figure 6. 

Logic "1" VOUT = OV 
(10K to AGND) 

Note 1: In the power down mode, the oscillator, CU<OUT1 and ClKouTl, shift register, and data latch are all functional 

Table 1. Three Level PDN-INH Function. 

POWER DOWN MODE vr A A: ' 
oVT\:/V\] 
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Figure 6. Power Down and Inhibit Mode. 
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1.6 POWER SUPPLIES 

The analog circuitry in the device are powered from +5V 
to -5V (Vee to Vss) and are referenced to AGND. 

The digital circuits in the device are powered from +5V to 
OV (Vee to DGND). 

For the ML2036, it is recommended that AGND and 
DGND be connected together close to the device and 
have a good connection back to the power source. 

2.0 TYPICAL APPLICATIONS 

-- ML2003 
ML2004 
ML200U 
ML2009 

AnENUATION 
IGAIN 

ML2031 
ML2032 
TONE 

DETECTOR 

-

ML2035, ML2036 

It is recommended that the power supplies to the device 
should be bypassed by placing decoupling capacitors 
from Vee to AGND (GND for ML2035) and Vss to AGND 
(GND for ML2035) as physically close to the device as 
possible. 

pP 

ML2020 
ML2021 

LINE 
EQUALIZER 

LOOPBACK 
RELAY 

Figure 7. 4-Wire Termination Equipment. 

+5V 

ML2 

+ vee GAIN 

,--;-+---1 AGND 

-5V 

Figure 8. Sinewave Ratiometric to ±Vcd2 . Figure 9. Sinewave with ±2.5Vp_p (5Vp_p). 
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ML2035, ML2036 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML20351] -40°C to +S5°C Hermetic DIP (JOS) 
ML20351P -40°C to +S5°C Molded DIP (POS) 

ML20361j -40°C to +S5°C Hermetic DIP (14) 
ML20361P -40°C to +S5°C Molded DIP (P14) 
ML20361S -40°C to +S5°C Molded SOIC (S16W) 

ML2035CP o°c to +70°C Molded DIP (POS) 
ML2036CP O°Cto +70°C Molded DIP (P14) 
ML2036CS O°C to +70°C Molded SOIC (S16W) 
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GENERAL DESCRIPTION 
The ML2110 consists oftwo independent switched capaci
tor filters that perform second order filter functions such as 
lowpass, bandpass, highpass, notch and allpass. All filter 
configurations including Butterworth, Bessel, Cauer, and 
Chebyshev can be formed. 

The center frequency of these filters is tuned by an ex
ternal clock or the external clock and resistor ratio. 

The ML211 0 frequency range is specified to 30kHz with 
± 2.25V (single 5V operation) to ± 5.5V power supplies. 

For higher frequency operation the ML2111 is specified up 
to 150kHz operation. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML211 0 is a pin compatible superior replacement for 
MF10, LMF100, and LTC 1 060 filters. 

BLOCK DIAGRAM 

TOAGNO'---~~----------~ 

UP. 
20 

LP. 

August 1992 

ML2110 
Universal Dual Filter 

FEATURES 
• Specified to 30kHz 
• CenterfrequencyxQ product s2MHz 
• Separate high pass, notch, allpass, bandpass, and 

lowpass outputs 
• Centerfrequency accuracy ±0.3% or ±0.8% max 
• Qaccuracy ±3% or ±6"1o max 
• Clock inputs TIL or CMOS compatible with duty 

cycle 40"10 to 60% 
• Single 5V (±2.25V) or ±5V supply operation 
• O°Cto 70°C, -40°C to +85°C, -55°Cto +125°C 

operating temperature range 
• Standard o.r 20-pin DIP or 20-pin small outline 

(SOIC) package 

PIN CONNECTIONS 

ML2110 
20-PIN DIP 

LPA 

UPA 

N/AP/HPA 

INVA 

SIA 

SAl. 

VA+ 

Vo+ 

LSh 

CLKA 

TOP VIEW 

ML2110 
20-PINSOIC 

LPA 
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N/AP/HPA 

INVA 

SIA 

SAl. 

VA+ 

Vo+ 

LSh 
CLKA 

TOPVIEW 

lP. 

UP. 

N/AP/HP. 

INV. 

SI. 

AGNO 

VA-

Vo-

SO/I00/HOLO 

ClK. 

LP. 

UP. 

N/AP/HP. 

INV. 

SI. 

AGNO 

VA-

Vo

SO/lOO1HOlO 

ClK. 

'Micro Linear 3-65 

--------~------------------- ---- - ------

-



ML2110 

PIN DESCRIPTION 
PIN NO. NAME FUNCTION 

1 lPA lowpass output for 
biquadA. 

2 BPA Band pass output for 
biquadA. 

3 N/AP/HPA Notch/allpass/highpass 
output for biquad A. 

4 INVA Inverting input of the 
summing op amp for 
biquadA. 

5 51A Auxiliary signal input pin 
used in modes la, ld, 4, 5, 
and6b. 

6 5A1B Controls 52 input 
function. 

7 VA+ Positive analog supply. 
8 VD+ Positive digital supply. 

9 l5h Reference point for clock 
input levels. logic 
threshold typically l.4V 
above l5h voltage. 

10 CLKA Clock input for biquad A. 
11 ClKs Clock input for biquad B. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
IvA+I, Ivo+I-lvA-I, Ivo-I ....................... 13V 
VA +, Vo + to LSh .................................. 13V 

Inputs .............. lvA+, Vo+I+0.3Vto IvA-, Vo-I-O.3V 
Outputs ............ lvA+, v o +I+O.3Vto IVr, Vo-I-O.3V 
IvA+ltolvo+I ................................... ±O.3V 
Power Dissipation ................................ 750mW 
Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (soldering, 10 sec) .................. 300°C 

ELECTRICAL CHARACTE RISTICS 

PIN NO. NAME FUNCTION 
12 50/1 DO/HOLD Input pin to control the 

clock to center frequency 
ratio of 50: 1 or 100: 1, or 
stops the clock to hold the 
last sample of the band-
pass or low pass outputs. 

13 VD- Negative digital supply. 
14 VA- Negative analog supply. 
15 AGND Analog ground. 
16 51B Auxiliary signal input used 

in modes la, ld, 4, 5, and 
6b. 

17 INVB Inverting input of the 
summing op amp for 
biquad B. 

18 N/AP/HPs Notch/allpass/highpass 
output for biquad B. 

19 BPs Band pass output for 
biquad B. 

20 lPB lowpass output for 
biquad B. 

OPE RATI NG CON DITIONS 

Temperature Range (Note 2) 
ML2110BCP, ML211OCCP, 
ML211OBCS, ML211OCCS .................... O°Cto 7Q°C 
ML211OBlj,ML2110Clj .................. -40°C to +85°C 
ML211OBMj,ML2110CMj .............. -55°Cto +125°C 

Supply Voltage Range .................... ±2.25Vto ±6.0V 

Unless otherwise specified TA- TMINto TMAX, VA+ =VD+ -SV± 10%, VA- =VD- = -SV±10%, Cl =2SpF, VIN=2.SVPK 
(1 .767 V RMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS UNITS 
Filter 

fo, Center Frequency 5,6 Figure 16 (Mode 1) 
Maximum QS50,QAccuracy s±20"lo 20 20 kHz 

Qs20, Q Accuracy s ± 10"10 30 30 kHz 
fo, Center Frequency 5,6 Figure 16 (Mode 1) 
Minimum Q s 50, Q Accuracy s ± 30"10 25 25 Hz 

Qs20, QAccuracys ± 15"10 25 25 Hz 
fo, Temperature fCLK<IMHz -10 -10 ... ppm/oC 
Coefficient 
Clock to Center Q-lO 
Frequency Ratio Figure 16 (Mode 1) 

4 50:1, fnK=250kHz 49.85 50.0 50.15 49.60 50.0 50.40 
4 100: 1, feLK = 500kHz 100.0 100.3 100.6 99.50 100.3 101.1 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA= TMIN to TMAX, VA+ =VD+ -SV± 10%, VA- =VD- = -SV±10%, CL =2SpF, VIN-2.SVPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS UNITS 
Filter (Continued) 
Clock Frequency 5 Qs20,QAccuracy s±15"1o 2.5k 1.5M 2.5k l.5M Hz 
Clock Feedthrough 5 fclKS1MHz 10 20 10 20 mV(p-p) 
QAccuracy 4 fo=5kHz,Q-l0 150:1 ±3 ±6 % 

Figure 16 (Mode 1) 1100:1 ±4 ±8 "10 
QTemperature fcLK < 500kHz, Q -1 0 20 20 ppm/oC 
Coefficient 
DC Offset 50:1, fCLK=250kHz 

VOS2,3 4 SNBHigh 7 40 7 60 mV 
VOS2,3 4 SNBLow 7 40 7 60 mV 

DC Offset 100: 1, fclK - 500kHz 
VOS2,3 4 SNBHigh 14 60 14 100 mV 
VOS2,3 4 SNBLow 14 60 14 100 mV 

Gain Accuracy 
DC Lowpass 4 Rl -20k, R2-2k, R3-20k 0.01 2 0,01 2 "10 
Bandpass at fo 4 100:1, fo= 5kHz, Q-l0 1 4 1 8 "10' 
DC Notch Output 5 0.02 2 0.Q2 2 "10 

Noise 7 Figure 16 (Mode 1) 
Q-l,Rl-R2-R3-2k 
Bandpass, 5kHz, 50:1 80 80 I'VRMS 

5kHz, 100:1 100 100 I'VRMS 
Lowpass, 5kHz, 50:1 105 105 I'VRMS 

5kHz, 100:1 130 130 I'VRMS 
Notch, 5kHz, 50:1 SO 80 I'VRMS 

5kHz, 100:1 100 100 I'VRMS 
Figure 16 (Mode 1) 
Q=10,Rl =R3=20k,R2=2k 
Bandpass, 5kHz, 50:1 256 256 I'VRMS 

5kHz, 100:1 315 315 I'VRMS 
Lowpass, 5kHz, 50:1 262 262 I'VRMS 

(Rl-2k) 5kHz, 100:1 320 320 I'VRMS 
Notch, 5kHz, 50:1 33 33 I'VRMS 

(Rl =2k) 5kHz, 100:1 38 38 I'VRMS 
Crosstalk fclK - 250kHz, fo - 5kHz -70 -70 dB 
Filter, VA+ - Vo+ - 2.25V, VA- = Vo- = -2.25V, VIN - 0.707 VPK (o.5VRMSl (NOTE 8) 

fo, Center Frequency 5 Figure 16 (Mode 1) 
Maximum Qs50, QAccuracys ±25"1o 20 20 kHz 

Qs20, QAccuracy s +12"10 30 30 kHz 
fo, Center Frequency 5 Figure 16 (Mode 1) 
Minimum Q s 50, Q Accuracy s ± 30"10 25 25 Hz 

Qs20, QAccuracy< +15"10 25 25 Hz 
Clock to Center Q=lO 
Frequency Ratio Figure 16 (Mode 1) 

4 50: 1, fClK = 250kHz 49.85 50.0 50.15 49.60 50.0 50.40 
5 100: 1, fcLK - 500kHz 100.0 100.3 100.6 99.50 100.3 101.1 

Clock Frequency 5 Q<20,QAccuracy s±15"1o 2.5k 1.5M 2.5k 1.5M Hz 
QAccuracy 4 fcLK-250kHz, Q-loL 50:1 ±4 ±8 "10 

Figure 16 (Mode 1) ~00:1 ±3 ±6 "10 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA~ T MIN to T MAX, VA + ~ VD+ ~SV± 10%, VA - ~ VD- ~ -SV ± 10%, CL ~2SpF, VIN ~2,SVPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS 

Filter, VA + = Vo + = 2 25V, VA - = Vo - = - 2.25V VIN = 0 707 VPK (0 5 VRMS) (Continued) , 
Noise 7 Figure 16 (Mode 1) 

Q-l,Rl-R2-R3-2k 
Bandpass, 5kHz, 50:1 80 80 

5kHz, 100:1 100 100 
lowpass, 5kHz, 50:1 105 105 

5kHz, 100:1 130 130 
Notch, 5kHz, 50:1 80 80 

5kHz, 100:1 100 100 

Figure 16 (Mode 1) 
Q-1O,Rl-R3-20k,R2-2k 
Bandpass, 5kHz, 50:1 256 256 

5kHz, 100'1 315 315 
lowpass, 5kHz, 50:1 262 262 

(Rl-2k) 5kHz, 100:1 320 320 
Notch, 5kHz, 50:1 33 33 

(Rl-2k) 5kHz, 100:1 38 38 .. 
Operational Amphflers and Power Supply 

VosDCOffset 4 2 15 2 15 

DC Open loop Gain RL-lk 95 95 

Gain Bandwidth 2.4 2.4 
Product 

Slew Rate 2.0 2.0 

Output Voltage 5 RL-2k,!VI from VA+ orVA- .5 1.2 .5 1.2 
Swing 
(Clipping level) 

Output Short Circuit Source 50 50 
Current Sink 25 25 

Power Supply And Clock 

Supply Current 4 fCLK - 250kHz 
(lA+)+(lO+) 13 22 13 22 
(lA-)+(lO-) 12 21 12 21 
iLSH 0.5 1 0.5 1 

VCLK Input Threshold 4 low 0.8 0.8 
High 2.0 2.0 

ClKA, ClKB Pulse 5 ClK High or ClK low 250 250 
Width 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be Impaired. All voltages unless 
otherwise specified are measured with respect to ground. 
Note 2: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 
conditions. O°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing qual ity level calcu lation. 
Note 6: Centerfrequency is defined as the peak of the bandpass output. 

UNITS 

I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 

I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 

mV 

dB 

MHz 

VII'S 
V 

mA 
mA 

mA 
mA 
mA 

V 
V 

ns 

Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 30kHz which is 6 times the fa at 50: 1 or at 100: 1. 
Note 8: For TA = -55°C to +125°C; VA+ = VD+ = 2.375V, VA- = Vo- = -2.375V 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 11. Supply Current vs. Supply Voltage 

FUNCTIONAL DESCRIPTION 
POWER SUPPLIES 

The analog (VA +) and digital (VD+) supply voltage pins, in 
most cases, are tied together and bypassed to AGND with 
a 0.1 /tF and a 0.01 /tF disc ceramic capacitor. If high digital 
noise exists, the supply pins can be bypassed separately. 
The ML211 0 positive analog and positive digital supply 
pins are internally connected by the IC substrate and 
should be biased from the same DC source. 

The ML211 0 operates with a single supply from 5V ± 10% 
and with split supplies from ±4.5V to ±6V supplies. 

CLOCK INPUT PINS AND LEVEl SHIFT 

With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or VA - pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10,11) share the same level shift pin. 

50/100/HOLD (Pin 12) 

By tying pin 12 to (VA +, VD + 1 the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 ofthe voltage supplies 
(AGND potential), the ML2110 operates in the 100:1 
mode. The range of pin 12 with total supply voltage of 
+ 5V is 2.5 ± 0.5V; + 10V is 5V ± 0.5V. When pin 12 is tied 
to the negative supply pin, the filter operation is stopped 
and the bandpass and lowpass outputs act as an 5/H cir
cuit holding the last sample. 

SlAI Sl BI (Pins 5 and 16) 

These are voltage signal input pins and should be driven 
with a source impedance below 5k. The 51A, 51 B pins can 
be used to alter the clock to center frequency ratio (fClKlfal 
of the filter (see modes 1 b, 1 c, 2a, 2b) or to feedforward 
the input signal for allpass filter configurations (see modes 
4 and 5). When these pins are not used, they should be 
tied to the AGND pin. 

13 
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Figure 12. Supply Current vs. Temperature 

SAiB (Pin 6) 

When 5A1B is high, the 52 negative input of the voltage 
summer is tied to the lowpass output. When the SAfB pin is 
connected to the negative supply, the 52 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0.1 /tF capacitor. The positive inputs 
of the internal op amps and the reference point of the in
ternal switches are connected to the AGND pin. 

fClK/fo RATIO 
The ML211 0 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fClK/fa) ratio decreases 
and when the Qs are low. 

fo x Q PRODUCT RATIO 

The foX Q product of the ML211 0 depends on the clock 
frequency and the mode of operation. For clock frequen
cies below 1 MHz, in mode 1 and its derivatives, the 
faxQ product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency and for the same 
Q value the faxQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1. 

Mode 3, Figure 24, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML211 0 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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FILTER FUNCTION DEFINITIONS 
Each filter of the ML211 0 with an external clock and resis
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1. Bandpass function: available at the bandpass output 
pins (2, 19), Figure 13. 

swo/Q 
G(s) ~ HOBP , 2 

S +(swo/Q)+wo 

HOBP~Gain at w~wo 

fo ~ wol27r; fo is the center frequency of the com
plex pole pair. fo is measured as the peak fre
quency of the bandpass output. 

Q~Quality factor of the complex pole pair. It is the 
ratio of fo to the - 3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 14. 

HOLP~ DC gain ofthe LP output. 

3. Highpass function: available only in mode 3 at the out
put pins (3,18), Figure 15. 

s' G(s) ~ HOHP -:---"----:-
s' + s(wo/Q) + w~ 

· fClK 
HOHP~galn ofthe HPoutputforf- 2 

4. Notch function: available at pi ns 3 (18) for several 
modes of operation. 

(S'+W2 ) 
G(s) ~ (HON2) , ( 1Qn , 

s +s Wo )+wo 

· fClK 
HON2~galn ofthe notch output for f- 2 

HONl ~ gain ofthe notch output forf-O 

fn ~wn/27r; fn is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4, 4a. 

G() [s2-s(wo/Q)+wz,] 
s - HOAP "-::-----"--,-'---= 

S2 + s(woiQ) + w~ 

· ~~ HOAP~galn of the allpass output for 0 <f< 2 

For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch at fz. 

BANDPASS OUTPUT 

~ HOBP ~----,.-
Z 0.707 HOBP ~--+-H 

~ 

Il 10 IH 
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Figure 13 
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ML2110 

OPERATION MODES 

Table 1. 1 st Order Functions 

MODE PIN 2 (19) PIN 3 (18) fc fz 
6a LP HP fClK R2 --x-

100(50) R3 

6b LP LP felK R2 --x-
100(50) R3 

7 LP AP felK R2 felK R2 --x- --x-
100(50) R3 100(50) R3 

Table 2. 2nd Order Functions 

MODE PIN 1 (20) PIN 2 (19) PIN 3 (18) fo fN 
1 LP BP Notch felK fo 

100(50) 

1a LP BP BP fCLK 
100(50) 

1b LP BP Notch felK -V R6 felK -V R6 
100(50) x 1 + R5 + R6 100(50) x 1 + R5+R6 

1c LP BP Notch felK ~ felK ~ 
100(50) x R5 + R6 100(50) x R5 + R6 

1d LP BP felK 
100(50) 

2 LP BP Notch felK ~ felK 
100(50) x 1 + R4 100(50) 

2a LP BP Notch felK -V R2 R6 felK V R6 
100(50) x 1 + R4 + R5+ R6 100(50) x 1 + R5 + R6 

2b LP BP Notch felK -VR2 R6 felK ~ 
100(50) x R4 + R5+ R6 100(50) x R5 + R6 

3 LP BP HP felK ~ 
100(50) x R4 

3a LP BP Notch felK .J[{ felK ~ 
100(50) x R4 100(50) x R;-

4 LP BP AP ~ 
100(50) 

4a LP BP AP felK ~ 
100(50) x R4 

5 LP BP C.Z felK ~ felK Ffll 
100(50) x 1 + R4 100(50) x 1- R4 
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OPE RATION MODES (Continued) 

There are basically three modes of operation: mode 1, 
mode 2, mode 3. In the mode 1, Figure 16, the input 
amplifier is outside the resonant loop. Because of this, 
mode 1 and its derivatives (mode 1 a, 1 b, 1 c, 1 d) are faster 
than modes 2 and 3. 

Mode 1 a, Figure 17, represents the most simple hook-up 
ofthe ML211O. Mode 1 a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, mode 
1 a is not practical as it requires several clock frequencies 
to tune the overall filter response. 

Mode 1, Figure 16, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 

Modes 1 band 1 c, Figures 18, 19 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre
quency can be adjusted with an external resistor ratio. 

Rl 
V,N --'VI>I'v---<>-t 

4(17) 

v+ 

R3 

R2 

112 ML2110 

LP 
1(20) 

1 - _fruL· 1 -I . - _ ]!;l. __ In. __ ]!;l. - In 
0- 100(50)' n- o,HOlP- Rl,HOBP- Rl,HON1- Rl,Q- R2 

Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 

Ml2110 

The clock to center frequency ratio range is: 

100 50 fClK 100 50 
-or-~-~--or--· mode lc 

1 1 fo .J2 .J2 ' 

The input impedance ofthe Sl pin is clock dependent, 
and in general R5 should not be larger than 5k. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fClK/fo) ratio 
is 500:1. Beyond this, the filter will exhibit large output off
sets. Mode 1 d, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 20kHz can 
easily be achieved. 

Modes 2, 2a, and 2b have a notch output which fre
quency, fn' can be tuned independently from the center 
frequency, fo. For all cases, however, fn<fo. These modes 
are useful when cascading second order functions to cre
ate an overall elliptic high pass, bandpass or notch re
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode l' s. l1li 

R3 

R2 

v+ 

112ML2110 

LP 
1(20) 

10= 1~~;0); Q= Jg; HOBP' = - Jg; HOBP'= I(NONINVERTING);HOlP= -1 

Figure 17. Mode 1a: 2nd Order Filter Providing 
Bandpass, Lowpass 
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OPE RATION MODES (Continued) 

3-76 

1/2Ml2110 
R6 R5 

R3 -= 
BP2 LP 
2(19) 1(20) 

Rl 

Figure 18. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, lowpass 
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Figure 19. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, lowpass 
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Figure 20. Mode ld: 2nd Order Filter Providing Bandpass and lowpass for Qs Greater Than or Equal to 1. 
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OPERATION MODES (Continued) 
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Figure 21. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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figure 22. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2 ML2110 
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Figure 23. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 24, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fClK/l 00 (or 
fClK/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the high pass and low pass outputs (mode 3a, 
Figure 25). The notch frequency can be tuned below or 
above the center frequency th rough the resistor ratio (Rhl 
RI). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33, shows the 2 sec
tions connected in mode 3a to obtain a clock tunable 4th 
order sharp elliptic bandpass filter. The first notch is cre
ated by summing directly the HP and LP outputs ofthe first 
section into the inverting input of the second section op 
amp. The individual Q's are 29.6 and the filter maintains 
its shape and performance up to 20kHz center frequency, 
as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude response at each output 
pin does not exceed OdB. The gain in the passband 

depends on the ratio of (Rg/Rh2) x (R22/Rhl) x (R21/Rl1). 
Any gain value can be obtained by acting on the (Rg/Rh2) 
ratio of the external op amp, the remaining ratios are 
adjusted for optimum dynamics of the output nodes. The 
external op amp of Figure 33 is not always required. In 
Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, 1 dB ripple, 
elliptic band reject filter. The clock to center frequency 
ratio is adjusted to 200:1; this is done in order to better ap
proximate a linear R,C notch filter. The amplitude re
sponse of the filter is shown in Figure 36 with up to 1 MHz 
clock frequency. The OdB bandwidth to the stop band
width ratio is 8/1. When the filter is centered at 1 kHz, it 
should theoretically have a 44dB rejection with a 50Hz 
stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 35, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/bandreject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic range since the external op amp helps to opti
mize the dynamics of the output nodes of the ML211 O. 

1/2 ML2110 

3-78 

R4 

R3 

Figure 24. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 
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Figure 25. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPERATION MODES (Continued) 
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112 ML2110 

f - ~. @. Q = llJ. ®:. H = ~. H = _ RJ. H = _ llJ. H = _ ]!.4 
0- 100(50) Vii4' R2ViW' OAP 2R' OHP Rl' ORP Rl' OlP Rl 

Figure 26. Mode 4a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Allpass 

R1 =R2 

4(17) 

SAiB 

6! =15 
v· 

1/2ML2110 

R3 

DP lP 
2(19) 1(20) 

f - ~. Q- llJ. HOAP- - RJ. HOLP- -2' HOBP- -2 (llJ) 
0- 100(50)' - R2' - R1' -, - R2 

Figure 27. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

1/2ML2110 

R4 

R3 

R2 

R1 
V,N ...... --"M~o--I 

4(17) 

I =~·~·I -~.CID. _Ill ~ 
o 100(50) y1+il4' ,- 100(50) y1- il4,Q- R2y1+ R4 

Qz= Ill. ~. Hoz(I-O)= (R4iR1)-1. HOZ (1- ICLK) - 11;/. 
R1 y' - il4' (R4iR2) + l' 2 - R1' 

HOBP= III (1 + 11;1) . HOLP= 1 + (R2iR1) 
R2 R1' 1 + (R2iR4) 

Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 

1/2 ML211 0 

R3 

R2 

I ICLK R2 R3 
e= 100(50) R3; HOLP1 =1; HOLP2= -iU 

LP 
1(20) 

Figure 30. Mode 6b: 1 st Order Filter Providing Lowpass 

1/2ML2110 

R3 

1(20) 

ICLK R2 
Ie = 100(50) R3 ; HOLP = - R3iR1; HOHP = - R2iR1 

Figure 29. Mode 6a: 1st Order Filter Providing Highpass, 
Lowpass 

1/2 ML2110 

R3 

R2=R1 

1(20) 

R1 =R2 

HOLP=2x lH 

I =_ICLKR2 'Iz=- ICLKR2 'GAINATOUTPUT=1FORO"I"ICLK 
p 100(50) R3 ' 100(50) R3 ' 2 

Figure 31. Mode 7: 1 st Order Filter Providing Allpass, 
Lowpass 
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OPERATION MODES (Continued) 

OdB 

VOUT -SdB 
R61 R51 

R31 -10dB 
.". R12 

R21 -ISdB 

Rl1 
V,N -2OdB 

-2SdB 

V+ = +5V 

I~;;;-z+ 1\ ICL~=40kHz 

/ \ 
J ~ 

I I'\. 

V ", 
t'--

O.9kHz 1kHz 1.lkHz 

OdB " --j _1kHz. 1\ ICLK - BOOkHz 

T'L OR CMOS CLK IN-<I_-------' 
-SdB 

/ \ -10dB 

/ ,,\ 
V '\ 

PRECISE RESISTOR VALUES 
Rll.149.SSk R12 = 44.1k 
R21 = 4.9BBk R22 = 4.999k 
R31 = 149.73k R32 = 143.Sk 

-15dB 

V 'i'.. R51.2.S38k R52 = 2.498k 
R61 =2.49Sk R62=4.331k 

-2OdB 

-25dB 

........ 
18kHz 19kHz 20kHz 21kHz 22kHz 

Figure 32. Cascading the 2 sections connected in mode 1 b to obtain a clock tunable 4th order ldB ripple 
bandpass Chebyshev filter with (center frequency)/(Ripple Bw) = 20/1. 

V,N 

R41 

R31 

R21 

Rl1 

-5V 

v+ = +5V 

T'L OR CMOS 
CLOCK IN 

Rl1 = 15S.93k 
Rht = 13.2k 
R42=5k 

.". 

Rht 

Rlt 

1 LPA 

2 BPA 

3 HPA 

4 1NVA 

5 SIA 

6 SAl • 

7 VA+ 

8 VD+ 

9 LSh 

RESISTOR VALUES 
R21 = Sk R31 = IS2k 
Rlt=10.74k R22_5.26k 
Ri.= 6.11k Rh.=Sk 

Rg 

R41 =5.27k 
R32-151.8k 
Rg =37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 

Figure 33. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 34 with improved 
dynamics. The gain at each node is :s OdB for all input frequencies. 
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OPERATION MODES (Continued) 

OdB 

r h 
OdB r '\ 

I \ ICLK = 100kHz 

I 
-10dB 

II \ ICLK=lMHz 

II 
-lOdB 

- !\ --
-20dB 

r- \ ...-
-20dB 

" \ / 
\ 

-30dB 

'\ \ II 
\ 

-30dB 

, 
-40dB -4OdB 

-SOdB -SOdB 

105kHz 1.7SkHz 2kHz 2.2SkHz 2.SkHz l.SkHz 1.7SkHz 20kHz 22.SkHz 25kHz 

Figure 34. The BP filter of Figure 33, when swept from a 2kHz to 20kHz center frequency. 

VIN 

Rh) 

Rll 

R41 20 
LPB 

R31 19 
BPB 

R21 18 
NB 

R11 17 
INVB 

SlB 
16 

+SV AGND 15 

v· = +5V VA-
14-= 

Vo-
13 

SOil 00 
12 

CLKB 
11 

T'LOR CMOS -<>-_____ ---' 
CLOCK IN 

R11 =60k 
R41 = 28.84k 
RS2=Sk 
R32 = 4SS.7Sk 

RESISTOR VALUES 
R21 =Sk 
Rhl = Sk 
R62 = l.S9k 
R42 = S03.8Sk 

R42 

V- = -SV 

+SV 

R31 = S4.7Sk 
RI1 = 19.3k 
R22=60k 

R62 

VOUT 

Figure 35. Combining mode 3 with mode 2b to create a 
4th order BP elliptic filter with ldB ripple and a ratio of 
Odb to stop bandwidth equal to 8/1. 

0 
f--r- I--

" / 
-10 \ / 

=-20 
:s 
z 
{ 
:0 

~-30 

\ / 
\ 

I 
\ I 

-40 
\ I f~~K = 2~; fCLK$ lMHz 

-50 \ 
V 

-60 
0.7 0.8 0.9 10=1.0 1.1 1.2 1.3 
INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 

Figure 36. Amplitude Response of the Notch Filter of 
Figure 35. 
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OFFSETS 
Switched capacitor integrators generally exhibit higher in
put offsets than discrete R,C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 

Figure 37 shows half of the ML211 0 filter with its equiva
lent input offsets Vas1, Vas2, Vas3· 
The DC offset at the filter bandpass output is always equal 
to Vas3. The DC offsets atthe remaining two outputs 

15 

ML2110 

(Notch and LP) depend on the mode of operation and ex
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 
1. The Q's decrease 
2. The ratio (fclK/fo) increases beyond 100:1. This is done 

by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 

Figure 37. Equivalent Input Offsets of 112 ML2110 Filter 

Table 3 

VOSN VOSBP VOSLP 
MODE PIN 3 (18) PIN 2 (19) PIN 1 (20) 

1,4 VOS1[(1/Q) + 1 +IHOLPI]-VOS3/Q VOS3 VOSN-VOS2 
1a Vos1[1 + (1/Q)]-VOS3/Q VOS3 VOSN-VOS2 
1b Vos1[(1/Q)+ 1 +R2/R1]-VOS3/Q VOS3 -(VOSN-VOS2) (1 + RS/R6) 
1e Vos1[(1/Q) + 1 +R2/R1]-VOS3/Q VOS3 (V V) (RS+ R6) 

- OSN- 052 (R5+2R6) 

1d Vos1[1 + R2/R1] VOS3 VOSN-VOS2-VOS3/Q 
2,5 [VOS1(1 +R2/R1 + R2/R3+R2/R4)-VOS3(R2/R3)] x VOS3 VOSN-VOS2 

[R4/(R2 + R4)] + V 052 [R2/(R2 + R4)] 
2a [Vosl(1 +R2/R1 + R2/R3 + R2/R4)-VOS3 (R2/R3)] x VOS3 V (R5+R6) 

[ R4(1+k) I+v [ R2 j.k- R6 
-(VOSN- OS2) (R5+2R6) 

R2+R4(1 +k) 052 R2+R4(1 +k)' R5+R6 

2b [VOS1(1 +R2/R1 + R2/R3 + R2/R4)-VOS3 (R2/R3)] x 

[ R4k j V I R2 j.k- R6 
R2+R4k + OS2 R2+R4k ,- R5+R6 

VOS3 - (VOSN - Vos2)(1 + R5/R6) 

3,4a VOS2 VOS3 [ R4 R4 R41 (R4) VOS1 1 +-+-+- -VOS2 -
R1 R2 R3 R2 

-VOS3 (::) 

ORDERING INFORMATION 
PART NUM8ER TEMP. RANGE PACKAGE PART NUMBER TEMP. RANGE PACKAGE 

ML2110BCP O°C to +70°C MOLDED DIP (P20) ML21l0BM] _55°C to +125°C HERMETIC DIP (J20) 

ML2ll0CCP O°C to +70°C MOLDED DIP (P20) ML21l0CM] -S5°C to +l25°C HERMETIC DIP (J20) 

ML2110BCS ooe to +700C MOLDED SOIC (S20W) ML21l0BIP -40°C to +85°C MOLDED DIP (P20) 

ML2110CCS O°C to +70°C MOLDED SOIC (S20W) ML2ll0CIP -40°C to +85°C MOLDED DIP (P20) 

ML2ll0BI] -40°C to +85°C HERMETIC DIP (J20) ML2ll0BIS -40°C to +85°C MOlDED SOIC (S20W) 

ML2ll0CI] -40°C to +85°C HERMETIC DIP (J20) ML2llOCIS -40°C to +85°C MOlDED SOIC (S20W) 
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"Micro Linear 
August 1992 

ML2111 
Universal Hi-Frequency Dual Filter 

GENERAL DESCRIPTION 
The ML2111 consists of two independent switched capaci
tor filters that operate up to 150kHz. These filters perform 
second order functions, such as low pass, bandpass, high
pass, notch and all pass. All filter configurations, including 
Butterworth, Bessel, Cauer and Chebyshev can be formed. 

The center frequency of these filters are tuned by an ex
ternal clock or the external clock and a resistor ratio. 

The ML2111 frequency range up to 150kHz is specified 
with ±5.0V±IO% power supplies. Usingasingle 
5.0V± 10% power supply the frequency range is up to 
100kHz. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML2111 is a pin compatible superior replacement for 
MF10, LMF100, and L TCI060 filters. 

BLOCK DIAGRAM 

TOAGNO'---~~----------. 

20 
lPB 

FEATURES 
• Guaranteed frequency range to 150 kHz 
• Center frequency x Q product ~ 5 MHz 
• Separate highpass, notch, allpass, bandpass, and 

lowpass outputs 
• Center frequency accuracy ±0.4% or ±0.8% max 
• Q accuracy ±4%, or ±8% max 
• Clock inputs TTL or CMOS compatible 
• Single 5V (±2.25V) or ±5V ±10% supply operation 

guaranteed 
• O°Cto +70°C, -40°C to +85°C, -55°Cto +125°C 

operating temperature range 
• Standard 0.3" 20-pin DIP or 20-pin small outline 

(SOIQ package -

PIN CONNECTIONS 
ML2111 

20-PIN DIP 

lPA lPB 

BPA BPB 

N/AP/HPA N/AP/HPB 

INVA INVB 

SIA SIB 

SAiB AGND 

VA+ VA-

Vo+ Vo-

lSh SO/Hill/HOLD 

ClKA CLKB 

TOP VIEW 

ML2111 
20-PINSOIC 

lPA lPB 

BPA BPB 

N/AP/HPA N/AP/HPB 

INVA INVB 

SIA SIB 

SAiB AGND 

VA+ VA-

Vo+ Vo-

LSh SO/IOU/HOLD 

ClKA ClKB 

TOPVIEW 
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PIN DESCRIPTION 
PIN NO. NAME FUNCTION 

lPA lowpass output for 
biquad A. 

2 BPA Bandpass output for 
biquad A. 

3 N/AP/HPA Notch/allpass/highpass 
output for biquad A. 

4 INVA Inverting input of the 
summing op amp for 
biquad A. 

5 51A Auxiliary signal input pin 
used in modes la, ld, 4, 
5, and 6b. 

6 5A/B Controls 52 input 
function. 

7 VA+ Positive analog supply. 

8 VD+ Positive digital supply. 

9 l5h Reference point for clock 
input levels. logic 
threshold typically l.4V 
above l5h voltage. 

10 CLKA Clock input for biquad A. 
11 ClKB Clock input for biquad B. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
IvA+L Ivo+I-lvA-L IVo-1 ....................... 13V 
VA+, Vo + to LSh .................................. 13V 

Inputs .............. lvA+, Vo+I+0.3Vto IvA-, Vo -I-0.3V 
Outputs ............ IVA +, Vo + I +0.3Vto IVA -, Vo-I-O.3V 
IvA+1 to Ivo+ I ................................... ±0.3V 
Power Dissipation ................... , ............ 750mW 
Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (soldering, 10 sec) .................. 300°C 

ELECTRICAL CHARACTERISTICS 

PIN NO. NAME 
12 50/1 OO/HOlD 

13 VD-
14 VA-
15 AGND 
16 51B 

17 INVB 

18 N/AP/HPB 

19 BPB 

20 lPB 

ML2111 

FUNCTION 
Input pin to control the 
clock to center 
frequency ratio of 50:1 or 
100:1, or stops the clock 
to hold the last sample of 
the bandpass or lowpass 
outputs. 
Negative digital supply. 

Negative analog supply. 
Analog ground. 
Auxiliary signal input 
used in modes 1 a, 1 d, 4, 
5, and 6b. 
Inverting input of the 
summing op amp for 
biquad B. 
Notch/allpass/highpass 
output for biquad B. 

Bandpass output for 
biquad B. 
lowpass output for 
biquad B. 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2111 BCP, ML2111CCP, 
ML2111 BCS, ML2111CCS .................... O°C to 70°C 
ML2111BIJ,ML2111C1J .................. -40°Cto +85°C 
ML2111BMJ, ML2111CMJ .............. -55°Cto +125°C 

Supply Voltage Range .................... ± 2.25V to ± 6.0V 

Unless otherwise specified TA ~ T MIN to T MAX, VA + ~ VD+ ~ 5V ± 10%, VA - ~ VD- ~ -5V± 10%, CL ~25pF, VIN ~ l.41VPK 
(1.00 VRMS), Clock Duty Cycle 45% to 55%. 

PARAMETER CONDITIONS UNITS 
Filter 
10, Center Frequency 5,6 Figure 15 (Mode 1) 
Maximum VIN~ lVpd.707 VRMS) 

Qs50,QAccuracy s±25% 100 100 kHz 
Qs20, Q Accuracy s ± 15% 150 150 kHz 

10, Center Frequency 5,6 Figure 15 (Mode 1) 
Minimum Qs50, Q Accuracys ±30% 25 25 Hz 

Qs20, Q Accuracys + 15% 25 25 Hz 
10' Temperature ICLK<5MHz -10 -10 ppm/oC 
Coefficient 
Clock to Center Q~10 

Frequency Ratio Figure 15 (Mode 1) 
4 50:1, IClK~5MHz 49.65 49.85 50.05 49.45 49.85 50.25 
4 100: 1 , IClK ~ 5MHz 99.60 100 100.40 99.20 100 100.80 
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ML2111 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA - TMIN to TMAJ(, VA+ = VD+ = 5V ± 100k, VA- = VD- = -5V ± 100k, Cl = 25pF, 
VIN = 1.41VPK (1.00 VRMS), Clock Duty Cycle 50% (Note 8). 

PARAMETER CONDITIONS 
Filter (Continued) 
Clock Frequency 5 Qs20,QAccuracy s ±15% 2.5k 7.5M 2.5k 7.5M 
Clock Feedthrough 5 fClKS5MHz 10 20 10 20 
QAccuracy 4 icLK-5MHz, ~-10 150:1 ±3 ±5 

Figure15(Mo el) 1100:1 ±4 ±8 
QTemperature 5 fClK<5MHz,Q-l0 20 20 
Coefficient 

DC Offset 50:1, fclK-5MHz 
VOS2,3 4 SNBHigh 7 40 7 60 
VOS2,3 4 SNBLow 7 40 7 60 

DC Offset 100:1, icLK-5MHz 
VOS2,3 4 SNBHigh 14 60 14 100 
VOS2,3 4 SNB Low 14 60 14 100 

Gain Accuracy 
DC Lowpass 4 R1 -20k, R2-2k, R3=20k 0.01 2 0.01 2 
Bandpass at fo 4 100:1, fo -50kHz, Q-lO 1 4 1 6 
DC Notch Output 5 0.02 2 0.02 2 

Noise 7 Figure 15 (Mode 1) 
Q- 1,R1 -R2-R3-2k 
Bandpass, 100kHz, 50:1 103 103 

50kHz, 100:1 121 121 
Lowpass, 100kHz, 50:1 120 120 

50kHz, 100:1 150 150 
Notch, 100kHz, 50:1 115 115 

50kHz, 100:1 135 135 
Figure 15 (Mode 1) 
Q-lO,Rl =R3-20k,R2-2k 
Bandpass, 100kHz, 50:1 262 262 

50kHz, 100: 1 333 333 
Lowpass, 100kHz, 50:1 268 268 

(Rl =2k) 50kHz, 100:1 342 342 
Notch, 100kHz, 50:1 64 64 

(Rl -2k) 50kHz, 100:1 72 72 
Crosstalk fclK-5MHz, fo-l00kHz -50 -50 
Filter, VA+ = Vo+ - 2.25V, VA- - Vo- = -2.25V, VIN - 0.707 VPK (0.5VRMsl (NOTE 9) ----
fo, Center Frequency 5 Figure 15 (Mode 1) 
Maximum Qs50, QAccuracys ±30% 75 75 

QS20, QAccuracy s ±15% 100 100 
fo, Center Frequency 5 Figure 15 (Mode 1) 
Minimum Qs50, QAccuracys ±30% 25 25 

QS20, QAccuracys ± 15% 25 25 
Clock to Center Q-l0 
Frequency Ratio Figure 15 (Mode 1) 

4 50:1, fclK=2.5MHz 49.65 49.85 50.05 49.45 49.85 50.25 
5 100:1, fClK=2.5MHz 99.60 100 100.40 99.20 100 100.80 

Clock Frequency 5 QS20,QAccuracy s+15% 2.5k 5M 2.5k 5M 
QAccuracy 4 icLK-2.5MHz, Q-l01 50:1 ±4 ±8 

Figure 15 (Mode 1) nOO:l ±3 ±6 
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ML2111 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAJ(, VA+ = Vo+ = 5V ± 10%, VA- = Vo- = -5V ± 10%, CL = 25pF, 
VIN = 1.41VPK (1.00 VRMS), Clock Duty Cycle 50% (Note 8). 

PARAMETER CONDITIONS 
, , , 

Noise 7 Figure 15 (Mode 1) 
Q-l,Rl-R2-R3-2k 
Bandpass, 100kHz, 50:1 105 105 

50kHz, 100: 1 123 123 
Lowpass, 100kHz, 50:1 122 122 

50kHz, 100:1 152 152 
Notch, 100kHz, 50:1 117 117 

50kHz, 100:1 138 138 
Figure 15 (Mode 1) 
Q=10,Rl -R3-20k,R2-2k 
Bandpass, 100kHz, 50:1 265 265 

50kHz, 100:1 335 335 
lowpass, 100kHz, 50:1 270 270 

(Rl-2k) 50kHz, 100:1 245 245 
Notch, 100kHz, 50:1 65 65 

(Rl-2k) 50kHz, 100:1 73 73 .. Operational Amplifiers and Power Supply 
Vas DC Offset 4 2 15 2 15 
DC Open Loop Gam RL-lk 95 95 
Gain Bandwidth 2.4 2.4 
Product 
Slew Rate 2.0 2.0 

Output Voltage 5 RL = 2k, !VI from VA+ or VA- 0.5 1.2 0.5 1.2 
Swing 
(Clipping Level) 
Output Short Circuit Source 50 50 
Current Sink 25 25 

Power Supply And Clock 
Supply Current 4 fcLK=5MHz 

(lA+)+(lO+) 13 22' 13 22 
(lA-)+(lO-) 12 21 12 21 
ILSH 0.5 1 0.5 1 

VCLK Input Threshold 4 fCLK=5MHz Low 0.6 0.6 
High 3.0 3.0 

5 fCLK<2.sMHz Low 0.8 0.8 
High 2.0 2.0 

CLKA, ClKB Pulse 5,8 CLKHigh orIlVo+I-IVo-I~4.5V 100 100 
Width CLKLow IIVo+ 1-IVo-1 ~9.0V 66 66 

UNITS 

I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 

I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 

mV 
dB 

MHz 

V/J'S 
V 

mA 
mA 

mA 
mA 
mA 

V 
V 
V 
V 

ns 
ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst·case test conditions. O"C to 
70°C and -400C to +8SoC operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing; 
sampling, or by correlation with worst·case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Center frequency is defined as the peak of the bandpass output. 
Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 750kHz which is 7.5 times the fo at 50:1 and 15 times 

the fo at 100:1. 
Note 8: For best performance with fCLK > 2.5MHz use a 50% duty cycle. 
Note 9: For TA ~ -ssoC to +125°C; VA+ = Vo+ = 2.37sV, VA- = Vo- = -2.37sV 
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ML2111 

FUNCTIONAL DESCRIPTION 
POWER SUPPLIES 

The analog (VA +) and digital (Vo+) supply voltage pins 
shou Id be tied together and bypassed to AG N D with at 
least a O.lI'F and a O.OlI'F disc ceramic capacitor. If high 
digital noise exists, the supply pins can be bypassed sepa
rately. The ML2111 positive analog and positive digital 
supply pins are internally connected by the IC substrate 
and should be biased from the same DC source. The 
ML2111 negative analog and negative digital supply are 
not connected internally, howeverthey should be biased 
from the same DC source and bypassed with at least a 
O.lI'F and a O.OlI'F disc ceramic capacitor. 

The ML2111 operates with a single supply from 4Vto 12V 
and with split supplies from ± 2.0V to ± 6V. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ±4.0V, the 
level shift (L5h) pin 9 can be connected to the same 
potential as the AGND or VA - pin. With single supply 
operation, the negative supply pins and the L5h pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TIL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

SO/100/HOLD (Pin 12) 

By tying pin 12 to (VA +, Vo+) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 ofthe voltage supplies 
(AGND potential), the ML2111 operates in the 100:1 
mode. The range of pin 12 without affecting the 100:1 
filter operation with total supply voltage of + 5V is 
2.5±0.5V; + 10Vis 5V±0.5V. When pin 12 is tied to the 
negative supply pin, the filter operation is stopped and the 
bandpass and lowpass outputs act as an 5/H circuit hold
ing the last sample. 

SlA, Sl B, (Pins 5 and 16) 

These are the auxiliary voltage signal input pins always con
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGND 
according to control pin 5NB (pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding section. They should be driven with a 
source impedance below 5kforfclK<2.5MHz and 1 kto 2k 
forfClK>2.5MHz. The 51A, 51 B pins can be used to alter 
the clock to center frequency ratio (fclKlfol of the filter (see 
modes 1 b, 1 c, 2a, 2b) or to feedforward the input signal for 
allpass filter configurations (see modes 4 and 5). They can 

also be used, as in mode 1 d to avoid the finite phase shift 
through the input amplifier, hence allowing higher operat
ing frequencies. When these pins are not used, they should 
be tied to the AGND pin. 

SNB (Pin 6) 

When SA/B is high, the 52 negative input of the voltage 
summer is tied to the lowpass output. When the 5NB pin is 
connected to the negative supply, the 52 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 ofthe supply 
and bypassed with a O.lI'F and a O.OlI'F disc ceramic 
capacitor. The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
totheAGND pin. 

fnK/fo RATIO 
The ML2111 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fclKlfo) ratio decreases 
and when the Qs are low. 

fo x Q PRODUCT RATIO 

The foxQ product ofthe ML2111 depends on the clock 
frequency and the mode of operation. For clock frequen
cies below 5MHz, in mode 1 and its derivatives, the 
foxQ product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency and for the same 
Q value the foxQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1. 

Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RM5 noise of the ML2111 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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TYPICAL PERFORMANCE CURVES 
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ML2111 

TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PE RFORMANCE CU RVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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ML2111 

TYPICAL PERFORMANCE CURVES (Continued) 
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FILTER FUNCTION DEFINITIONS 
Each filter of the ML2111 with an external clock and resis
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1. Bandpass function: available at the bandpass output 
pins (2, 19), Figure 12. 

swo/Q 
G(s) = HOBP 2 2 

S + (swo/Q) + Wo 

HOBP = Gai n at w = Wo 

fo=wo/27r; fo is the centerfrequency of the com
plex pole pair. fo is measured as the peak fre
quency of the bandpass output. 

Q=Quality factor of the complex pole pair. It is the 
ratio oHo to the - 3dB bandwidth ofthe 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 13. 

w2 
G(s)=HOLP 0 

52 + s(wo/Q) + w~ 

HOLP= DC gain ofthe LP output. 

3. Highpass function: available only in mode 3 at the out
put pins (3, 18), Figure 14. 

52 
G(s) = HOHP ----"----,-

52 + s(wo/Q) + w~ 

. fCLK 
HOHP=galn of the HP output forf- 2 

4. Notch function: available at pins 3 (18) for several 
modes of operation. 

(S2+ w2 n) 
G(s) = (HON2) 2 IQ) 2 

5 + S(wo + Wo 

. fClK 
HON2 = gain of the notch output for f- 2 

HONl = gain ofthe notch output forf-O 

fn = wn/27r; fn is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4, 4a. 

G() H [s2-s(wo/Q)+w~J 
5 = OAP 

52 + s(wo/Q) + w~ 

HOAP=gain of the allpass output for O<f< fC~K 

For all pass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch atfz. 

BANDPASS OUTPUT 
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~ 
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Figure 12 
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ML2111 

OPERATION MODES 

Table 1. 1 st Order Functions 

MODE PIN 2 (19) PIN 3 (18) fc fz 
&a LP HP fClK R2 ---x-

100(50) R3 

&b LP LP felK R2 ---x-
100(50) R3 

7 LP AP fCLK R2 felK R2 
---x- ---x-
100(50) R3 100(50) R3 

Table 2. 2nd Order Functions 

MODE PIN 1 (20) PIN 2 (19) PIN 3 (18) fo fN 
1 LP BP Notch felK fo 

100(50) 

1a LP BP BP felK 
100(50) 

1b LP BP Notch felK ,j R& felK ,j R& 
100(50) x 1 + R5 + R& 100(50) x 1 + R5 + R6 

1c LP BP Notch fCLK ~ felK ~ 
100(50) x R5 + R6 100(50) x R5 + R6 

1d LP BP felK 
100(50) 

2 LP BP Notch felK R felK 
100(50) x 1 + R4 100(50) 

2a LP BP Notch fClK V R2 R6 felK V R6 
100(50) x 1 + R4 + R5 + R6 100(50) x 1 + R5 + R6 

2b LP BP Notch felK ,jR2 R6 felK ~ 
100(50) x R4 + R5 + R6 100(50) x R5 + R6 

3 LP BP HP felK {Wi 
100(50) x R4 

3a LP BP Notch felK Jf!j felK Jfi 
100(50) x R4 100(50) x Ri 

4 LP BP AP felK 
100(50) 

4a LP BP AP felK ~ 
100(50) x R4 

5 LP BP C.Z felK R fClK Ffd 
100(50) x 1 + R4 100(50) x 1- R4 
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OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1, mode 
2, mode 3. In the mode 1, Figure 15, the input amplifier is 
outside the resonant loop. Because of this, mode 1 and its 
derivatives (mode la, lb, 1c, ld) are faster than modes 2 and 
3. The table below gives an approximation of the frequency 
range for each mode. 

Model' High Frequency Mode 

1, la, 1d fa up to 150kHz; Q up to 20" 
1b,lc fa up to 100kHz; Q up to 30 

Mode 2 Flexible for Notches 

2, 2a, 2b fa upto 30kHz; Q upto 30 

Mode 3 Most Flexible/Low Component Count 

3,3a fa upto 30kHz; Q up to 30 

• Q and fa have an Inverse relationship. ThIS table IS only an 
approXimation, Actual performance depends on board layout and stray 
capaCItance. 

*' 15% of less Q deviation Higher Q's can be realized With greater 
deviation 

Mode 1 a, Figure 16, represents the most simple hook-up 
ofthe ML2111. Mode 1 a is useful when voltage gain atthe 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, 
mode 1 a is not practical as it requires several clock fre
quencies to tune the overall filter response. 

R1 
V'N--'III.I\r--o--t 

4(17) 

v+ 

R3 

R2 

1/2 Ml2111 

LP 
1(20) 

I InK'1 I 'HOLP R2. Ho R3. HON R2. Q R3 0= 100(50)' n= 0, =-il' BP=-Rl' 1=-il' ="R2 

NOTE: ELECTRICAL TESTING IS PERFORMED 
WITH FOLLOWI NG RESISTOR VALU ES: 
Q=l WITH R1=R2=R3=2k 
Q=10WITH R1 = R3=20k, R2=2k 

Figure 15. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, lowpass ' 

Ml2111 

Mode 1 a is a good choice when Butterworth filters are de
sired since they have poles in a circle with the same fa. 
Figure 31 shows an example of a 4th order 100kHz low
pass Butterworth filter clocked at 5MHz, 

A monotonic passband response with a smooth transition 
band results, showing the circuit's low sensitivity, even 
though 1 % resistors are used which result in an approxi
mate value of Q. 

Mode 1, Figure 15, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented by cascading 2 sections each 
with a Q of 10. This figure shows the amplitude response 
when fClK ~ 7.5MHz resulting in a center frequency of 
150kHz and a Q of 15.5. 

Modes 1 band 1 c, Figures 17, 18 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre
quency can be adjusted with an external resistor ratio, 

The clock to center frequency ratio range is: 

500 fClK 100 50 
-;:':-;:':-or-' mode 1c 

1 fa 1 1 ' 

100 50 fClK 100 50 
-or-;:,:-;:,:--or--' modelb 

1 1 fa -J2 -J2 ' 

The input impedance of the Sl pin is clock depend-
ent, and in general R5 should not be larger than 5k for 
fClK<2.5MHz and 1 k to 2k forfCLK >2.5MHz. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fclKlfo) ratio 
is 500:1. Beyond this, the filter will exhibit large output off
sets. Mode 1 d, Figure 19, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 150kHz can 
easily be achieved. Figure 33 is an example using mode ld 
of a 4th order filter where each section has a Q of 1 in
dependent of resistor ratios. In this mode the input ampli
fier is outside the damping (Q) loop. Therefore, its finite 
bandwidth does not degrade the response at high fre
quency. This allows the amplifier to be used as an anti
aliasing and continuous smoothing filter by placing a 
capacitor across R2. 

Modes 2, 2a, and 2b have a notch output which fre
quency, fn' can be tuned independently from the center 
frequency, fa. For all cases, however, fn <fa, These modes 
are useful when cascading second order functions to cre
ate an overall elliptic highpass, bandpass or notch re
sponse, The input amplifier and its feedback resistors (R21 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode l' s. 
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ML2111 
OPERATION MODES (Continued) 

1/2 ML2111 

VIN 

R3 

lP 
1(20) 

1/2 ML2111 

R6 R5 

R3 

f -~V1+ R.L.~of -f oQ-fI]V1+ R6 0 

0- 100(50) R5+R6' n- 0, - R2 RS+R6' 

HOBP2~ l(NONINVERTlNG);HOLP~ -1 HON1(f-O)~HoN2 (1- I~K) ~-~;HOBP~-~;HOLP~ 1+R6~~:1R6)~;R5<5k!J 

Figure 16. Mode la: 2nd Order Filter Providing 
Bandpass, Lowpass 

Figure 17. Mode lb: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 

R3 

R2 

R1 
VIN-W.-<>---I 

4(17) 

R6 R5 

1/2 ML2111 

LP 
1(20) 

Figure 18. Mode lc: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

R2 

112 ML2111 

lP 
1(20) 

Figure 19. Mode ld: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater or Equal to 1 
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OPERATION MODES (Continued) 

Rl 

VIN-..J\I<>IIr-:4<}(I'=7)' 

Rl 
V'N-WIr--<>--I 

4(17) 

v' 

Rl 

R4 

R3 

R2 

V,N -'VIi'lr-4 .... (1~7)-I 

R4 

R3 

1/2 Ml2111 

LP 
1(20) 

1 ICLK ~. 1 ICLK. Q R3~. - R2/Rl 
0= loo(SO) VI + 114' n= lOO(SO)' = ii2V1 + 114' Hmp= 1 + (R2/R4) 

HOBP = - R3/Rl; HON,(I-O) = 1 ~ ::i;~~) ; HON2 (1-~) = - R2/Rl 

Figure 20. Mode 2: 2nd Order Filter Providing Notch, Bandpass, lowpass 

RG R5 

LP 
1(20) 

112 Ml2111 

1 ICLK V R2 RG'I ICLK V RG. R3V R2 RG 
0= lOO(SO) 1 + R4 + RS+ RG' n= lOO(SO) 1 + RS+ RG,Q= R2 1 + R4 + RS+RG 

1- - _ !!;l ! 1 + RG/(RS + RG) j. (1- ICLK) _ _ / 
HON1( 0)_ Rl 1+ (R2/R4) + [RG/(RS+ RG)] ,HON2 2 - R2 Rl 

__ • _ -R2/Rl 
HOBP- R3/Rl, HOLP- 1+ (R2/R4) + [RG/(RS+ RG)] 

Figure 21. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, lowpass 

R4 

R3 

R2 

RG RS 

112 Ml2111 

LP 
1(20) 

1 R2 I RG/(R5+ R6) I· H ~I ICLK) R2/R HON,(-O)=-R1 (R2IR4)+[R6I(R5+RG)] • ON2,-2 =- 1 

Figure 22. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, lowpass 
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ML2111 

OPERATION MODES (Continued) 

In mode 3, Figure 23, a single resistor ratio (R2/R4) can tune 
the center frequency below or above the fClKIlOO (or fClK/ 
50) ratio. Mode 3 is a state variable configuration since it 
provides a high pass, bandpass, lowpass output through pro
gressive integration; notches are obtained by summing the 
highpass and lowpass outputs (modes 3a, Figure 24). The 

notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/R,). Because of this, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30kHz. 

112 ML2111 

3-100 

R4 

R3 

fo= 1~~~~~;Q= ~~;HOHP= - R2/Rl;HOlP= -R4/Rl; HOBP= - ~ 

Figure 23. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 

Rl 
V'N-'l/VV-<>--I 

4(17) 

fo= fCLK 
100(50) 

112 Ml2111 

R4 

R3 

R2 lP 
1(20) 

Rg 

~; fn = 1~~~:0)~; HOHP= - R2/Rl; HOBP= - R3/Rl, HOlP= -R4/Rl 

NOTCH 

Figure 24. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, lowpass, Notch 
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OPERATION MODES (Continued) 

Rl =R2 
V,N ---'IoIV'Y---<>--I 

4(17) 

112 ML2111 

R3 

R2 

I IClK' Q R3. H R2. Ho p 2' HO p 2 (R3) 
0= 100(50)' = Ri' OAP= - ii' L == -, B = - R2 

LP 
1(20) 

Figure 25. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 

112 ML2111 

R4 

R3 

I -~'@'Q-]!:l'@'H -!!>'H =_I!1'H =_]!:l'H =_M 
0- 100(50) Vi4' - RlViW' OAP- 2R' OHP Rl' OBP Rl' OlP R1 

Figure 26. Mode 4a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Allpass 
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OPERATION MODES (Continued) 

1/2 ML2111 

R4 

R3 

R2 

I - ~1L ~. I __ ICLK _ r.:::Bi. _.!!1 ~ 
0- 100(50) yl+ R4, z- 100(50) yl- R4,Q- R2yl+i!4 

Qz= In. r,::R!. Hoz(I-O)= ilHLlill=-l. Hoz (1- InK) -.!g. 
Rl Y' - R4' (R4/R2) + l' 2 - Rl' 

HOBP=R1 (1+.!g) 'HOLP= 1 + (R2/R1) 
R2 Rl' 1 + (R2/R4) 

Figure 27. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 

1/2 ML2111 

R3 

R2 

1(20) 

LP 
1(20) 

Figure 29. Mode 6b: 1st Order Filter Providing Lowpass 

Rl 
VIN -'IIIoIV--O-I 

4(17) 

1/2 ML2111 

R3 

R2 

InK R2 / Ie = 1Oii(SO) R3; HOLP = - R3 Rl; HOHP = - R2/Rl 

1(20) 

Figure 28. Mode 6a: 1 st Order Filter Providing Highpass, 
Lowpass 

1/2 ML2111 

R3 

R2=Rl 

1(20) 

fc'K R2 InK R2 InK 
Ip= 100(50) R3; Iz= 100(50) R3; GAIN AT OUTPUT = 1 FORO"I" 2 

Figure 30. Mode 7: 1st Order Filter Providing All pass, 
Lowpass 
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OPE RATION MODES (Continued) 

1 LPA LP. 
20 

R31 
2 BPA 

R32 

R21 
3 NA 

R22 

4 1NVA 

Y,N 5 SIA 
lVp-p 

+5V 

-5V 

5~~~--~------------~ 

1 % RESISTOR VALUES 
(ACTUAL VALUES USED) 

R21 ~ 374&1l R22 ~ 199&1l 
R31 ~ 20031l R32 ~ 2&040 

VOUT 

(Ql ~0.541 
Q2 ~ 1.302 

-10 

-20 

~ -30 
z 
{-40 
" J-50 

-&0 

-70 

-80 

10k 

~ 101777Hz 
-3.05BdB 

lOOk 
FREQUENCY (Hz) 

'" " "-

Figure 31. 4th Order, 100kHz Lowpass Butterworth Filter Obtained by Cascading 2 Sections in Mode 1a 

VOUT 

1 LPA 20 R12 
LP. 

2 BPA 19 R32 
BP. 

3 NA 18 R22 

Rll 
N. 

Y,N 4 1NVA 2.82Vp-p 
(lVRMS) Ql ~Q2~10 

":" 10 CLKA CLK. ll 

7.5~~~-~-------------' 
RESISTOR VALUES 

Rll ~20kll R12~20kll 
R21 ~ 2k!l R22 ~ 2k!l 
R31 ~ 20kll R33= 20kll 

-10 

-20 

-30 

~-40 
z 

;E -50 

5 J-&O 
-70 

-80 

-90 

-
10k 

V .-

1\' 
I \ 

/ \ 
/ 

I" 

lOOk 
FREQUENCY (Hz) 

t--149871Hz 
-0.031dB 

~ 
'\ 

r-.... 
r-, 

Figure 32. Cascading Two Sections in Mode 1, Each With Q = 10 Results in a Bandpass Filter with Q = 15.5 and 
fo = 150kHz (fcLK= 7.5MHz) 

'\ 

1M 
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OPERATION MODES (Continued) 

F------+-VOUT 

R12 

-5V 

+5V 

RESISTOR VALUES 
Rll = R21 = R12 = R22 = 2.0kll 

-10 

-20 

os -30 
~ 

{-40 

5- 50 
;-

-60 

-70 

-80 

10k 

~ 

lOOk 
fREQUENCY (Hz) 

t--166 224Hz 
-3.121d8 

"-
1\ 

" 

1M 

Figure 33. Cascading Two Sections in Mode 1d, Each With Q = 1 (Independent of Resistor Ratios) Creates a Sharper 4th 
Order Lowpass Filter 

....-----VOUT 

1 LPA 

...... ___ .,2 SPA 

,-'\R,,24~---,39NA 
VIN _-'IIR3",lrll4 ___ .,4INVA 

2.82V,..p R32 

+5V-_--"I 

elK. 11 

1 % RESISTOR VALUES 

R21 

-5V 

+5V 

R21 = R22= R23= R24 = 2k 
R32-4.9k 
R34=1000 
R31 =80k 

R22 R23 

REF. LEVEL /OIV MAAtC'[R 1," .7 ........ . 
...... 5 ..... MA.CUQF) -52.2 .. .. 

~ IIII!.:iiii .. 
I ~ ~ 
I ~ 

WJ 

n 

II 
l 

E .... TER i"_ "'1(;0 . .Oil- SPAN ............ C 
AMPTO 1 ..... '1 

fClK = 6.5MHz 

Figure 34. Notch Filter with Q = 50 and fo = 130kHz. This Circuit Uses Side A's Biquad in Mode 1 d and the Side B Op 
Amp to Create a Notch Whose Depth is Controlled by R31. The Notch is Created by Subtracting the Bandpass from VIN. 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B . 
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OFFSETS 
Switched capacitor integrators generally exhibit higher in
put offsets than discrete R, C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall budget. 

Figure 35 shows half of the Ml2111 filter with its equiva
lent input offsets Vas1, Vas2, Vas3· 

The DC offset at the filter bandpass output is always equal 
to Vas3' The DC offsets at the remaining two outputs 

'5 

ML2111 

(Notch and lP) depend on the mode of operation and ex
ternal resistor ratios. Table 3 illustrates this. 

It is importantto know the value ofthe DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 
1. The Q's decrease 
2. The ratio (fcLldfo) increases beyond 100: 1. This is done 

by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 

Figure 35. Equivalent Input Offsets of 112 ML2111 Filter 

Table 3 

VOSN VosBP VOSLP 
MODE PIN 3 (18) PIN 2 (19) PIN 1 (20) 

1,4 Vas, [(1 IQ) + 1 + UHaLpllJ-Vas3/Q Vas3 V05N-Vas2 
la V05,[1 +(1/Q))-Vas3 /Q Vas3 VasN- Vas2 
lb Vas, [(1/Q) + 1 +R2/R1J-Vas3/Q Vas3 -(VasN-Vasz) (1 + RS/R6) 
Ie Vas, [(1/Q) + 1 +R2/R1J-Vas3/Q VaS3 (V V) (RS+ R6) 

- aSN- 052 (R5+2R6) 

ld Vas, [1 +R2/R1J VaS3 VasN- Vas2- Vas3/Q 
2,5 [Vas,(1 +R2/Rl + R2/R3+ R2/R4)-Va S3(R2/R3)) x Vas3 VasN- Vas2 

[R4/(R2 + R4)) + Vas2[R2/(R2 + R4)) 
2a [Vas, (1 +R2/Rl +R2/R3 + R2/R4)-Va s3(R2/R3)) x VaS3 (V V) (RS+R6) 

[ R4(I+k) I +V [ R2 I'k= R6 
- aSN- asz (R5+2R6) 

R2+R4(1 +k) 052 R2+R4(1 + k)' RS+R6 
2b [Vas, (1 + R2/Rl +R2/R3+ R2/R4)-VaS3(R2/R3))x 

! R4k I V [ R2 I'k R6 
R2+R4k + 052 R2+R4k ,= R5+R6 

VaS3 - (VaSN - Vasz) (1 + R5/R6) 

3,4a VaS2 VaS3 [ R4 R4 R4] (R4) Vas, 1 +-+-+- -V052 -
Rl R2 R3 R2 

-VaS3(:~) 

ORDERING INFORMATION 
PART NUMBER TEMP. RANGE PACKAGE PART NUMBER TEMP. RANGE PACKAGE 

ML2lllBCP O°C to +70°C MOLDED DIP (P20) ML2lllBMJ -55°C to +12SoC HERMETIC DIP U20) 
ML2ll1CCP OOC to +70°C MOLDED DIP (P20) ML2l11CMJ -5SoC to +12SoC HERMETIC DIP U20) 
ML2lllBCS O°C to +70°C MOLDED SOIC (S20W) ML21l1BIP -4()0C to +85°C MOLDED DIP (P20) 
ML2l11CCS OOC to +70°C MOLDED SOIC (S20W) ML2111CIP -40°C to +85°C MOLDED DIP (P20) 
ML2ll1BIJ -4()0C to +85°C HERMETIC DIP U20) ML2ll1BIS -40°C to +8SoC MOLDED SOIC (S20W) 
ML21l1CIJ -40°C to +85°C HERMETIC DIP U20) ML2l11CIS -40°C to +8SoC MOLDED SOIC (S20W) 
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Networking Products 

Selection Guide ................................................................................................................. . 

Ethernet 

ML2652 

ML2653 

ML2653EVAL 

ML4642 

ML4644 

ML4652 

ML4654 

ML4658 

ML4661 

ML4662 

ML4662EVAL 

ML4663 

1 OBASE-T Physical Interface Chip .......................................................... . 

1 OBASE-T Physical Interface Chip .......................................................... . 

1 OBASE-T Transceiver Evaluation Kit.. .................................................... . 

AUI Multiplexer .................................................................................... . 

4-Port AUI Multiplexer .......................................................................... . 

10BASE-T Transceiver ............................................................................ . 

1 OBASE-T Transceiver for Multi-Port Repeaters ...................................... . 

lOBASE-T Transceiver with Autopolarity ................................................ . 

FOIRL Transceiver ................................................................................. . 

1 OBASE-FL Transceiver .......................................................................... . 

1 OBASE-FL Evaluation Kit ...................................................................... . 

Single Chip 1 OBASE-FL Transceiver ........................................................ . 

ML4663 EVAL 1 OBASE-FL Evaluation Kit ...................................................................... . 

High-Speed Networking 
ML6671 FOOl TP-PMD Transceiver .................................................................... .. 

ML6671-22EVAL TP-PMD Transceiver Evaluation Kit ........................................................ . 

ML6672 ATM UTP Transceiver ........................................................................... .. 

ML6672-9EVAL 155 Mbps ATM Transceiver Evaluation Kit ............................................ .. 

ML6673 FOOl TP-PMD Transceiver .................................................................... .. 

Token-Ring 

ML6682 Token Ring Physical Interface ................................................................ . 

Fiber Optic Components 

ML4621 

ML4622 

ML4624 

ML4632 

ML6622 

ML6633 

Fiber Optic Data Quantizer .................................................................. .. 

Fiber Optic Data Quantizer .................................................................. .. 

Fiber Optic Data Quantizer .................................................................. .. 

Fiber Optic LED Driver .......................................................................... . 

High-Speed Data Quantizer .................................................................. . 

High-Speed Fiber Optic LED Driver ...................................................... .. 

ML6633/22EVAL High-Speed Fiber Optic Evaluation Kit.. ................................................ .. 

Network Interface Products 

Section 4 

4-1 

4-3 

4-3 

4-23 

4-44 

4-58 

4-69 

4-85 

4-69 

4-86 

4-87 

4-99 

4-100 

4-113 

4-125 

4-132 

4-133 

4-140 

4-141 

4-143 

4-24 

4-30 

4-30 

4-38 

4-115 

4-120 

4-124 

ML4670 Multi-Protocol Physical Interface Device ................................................ 4-114 
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ETHERNET 
Part Number Description LED Outputs 

ML2652 1 OBASE-T Physical Layer 6 
with AUI Port 

ML2653 lOBASE-T Physical Layer 2 

ML2653EVAL Evaluation Kit for ML2653 

ML4642 AUI Multiplexer (2-port) 6 

ML4644 AUI Multiplexer (4-port) 10 

ML4652 10BASE-T MAU 6 

ML4658 lOBASE-T MAU 6 

ML4662 lOBASE-FL MAU 5 
(without Quantizer) 

ML4662EVAL Evaluation Kit for ML4662 

ML4663 1 OBASE-FL MAU 5 
(includes Quantizer) 

ML4663EVAL Evaluation Kit for ML4663 

High-Speed Networking 

Part Number Applications Data Rate 

ML6671 FOOl over Copper (TP-PMD) 125MHz 
Fast Ethernet (100BASE-TX) 

ML6671-22EVAL Evaluation Kit for ML6671 

ML6672 A TM over Copper 155Mbps 

ML6672-9EVAL Evaluation Kit for ML6672 

ML6673 FOOl over Copper (TP-PMO) 125MHz 
Fast Ethernet (1 OOBASE-TX) 

Token Ring Physical Interface 
Part Number Application Data Rates 

ML6682 Station 4 Mbps 
Concentrator 16Mbps 

Media 
Interface 

MLT-3 

NRZ 

MLT-3 

Networking Products 

Autopolarity 

Yes 

Yes 

N/A 

N/A 

No 

Yes 

N/A 

N/A 

Adaptive 
Equilization 

Yes 

Yes 

Yes 

Cable Type 

UTP 
STP 

Selection Guide 

Package Types 

44 Pin PLCC 

28 Pin PLCC 

28 Pin SSOP 

68 Pin PLCC 

24 Pin Skinny DIP 
28 Pin PLCC 

24 Pin Skinny DIP 
28 Pin PLCC 

28 Pin PLCC 

28 Pin PLCC 

Base Line 
Wander 

Package 
Types 

No 

No 

Yes 

32 Pin PLCC 
32 Pin TQFP 

32 Pin PLCC 
32 Pin TQFP 

32 Pin PLCC 
32 Pin TQFP 

Package Type 

44 Pin TQFP 
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Fiber Optic Components 

Part Number Decription Bandwidth I/O Types Package Types 

Ml4621 Quantizer 50MHz TTL, ECl 24 Pin Skinny DIP 
28 Pin PlCC 

Ml4622 Quantizer 40 MHz TTL, ECL 16 Pin Skinny DIP 
16 Pin Narrow SOIC 

Ml4624 Quantizer 40 MHz TTL, ECl 24 Pin Skinny DIP 
28 Pin PlCC 

Ml4632 lED Driver 20 MHz TTL, ECl 14 Pin DIP 
16 Pin SOIC 

Ml6622 Quantizer 150 MHz ECl 16 Pin DIP 
16 Pin Narrow SOIC 

ML6633 LED Driver 200 MHz ECl 8 Pin DIP 
8 Pin SOIC 

Ml6633/22 EVAL Evalutation Kit for 
Ml6633 and Ml6622 

Networking Interface Products 

Part Number Decription Protocols Data Rate Package Types 

ML4670 Multiple Protocol Physical RS-449, RS-232 10Mbps 84 Pin PLCC 
Interface V.35, X.21 
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PRELIMINARY 

ML2652/ML2653 

1 OBase-T Physical Interface Chip 

GENERAL DESCRIPTION 

The ML2652, 10BASE-T Physical Interface Chip, is a 
complete physical interface for twisted pair and AUI 
Ethernet appl ications. It combines a 1 OBASE-T MAU, 
Manchester Encoder/Decoder, and Twisted Pair Interface 
filters in one monolithic IC A complete DTE interface for 
twisted pair Ethernet can be implemented by combining 
the ML2652, an Ethernet controller, and transformers. 

The ML2652 can automatically select between an AUI 
and twisted pair interface based on Link Pulses. Six LED 
outputs provide complete status at the physical link. Link 
and Test can be enabled or disabled through the LED 
outputs. 

The unique transmitter design uses a waveform generator 
and low pass filter to meet the 10BASE-T transmitter 
requirements without the need for an external filter. The 
differential current driven output reduces common mode 
which in turn results in very low EMI and RFI noise. 

The ML2652 and ML2653 (28 pin version) is implemented 
in a low power double polysilicon CMOS technology. The 
ML2653 does not include the AUI interface. 

ML2652 BLOCK DIAGRAM 

r--
I 
I 

TxC~-!-~ 
TxE~ 
TxD ----t--

I 
I 
I 
I 

COL~-j---1 

I 
LPBK~ 

I 
I 
I 
I 

RxC ~-J...--1 
RxE~-!-~ 

RxD ~-J...I --I 

I 

CONTROLLER 
INTERFACE 

ClK ! B L _______ _ 

FEATURES 

• Complete physical interface solution 

• Conforms to IEEE 802.3i-1990 (10Base-T) 

• On-chip transmit and receive filters 

• Automatic AUI/Twisted Pair selection (ML2652 only) 

• Power down mode 

• Pins selectable controller interface-(CSO - CS2) 
Intel 82586, 82596 
NSC DP8390 
Seeq 8003, 8005 
AMD 7990 

• Automatic polarity correction 

• Pin selectable receive squelch levels 

• Status pins for: link detect, receive & 
transmit activity, collision, jabber, AUI selection 

• Single supply 5V ±5% 

• ML2653 - 28 pin PLCC package 

• ML2652 - 44 pin PLCC package (see page 2) 

IABDIS 

RTX 

Tx+ 

Tx-

Rx+ 

Rx-

RSL 

...---"'--....L_ 00+ 
~----------~ DO-

CI+ 
CI-
01+ 
01-
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ML2652/ML2653 

PIN CONNECTIONS 

, 4-4 

ML2652 
44-Pin PLCC (Q44) 

ML2653 
28-Pin PLCC (Q28) 
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ML2653 BLOCK DIAGRAM 

r--
I 
I 

TxC ... --'---j 
TxE~ 
TXO~ 

I 
I 
I 
I 

COl.._----j---I 
I 

lPBK -----r-.-
I 
I 
I 
I 

RxC"_~---j 
RxE.._--'---j 
Rxo..------!I---I 

I 

ClK 

FD 

CONTROLLER 
INTERFACE 

ML2652/ML2653 

RTX 

Tx+ 

Tx-

Rx+ 

Rx-

RSl 

LEOS 

i B 
l________ ----~----J---------------------~ 

RPOL XMT/RCV 

PIN DESCRIPTION 

NAME FUNCTION 

VCC Positive supply. +5V 

GND Ground. 0 volts. All inputs and outputs referenced 
to this point. 

ClK Clock input. There must be either a 20 MHz 
crystal or a 20 MHz clock between this pin 
and GND. 

Tx+ Transmit positive twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Tx- Transmit negative twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Rx+ Receive positive twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. 

Rx- Receive negative twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. 

DO+ AUI positive transmit output. AUI transmit data 
output to optional external transceiver. 

DO- AUI negative transmit output. AUI transmit data 
output to optional external transceiver. 

DI+ AUI positive receive data input from optional 
external transceiver. 

NAME FUNCTION 

DI- AUI negative receive data input from optional 
external transceiver. 

CI+ AUI positive collision input from optional 
external transceiver. 

CI- AUI negative collision input from optional 
external transceiver. 

RTX Transmit current set. An external resistor between 
this pin and GND programs the absolute value of 
output current on Tx±. 

TxC Transmit clock output. Digital output which 
clocks the transmit data (TxD) into the device 
from the controller. 

TxD Transmit data input. Digital input which contains 
transmit data from the controller. 

TxE Transmit enable input. Digital input from the 
controller that indicates when the transmit data 
(TxD) is valid. 

COL Collision output Digital output to the controller 
which indicates when a collision condition is 
present. 

RxC Receive clock output. Digital output which clocks 
receive data (RxD) from the device into the 
controller. 
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PIN DESCRIPTION (Continued) 

NAME FUNCTION 

RxD Receive data output. Digital output which 
contains receive data sent to the controller. 

RxE Receive data valid. Digital output to the controller 
that indicates when the receive data (RxD) is 
valid. 

LPBK Localloopback. Digital input from the controller 
which forces the device to loopback transmit data 
without sending it on the media. 

FD Full Duplex Enable. When enabled the lOBASE-T 
MAU loopback and collision detect are disabled. 
LPBK must be disabled when using this function. 

CSO 

CS1 

CS2 

RSL 

Controller selection input. Digital input which 
selects one of four standard controller timing 
interfaces. This pin has an internal pulldown 
resistor to GND. 

Controller select input. Digital input which selects 
one of four standard controller timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 

Controller select input. Digital input which selects 
one of four standard controller timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 

Receive squelch level select input. Pin has 
internal pUliup resistor to VCe. 

RSL = High Receive squelch level = 1 OBase-T 
RSL = Low Receive squelch level = extended 

distance 

XMT Transmit status output. Digital output which 
indicates data transmission on Tx+ and Tx-. 
Pin is open drain output with resistor pullufJ and 
is capable of driving an LED. XMT pin and RCV 
pin are the same pin for ML4653. 

RCV Receive status output. Digital output which 
indicates unsquelched data reception on Rx+ 
and Rx-. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are limits beyond which the 
life of the integrated circuit may be impaired. All voltages 
unless otherwise specified are measured with respect to 
GND. (Note 1) 

NAME FUNCTION 

Collision status output. Digital output which 
indicates that collision condition has been 
detected. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

Link test pass output/input. This pin consists of an 
open drain output transistor with a resistor pullup 
that serves both as a I ink test pass output and a 
link test disable input. When used as an output, 
th~n is capable of driving an LED. 

LTP = High, link test failed 
LTP = Low, link test pass 
LTP = GND, link test disabled 

AUI(fP AUI/twisted pair interface select input. 
AUI(fP = High, AUI selected 
AUI(fP = Low, TP selected 

RPOL This pin must be grounded at all times. 

JAB Jabber detect output. Digital output which 
indicates that the jabber condition has been 
detected. Pin is an open drain output with resister 
puJ.!.tp and is capable of driving a LED. 

JAB = High, normal 
JAB = Low, jabber detected 

AUISEL AUI(fP port output status 
AUISEL = High, TP port selected 
AUISEL = Low, AUI port selected 

JAB DIS Jabber disable input 

NC 

JABDIS = High, jabber disabled 
JABDIS = Low, normal operation 

No connect. Leave this pin open circuit. 

VCC supply voltage ........................................... +6.5 volts 
All inputs and outputs ........................ -0.3v to VCC + .3v 
Input current per pin ............................................ ±25 mA 
Power dissipation .............................................. 0.75 Watt 
Storage temperature range ...................... -65°C to + 150°C 
Lead temperature (soldering, 10 sec) ....................... 300°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = aoe to 700 e, Vcc = 5V +5%. Note 2 & 3. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIL Digital input low voltage All except CLK .8 V 
ClK 1.5 V 

VIH Digital input high voltage All except ClK 2.0 V 
ClK 3.5 V 

ilL Digital input low current VIN=GND TxD, TxE, AUI(fP -5 IJ.A 
VIN=GND lPBK, CS2-0, lBDIS,JABDIS -5 IJ.A 
VIN=GND RSL -10 -25 -50 IJ.A 
VIN=GND L TP, RPOL, -15 -250 -500 IJ.A 
VIN=GNDClK -300 IJ.A 

IIH Digital input high current VIN=VCC TxD, TxE, AUI(fP 1 IJ.A 
VIN=VCC LPBK, CS2-0, lBDIS, JAB DIS 10 25 50 IJ.A 
VIN=VCC RSl 1 IJ.A 
VIN=VCC lTP, RPOL 1 IJ.A 
VIN=VCC ClK 250 IJ.A 

CIN Digital input capacitance All except ClK 5 pF 
ClK 10 pF 

VOL Digital output low voltage IOL=-2mA TxC, Cal, 
RxC, RxD, RxE .4 V 
IOL=-10mA XMT, RCV, 
ClS, L TP, RPOL, JAB .6 V 

VOH Digital output high voltage IOH=2mA TxC, COL, 
RxC, RxD, RxE 4.0 V I11III 
IOl=10uA XMT, RCV, ClS, 
L TP, RPOL, JAB 2.4 V 

ICC VCC supply current TX transmission 140 mA 
No transmission 105 mA 
Powerdown mode 2 mA 

TOV Tx± differential 
output voltage RTX = 10K 2.2 2.5 2.8 Vp 

THD Tx± harmonic distortion TxD=all ones -27 dB 

TCM Tx± common mode 
output voltage ± 50 mVp 

TCMR T x± common mode rejection VCM=15vp, 10.1 MHz sine ± 100 mVp 

TOVI Tx± differential output 
voltage during idle ± 50 mVp 

TalA Tx± output current accuracy RTX=lOK 50 mA 

TRO Tx± output resistance 1 Mohm 

Tea T x± output capacitance 10 pF 

RRI Receive input resistance 2.5K 10K ohms 

RCI Receive input capacitance 10 pF 

RSON Receive squelch on level RSl=l 275 520 mVp 
RSl=O 150 325 mVp 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

RSOF Receive squelch off level RSL=l 150 325 mVp 
RSL=O 100 225 mVp 

DOV DO± differential 
output voltage ± 550 ± 1170 mV 

DOVI DO± differential 
output voltage during idle ±40 mV 

DOUS DO±differential output 
voltage return to 0 undershoot -100 mV 

DOCMA DO± common mode AC 
output voltage ±40 mV 

DOCMA DO± common mode DC 
output voltage VCC *05 V 

DIRI DI/CI input resistance 205K 10K ohms 

DICI DI/CI input capacitance 10 pF 

DIBV DI/CI input bias voltage DI/CI floating VCC*05 V 

DISON DI/CI squelch on level -175 -325 mVp 

tl TxC on time 45 55 ns 

t2 TxC off time 45 55 ns 

t3 TxC period 100 ns 

t4 TxE setup time 25 ns 

t5 TxE hold time 0 ns 

t6 TxD setup time 25 ns 

t7 TxD hold time 0 ns 

t8 Transmit propagation delay Tx± 60 200 ns 
DO± 200 ns 

t9 Start of Idle Tx± 
Pulse Width DO± 200 350 ns 

tl0 501 pulse width to within TX± 4500 ns 
40mV of final value DO± 8000 ns 

tll Transmit output jitter Tx± ±800 ns 
DO± ± 05 ns 

t12 Transmit output 
rise and fall time Tx±,10-90% 5 ns 

t13 TxE to XMT assert 250 ms 

t14 XMT blinker pulse period 95 115 ms 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

t15 XMT duty cycle 45 55 % 

t20 Start of receive packet Rx± 600 ns 
to RxE assert DI± 200 ns 

t21 Start of receive packet Rx+ 1600 ns 
to RxC active DI+ 1300 ns 

t22 RxC on time 45 900 ns 

t23 RxC off time 45 55 ns 

t24 RxD valid before RxC 45 ns 

t25 RxD valid after RxC 35 ns 

t26 RxE assert to RCV assert 250 ms 

t27 RCV blinker pulse period 95 115 ms 

t28 RCV duty cycle 45 55 % 

t29 Receive input jitter Preamble ±12 ns 
Data ±18 ns 

t30 Receive propagation delay Tx± 160 ns 
DI± 160 ns 

t31 RxC to RxE assert 30 60 ns l1li 
t32 RxC to RxE deassert 20 45 ns 

t33 RxE deassert to RxC switchover 100 200 ns 

t34 Minimum 501 pulse width Tx± 180 ns 
required for receive detection DI± 180 ns 

t40 Jabber activation delay- 20 150 ms 
TxE assert to Tx± disable 

t41 Tx± disable to JAB assert 200 ms 

142 Jabber reset time - TxE 250 750 ms 
deassert to JAB deassert 

t43 Tx± disable to COL assert 50 ns 

144 Tx± disable to CLS assert 50 ns 

t45 JAB deassert to COL deassert 50 ns 

t46 JAB deassert to CLS deassert 50 ns 

t51 Transmit link pulse period 8 24 ms 

t52 Minimum link pulse period 2 7 ms 
required for receive detection 

t52 Maximum link pulse period 25 150 ms 
required for receive detection 

t53 Receive link pulse no detect 50 150 ms 
to L TP deassert 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

t54 Receive link pulse detect to 2 Link Pulse 
LTP assert 

t55 AUI/fP to AUISEL delay 200 ns 

t60 TxE deassert to COL assert .9 1.0 1.1 I1S 

t61 COL pulse Width .9 1.0 1.1 I1S 

t70 Start of RCV packet during Rx± 500 ns 
transmission to COL assert 

t71 Start of RCV packet during RX± 500 ns 
transmission to CLS assert 

t72 End of RCV packet during Rx± 300 ns 
transmission to COL deassert 

t73 CLS blinker pulse period 95 115 ms 

t74 CLS duty cycle 45 55 % 

t75 Transmission start during Tx± 300 ns 
reception to COL assert 

t76 Transmission start during Tx± 250 ms 
reception to CLS assert 

t77 CI± period 80 120 ns 

176 CI± duty cycle 40 60 % 

t79 First valid negative CJ± 100 ns 
data transition to COL assert 

t80 First valid negative CI± 100 ns 
data transition to CLS assert 

t81 Last CI± positive data 160 250 ns 
transition to COL deassert 

t82 External clock input jitter 50 ps 

Note 1: Absolute maximum ratings are limits beyond which the hfe of the integrated cirCUit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: low Duty cycle pulse testing IS performed at TA' 
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TIMING DIAGRAMS 
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Figure 1. Transmit System Timing 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 
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APPLICATION CIRCUIT - ML2652 
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FUNCTIONAL DESCRIPTION 

GENERAL 

The ML2652 and ML2653 are composed of a transmitter 
section, receive section and some miscellaneous 
functions. 

The transmit section consists of the manchester encoder, 
AUI, jabber detect, link pulse generator, start of idle (Sal) 
pulse generator, waveform generator, and line driver. The 
purpose of the transmit section is to take data from the 
controller, encode it, and transmit it over either the AU I or 
twisted pair interface. In addition, the transmit section 
generates link pulses, start of idle pulses, and checks for 
jabber condition. The transmitter keeps the data jitter to a 
maximum of ±8.0ns, and the maximum delay through the 
transmission section is less than 2 bits, or 200ns. 

APPLICATION CIRCUIT - ML2653 

ML2652/ML2653 

The receive section consists of the manchester decoder, 
collision detect, AUI, receive LPF, receive comparators, 
receive squelch, automatic polarity correct, start of idle 
(Sal) detect, and link pulse detect. The purpose of the 
receive section is to take data from either the twisted pair 
cable or AUI, decode it, then send the data to the 
controller via the controller interface. In addition, the 
receive section detects and automatically corrects for 
reverse polarity, detects link pulses, detects start of idle 
pulses, and implements an intelligent receive squelch 
algorithm. The receive section can successfully lock onto 
an incoming data that contains ±18ns of jitter in less than 
1.6~s. 
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ML2652/ML2653 
The miscellaneous functions are the controller interface, 
single pin crystal oscillator, AUI, loopback modes, test 
mode, and powerdown mode. The ML2653 has no AUI 
interface output. 

The following text describes each of these blocks and 
functions in more detail. Refer to the block diagram. 

TRANSMISSION 

The transmit data (NRZ) is first clocked into the device 
through the controller interface. The device can be 
digitally programmed to accommodate anyone of four 
standard Ethernet controllers as described in Controller 
section. 

Then the NRZ data is encoded by the manchester encoder 
as shown in transmit timing diagram in Figure 1. 

The manchester encoded data then goes to either the AUI 
or twisted pair interface. The selection of the appropriate 
interface is automatic. If the AUI is selected, the 
manchester encoded data is transmitted out differentially 
on the 00+ and 00- pins, and the twisted pair line 
driver is disabled. If the twisted pair interface is selected, 
the manchester encoded data is transmitted out 
differentially on Tx+ and Tx- pins, and the transmit AUI is 
disabled. 

Refer to the AUI section for details on how the AUI and 
automatic interface selection is accomplished. 

Assuming that the twisted pair interface is selected, the 
Manchester encoded data then goes to the transmit 
waveform generator. The transmit waveform generator 
takes the digital Manchester encoded data and generates a 
waveform. When this waveform is passed through the 
cable model in the 1 OBASE-T standard (figure 14-7 IEEE 
Std 802.3i-1990) it meets the voltage template (figure 14-
9 IEEE Std 802.3i-1990). 

The transmit waveform generator is composed of a 16 x 4 
bit ROM, 4 bit OAC, 3rd order LPF, and clock generator. 
The OAC is used to synthesize a stair-step representation 
of a signal that will meet the required output template. 
The ROM stores the digital representation of the output 
signal and provides a digital input to the OAC. The ROM 
is addressed by a 16 phase clock generator that is locked 
to the transmit clock T xc. The high frequency content 
present in the output of the OAC is removed by a 3rd 
order continuous LPF which smooths the output. 

The transmit line driver takes the output of the waveform 
generator and converts this voltage to a differential output 
current on Tx+ and Tx- pins. When one transmit output 
(either Tx+ or Tx-) is sinking current, the other output is 
high impedance, and vice versa. In this way, a differential 
output voltage is developed by sinking this output current 
through two external 200 ohm terminating resistor and a 
2:1 transformer as shown in Figure 12. 

Setting the external terminating resistors to 200 ohms as 
shown in Figure 12 will implement a 100 ohm terminating 
impedance when looking back through the transformer. If 
other terminating impedances are required (such as 150 
ohm), the terminating resistor values can be adjusted 
accordingly as long as the output current stays within the 
minimum and maximum limits (30-70mA). 

The absolute value of the output current, and 
subsequently the output voltage level, is set by an external 
resistor between RTX and GNO. If RTX = 10k ohms and 
Tx± is terminated as shown in Figure 12, the output level 
is ±2.5V which meets 802.3i-1990 differential output 
voltage requirements. If a different output current/voltage 
level is desired, the level can be changed by changing the 
value of RTX according to the following formula: 

RTX = K*Vb/lout 

= 125*4v/50mA 

RTX = 10kn 

When data is being transmitted (and there is no collision 
or link pulse fail condition), the transmit data is looped 
back to the receive path, and the Manchester decoder will 
lock onto the transmit data stream. 

After data transmission is completed, the transmitter sends 
a start of idle (501) pulse to signal the end of a packet. 
During the idle period, Tx+ and Tx- are held low. 
Occasionally, link pulses are transmitted during the idle 
period. 

The XMT pin is an output that indicates transmit activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
another digital input. In order to make an LED visible, 
XMT has an internal blinker circuit that generates a lOOms 
blink (50ms high, 50ms low) that is triggered when a 
trans-mission starts. At the completion of the lOOms blink 
period, if a transmission is in progress, another lOOms 
blink is generated. 

RECEPTION 

The twisted pair receive data is typically transformer 
coupled and terminated with an external resistor as shown 
in Figure 12. 

The output of the transformer is then applied to the device 
input pins Rx+ and Rx-. The input is differential, and the 
common mode input voltage is biased to VCC!2 by two 
internal 10K bias resistors from Rx+, Rx- to VCC/2. 

The Rx+ and Rx- inputs then go to the receive filter. The 
receive filter is a continuous 3rd order LPF and has the 
following characteristics: 

1 . 3 dB cut-off frequency 

2. Insertion Loss (5-10 MHz) 

3. 30 MHz attenuation 

15 MHz 

S 1.0 dB 

17.5 dB min. 

The output of the filter goes to the receive comparators. 
There are two receive comparators inside the chip, 
threshold and zero crossing. The threshold comparator 
determines if the receive data is val id by checking the 
input signal level against a predetermined positive and 
negative squelch level. Once the threshold comparator 
determines that valid data is bei ng received, the zero 
crossing comparator senses zero crossings to determine 
data transitions. Both comparators are fast enough to 
respond to 12ns pulse widths with minimum squelch 
overdrive. 
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The receive squelch circuit determines when data on 
incoming Rx+, Rx- is valid. The receive squelch is 
considered "on" when the data is deemed to be invalid, 
and the receive squelch is considered "off" when data is 
determined to be valid. 

The input signal must meet the following criteria in order 
to turn receive squelch off and be recognized as valid 
data: 

1. The input signal must exceed the receive squelch 
on level. When this occurs, a 400ns squelch interval 
timer is started. 

2. During the 400ns squelch interval, the input 
signal rnust go from one squelch threshold to the 
opposite polarity squelch threshold in less than 
127ns. 

3. During the 400ns squelch interval, the input 
signal has to make less than 9 squelch threshold to 
opposite polarity squelch threshold crossings. 

When the receive squelch is turned off, the receive 
squelch off level is reduced to 2/3 of receive squelch on 
level. 

The receive squelch will be turned back on if either the 
incoming data peaks go below the receive squelch off 
level for 400ns or the start of idle (501) pulse is detected. 

The receive squelch on level can be digitally programmed 
for one of two possible levels by using the RSL pin. When 
RSL = 1, the squelch on level complies with the IEEE 
802.3i-1990 specification. When RSL = 0, the receive 
squelch on level is lowered in order to accommodate 
greater receive attenuation and consequently longer 
twisted pair cable lengths. The receive squelch on level 
can be programmed as follows: 

Receive Squelch On Level 
RSL Application Min Typ Max 

10BASE-T 300 S8SmV 

o Long Distance 200 390mV 

The RCV pin is an output that indicates receive activity. 
The pin consists of an open drain output with an intemal 
pull-up resistor and can drive an LED from VCC or 
another digital input. In order to make an LED visible, 
RCV has an internal blinker circuit that generates a lOOms 
blink (SOms high, SOms low) that is triggered when 
reception starts. At the completion of the lOOms bl ink 
period, if reception is in progress, another lOOms blink is 
generated. 

The manchester decoder receives data from either the 
twisted pair interface (as described above) or the AUI 
(described in AUI section). 

The manchester decoder is responsible for recovering 
clock and data from the incoming receive bit stream. 
Clock and data recovery is accomplished by a digital PLL 
which can lock on the incoming bit stream in less than 
1.6~s. 

The clock (RxC) and NRZ data (RxD) are then output to 
the external world via the controller interface. 

ML2652/ML2653 
SOl 

A start of idle (SOl) pulse is sent at the end of transmission in 
order to signal to all receivers that transmission has ended 
and the idle period begins. Thus, the transmit section has an 
501 generator and the receive section has an 501 detector. 

The transmit 501 pulse generator inserts an 501 pulse at the 
end of each transmission. The 501 pulse is typically a 250ns 
positive pulse inserted after the last positive data transition. 
Depending on the data pattern, the positive data transition 
could occur either in the middle or at the end of the last bit 
cell. So the actual width of the transmitted 501 pulse can 
vary from 250--300ns, typically. 

The receive 501 detector senses the 501 pulse using the zero 
crossing comparator. When the 501 pulse is detected, the 
receiver signals to the controller that receive data is no 
longer valid and tums the receive squelch on. 

LINK PULSE 

During the idle period, link pulses are sent by the transmitter 
and detected by the receiver so that the integrity of the 
twisted pair link can be continuously monitored. Thus, the 
transmit section has a link pulse generator, and the receiver 
has a link pulse detector. 

The transmit link pulse generator transmits a lOOns wide 
positive pulse (Tx+ high, Tx- low) every 16 ±8ms. 

IEEE 802.3i-1990 Section 14 requires the link pulse to be 
shaped to meet a template when passed or not passed 
through the twisted pair line model. The transmit waveform 
generator takes the link pulse and generates the waveform 
on TX± when passed or not passed through the twisted pair 
line model. 

The receiver monitors the receive input to determine if the 
link pulses are present. When the device is in the link pulse 
pass state, normal packet transmission and reception can 
occur. All link pulses less than 2-7ms apart are ignored 
while in the link pass state. If no link pulses or receive 
packets are detected for a period of 50--150ms, the device 
goes into the link pulse fail state. 

When the device is in the link pulse fail state, reception is 
inhibited and the transmitter is placed in the idle state (no 
data transmission but link pulses are still transmitted). In 
order for the device to exit the link pulse fail state, one 
complete packet or 4 consecutive link pulses must be 
detected, and transmit and receive must be idle. 
Consecutive link pulses are defined as pulses that occur 
within 25-150ms of each other. If the link pulses occur 
2-7ms apart in the link fail state, the device ignores the link 
pulses and resets the number of consecutive link pulses to 
zero. After the link pulse fail state is exited, transmission and 
reception can be resumed. 

Link pulse status is indicated by the LTP pin. LTP is a dual 
function input/output pin that acts both as an active low link 
test pass output and a link test disable input. The pin 
consists of an open drain output with an intemal pull-up 
resistor. If the pin is tied to GND, the pin acts as an input 
and the link test function is disabled. If the pin is not tied to 
GND, the pin acts as an active low link test pass output and 
can drive an LED from VCC or another digital output. Thus, 
the LED is lit when the link test is passing. 
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ML2652/ML2653 
JABBER 

The transmit section contains a jabber detect circuit. 
Jabber is a fault condition characterized by a babbling 
transmitter. The ML26s2 and ML26s3 detect jabber when 
a transmission packet exceeds 20-1s0ms in length. If 
jabber detect occurs, the transmit output is disabled, the 
collision2ignal COL is sent over the controller interface, 
and the JAB pin is pulled low. The device remains in the 
jabber detect state until there is at least 2s0-7s0ms of 
continuous non-transmission. Note that link pulses 
continue to be transmitted even when the device is in the 
jabber condition. 

The jabber detection circuitry can be disabled (only on the 
ML26s2) with the JAB DIS pin for testing and diagnostic 
purposes. ~isabling jabber means that a jabber condition 
is never recognized, even when it occurs. JABOIS is an 
active high jabber disable input and has an internal pull
down resistor to GNO. 

COLLISION 

Collision occurs whenever the OTE card is transmitting 
and receiving data simultaneously. However, the collision 
circuit on the ML26s2 operates differently depending on 
whether twisted pair interface or AUI is being used. 

When the twisted pair interface is used, collision occurs 
whenever the device is transmitting and receiving data 
simultaneously, that is when both RxE and TxE are active. 
The collision state is indicated by COL and CLS pins. COL 
is used to signal coli ision to the controller. CLS is an active 
low open drain output. CLS is activated during Jabber, but 
not during SQE test while COL is activated during both. 

When the AUI is used (ML26s2 only), collision is no 
longer detected from simultaneous transmission and 
reception, but the collision state is determined when a 
collision signal is present on the AUI collision inputs, CI+ 
and CI-. A 10 MHz square wave has to be applied to this 
input in order for the device to signal the collision state on 
COL and CLS. 

The CLS pin is an output that indicates collision activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
another digital input. In order to make an LED visible, CLS 
has an internal blinker circuit that generates a lOOms blink 
(sOms high, sOms low) that is triggered when a collision 
starts. At the completion of the lOOms blink period, if 
collision is in progress, another 100ms blink is generated. 

SQE TEST 

When the twisted pair interface is used, the device tests 
the collision circuitry at the end of each transmission by 
sending a 1!J.S collision pulse over the COL pin. This is 
known as SQE (signal quality error) test and is shown in 
the transmit timing diagram in Figure 1. The SQE test is 
disabled if the device is in jabber detect state or link pulse 
fail condition. 

When AUI is used (ML26s2), the SQE test pulse is 
generated by an external MAU and the external MAU 
sends the SQE test pulse to the ML26s2 via the collision 
inputs, CI+ and CI-. The ML26s2 then ~s the collision 
signal to the controller via the COL and CLS output pins. 

RECEIVE POLARITY DETECT AND AUTO CORRECTION 

The ML2652 and ML26s3 contain an auto-polarity circuit 
that detects the polarity of the receive twisted pair leads, 
Rx+ and RX-and internally reverses the leads if their 
polarity is incorrect. 

When the device is powered up, it is assumed that the 
polarity is correct and no polarity correction occurs. Then 
receive polarity is continuously monitored by checking 
the polarity of the SOl and link pulses since they are 
always positive pulses. If either 2 consecutive SOl or 4 
consecutive link pulses have incorrect RX± polarity, then 
the auto-polarity circuit internally reverses the Rx+ and 
Rx- connections. 

AUI (APPLIES ONLY TO ML2652) 

The ML26s2 can be used with an external MAU via the 
Attachment Unit Interface (AU I). When the AUI is used, 
the internal MAU functions and twisted pair interface are 
disabled, and the device only uses the manchester 
encoder and decoder functions, as shown in the block 
diagram. The AUI consists of three differential signal pairs: 
01, ~O, and CI. The function of each pair is described 
below. 

The 00+ and 00- are differential outputs to the external 
MAU which contain the transmit data output from the 
Manchester encoder. The 00+ and 00- output drivers 
are capable of driving 50 meters of 78 ohm cable with 
less than sns rise and fall time and less than ±O.sns of 
jitter. In addition, at the end of transmission, the AUI 
output driver inserts a 200ns minimum pulse and meets 
the turnoff and idle characteristics specified in IEEE 802.3-
1988. An external 78 ohm resistor across 00+ and 00-
is required as shown in Figure 12 to develop the proper 
output levels from the internal current sources. The 00+ 
and 00- outputs can be coupled to an external MAU 
with either capacitors or a transformer. The ML26s2 meets 
all AUI transmitter specifications outlined in IEEE 802.3-
1988 Section 7. 

01+ and 01- are inputs from the external MAU which 
contain the receive data that goes to the manchester 
decoder. 

The 01+ and 01- inputs contain an AUI 01 squelch circuit 
which determines when incoming data on 01+ and 01- is 
valid. The 01 squelch is considered "on" when the data is 
deemed to be invalid, and the 01 squelch is considered 
"off" when data is determined to be valid. 

The input signal on 01+ and 01- must meet the following 
criteria in order to turn receive squelch off and be 
recognized as valid data: 

1. The input signal must exceed the negative AUI 01 
squelch on level. 

2. The input signal must exceed the negative AUI 01 
squelch on level for more than 20ns. 

When the 01 squelch is turned off, the 01 squelch off level 
is reduced to 2/3 of the 01 squelch on level. 

The 01 squelch circuit will be turned back on if the idle 
period is detected by no 01 squelch level transitions for 
more than 180ns. 
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An external 78 ohm termination resistor is needed across 
DI+ and DI- as shown in Figure 12. The DI+ and DI
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors or a transformer. The 
ML2652 meets all AUI receiver specifications outlined in 
IEEE 802.3-1988 Section 7. 

CI+ and CI- are inputs from the external MAU which 
contain the 10 MHz ± 15% collision signal as defined in 
IEEE 802.3-1988 Section 7. The CI+ and CI- inputs 
contain the same squelch circuit used on the DI inputs 
described in previous paragraphs in this section. 

An external 78 ohm termination resistor is needed across 
CI+ and CI- as shown in Figure 12. The CI+ and CI
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors (shown in Figure 12) or a 
transformer. The ML2652 meets all AUI receiver 
specifications outlined in IEEE 802.3-1988 Section 7. 

The ML2652 contains an AUlrrp select input pin which 
controls whether the AU I or twisted pair interface is to be 
used for data transmission and reception. When AUI! 
Twisted Pair Switching = High, the AUI is used for data 
transmission and reception. When AUlrrwisted Pair 
Switching = Low, the twisted pair interface is used for data 
transmission and reception. 

The AUISEL pin is a digital status output that indicates 
which interface has been selected for data transfer, either 
twisted pair or AUI. The pin consists of an open drain 
output with an internal pull-up resistor and can drive an 
LED from VCC or another digital input. AUISEL = High 
indicates that the twisted pair interface has been selected. 
AUISEL = Low indicates that the AUI interface has been 
selected. 

The ML2652 has the capability to automatically select 
between the twisted pair interface and AUI. This 
automatic interface selection is accomplished by tying the 
LTP output pin to the AUlrrp input pin. When these two 
pins are connected together, if valid link pulses are 
detected, it is assumed that the twisted pair interface is 
bein!U:!sed. This causes LTP output to go low, thus forcing 
AUlrrp low, and thus enabling the twisted pair interface. If 
no valid link pulses are detected, it is assumed that the 
twisted pair interface is not being used, thus causing LTP 
to go high, thus forcing AUlrrp high, thus enabling the 
AUI interface. If valid link pulses reappear, the device will 
automatically disable the AUI and enable the twisted pair 
interface. The algorithm for determining valid link pulses 
is described in the Link Pulse section. 

ML2652/ML2653 
LOOPBACK 

LPBK provides a loopback through the manchester 
encoder/decoder, but not through the on-chip 1 OBASE-T 
MAU. No data will go out on either the AUI port or the 
twisted pair port in this mode. This same function is found 
on many discrete manchester encoder/decoders. 

IEEE 802.3 MAUs normally loop the transmit data (DO+) 
when transmitting with no collisions. When using an 
extemal transceiver through the ML2652's AUI port, the 
controller can first check the local loopback by setting 
LPBK. If it passes this test it can then check the AU I cable 
and external MAU by doing the normal MAU loopback. 

FULL DUPLEX OPERATION 

The ML2652 and ML2653 are capable of operating in the 
full duplex mode which transmits and receives data 
simultaneously. In the full duplex mode the collision 
circuitry is disabled just as it is in the loopback mode. To 
achieve full duplex operation the full duplex pin FD is 
enabled and the loopback pin LPBK must be disabled. 
Both of these conditions must be present to operate in the 
full duplex mode. 

CONTROLLER INTERFACE 

The ML2652 and ML2653 has a flexible and 
programmable digital interface which enables it to directly 
interface to Ethernet controllers manufactured by Intel, 
AMD, National and Seeq. 

The controller interface consists of seven pins. TxC, TxD, 
and TxE are the transmit clock output, transmit data input, 
and transmit data enable input, respectively. RxC, RxD, 
and RxE are the receive clock output, receive data output, 
and receive data enable output, respectively. COL is the 
coli ision detect output. 

All the standard Ethernet controllers use a similar 
controller interface but differ in the polarity of COL, LPBK, 
TxE and RxE, and in what edge of TxC and RxC that 
clocks in the data. They also differ on whether the RxC 
clock needs to be continuous or not during idle, and on 
the polarity of RxD during idle. In order to accommodate 
the different controller interface definitions, the controller 
select pins, CS2-0, modify these signals according to 
Table 1. 
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ML2652/ML2653 
POWERDOWN 

The device can be placed in the power down mode with 
the controller select pins CS2-0 as described in Table 1. 
When in powerdown mode, the current consumption is 
reduced to less than 1001lA and all device functions are 
disabled. 

CRYSTAL OSCILLATOR 

The Ml2652 requires an accurate 20 MHz reference for 
internal clock generation. This can be achieved by 
connecting an external crystal or an external clock 
between the ClK and GND pins. 

If an external clock is used, it must have a frequency of 
20 MHz ±0.01 % and have high and low levels of 3.5 and 
1.5 volts. 

Table 1. Controller Select Pin Definitions 

CS2-0 TxC TxE RxC RxE COL LPBK 

000 r h r h h h 

001 f I f I I I 

010 r h r h h h 

011 f h r h h I 

100 - - - - - -

101 - - - - - -

110 - - - - - -

111 - - - - - -

If a crystal is used, the crystal should be placed physically 
as close as possible to the ClK and GND pins, especially 
ClK. No other external capacitors or components are 
required. The crystal should have the following 
characteristics: 

Idl 
RxC 

m 

n 

n 

c 

-

-

-

-

1. Parallel resonant type 

2. Frequency: 20 MHz 

3. Tolerance: ±0.005% @ 25°C 

4. less than 0.005% frequency drift across 
temperature. 

5. Maximum equiv. series resistance: 
15 ohms @ 1-200!lW 
30 ohms @ O.Ol-l!lW 

6. Typical load capacitance: 20pF 

7. Maximum case capacitance: 5pF 

Idl 
RxD Controller 

I NSC DP8390 

hi Intel 82586/96 

hi AMD AM7990 

10 Seeq 8003/5 

- -

- -

- -

- PDN mode 

r = rising edge clocks data 
f = falhng edge clocks data 

h = active high 
I = active low 

c = RxC required continuously 

ORDERING INFORMATION 

4-22 

PART NUMBER 

ML2652CQ 
ML2653CQ 

n = RxC only during RxD transmission 
m = RxC only dUring RxD transmission + 5 extra RxC cycles 

TEMPERATURE RANGE 

O°CTO +70°C 
O°CTO +70°C 

PACKAGE 

44-Pin Molded leaded PCC (Q44) 
28-Pin Molded leaded PCC (Q28) 
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ML2653EVAL 

1 OBASE-T Transceiver Evaluation Kit 
GENERAL DESCRIPTION FEATURES 
The ML2653EVAL evaluation board is an internal • LED status for; link detect, receive and transmit activity 
1 OBASE-T transceiver which can interface to either 
National or AMD's Ethernet controller. The ML2653 
contains an encoder/decoder (EN DEC), media access unit 
(MAUl, and filter. The ML2653 interfaces to the twisted 
pair media through an isolation transformer. This 
evaluation board can interface to the Ethernet LAN 
controller by plugging it's 24-pin socket into the 
manchester encoder/decoder (ENDEC) socket. 

• Selectable receive squelch level 

• Selectable full duplex mode 

• Single supply 5V ±5% 

KIT COMPONENTS 

• ML2653 user guide 
• ML2653 data sheet 
• ML2653 assembled Eval board 

The user guide includes performance data, layout 
recommendation, layout, schematic, parts I ist and a 
tutorial on how to use the demo board. 

BLOCK DIAGRAM 
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GENERAL DESCRIPTION 
The Ml4621 Data Quantizers is a low noise, wideband, 
bipolar monolithic ICs designed specifically for signal 
recovery applications in fiberoptic receiver systems. It 
contains a two stage wideband limiting amplifier which 
is capable of accepting an input signal as low as 2mV 
with a 55dB dynamic range. This high level of 
sensitivity is achieved by using a DC restoration 
feedback loop which nulls any offset voltage produced 
in the limiting amplifier. 

The output stage is a high speed comparator circuit 
with both TIL and ECl outputs. An enable pin is 
included for added control. 

The Minimum Signal Discriminator circuit provides a 
Link Monitor function with a user selectable reference 
voltage. This circuit monitors the peaks of the input 
signal and provides a logic level output indicating 
when the input falls below an acceptable level. This 
output can be used to disable the Quantizer and/or 
drive an lED, providing a visible link status. 

BLOCK DIAGRAM 

june 1992 

ML4621 

Data Quantizer 
FEATURES 
• 50MHz minimum bandwidth for data rates 

of up to 100MBd 
• Can be powered by either +5V providing TIL level 

outputs or -5.2V providing ECl levels 
• low noise design: 

25f.JV RMS over 50MHz noise bandwidth 
• Adjustable Link Monitor function 
• Wide 55dB input dynamic range 
• 10ns minimum input pulse 
• Available in a 24-pin Skinny DIP and 28-pin PlCC 

APPLICATIONS 
• IEEE 802.3 FOIRl Receiver 
• IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 
• IEEE 802.4 Fiber Optic Token Bus 
• Fiber Optic Data Communications and 

Telecommunications Receivers 
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PIN CONNECTIONS 
ML4621 

24-Pin Skinny DIP 

ELL LlNKMON Vcc 

TTL LINK MON INOM 
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ML4621 
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ML4621 

PIN DESCRIPTION 
NAME FUNCTION NAME FUNCTION 

ECL LINK MaN ECl link Monitor output. Signal is VDe An external capacitor on this pin 
low when the VIN+, VIN- inputs integrates an error signal which 
exceed the minimum threshold, nulls the offset of the input 
which is set by a voltage on the amplifier. If the DC feedback loop 
VTHADJ pin. Signal is high when is not being used, this pin should 
the input signal level is below the be connected to VREF. 
threshold. CF2 A capacitor from this pin to 

TTL LINK MaN TTL Link Monitor output. Same ground controls the maximum 
logic function as ECl LINK MON. bandwidth of the amplifier to 
Capable of driving a 10mA lED accommodate lower operating 
indicator. This pin normally tied to frequencies. 
CMP ENABLE. CF1 The capacitor on this pin should 

CMP ENABLE A low voltage at this TTL input match the one on CF2. 
pin enables both the ECl and the VOUT- The negative output of the 
TTL outputs. A high TTL voltage amplifier, which is normally tied to 
disables the comparator output CMP-. 
with ECl+ high, ECl- low, and TTL 

VOUT+ The positive output of the OUT high. 

VIN- This input pin should be 
amplifier, which is normally tied to 
CMP+. 

capacitively coupled to the input 
CMP .. This comparator input pin is an source or to ground. (The input 

resistance is approximately 8kO.) open base configuration which 
relies on the DC bias of the 

VIN+ This input pin should be amplifier output to establish the 
capacitively coupled to the input proper DC operating voltage. This 
source or to ground. (The input voltage should be reestablished if 
resistance is approximately 8kO.) filtering is implemented between 

CMP- This comparator input pin is an VOUT+ and CMP+. 
open base configuration which GND Negative supply. Connect to -S.2V 
relies on the DC bias of the for ECl operation, or to ground 
amplifier output to establish the for TTL operation. 
proper DC operating voltage. This 
voltage should be reestablished if VTHADJ This input pin sets the minimum 

filtering is implemented between amplitude of the input signal 

VOUT- and CMP-. required to cause the link 

ECL- The ECl comparator negative 
monitors to go low. 

output. VREF A 2.5V reference with respect to 

ECL+ The ECl comparator positive 
GND. 

output. CPEAK A capacitor from this pin to 

GND TTL The negative supply for the TTL 
ground determines the link 

comparator stage. If the TTL 
Monitor response time. 

output is not necessary, connect ISET Current into an internal diode 

GND TTL and Vee TTL to Vee. connected between this pin and 

Vee TTL The positive supply for the TTL 
GND is turned around and pulled 
from CPEAK. This pin is normally 

comparator stage. If the TTL connected to INOM. 
output is not necessary, connect 

INOM Sets a current of approx. 12SpA GND TTL and Vee TTL to Vee-

TTL OUT TTL data output. (Totem pole type 
when connected to ISET. 

output stage.) Vee Positive supply. Connect to 
ground for ECl operation, or to 
SV for TTL operation. 
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ABSOLUTE MAXIMUM RATINGS 
Vee - GND ....•.........•............•....•....•. ~.3 to +7.0 
Vee TIL - GND TIL .............................. ~.3 to +7.0 
Inputs/Output GND .....•••.......•........ ~.3 to Vee +0.3 
Storage Temperature Range ................ -65·C to +l500C 
lead Temperature (Soldering 10 sec.) ................. +26O"C 

ML4621 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
Implied. 

ML4621 ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions of TA - O·C to 70°C, Vee = 5V ± 5%, GND = OV unless otherwise noted. 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDmONS 

leel Vee Supply Current 65 100 mA Vee TIL - GND TIL - Vee 

lea Vee Supply Current 70 110 mA Vee TIl~ Vee 
(TIl Out Enabled) GND TTL - GND 

IVRE' V REF Output Current -5.0 0.5 mA 

VREF Reference Voltage 240 2.55 2.65 V 

Av Amplifier Gain Al A2 75 VIV VIN - 5mV 

VIN Input Signal Range 2 1400 mVp-p 

V-rw\DJ External Voltage at VTHADJ 1 25 V 
Range to set VTH 

Vos Input Offset 3 mV Voc = VREF (DC loop inactive) 

EN Input Referred Noise 25 p.V 50MHz BW 

BW 3dB Bandwidth 50 65 MHz 

VIN PW Min Input Pulsewidth 10 ns 

RIN Input Resistance B kQ VIN+, VIN-

tpD AMP Amplifier Propagation Delay 4 8 ns From VIN+, VIN- to Vour, Vour-
VIN - 10mVp_p 

tpo ECl ECl Comparator Propagation Delay 4 8 ns From CMP+, CMP- to ECl +, ECl-
VIN - 10mVp-p 

tpn TTL TIL Comparator Propagation Delay 4 8 ns From ECl+, ECl- to TIL OUT 
VIN = 10mVp-p 

RV-rnADJ Input Resistance of VTHADJ 6.8 kn 

Ivour Output Current of Your and Your 3 mA 

ICMP Leakage Current of CMP+ and CMP- 25 p.A 

VCMCMP Common Mode Range of GND + 2.0 Vee -1.0 V 
CMP+ and CMP-

ECl VOH Output High Voltage at ECl+, ECl- 3.90 4.30 V With 2000 load tied to Vee - 2V 
TA - 250C 

ECl VOL Output low Voltage at ECl+, ECl- 3.11 3.38 V With 2000 load tied to Vee - 2V 
TA - 250C 

Av ECl ECl CMP Gain 100 VIV 

TIlVOH 2.4 V Vee TIL = sv, IOH - -5Op.A 

TIL VOL 0.4 V Vee TIl.- 5V, IOL = 2mA 

TIlVIH 2.0 V 

TIlVll 0.8 V 

TIlllH -50 50 p.A VIH = 2.4V 

TIL III -1.6 0 mA VIH = 0.4V 

INOM 125 p.A INOM = ISET 
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Ml4621 

FUNCfIONAL DESCRIPTION 
AMPLIFIER 

The Quantizer has a two stage limiting amplifier with 
an input common mode range of (GND + 1.BV) to 
(Vee - 1.5V). Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9V. 
These coupling capacitors, in conjunction with the 
input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, ft., at 

1 
fl = 21T BOOO C (1) 

Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vee as shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CFl and CF2. The equation for 
adjusting this corner is 

1 
fH = 21T 425 C (2) 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vas in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vas to be zero. An external 
capacitor at V De is used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feedback 
loop. To avoid stability problems using the Ml4621, the 

~~.1/1 .... F_V"'::'N':"'+-f-""'---l 
+5V 

Y f-"V'::.:N--+-+-.--l 
O.l/1F 

Figure 2. 

value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. 

On the Ml4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning as desired. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECl 
comparator is used to provide the ECl level outputs 
and in turn drives the TIL comparator. The enable pin, 
CMP ENABLE, is provided to control the ECl 
comparator. When CMP ENABLE is low the comparators 
function normally. When it's high, it forces ECl + high, 
ECl- low, and TIL OUT high. The CMP ENABLE pin 
can be controlled with TIL level signals when the 
Quantizer is powered by 5V and ground. 

+5V 

TTL OUT 

470 

Figure 1. The Ml4621 Configured for 20MHz Bandwidth with TIL Output 
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LINK MONITOR 

This function is implemented by the Minimum Signal 
Discriminator and the Threshold Generator circuits. The 
purpose of this function is to monitor the input signal 
and provide a status signal indicating when the input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing this level with the voltage at VTHADJ. 

The equation which determines the droop rate of the 
peak detector is 

dV = 115fT 

dt C 
(3) 

In this equation C is the peak capacitor at CPEAK. On 
the ML4621 the droop rate of the peak detector can be 
adjusted two ways: 

1) By adjusting the value of the peak capacitor at CPEAK. 

2) By adjusting the charge current into the peak 
capacitor at 15fT. 

The charge current, 115fT, can be controlled externally 
by connecting a resistor, Roo, between 115fT and Vee. 
115fT will then be 

Vee - 0.7 
11m = Roo + 1700 (4) 

For convenience, an on-chip current source of 125pA is 
available by connecting INOM to 15fT. 

The Threshold Generator level shifts the reference 
voltage at VTHADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifier. The relationship between VTHADJ and VTH 
(the minimum peak voltage at the input which will 
trigger the link Monitor) is: 

VT~DJ = 600VTH + 0.7 (5) 

The on-chip reference voltage, VREF, can be tied 
directly to VTHADJ to set the threshold level. This will 
set the minimum input signal on the ML4621 at about 
3mV (peak). 

A lower threshold level can be set by dividing down 
VREF with a resistor string, as in figure 3. 

ORDERING INFORMATION 

ML4621 

VmADJ 

Figure 3. 
Since the ML4621 has a relatively low input impedance 
of 6.8K and is offset by one diode drop, the equation 
which accounts for the load and offset is: 

R2(6800VREF + 0.7R1) 
VTHADJ = (8) 

6800(R1 + R2) + R1R2 

THRESHOLD ADJUSTMENT EXAMPLE 

If you are using the ML4621 and you want the link 
Monitor to trigger when the received optical power 
goes below 1,m (-30dBm), you first need to calculate 
the resultant voltage at VIN+ and VIN-. If you are using 
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with 
a responsitivity of 8mVlpW, the peak-to-peak voltage 
would be: 

1pW x 8mV/pW - 8mVp_p 

So the link Monitor should trigger at some point 
slightly lower than 4mV peak, say 3mV, Setting VTH in 
equation 5 to 3mV and solving for VT~DJ yields: 

VT~DJ = 600(.003) + 0.7 = 2.5V 

This is a convenient value since the reference voltage 
supplied by the Quantizer, VREF, is 2.sV, 

(9) 

The link Monitor has about O.4mV (peak) hysteresis 
built-in. More hysteresis can be induced by connecting 
a resistor between TTL LINK MON and VTHADJ creating 
a positive feedback loop. 

Refer to Micro linear's Application Note 6 for more 
detail. 

PARr NUMBER 
TEMPERATURE 

RANGE PACKAGE 

ML4621CP 
ML4621CQ 

O·C to +70·C 
O·C to +70·C 

'Micro Linear 

Molded DIP (P24N) 
MOLDED PCC (Q28) 

._---_ ... - -. 
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ML4622, ML4624 

Fiber Optic Data Quantizer 
GENERAL DESCRIPTION 

The ML4622 and ML4624 Data Quantizers are low noise, 
wideband, bipolar monolithic ICs designed specifically for 
signal recovery appl ications in fiberoptic receiver systems. 
They contain a wideband limiting amplifier which is 
capable of accepting an input signal as low as 2mVp_p 
with a 55dB dynamic range. This high level of sensitivity 
is achieved by using a DC restoration feedback loop 
which nulls any offset voltage produced in the limiting 
amplifier. 

The output stage is a high speed comparator circuit with 
both TTL and ECL outputs. An enable pin is included for 
added control. 

The Link Detect circuit provides a Link Monitor function 
with a user selectable reference voltage. This circuit 
monitors the peaks of the input signal and provides a 
logic level output indicating when the input falls below 
an acceptable level. This output can be used to disable 
the Quantizer and/or drive an LED, providing a visible 
link status. 

ML4622/ML4624 BLOCK DIAGRAM 

CFl CF2 

VIN+ +-~-"'-------1 

Voc + ______ ...J 

VREF +-----/ 

VTHADJ +-----/ 

FEATURES 

• Data rates up to 40MHz or 80MBd 
• Can be powered by either +5V providing TTL or raised 

EeL level outputs or -5.2V providing ECL levels 
• Low noise design: 251!V RMS over bandwidth 
• Adjustable Link Monitor function with hystersis 
• Wide 55dB input dynamic range 
• Low power design 
• Available in 16-pin SOIC (Narrow) or DIP (ML4622), 

24-pin Skinny DIP (ML4624) and 28-pin PCC(ML4624) 
• ML4624 is pin compatible with the ML4621 

APPLICATIONS 

• IEEE 802.3 FOIRL, 10BASE-F Receiver 
• IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 
• Fiber Optic Data Communications and 

Telecommunications Receivers 

ECl+ ECl-

TIL OUT 

L---{)c( I--------t- CMP ENABLE 

Vee TTL· 

vee 
GND 

GNDTIL 

I----------------t- TIL LlNKMON 

CTiMER 

'ML4624 ONLY 
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PIN CONNECTIONS 

ML4622 
16·Pin DIP or 
sOle (Narrow) 

TTlllNKMON CMPENABlE 

GND VTHADJ 

VIN_ VREF 

VIN+ CTIMER 

Voc Vee 

CF2 TTL OUT 

CF1 Eel+ 

GNDTTl ECl-

TOP VIEW 

ML4624 
24·Pin Skinny DIP 

NC Vee 

TTlllNKMON NC 

CMP ENABLE NC 

VIN- CTIMER 

VIN+ VREF 

Voc VrHADJ 

CF2 GND 

CF1 TTL OUT 

NC Vee TTL 

NC GNDTTl 

NC Eel+ 

NC Eel-

TOP VIEW 

'Micro Linear 

VIN-

VIN+ 

NC 

Voc 

CF2 

CF1 

NC 

ML4622, ML4624 

ML4624 
28·Pin pee 

CMP ENABLE TTL LINK MON 

NC ~ ~ NC Vcr NC NC 

4 3 2 28 27 26 

13 14 15 16 17 

NC NC NC NC t Eel+ t 
Eel- GNDTTl 

NC 

CTIMER 

VREF 

VTHADJ 

GND 

TTL OUT 

Vee TTL 
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ML4622, ML4624 

PIN DESCRIPTION 

NAME FUNCTION 

TTL LINK MON TTL link Monitor output. Signal is 
low when the VIN+, VIN- inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
VTHADJ pin. Signal is high when the 
input signal level is below the 
threshold. Capable of driving alOmA 
LED indicator. This pin can be tied to 
CMP ENABLE. 

CMP ENABLE A low voltage at this TTL input pin 
enables both the ECL and the TTL 
outputs. A high TTL voltage disables 
the comparator output with ECl+ 
high, ECL- low, and TTL OUT high. 

VIN- This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1.6Kn.) 

VIN+ This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1.6Kn.) 

ECl- The ECl comparator negative output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

ECl+ The ECl comparator positive output. 

GNDTTL 

Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

The negative supply for the TTL 
comparator stage. If the TTL output is 
not necessary, connect GND TTL 
to Vee. 

NAME 

Vee TTL 

TTL OUT 

VDe 

CF2 

CFl 

GND 

VTHADJ 

Climer 

Vee 

4-32 'Micro Linear 

FUNCTION 

The positive supply for the TTL 
comparator stage. If the TTL output is 
not necessary, connect Vee TTL to 
Vee. (ML4624 only) 

TTL data output. 

An external capacitor on this pin 
integrates an error signal which nulls 
the offset of the input amplifier. If the 
DC feedback loop is not being used, 
this pin should be connected to VREF. 

A capacitor from this pin to CFl 
controls the maximum bandwidth of 
the amplifier. 

Connect to CF2 through a capacitor. 

Negative supply. Connect to -5.2V 
for ECl operation, or to ground for 
TTL or raised ECl operation. 

This input pin sets the link monitor 
threshold. 

A 2.5V reference with respect to 
GND. 

A capacitor from this pin to Vee 
determines the link Monitor 
response time. 

Positive supply. Connect to ground 
for negative ECl operation, or to 5V 
for TTL or raised ECl operation. 



Ml4622, Ml4624 
ABSOLUTE MAXIMUM RATINGS 

(Note 1) 
Vcc-GND ............................... -0.3 to +7.0 
VCC TTL - GND TTL ........................ -0.3 to +7.0 
Inputs/Outputs GND .................... -0.3 to Vcc +0.3 
Storage Temperature Range ............... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ............... +260°C 

ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Note 2 and 3) 
Over recommended operating conditions of TA = O°C to 70°C for commercial temperature range, TA = -40°C to +8S0 C for 
industrial temperature range, Vee = sv ± 10%, GND = OV unless otherwise noted. 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

ICCl Vcc Supply Current 35 45 mA GND TTL = Vcc 
(TTL Output Disabled) 

IcC2 Vcc Supply Current 55 70 mA GNDTTl= GND 
(TTL Output Enabled) 

VREF Reference Voltage 2040 2.50 2.60 V 

Iv"" VREF Output Source Current 5 mA 

Av Amplifier Gain 100 V/V 

VIN Input Signal Range 2 1600 mVp_p 

VTHADJ External Voltage at VTHADJ 0.5 2.6 V 
Range to set VTH 

Vas I nput Offset 3 mV VDC = VREF (DC loop inactive) 

EN Input Referred Noise 25 JlV 50MHz BW 

BW 3dB Bandwidth 45 MHz 

RIN Input Resistance 1 1.6 2.5 kQ VIN+, VIN-

IVTHADJ Input Bias Current of VTHADJ -200 10 +200 JlA 

tpDTTL Propagation Delay 15 ns From VIN+, VIN- to TTL Out 
VIN = 10mVp_p 

tPDECL Propagation Delay 11 ns From VIN+, VIN- to ECl+, ECl-
VIN = lOmVp_p 

TTL VaH 204 V Vcc TTL = 5V, laH = -50JlA 

TTL VOL 0.55 V Vcc TTL = 5V, IOL = 2mA 

TTL VIH 2.0 V 

TTL VIL 0.8 V 

TTL IIH -50 50 JlA VIH = 2AV 

TTL IlL -1.6 0 mA VIH = OAV 
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ML4622, ML4624 

ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditillns of TA = O°C to 70°C for commercial temperature range, TA = -40°C to +8S0 C for 
industrial temperature range, Vee = SV ± 10%, GND = OV unless otherwise noted. 

SYMBOL PARAMETER MIN TVP MAX UNITS CONDITIONS 

VTH Input Threshold Voltage 
ML4622 4 5 6 mVp_p VTHADJ = VREF (note 4) 
ML4624 5 6 7 mVp_p VTHADJ = VREF (note 4) 

Hystersis 20 % 

VCM Common mode voltage 1.65 V 
on VIN+, VIN-

ECLvOH Output High Voltage at Vee- 1.06 Vee- 0.7 With 2000 load tied to 
ECL+, ECL- Vce- 0.6 (note 5) Vee- 2V 

ECLVOL Output Low Voltage at Vee- 1.89 Vee- 1.62 With 2000 load tied to 
ECL+,ECL- Vee- 1.56 (note 5) Vee- 2V 

Note 1: Absolute maximum ratings are limits beyond which the hfe of the integrated circuit may be Impaired. All voltages unless otherwise specified are measured With 
respect to ground. 

Note 2: limits are guaranteed by 100% testmg, samphng, or correlation With worst-case test conditions. 
Note 3: low Duty eycle pulse testing is performed at TA. 
Nole 4: DC Tested - Threshold for sWItching TTL LINK MON from HIgh (off) to low (on). 
Note 5: Industrial temperature range specification .. 
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FUNCTIONAL DESCRIPTION 

AMPLIFIER 

The ML4622, ML4624 have an adjustable Bandwidth 
limiting amplifier. Maximum sensitivity is achieved 
through the use of a DC restoration feedback loop and 
AC coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about l.7V. 
These coupling capacitors, in conjunction with the input 
impedance of the amplifier, establish a high pass filter 
with a 3dB corner frequency, fL' at 

~ _ 1 
L - 21r1600C (1 ) 

Since the amplifier has a differential input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors can be tied 
to Vcc as shown in figure 1. 

CF1 and CF2 create a low pass filter with the corner 
frequency determined by the following equation 

VRfF 

VTHADJ 

(2) 

ML4622, ML4624 

Figure 2. 

The above equation applies when a single capacitor is 
tied between CF1 and CF2. When using two capacitors of 
equal value (Cap1 from CF1 to Vco Cap2 from CF2 to 
Vccl the value derived for C should be doubled. 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vas in figure 2. In order to 
reduce this error a DC feedback loop is incorporated. This 
negative feedback loop nulls the offset voltage, forcing 
Vas to be zero. Although the capacitor on VDC is non-

ECL+ ECL-

TIL OUT 

1-------1- CMP ENABLE 

1----------+ TIL L1NKMON 

GND 

0--+-..... -,..,..,"-..... - ..... ------4----0 +VRF 

0.1 

r-~-~~~~~-~-------------~-v~ 
*ML4624 ONLY 

Note: If TTL OUT is used, tie GND TTL to unfiltered ground and remove L 1. If TTL OUT and ECL outputs are both used, add 3K pulldown resistors at 
ECL outputs. 

Figure 1. The ML4622, ML4624 Configured for 20MHz Bandwidth 
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ML4622, ML4624 
critical, the pole it creates can effect the stability of the 
feedback loop. To avoid stability problems, the value of 
this capacitor should be at least 10 times larger than the 
input coupling capacitors. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECl 
comparator is used to provide the ECl level outRuts and in 
turn drives the TIL comparator. The enable pin, CMP 
ENABLE, is provided to control the ECl comparator. 
When CMP ENABLE is low the comparators function 
normally. When it's high, it forces ECL+ high, ECl-low, 
and TIL OUT high. The CMP ENABLE pin can be 
controlled with TIL level signals when the Quantizer is 
powered by 5V and ground. 

LINK DETECT CIRCUIT 

The Link Detect circuit monitors the input signal and 
provides a status signal indicating when the input falls 
below a preset voltage level. When the input falls below 
the preset voltage level, the TIL LINK MON output 
changes from active (low) to inactive (high). This signal 
can be fed to the Ml4662 10BASE-Fl transceiver or a 
similar type of function to indicate a low Light Condition. 
This output can also be used to disable the output data by 
tying it to the CMP ENABLE input. 

In many fiber optic systems, including Ethernet and Token 
Ring, a bit error rate is given at a minimum power level. 
For example, in a 1.0Base-Fl receiver there must be less 
than 1 x 10-9 bit errors at a receive power level of 
-32.5dBm average. Designers of these systems must 
insure that the bit error rate is lower than the specification 
at the given minimum power level. One procedure to 
determine the sensitivity of a receiver is to start at the 
lowest optical power level and gradually increase the 
optical power until the BER is met. In this case the Link 
Detect circuit must not disable the receiver (i.e. CMP 
ENABLE should be tied to Ground). Once the sensitivity of 
the receiver is determined, the Link Detector circuit can 
be set just above the power level that meets the BER 
specification. This way the receiver will shut off before the 
BER is exceeded. 

The Ml4622 and Ml462.4 quantizers have greater Link 
Detect sensitivity, noise immunity, and accuracy than their 
predecessor the Ml4621. 

The threshold generator sh ifts the reference voltage at 
VTHADJ through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the VTHADJ and the VTH (the peak to 
peak input threshold) is: 

VTHADJ = 417 VTH (Ml4624) (3) 

VTHADJ = 500 VTH (Ml4622) 

In most cases, including 10Base-Fl, 1 OBase-FB and 
Token-Ring, VTHADJ can be tied directly to VREF. However 
if greater sensitivity is required the circuit in figure 3 can 
be used to adjust the VTHADJ voltage. Even if VREF is tied 
to VTHADJ, it is a good idea to layout a board with these 
two resistors available. This will allow potential future 
adjustments without board revisions. 

The response time of the Link Detect circuit is set 
by the Crimer pin. Starting from the link off state (i.e., 
TIL LINK MON is high), the link can be switched on 
if the input exceeds the set threshold for a time given by: 

T= CTIMER x O.7V 
700JlA 

(4) 

To switch the link from on to off, the above time will be 
doubled. 

Figure 3. 
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ML4622, ML4624 
BURST MODE 

In some fiber optic links, the idle signal is DC, or of a 
frequency that is substantially different from the data. For 
these links, a faster response time of the DC loop and the 
Link Monitor is required. 

The ML4622 and ML4624 has been designed to 
accommodate these two requirements. The input coupling 
capacitors can be relatively small and still maintain 
stability. With smaller input coupling capacitors and Voc 
capacitor a faster DC loop response time can be achieved. 
The Link Monitor is also enhanced to have a faster 
response time. 

ORDERING INFORMATION 

PART NUMBER 

ML4622CP 
ML4622CS 
ML46221S 
ML4624CP 
ML4624CQ 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

'-Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded SOIC (Narrow) (S16N) 
Molded SOIC (Narrow) (S16N) 
Molded DIP (P24N) 
Molded PCC (Q28) 
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ML4632 

GENERAL DESCRIPTION 
The ML4632 is a fiber optic LED driver suited for network 
applications up to 20Mbps. The part is capable of driving 
up to 1 OOmA of current through a Fiber Optic LED from 
an ECL or TTL level input signal. Its efficient output stage 
provides a high current that can be programmed for 
accurate absolute output level as well as automatic 
temperature compensation. The combination of automatic 
temperature compensation and a highly accurate current 
driven design insures precise launch power. 

The LED driver's output stage provides fast, well matched 
rise and fall times through a unique class B output stage 
that burns supply current only when the LED is on. A 
positive temperature coefficient of up to 3300ppmfC can 
be programmed into the output current to compensate for 
the negative temperature coefficient of the LED optical 
output power. An optional peaking circuit may also be 
employed. 

The ECL and TTL inputs are ANDed so one can be used 
for data and the other for an enable input. An ECL 
compatible BIAS voltage is also provided for single ended 
ECL applications. 

BLOCK DIAGRAM 

Fiber Optic LED Driver 

FEATURES 

• Current Driven Output for accurate Launch Power 

• Programmable output current from 20mA to 100mA 

• Programmable temperature coefficient, 0 to 3300ppmfC 

• High Efficiency Output Stage 

• Programmable LED pre-bias current 

• Low EMI/RFI Noise 

• ECL or TTL inputs 

• Optional Peaking circuit 

APPLICATIONS 

• IEEE 802.3, 10BASE-F 

• IEEE 802.5 Fiber Optic Token Ring 

• IEEE 802.4 Fiber Optic Token Bus 

• Fiber Optic Data Communications and 
Telecommunications 

r---------------------------~ I I 
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PIN CONFIGURATION 

ML4632 
14-Pin DIP (P14) 

EClN EClP 

VBIAS TTL 

lED PlAT 

GND DRV 

RTSET VREF 

RPK 10FF 

PEAK Vee 

PIN DESCRIPTION 
NAME FUNCTION 

EClN Negative ECl data input. Tie to VBIAS for 
single ended ECl operation or when EClP is 
used as an enable. Tie to ground during TTL 
only operation. 

VBIAS BIAS voltage for single ended ECl operation. 

lED Fiber optic lED drive pin. Connect the lED 
between this pin and Vee. 

GND Negative power supply. The pin should be 
tied to the grounded side of RTSET to improve 
output accuracy and avoid a ground loop. 

RTSET Output current programming pin. Connect a 
resistor of value VDRy/llED from this pin to 
ground to set the high lED output current. 

RPK Peaking circuit bias pin. Connect a resistor of 
value VDRy/lPEAK from this pin to ground 
when using the peaking circuit. Leave open 
circuited when peaking is not used. 

PEAK Peaking circuit output pin. When using 
peaking, connect this pin to Vee through a 
resistor of value RRPK. Then connect a 
capacitor from this pin to the LED cathode. 
When peaking is not used, open circuit RPK. 

NAME 

Vee 

IOFF 

VREF 

DRV 

PTAT 

TTL 

EClP 

ML4632 

EClN 

VBIAS 

lED 

GND 

RTSET 

RPK 

PEAK 

NC 

ML4632 
16-Pin sOle (S16W) 

FUNCTION 

EClP 

TTL 

PlAT 

DRV 

VREF 

10FF 

Vee 

NC 

Positive power supply. +5 volts. 

Connect a resistor from this pin to Vee to 
increase the off current to the lED, i.e. 4.3KQ 
for 1 mA. With this pin open, the default IOFF 
current is between O.5-1.0mA. 

A constant 1.2V reference output used to set 
up DRV. 

A DC input that sets the positive swing on 
RTSET and the high level output current to 
the lED. 

Proportional to Absolute Temperature. A 1.OV 
reference at 25°C that moves proportional to 
absolute temperature, also used to set up 
DRV. (See figure 1) 

TTL data input. Can also be used as an enable 
during ECL operation. TTL = High (enabled), 
TTL = low (disabled). 

Positive ECl data input controls signal to the 
LED. Tie to VBIAS during TTL only operation 
or use as an enable. 
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ML4632 

ABSOLUTE MAXIMUM RATINGS 

Vee ............................................................................... -O.3V to 6V PEAK DC Output Current ..................................... 120mA 

Input Pin Voltages ............................. -O.3V to Vee +O.3V Storage Temperature .............................. -65°C to + 150°C 

LED Output Current ............................................. 120mA Lead Temperature (Soldering 10 sec.) .................... 260°C 

ELECTRICAL CHARACTERISTICS 
Over the recommended operating conditions of T A = O°C to 70°e, Vee = 5V +5%, unless otherwise specified. -

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current lED off 25 35 mA 

VREF VREF Voltage No load 1.14 1.20 1.26 V 

VPTAT PTATVoitage No load, T A = 25°C 0.9 1.0 1.1 V 
TA = 85°C 1.08 1.2 1.32 V 

Vas Driver Offset VDRV = 1 .2V, RTSET = 200 50 mV 

lED Current Accuracy VDRV = VREF, RTSET = 200 
ILEDH High IOFF = open 54 60 66 mA 
ILEDL low 0.5 0.7 1.0 mA 

tR Rise Time VDRV = VREF, RTSET = 200 4.5 ns 

tF Fa" Time VDRV = VREF, RTSET = 200 4.5 ns 

Propagation Delay VDRV = VREF, RTSET = 200 
IPLH low to High TIL and ECl 10.0 ns 
tpHl High to low 10.0 ns 

tpwo Pulse Width Distortion VDRV = VREF, RTSET = 200 1.0 2.0 ns 

VPK Peaking Voltage RRPK = 200, CPK = 100pF, RpEAK = 200 1.08 1.2 1.32 V 

VPKTR Peaking Rise Time RRPK = 200, CPK = 100pF, RpEAK = 200 4.5 ns 

VPKTF Peaking Fa" Time RRPK = 200, CPK = 100pF, RpEAK = 200 4.5 ns 

IECl ECl Input Current 20 ~A 

ITIL TIL Input Current 100 ~ 

Voa Dropout Voltage between 
pin 5 and 3 1.5 V 

IOFF Additional lED Off Current Vcc = 5V, RIOFF = 4.3KO 0.8 1.0 1.2 mA 

VBIAS ECl BIAS Voltage Vcc = 5V, TA = 25°C 3.8 V 

Note 1: Absolute maximum ratings are limits beyond which the life of the rntegrated circuit may be Impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling or correlation with worst-case test conditions. 
Note 3: low Duty cycle pulse testing IS performed at TA. 
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FUNCTIONAL DESCRIPTION 

The Ml4632 accepts ECl and TTL input signals and 
generates a high speed, high accuracy output current 
which is independent of supply voltage variations. The 
output current is programmable from 20mA to 100mA. 
A temperature coefficient can be programmed into the 
output current and a peaking circuit can be added with 
a few external components. 

The input of the lED driver accepts both ECl and TTL 
signals. The ECl input stage is a standard NPN differential 
pair with a common mode range of between 3V and 4.SV 
with a +SV supply. A bias voltage VBIAS is available for 
biasing either ECl input for single-ended operation. The 
TTL input has a standard switching range of between 0.8V 
and 2.0V. These inputs are ANDed so that the extra input 
can be used as an enable. 

Output current to the lED is set by connecting the 
appropriate resistance from RTSET to ground. With the 
VREF and DRV pins tied together, the high level output 
voltage at RTSET will be 1.2V. The current through the 
lED. The output current with RTSET set to 20Q will be 

ILED (HIGH) = 1.2V/RTSET = 1.2V/20Q = 60mA. 

The low level output current is set internally by a resistor 
at approximately O.7mA. This current prebiases the lED 
and results in faster optical rise times. The value of this 
current can be increased by connecting a resistor from the 
IOFF pin to Vee. The additional current will be equal to 
(Vee - O.7V)/RIOFF· 

The voltage input at the DRV pin appears across the 
RTSET pin when the lED is turned on. The current in 
RTSET is directed through the lED. Therefore the voltage 
set at DRV along with the RTSET resistor sets current 
through the lED. 

A temperature coefficient of between Oppm/oC and 
3300ppm;oC can be programmed into the high level 
output current to compensate for the drop in lED optical 
output power at high temperatures. This is accomplished 
by driving the DRV pin from a resistor divider between the 
VREF and PTAT pins. 

When DRV is tied directly to PTAT, the peak voltage at 
RTSET will be 1 .OV at 2SOC and have a 3300ppm/oC 
temperature coefficient. At 8S°C, PTAT is 1.2V and equal 
to VREF. An arbitrary temperature coefficient less than 
3300 ppm/DC can be set by using a resistor divider 
between PTAT and VREF to set the voltage at DRV, as 
shown in figure 1. 

Ml4632 
VREF 

Figure 1. Current for Programming 
Output Temperature Coefficient 

TO 
DRIVER 

In this configuration the temperature coefficient is 

TCILED = (3300ppm;oC)~, and 
Rl+R2 

lV+O.2V(~) 
I _ Rl+R2 
LED (HIGH) - RTSET 

The output current will be a linear function of temperature. 
A plot of 'LED versus temperature for several values of the 
programming resistance, Rl and R2, in figure 2. 

Rl =10 
60 -r":;':';;~O----=::::;:ii~. 

55 

50 

45+-------~------~------~_+----_+~ 

o 25 50 

T("e) 

75 85 

Figure 2. ILED vs T, RTSET = 20Q 
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ML4632 
The ML4632 output stage conducts full load current only 
when the LED is on, and even then power dissipation in 
the part is low because most of the +5V supply voltage is 
dropped across the LED and external resistor RTSET. Even 
with a low power design, the LED driver junction 
temperature will rise above ambient due to quiescent 
power dissipation and w.on't exactly match the LED 
junction temperature since it is also self-heating. 
Therefore, the effectiveness of a temperature compensated 
design will be related to component power dissipations, 
thermal conductance of the PC board and packaging, and 
the proximity of the LED driver to the LED. 

The ML4632 also provides for peaking of the LED output 
current. Peaking is used to counteract the effects of the 
LED junction capacitance. By creating a controlled 
overshoot and undershoot in the output current waveform, 
charge is transferred to and from the LED capacitance on 
the rising and falling edges of the output, speeding up rise 
and fall times. 

To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and another 
from PEAK to Vee. When these bias resistors are set equal 
to each other, a pulse will be generated across the RpEAK 
resistor with a magnitude equal to the voltage on the DVR 
pin. A coupling capacitor transfers the rising and falling 
edges of the output cu rrent waveform. 

ECLN 

-=- VBIAS 
IOUT~ 

LED 

GND 

RTSET 

RPK 

PEAK 

\ 200 

A typical application is shown in figure 3. When the 
resistors RRPK and RpEAK are both set to 20n, a pulse will 
be generated at the PEAK pin of magnitude 1.2V and 
equivalent resistance 20n (assuming VDRV = 1.2V). 

Figure 3. Application ofthe Peaking Circuit 

The peaking current is coupled through the 100pF 
capacitor, CPEAK, which will transfer 120pC of charge to 
and from the LED on each cycle of output current. The 
peaking circuit shown provides approximately a 70% 
overshoot current into a on LED impedance. Peaking 
currents will be slightly lower for real LED's. 

ECLP 

TTL 

PTAT 

DRV 

VREF 

IOFF 

vee 

lOUT = 60mA 

IOFF =O.7mA 

f----O TTL IN 

~--------~------------~~----o+5V * O.lIlF 

Note: The LED, PEAK and Vee traces should be very short and shielded with a 
GND plane to reduce rlngmg and overshoot at the LED. 
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ORDERING INFORMATION 

PART NUMBER 

ML4632CP 
ML4632CS 

TEMPERATURE RANGE 

DOC to +7DoC 
DOC to +7DoC 

'Micro Linear 

PACKAGE 

14-Pin Molded DIP (P14) 
16-Pin SOIC (S16W) 

ML4632 
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GENERAL DESCRIPTION 
The ML4642 AUI Multiplexer contains all the necessary 
drivers/receivers and control logic to implement a 2 port 
MAU when used in conjuction with a transceiver chip 
which has a standard 802.3 AUI interface. In addition, the 
ML4642 is capable of operating in stand-alone mode 
where it interconnects two DTEs in the absence of a 
network MAU. Several ML4642s can be cascaded 
together to implement a 4 or 8 port MAU or stand-alone 
device. 

Logic within the ML4642 detects collisions resulting from 
multiple DTEs transmitting simultaneously. In addition, 
collision signals received from a transceiver attached at 
the MAU port are propagated to both of the DTE ports. 
jabbering DTEs are prevented from loading down the 
network by internal jabber timers which disable babbling 
ports. 

BLOCK DIAGRAM 

TXIN1P 
TXIN1N 

RXOUTlP 
RXOUTlN 

CDOUT1P 
CDOUTlN 

TXIN2P 
TXIN2N 

RXOUT2P 
RXOUT2N 

CDOUT2P 
CDOUT2N 

+5V 

RRSET t 61.9K 

MAU 
AUI 

INTERFACE 

MAU 
AUI 

INTERFACE 

~ 
GND 

r I 

J I 
I 

I 
1 

I 

September 1994 

ML4642 

AUI Multiplexer 
Squelch circuitry on port receivers prevent noise on the 
cables from being erroneously interpreted as valid data. 
Transmit, receive, collision, and jabber LED drivers 
indicate network activity and faults. The ML4642 is 
available in a 28 pin SSOP package. 

FEATURES 

• IEEE 802.3 compliant AUI interfaces assure 
compatibility with any AUI ready devices. 

• No crystal or clock input. 
• On-chip jabber logic, Collision Detection, and SQE 

test with enable/disable option. 
• Selectable Loopback, jabber, and SQE Test allows 

cascading of multiple chips to increase OTE port 
fan-out. 

• Six network status LED outputs. 
• 28 pin SSOP packaging 
• Semi-standard options available 

Vee Vee 

t t 
CONTROL I 

LOGIC 

JABBER I , 
DOMUX I 

DTE 
DIMUX AUI 

INTERFACE 

r-

TXOUTP 
TXOUTN 

RXINP 
RXINN 

CDINP 
CDINN 

O~'O 
I SQE SOURCE 

LED DRIVERS I 
-.L 1_1-_1 ~ 
JAB2 RXLED/LPBK/SQE TXLED2 
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PIN CONNECTIONS 

ML4642 
28·PIN SSOP (R28) 

RXlED/lPHK/SQE RXOUT1P 

RXINP RXOUT1N 

RXINN RXOUT2N 

JAH1/JDIS 25 RXOUT2P 

RRSET GND 

Vee CDOUT1N 

TXOUTP ML4642 CDOUT1P 

TXOUTN 21 JAB2 

TXlED1 CDINP 

TXlED2 CDINN 

TXIN2P CDLED 

TXIN2N CDOUT2P 

TXIN1P CDOUT2N 

TXIN1N Vee 

TOP VIEW 

l1li 
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ML4642 

PIN DESCRIPTION 

PIN NO. NAME FUNCTION DESCRIPTION 

RXLED!LPBKlSQE I/O Active low receive LED driver for MAU port. If tied to ground, this pin 
enables internal loopback of the active TXIN pair to the RXOUT pairs 
and enables SQE test. If tied to 0.6 volts internal loopback is enable but 
SQE test is disabled. SQE and loopback are disabled when this pin is 
pulled high. 

2 RXINP Input Receive signal pair for MAU port. 

3 RXINN Onput Receive signal pair for MAU port. 

4 JAB1/JDIS I/O Active low jabber LED driver for DTE port 1. If tied to ground, the jabber 
function is disabled at TXIN1 and TXIN2. 

5 RRSET Input Bias setting external resistor, 61 .9KO. 

6 Vee Power +5 volt power supply 

7 TXOUTP Output Transmit signal pair for MAU port. 

8 TXOUTN Output Transmit signal pair for MAU port. 

9 TXLED1 Output Open collector, active low transmit LED driver for DTE AUI port 1. 

10 TXLED2 Output Open collector, active low transmit LED driver for DTE AUI port 2. 

11 TXIN2P Input Transmit signal pair for DTE port 2. 

12 TXIN2N Input Transrnit signal pair for DTE port 2. 

13 TXIN1P Input Transmit signal pair for DTE port 1. 

14 TXIN1N Input Transmit signal pair for DTE port 1. 

15 Vee Power +5 volt power supply 

16 CDOUT2N Output Collision signal pair for DTE port 2. 

17 CDOUT2P Output Collision signal pair for DTE port 2. 

18 CDLED Output Open collector, active low collision LED driver. 

19 CDINN Input Collision signal pair for MAU port. 

20 CDINP Input Collision signal pair for MAU port. 

21 JAB2 Output Open collector, active low jabber LED driver for DTE port 2. 

22 CDOUT1P Output Collision signal pairfor DTE port 1. 

23 CDOUT1N Output Collision signal pairfor DTE port 1. 

24 GND Ground GND. 

25 RXOUT2P Output Receive signal pair for DTE port 2. 

26 RXOUT2N Output Receive signal pair for DTE port 2. 

27 RXOUT1N Output Receive signal pair for DTE port 1. 

28 RXOUT1P Output Receive signal pair for DTE port 1. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING CONDITIONS (Note 2) 

Power Supply Voltage Range vee.... ... . .. -0.3 to +6.0V Supply Voltage (Ved ......................... 5V ± 10% 
Input Current RRSET, JAB1/JABD, JAB2, CDLED, LED on Current. ................................ 10mA 

RxLED/LPBK/SQE, TxLED1, TxLED2 ............... 60mA RRSET .................................. 61.9KO ± 1% 
Storage Temperature .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 seconds) ............. 260°C 

ML4642 ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = ooe to 700 e (Note 3), Vee = 5V ± 10%. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Power Supply Current lee Vee = 5V 60 120 mA 
(Note 4) 

LED Drivers: RL=51 00 for CDLED, TXLED1,2,JAB2 0.8 V 
VOL RL=2700 for JAB1/iDfS, 

RxLED/lPBK/SQE (Note 5) 

Transmit Squelch Voltage Level -300 -250 -200 mV 
(Tx+, Tx-) 

Differential Output Voltage ±550 ±1200 mV 

Common Mode Output Voltage 4.0 V 

Differential Output Voltage Imbalance 2 ±40 mV 

RxLED/lPBK/SQE SQE Enabled/loopback Enabled 0.3 V 
SQE Disabled!Loopback Enabled 0.4 0.6 0.8 

Note 1: Absolute maximum ratings are limits beyond which the hfe of the Integrated circuit may be Impaired. All voltages unless otherwise specified are measured With 
respect to ground. 

Note 2: Limits are guaranteed by 100% testmg , sampling, or correlation With worst-case test conditions. 
Note 3: low Duty cycle pulse testing is performed at TA' 
Note 4: This does not mclude the current from the AUI pull down resistors or the LED output pinS 

Note 5: LED drivers can Sink up to 20mA, but VOL Will be higher 
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ML4642 ELECTRICAL CHARACTERISTICS (Continued) 
AC ELECTRICAL CHARACTERISTICS 

SYMBOLS PARAMETER 

TRANSMIT 

tTXNPW Transmit Turn-On Pulse Width 

tTXFPW Transmit Turn-Off Pulse Width 

tXODY Transmitter Turn-On Delay 

tTXLP Transmit loopback Startup Delay 

tTXSDY Transmit Steady State Prop. Delay 

tTXJ Transmitter Jitter 

RECEIVE 

tRXODY Receive Turn-On Delay 

tRxSDY Receive Steady State Prop. Delay 

tRXJ Receiver Jitter 

tAR Differential Output Rise Time 
20% to 80% (Rx+/-, COl+/-) 

tAF Differential Output Fall Time 
20% to 80% (Rx+/-, COl+/-) 

COLLISION 

!ePSQE Collision Present to SQE Assert 

tSQEXR Time for SQE to Deactivate after a collision 

!eLF Collision Frequency 

!eLPDC Collision Pulse Duty Cycle 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 

tSQETD SQE Test Duration 

tSQEB SQE Blank Period 

JABBER, LINK TEST AND LED TIMING 

tJAD Jabber Activation Delay 

tJRT Jabber Reset Unjab Time 

tJSQE Delay from Outputs Disabled to 
Collision Oscillator On 

tLEDT CDlED, RxlED, TxlEDl, TxLED2 On Time 
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20 ns 

180 ns 

30 ns 

40 ns 

15 ns 

1 ns 

20 ns 

15 ns 

1 ns 

3 ns 

3 ns 

0 200 ns 

100 900 ns 

8.5 10 11.5 MHz 

40 50 60 % 

0.6 1.1 1.6 lIS 

0.5 1.0 1.5 lIS 

4 7 lISec 

7 13.5 20 ms 

250 450 750 ms 

100 ns 

20 50 300 ms 



ML4642 

TIMING DIAGRAMS 

TXINP 
TXINN ---(I 

TXOUTP 
TXOUTN -----1---< 

RXOUT1, 2, P 
RXOUT1, 2, N -------( 

Figure 1. Transmit and Loopback Timing 

l1li 
RXINN --> 

lA, 
RXOUT1, 2, P 

RXOUT1, 2, N'------< )0<----..-> 

Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 

TXIN2P ~ X VALID X DATA X TXIN2N 

TXINIP 

TXININ 

CDOUT1,2,P 

CDOUT1,2,N 

TXOUTP ~X2'a 
TXIN2 X TXINI X TXINI 

TXOUTN 
TXIN2 TXIN2 

TXINIP =x X X X VALID DATA 
TXININ 

TXIN2P P-=b )( DATA 
TXIN2N 

CDOUTl,2,P 

X CSO 
CDOUTl, 2, N 

Figure 3. Collision Timing 

TXINIP ===>i 
TXININ I 

TXIN2P~"':""'-"""""\ 
TXIN2N --" VALID X DATA X'-__ -'X'-__ --Jy 

LtSQEXR-+j 

X X 

X TXINI 

X X x== 

X X x== 
X X x== 

\'"---

CDOUTl,2,P V CSO ~ 
CDOUT1,2,N -.1\ "----1---------------------

TXOUTP~ 
TXOUTN TXINI INI TXIN2 X TXIN2 X TXIN2 X TXIN2 )~--------

Figure 4. Collision Timing 

4-50 'Micro Linear 



TIMING DIAGRAMS (Continued) 

TXIN1P ==1 
TXIN2N I 

::1= =X"';""VA-L-ID""""""X DATA X'-__ -'X\. __ ---')r---------
LtSQEXT=:1 

CDOUTl,2,P V CSO ~ 
CDOUTl,l,N ~ 1'-----..1----------------

;:;::;= --T-X-IN-l-""'X TXINI X TXINI X TXINI Xr-T~X;IN~I'»)_------

TXINIP 

~ VALIDDATA 
TXININ 

Figure 5. Collision Timing 

) 
tSQETD 

ISQEB r-f CDOUT1P ________ -+ __ -< -<. CSO 

I 
CDOUTIN 

tSQEB __ ....;('-inte_rna_I...:sign'-• ....;I) __ .... 

CDOUT2P 

CDOUTlN 

Figure 6. SQE Timing 
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TIMING DIAGRAMS (Continued) 

4-52 

TXIN1P 

eIIA:A,_L_ID_X_~'1 .,,' 11~.>---- 'IOT-I 

VALID I 1 

TXIN1N 

TXOUTP 

TXOUTN DATAj~----------------------J+--------

r-IISQE 

CDOUTlP ------------------------j\K----------CS-O--------~ ~---
CDOUTlN 

Figure 7. Jabber Timing 

TXOUT1P 

~------------------------TXOUT1N 

I··----ILEDT----"1 

--------~I ____________ ~I -------------

RXINP 

~~----~~------------
1 ... ----tLEDT---~ ...... 1 

RXINN 

~ ________________ ~r--
Figure 8. LED Timing 
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FUNCTIONAL DESCRIPTION 

Figure 9 is a block diagram of a Two Port Multiplexer 
using the ML4642 chip. All AUI interfaces are shown AC 
coupled as they would be in an AUI multiplexer which 
does not include the MAU circuitry on the same board. 

TRANSMISSION 

The transmit function consists of detecting data on either 
of the TXIN differential receivers (TXINl or TXIN2) and 
transmitting this data out the TXOUT differential driver at 
the MAU port as well as both RXOUTl and RXOUT2 
drivers of the DTE ports. (Note: the looping back of data 
received at a TXIN pair to the RXOUT pairs is discussed in 
the Loopback section.) 

Before data will be transmitted to the TXOUT and RXOUT 
pins from the TXIN pins it must meet the unsquelch 
requirements of the TXIN receiver circuitry. The squelch 
circuitry prevents any noise on the TXIN wires from being 

TXINIP 

TXININ 

390 

ML4642 
misinterpreted as data and transmitted to the TXOUT and 
RXOUT pins. The squelch circuit rejects signals with pulse 
widths less than typically 20ns and voltage levels more 
positive than -250mV. Once the TXIN receiver is 
unsquelched it remains so until reception of the input idle 
signal, which is detected when the TXIN signal is more 
positive than -170mV for longer than 180ns. 

RECEPTION 

The receive function consists of detecting data at the RXIN 
differential receiver of the MAU port transmitting this data 
to both DTE port RXOUT pairs. 

Before data will be transmitted to the RXOUT pins of the 
DTE ports it must meet the unsquelch requirements for the 
RXIN receiver circuitry. The squelch circuitry at the RXIN 
differential receiver input performs the same function as 
that of the TXIN squelch circuitry using the same noise 
rejection criteria. 

+5V 

Vee 

Vee 

GND 

ML4642 RRSET 
61.9K 

1-.JV\IIr---~--' +5V 

RXOUTIP 
TXOUTP 

TODTEI RXOUTlN TXOUTN 

3600 3600 

CDOUTIP 
RXINP 

CDOUTlN RXINN 
3600 390 

TXIN2P 

TXIN2N CDINP 

390 CDINN 

390 

RXOUT2P 

TODTE 2 RXOUT2N 
JABI/JABD 

3600 
JAB2 

CDLED 
CDOUT2P 

TXLEDI 

CDOUT2N TXLED2 

3600 RXLED/lPBK!SQE 

Switch option 
1. Receive LED with Inlemal!Extern.1 MAU 
2. No MAU/No SQE 
3. No MAU with SQE 

Figure 9. Two Port AUI Multiplexer 
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ML4642 
COLLISION 

There are two conditions that constitute a collision from 
the point of view of the M.L4642: 

a) If data is received at the TXIN inputs of both DTE ports 
simultaneously a local collision occurs within the 
ML4642. 

b) If the CDIN input is active at any time other than the 
inter-packet gap window allowed for the SQE Test 
function described below. 

In either of the above circumstances it is necessary for the 
ML4642 to drive the CDOUT pairs on both DTE ports 
with the collision signal. The collision signal consists of a 
10 MHz +/- 15% square wave matching the AUI 
specifications and capable of driving a 780 load. The 
collision signal shall turn on within 2 bit times of the 
origination of the collision condition and shall turn off 
within 2-5 bit times after the collision condition subsides. 

During a coli ision condition there are two sources for data 
to be transmitted to TXOUT, TXINl and TXIN2. The 
highest priority sou rce for data to be transm itted to 
TXOUT is the TXINl receiver. 

For example if TXIN2 begins transmission then TXINl 
turns on, the collision oscillator will turn on and TXOUT 
will switch from TXIN2 to TXIN1. If the collision ends by 
TXINl turning off first, TXOUT will switch from TXIN1 to 
TXIN2, and 2-5 bit times later the collision oscillator will 
turn off. 

The MAU port's CDIN receiver contains squelch circuitry 
to prevent noise from causing the erroneous detection of a 
collision signal. A signal on the CDIN pair will not be 
considered active until it exceeds the same squelch 
requirements as those of the TXIN receivers. 

LOOPBACK 

The loopback function allows the ML4642 to emulate a 
coaxial transceiver by propagating the TXIN data back out 
the RXOUT pair of the same DTE port that is sourcing the 
data as well as the RXOUT pair of the idle DTE port. This 
allows the Ethernet controller sending the data to monitor 
its transmit packets and detect network faults. 

The loopback function is enabled at both DTE ports when 
the RXLED pin is tied to ground, or 0.6 volts. 

SQE TEST FUNCTION 

The Signal Quality Error (SQE) Test function allows the 
DTE to determine whether or not the collision detection 
circuitry is functional. After each transmission, during the 
inter-packet gap time, the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet, for typically 1 J.I.S. The SQE 
function will not be activated on DTE ports of the ML4642 
which are in the Jabber state. The SQE function is enabled 
on both DTE ports when the RXLED/LPBK/SQE pin is 
grounded. 

JABBER 

The jabber function prevents a babbling transmitter from 
loading down the network. Within the ML4642 is a jabber 
timer on each TXIN receiver. Each timer starts at the 
beginning of a received packet and resets at the end of 
each packet. If a packet lasts longer than 7 to 20ms the 
jabber logic disables its corresponding TXIN receiver (thus 
preventing its data from being retransmitted) and 
generates a collision signal on the babbling port's CDOUT 
pair. When the TXIN pair finally goes idle, a second timer 
measures 0.5 seconds of idle on TXIN prior to re-enabling 
the receiver and turning off the collision signal. If the 
TXIN pair becomes active again before the 0.5 seconds 
has expired, the timer is reset and measures another 0.5 
seconds of idle time. 

The jabber function can be disabled on both ports by 
tying the JAB1/JABD pin to ground. 

LED DRIVERS 

The ML4642 has six LED driver pins. Each DTE port has a 
transmit LED and a jabber LED and the MAU port has a 
receive LED. Additionally, there is a collision LED which 
indicates the presence of a collision condition. All LED 
drivers are active low 1 OmA current sources. 

The TXLED, RXLED, and CDLED outputs have SOms pulse 
stretchers on them to enable the LEDs to be visible. The 
JLED outputs do not have pulse stretchers on them 
because their conditions occur long enough for the LEDs 
to be visible. 

Two of the ML4642 LED o~ts serve as configuration 
pins as well. RXLED/LPBK/SQE and JAB1/JDIS may be tied 
through a resistor to Vee, tied through a resistor and a LED 
to Vee or grounded. Additionally RXLED/LPBK/SQE may 
be tied to a specific voltage. When these pins are 
grounded or tied to a 0.6 Volts they become configuration 
inputs. Otherwise when tied high they become status 
outputs. 

CASCADING THE ML4642 FOR 4 AND 8 PORT 
DESIGNS 

The configurability of such functions as loopback, jabber, 
and SQE allows ease of cascading multiple ML4642 chips 
for larger fan-out designs. Figure 10 shows a four port AUI 
Multiplexer design. For a type 0 configuration both jabber 
and transmit LEDs are available on a per port basis for 
status. The RXLED/LPBM.Qlpins are tied through a 
resistor to 5 volts, and CDLED is wire OR'ED with the 
other chip for one collision detect status LED per system. 
There is also only one receive LED status output which is 
displayed in a type 2 configuration. This particular pin in 
a type 2 configuration offers three options. In option 1, 
when tied to +5 volts through a resistor and an LED, an 
internal or external MAU will be connected. For stand
alone operation without an internal or external MAU a 
loopback is required. Option 2 allows loopback with no 
SQE test while option 3 provides loopback with an SQE 
test. 
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Figure 10. Four Port AUI Multiplexer 
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An eight port design is accompli~hed in the same way as 
sho:-vn in the block diagram in Figure 11. In an eight port 
design Type 0 and Type 2 configuration remain the same 
as in a four port design.~ 1 however only differs from 
Type 2 by tying RXLED!LPBK/SQE through a resistor to +5 
volts. Table 1 summerizes all of the different LED 
configurations. 

SQE TEST WHEN CASCADING 

As mentioned before, after each transmission during the 
interpacket gap time the collision signal will be activated 
on ~he CD<?UT pair of the same port as the TXIN pair 
which received the packet. When cascading ML4642s to 
implement 4 or 8 port designs, the path is remembered 
and followed to acheive this function. The paths that did 
not carry the transmit data blocks CDOUT for 4-7 Ilsec 
after transmission to guarantee that only the port that 
transmitted will see SQE test. 

TABLE 1. LED Configurations for 2, 4, and 8 Port Designs 

JAB1/JABO RXLED!lPBK/SQE JAB2 CDLED TXLEDl TXLED2 

Two Port AUI Mux LED GND, 0.6V, LED LED LED LED LED 

Type 0 LED 270010 +5V LED WIRE'ORED LED LED 

Type 1 GND 2700 10 +5V NC NC NC NC 

Type 2 GND GND, 0.6V, LED NC NC NC NC 

TYPE 0 TYPE 1 TYPE 2 

OTE PORT 1 

OTE PORT 2 

OTEPORT 3 

OTE PORT 4 

MAU PORT 

OTEPORT 5 

OTE PORT 6 

OTEPORT 7 

OTEPORT 8 

Figure 11. Eight Port AUI Multiplexer 
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ORDERING INFORMATION 

PART NUMBER 

ML4642CR 

TEMPERATURE 
RANGE 

'Micro Linear 

ML4642 

PACKAGE 

28-Pin SSOP (R28) 

l1li 
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GENERAL DESCRIPTION 
The ML4644 AUI Multiplexer contains all the necessary 
drivers/receivers and control logic to implement a 4 port 
MAU when used in conjuction with a transceiver chip 
which has a standard 802.3 AUI interface. Two ML4644s 
together with a ML4642 can be used to implement an 8 
portMAU. 

Logic within the ML4644 detects collisions resulting from 
multiple DTEs transmitting simultaneously. In addition, 
collision signals received from a transceiver attached at 
the MAU port are propagated to all of the DTE ports. 
Jabbering DTEs are prevented from loading down the 
network by an internal jabber timer which disables 
babbling ports. 

Squelch circuitry on port receivers prevent noise on the 
cables from being erroneously interpreted as valid data. 

BLOCK DIAGRAM 

July 1994 

ML4644 

4 Port AUI Multiplexer 
Transmit, receive, collision, and jabber LED drivers 
indicate network activity and faults. The ML4644 is 
available in a 68 pin PLCC package. 

FEATURES 

• IEEE 802.3 compliant AUI interfaces assure 
compatibility with any AUI ready devices. 

• On-chip Jabber logic, Collision Detection, 
and SQE test with enable/disable option. 

• Selectable SQE Test 

• Ten network status LED outputs. 

• 68 pin PLCC packaging 

• Semi-standard options available 

TxlN1N 
TxlN1P 

RxOUTlN 
MAU 
AUI 

INTERFACE 

~! ==I OSCILLATOR I 
RxOUTlP 

CDOUTlN 
CDOUTlP 

SQENI 

TxlN2N 
TxlN2P 

RxOUT2N 
RxOUT2P 

CDOUT2N 
CDOUT2P 

SQEN2 

TxlN3N 
TxlN3P 

RxOUT3N 
RxOUT3P 

CDOUT3N 
CDOUT3P 

SQEN3 

TxlN4N 
TxlN4P 

RxOUT4N 
RxOUT4P 

CDOUT4N 
CDOUT4P 

SQEN4 
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INTERFACE 
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INTERFACE 

MUX 
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PIN CONNECTIONS 

TxlN2N 

TxlN3N 

NC 

TxOUTN 

TxOUTP 

RESERVED 

RRSET 

NC 

JAB2 

RxOUTlP 

RxOUTlN 21 

REC 

RxOUT2P 

RxOUT2N 

VCC 

VCC 

z CI.. Z CI.. 

~ g g ~ S 5 - ~ 
u u ~ u g 8 uO g 8 U N _ U ~ ~ u u z z ~ z u u u u z ~ ~ z ~ u z z 

PIN DESCRIPTION 

PIN# NAME FUNC, DESCRIPTION PIN # NAME 

CDOUT2P Output Collision signal pair for 12 TxlN3N 
OTE port 2. 

2 CDOUT2N Output Collision signal pair for 13 NC 
OTE port 2. 

14 TxOUTN 
3 COll Output Open collector lEO 

driver for collision. 
15 TxOUTP 

4 CDOUT3P Output Collision signal pair for 
OTE port 3. 

16 Reserved 
5 CDOUT3N Output Coli ision signal pair for 

OTE port 3. 
17 RRSET 

6 NC No connection. 

7 TxlN2P Input Transmit signal pair for 
OTE port 2. 18 NC 

8 NC No connection. 19 JAB2 

9 NC No connection. 

10 TxlN2N Input Transmit signal pair for 20 RxOUT1P 
OTE port 2. 

11 TxlN3P Input Transmit signal pair for 21 RxOUT1N 
OTE port 3. 

'Micro Linear 
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CDINN 

CDOUT4N 

CDOUT4P 

NC 

TxlN1P 

TxlN1N 

CDOUTlN 

CDOUTlP 

GND 

Tx2 

Tx3 

Tx4 

TxlN4P 

TxlN4N 

JAB1 

SQEN4 

ML4644 

FUNC, DESCRIPTION 

Input Transmit signal pair for 
OTE port 3. 

No connection. 

Output Transmit signal pair for 
MAU port. 

Output Transmit signal pair for 
MAU port. 

This pin should be tied 
to VCe. 

Input Bias setting external 
resistor, 61.9KQ, 
connected to VCC 

No connection. 

Output Open collector jabber 
lEO driver for Jabber of 
OTE port 2. 

Output Receive signal pair for 
OTE port 1. 

Output Receive signal pair for 
OTE port 1. 
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PIN DESCRIPTION (continued) 

PIN# NAME FUNC. DESCRIPTION PIN# NAME FUNC. DESCRIPTION 

22 REC Output Open collector LED 46 TxlN4N Input Transmit signal pair for 
driver for receive DTE port 4. 

23 RxOUT2P Output Receive signal pair for 47 TxlN4P Input Transmit signal pair for 
DTE port 2. DTE port 4. 

24 RxOUT2N Output Receive signal pair for 48 Tx4 Output Open collector transmit 
DTE port 2. LED driver for Jabber of 

25 VCC Power +5V power supply. 
DTE port 4. 

26 VCC Power +5V power supply. 
49 Tx3 Output Open collector transmit 

LED driver for Jabber of 
27 NC No connection. DTE port 3. 

28 NC No connection. 50 Tx2 Output Open collector transmit 

29 RxlNP Input Receive signal pair for 
LED driver for Jabber of 

MAU port. 
DTE port 2. 

30 RxlNN Input Receive signal pairfor 
51 Tx1 Output Open collector transmit 

LED driver for Jabber of 
MAU port. DTE port 1. 

31 SQEN2 Input Active High. This pin is 52 GND Ground Ground. 
used to enable the SQE 
function of DTE port 2. 53 CDOUT1P Output Collision signal pair for 

32 SQEN3 Input Active High. This pin is 
DTE port 1. 

used to enable the SQE 54 CDOUT1N Output Collision signal pair for 
fu nction of DTE port 3. DTE port 1. 

33 RxOUBP Output Receive signal pair for 55 TxlN1N Input Transmit signal pair for 
DTE port 3. DTE port 1. 

34 RxOUBN Output Receive signal pair for 56 TxlN1P Input Transmit signal pair for 
DTE port 3. DTE port 1. 

35 NC No connection. 57 NC No connection. 

36 RxOUT4P Output Receive signal pairfor 58 CDOUT4P Output Coli is ion signal pair for 
DTE port 4. DTE port 4. 

37 RxOUT4N Output Receive signal pai r for 59 CDOUT4N Output Collision signal pair for 
DTE port 4. DTE port 4. 

38 NC No connection. 60 CDINN Input Collision signal pair for 

39 JAB3 Output Open collector jabber 
MAU port. 

LED driver for Jabber of 61 NC No connection. 
DTE port 3. 62 NC No connection. 

40 NC No connection. 63 CDINP Input Collision signal pair for 
41 JAB4 Output Open collector jabber MAU port. 

LED driver for Jabber of 64 SQEN1 Input Active High. This pin is 
DTE port 4. used to enable the SQE 

42 NC No connection. function of DTE port 1. 

43 NC No connection. 65 NC No connection. 

44 SQEN4 Input Active High. This pin is 66 Xl Input 1 OMHz Crystal input pin. 
used to enable the SQE This pin can also be used as 
function of DTE port 4. a 1 OMHz clock input pin. 

45 JAB1 Output Open collector jabber 67 X2 Input 10 MHz Crystal input pin. 
LED driver for Jabber of 68 NC No connection. 
DTE port 1. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING CONDITIONS (Note 2) 

Power Supply Voltage Range Vee ................ -0.3 to +6.0V Supply Voltage (Vee) ......................... 5V ± 10% 
Input Current RRSET, All LED Driver Pins ............. 60mA RRSET .................................. 61.9KQ ± 1% 
Storage Temperature .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 seconds) ............. 260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = O°C to 70°C (Note 3), Vee = SV ± 10%. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Power Supply Current lee (Note 4) Vee = 5V 50 150 190 mA 

LED Drivers: VOL RL=510Q (Note 5) 0.8 V 

Transmit Squelch Voltage Level (Tx+, Tx-) -300 -250 -200 mV 

Differential Output Voltage ±550 ±1200 mV 

Common Mode Output Voltage 4.0 V 

Differential Output Voltage Imbalance 2 ±40 mV 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be Impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlatIOn with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing IS performed at TA-

Note 4: This does not mclude the current from the AUI pull down resistors or the LED output pms. 
Note 5: LED dnvers can smk up to 20mA, but VOL will be higher. 

'Micro Linear 4-61 



ML4644 

ELECTRICAL CHARACTERISTICS (Continued) 

AC ELECTRICAL CHARACTERISTICS 

SYMBOLS I PARAMETER 

TRANSMIT 

tTXNPW Transmit Turn-On Pulse Width 

tTXFPW Transmit Turn-Off Pulse Width 

tXODY Transmitter Turn-On Delay 

tTXSDY Transmit Steady State Prop. Delay 

RECEIVE 

tRXODY Receive Turn·On Delay 

tRXSDY Receive Steady State Prop. Delay 

tAR Differential Output Rise Time 
20% to 80% (Rx±, COL±) 

tAF Differential Output Fall Time 
20% to 80% (RX±, COL±) 

COLLISION 

tCPSQE Collision Present to SQE Assert 

tSQEXR Time for SQE to Deactivate after a collision 

FClF Collision Frequency 

Coli ision Pu Ise Duty Cycle 

tSQEDY SQE Test Del ay (T x I nactive to SQE) 

tSQETD SQE Test Duration 

JABBER, LINK TEST AND LED TIMING 

tJAD Jabber Activation Delay 

tJSQE Delay from Outputs Disabled to 
Collision Oscillator On 

tlEDT REC, COLL, Txl, Tx2, Tx3, Tx4 On Time 

XTAL Controlled 

XT AL Controlled 

4-62 '-Micro Linear 

MIN TYP. MAX UNITS 

20 ns 

180 ns 

50 ns 

15 ns 

20 ns 

15 ns 

3 ns 

3 ns 

0 200 ns 

0 500 ns 

8.5 10 11.5 MHz 

40 50 60 % 

0.6 1.1 1.6 !is 

0.5 1.0 1.5 !is 

7 13.5 20 ms 

100 ns 

0.3 1.0 3.0 ms 
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TIMING DIAGRAMS 

TxlNP :D£ > 
tTxFPW=-=1 

TxlNN 

xr-TxOUTP 

TxOUTN 

:x=x= RxOUTP 

RxOUTN 

Figure 3. Transmit Timing 

RxlNP '-----> RxlNN 

IA. 

RxOUTl, 2, P _____ -< 
RxOUTl, 2, N XX-> 

Figure 4. Receive Timing 

::,I::~ ~~ __ ..JX VALID X DATA X'-__ --'XI... __ ..JX'--_____ _ l1li 
TxlN1P 

----{ 
TxlN1N 

CDOUT1, 2, P -----i-----{ 
CDOUT1, 2, N 

TxOUTP 

ITX2, TX'--! 

__ T_X_IN_2_..JX"'-TX-IN-2-~a'--T-X-IN-'-~X TxlNl X'-_____ _ 
TxOUTN 

TxlN1P --v X VALID --"---'- . 
X DATA X~ __ ~X,-__ ~X'-__ ~X=== TxlN1N 

Figure 5. Collision Timing 
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TxlN1P ~>-____________________________ _ 
TxlN1N--li 

TxlN2P -y,..;----,X 
--1\ VALID DATA 

TxlN2N I X,-_-,X,-_~Y \'---
I-tSQ'XR =l 

CDOUTl, 2, P J-C-S-O---.)(=:J ...... ---------------------

CDOUTl,2, N 

:~~:~~ ____ ~x~ ____ ~x~ ____ ~X~ ____ ~)~---------------

Figure 6. Collision Timing 

TxlN1P -ex )>-------------------
TxlN1N ,-_V_A_L1_D_D_AT_A~ 

~"'~C-=J 
CDOUTlP ------.:-----------« cso Y---
CDOUT1N 

CDOUT2P 

CDOUT2N 

Figure 7. SQE Timing 

TxlN1P ---.... r--v VALID X DATA )>---------------
TxlN1N 1"'--./\ . . . . tlADI 

TxOUTlP _______ -' 

TxOUTlN 

--J ~tlSQ' 
CDOUT1P _______________ ~ } _____________ __ 

CDOUTIN 

Figure 8. Jabber Timing 
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TxOUT1P __ --<~\-________________ _ 
TxOUT1N '---../ 

1-'---!LETD---I,' 

TxLEDl -------:, ... ______ ----111-----------

Figure 9. LED Timing 

-
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FUNCTIONAL DESCRIPTION 

Figure 1 is a block diagram of a Four Port Multiplexer 
using the ML4644. All AUI interfaces are transformer 
coupled as required in an AUI connection. 

RECEPTION 

The receive function consists of detecting data on receive 
differential data input pair of the MAU port (RxIN) and 
transmitting this data out of the RxOUT ports of all the 
OTE port. This data will only be passed onto the OTE port 
if it meets the unsquelch criteria of the AUI receiver 
circuit. This provision prevents any noise on the AUI cable 
from being misinterpreted as data and transmitted to the 
RxOUTpins. 

The receiver squelch circuit rejects signal typically with 
pulse width less than 20ns or a voltage level more positive 
than -2S0mV. Once the receiver is unsquelched, it 
remains so until reception of the idle signal which is more 
positive than -170mV for longer than 180ns. 

TRANSMISSION 

The transmit function consists of detecting data on any of 
the four differential data input pairs (TxIN1, TxIN2, TxIN3, 
and TxIN4) and transmitting this data out of the TxOUT 
pair of the MAU port. The loopback function of the MAU 
will loop the data back to the RxOUT port. The RxOUT 
port wi II treat the data as a received data and passes it on 
to all the OTE ports. 

Only data that meets the unsquelch criteria of the AUI 
receiver circuit will be passed onto the TxOUT port. 

COLLISION 

There are two possible collision scenarios. 

1. Collision from the network connected to the MAU. 

2. Collision between two or more OTEs attached to the 
multiplexer. 

In the case of a network collision, the MAU will send a 
collision presence signal to the multiplexer. The ML4644 
will propagate this signal to the COOUT pins of each of 
the OTE ports. The collision signal is a 10MHz ±0.01% 
signal. 

When a collision event occurs between two or more OTE 
ports, the ML4644 will send the collision presence signal 
to each of the OTEs via the coli ision ports. At the same 
time a 5MHz JAM signal is sent to the network. 

SQE TEST FUNCTION 

The Signal Quality Error (SQE) test function allows the 
OTE to determine whether or not the collision port is 
functional. After each transmission, during the interpacket 
gap time, the collision signal will be activated on the 
COOUT port of the same OTE port data has been 
transmitted, for typically 1 J.1s. The SQE function is not 
activated at the OTE ports that are in jabber state. The SQE 
function of each port can be disabled by tying the SQEN 
pin low. 

JABBER FUNCTION 

The jabber function prevents a malfunction transmitter 
from continuous transmission and thus loaded down the 
network. Within the ML4644, there is a jabber timer. The 
timer starts at the beginning of a received packet and 
resets at the end of each packet. If the packet lasts longer 
than 7 to 20ms the jabber circuit will disable the 
offending TxlN receiver <the transmission of excessively 
long packet is thus terminated) and generates a collision 
signal to the collision port of the offending OTE port. The 
OTE port will exit the jabber state when the transmission 
goes idle. 

LED DRIVERS 

The ML4644 has ten LEO drivers. Each OTE port has a 
transmit LEO and a jabber LEO and the MAU port has a 
receive LEO. Additionally there is a collision LEO which 
indicates the presence of a collision condition. All LEO 
drivers are active low open collector driver. 

All LEO drivers except the jabber have pulse 1 ms pulse 
stretchers. The pulse stretchers provide adequate on time 
for the LED to be visible. 

CASCADING THE ML4644 FOR EIGHT PORT 
MULTIPLEXER APPLICATION 

An 8 port multiplexer can be realized by using two 
ML4644s and one ML4642. In this configuration (see fig. 
2), the SQE function of the ML4642 should be disabled to 
prevent false collision signalling. The SQE function in this 
configuration is performed by each OTE port of the 
ML4644 independently. 

ML4644 

ML4642 

ML4644 

Figure 2. Block Diagram of an Eight port Multiplexer. 
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Figure 1. Four Port AUI Multiplexer • 
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ORDERING INFORMATION 

PART NUMBER 

ML4644CQ 
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TEMPERATURE 
RANGE 
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PACKAGE 
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GENERAL DESCRIPTION 

The ML4652/ML4658 1 OBASE-T Transceivers are single 
chip cable line driver/receivers that provides all of the 
functionality required to implement both an internal and 
external IEEE 802.3 1OBASE-T MAU. These parts offer a 
standard IEEE 802.3 AU interface that allows them to 
directly connect to industry standard manchester 
encoder/decoder chips or an AUI cable. 

These parts require a minimal number of external 
components, and are compliant to the IEEE 802.3 
1 OBASE-T standard. The differential current driven 
transmitter offers superior performance because of its 
highly symetrical switching. This results in low RFI noise 
and low jitter. 

The Transceiver easily interfaces to 1 DOn unshielded 
twisted pair cable, 150n shielded twisted pair cable, or a 
range of other characteristic impedances by simply 
changing one external resistor. Jabber, Link Test, and SQE 
Test are fully integrated onto the chip with enable/disable 
options. A polarity detection status pin, which can drive 
an LED, is provided for receive data, and the ML4658 
offers automatic polarity correction. 

The ML4652 and ML4658 are available in 24 pin skinny 
DIP as well as a 28 pin PLCC. 

BLOCK DIAGRAM 

August 1994 

ML4652, ML4658 

1 OBASE-T Transceiver 
FEATURES 

• Complete implementation of IEEE 802.3 10BASE-T 
Medium Attachment Unit (MAUl 

• Incorporates an AU interface for use in an external 
MAU or internal MAU 

• Single +5 volt supply ±1 0% 

• No crystal or clock input 

• Current Driven Output for low RFI noise and low jitter 

• Capable of driving 1 DOn unshielded twisted pair cable 
or 150n shielded twisted pair cable 

• Polarity detect status pin capable of driving an LED 

• Automatic Polarity Correction on the ML4658 

• On-chip Jabber logic, Link Test, and SQE test with 
enable/disable option 

• ML4652 and ML4658 provide six network status LED 
ouput pins 

• ML4652 and ML4658 are available in a 24-pin skinny 
DIP or 28-pin PLCC 

• Semi-standard option using Micro Linear's FB3651 LAN 
Transceiver Tile Array 

+sv 
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PIN CONFIGURATION 
ML4652/ML4658 

ML4652/ML4658 Q 28-Pin pcc .. 
24-Pin DIP « 

" Q .... 
CLSN jAii i ..!. :!i la 

+ 
V> .. 

~ 0 0 I~ « .... 
BIAS u u 0; .:l 

RxTP+ 

SQEN/L TO/IABD 4 RxTP- NC RxTP-

LTF Rn LTF 

TxCAPO Rx- NC 

TxCAP1 Vee TxCAPO 

GND Vee TxCAP1 

1x1P+ Tn 10 GND 

RTSET TxTP- Tx- 11 GND 

RCV 
12 13 14 15 16 17 

RRSET 

POLRD XMT t;; t;; 

I~ I~ I~ ~ + .. 
~ ~ ~ .... 

'" ,!: 
TOP VIEW 

TOP VIEW 

PIN DESCRIPTION (DIP) 
PIN# NAME 

CLSN 

2 COL+ 
3 COL-

4 SQEN/LTD/ 
JABD 

5 Rx+ 
6 Rx-

7 Vee 

8 Tx+ 
9 Tx-

10 RTSET 

11 RRSET 

4-70 

FUNCTION 

Indicates that a collision is taking place. Active low LED driver, open collector. Event is extended 
lOOms for visibility. 

Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced differential 
line driver outputs that meet AU interface specifications. AC or DC coupled. 

SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four voltage levels to 
configure the chip as shown in Table 1. 

Table 1. SQEN/LTD/JABD Pin Configuration 

Pin SQE Test Link Test Jabber 

OV(GND) Disabled Enabled Enabled 

1.2V Disabled Disabled Disabled 

BIAS Enabled Disabled Enabled 

5V(Vccl Enabled Enabled Enabled 

When link test is disabled, no link pulses are transmitted, and the transmitter and receiver will not be 
disabled as a result of a loss of receive link pulses. When Jabber is disabled the transmitter can transmit 
continuously without interruption, and the collision oscillator will not be activated. 

Manchester encoded receive data output to the local device. Balanced differential line driver outputs 
that meet AU interface specifications. AC or DC coupled. 

+5 Volt power input. 

Balanced differential line receiver inputs that meet AU interface specifications. These inputs may be 
AC or DC coupled. When AC coupled, the BIAS pin is used to set the common mode voltage. Signals 
meeting the transmitter squelch input requirements are pre-equalized and output on TxTP+ and TxTP-. 

When using lOOn unshielded twisted pair, a 220n resistor is tied between this pin and Vee. When 
using 150n shielded twisted pair, a 330n resistor is tied between this pin and Vee. 

A 1 % 61.9Kn resistor tied from this pin to Vee is used for internal biasing. 
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PIN DESCRIPTION (DIP) (Continued) 

PIN# NAME 

12 POLRD 

13 XMT 

14 RCV 

15 TxTP-
16 TxTP+ 

17 GND 

18 TxCAP1 
19 TxCAPO 

20 LTF 

21 RxTP-
22 RxTP+ 

23 BIAS 

24 JAB 

FUNCTION 

Receive Polarity status. Active low LED Driver, open collector output. Indicates the polarity of the 
receive twisted pair regardless of auto polarity correction. When this pin is high, the receive polarity is 
correct, and when this pin is low the receive polarity is reversed. 

Indicates that transmission is taking place on the TxTP+, TxTP- pair. Active low LED driver, open 
collector. It is extended lOOms for visibility. 

Indicates that the transceiver has unsquelched and is receiving data from the twisted pair. Active low 
LED driver, open collector. It is extended lOOms for visibility. 

Pre-equalized differential balanced current driven output. These ouputs are connected to a balanced 
transmit output filter which drives the twisted pair cable through pulse transformers. The output current 
is set with an external resistor connected to RTSET allowing the chip to drive lOOn unshielded twisted 
pair, 150n shielded twisted pair cables or a range of other characteristic impedances. 

Ground reference. 

An external capacitor of 330pF is tied between these two pins to set the pulse width for the pre
equalization on the transmitter. If these two pins are shorted together, no pre-equalization occurs. 

Link Test Fail. Active high. Normally this pin is low, indicating that the link is operational. If the link 
goes down resulting, from the absence of link pulses or frames being received, the chip will go into the 
Link Test Fail state and bring LTF high. In the Link Test Fail state, both the transmitter and receiver are 
disabled, however link pulses are still sent. A station that only has access to the AUI can detect a Link 
Test Fail by the absence of loopback. This pin is low when the Link Test is disabled. Open collector 
LED output. 

Twisted Pair receive data input. When this signal exceeds the receive squelch requirements the receive 
data is buffered and sent to the RX± outputs. 

Bias voltage, output. Used to bias the receive twisted pair inputs as well as the TX± inputs when they 
are AC coupled. 

Open collector TTL output capable of driving an LED. When in the Jabber state, this pin will be low 
and the transmitter will be disabled. In the Jabber "OK" state this pin will be high. 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

OPERATING CONDITIONS 
(Note 2) 

Power Supply Voltage Range Supply Voltage (Ved ......................................... 5V ±1 0% 
Vee .............................................................................. -0.3 to 6V LED on Current ...................................................... 10mA 

Input Voltage Range RRSET ......................................................... 61.9Kn±1% 
Digital Inputs (SQEN, LTD) ........................ -0.3 to Vee RTSET .............................................................. 220n±1% 
Tx+, Tx-, RxTP+, RxTP- ............................ -0.3 to Vee TxCAP .................................................................... 330pF 

Input Current 
RRSET, RTSET, JAB, CLSN, XMT, RCV, LTF ........... 60mA 

Output Current 
TxTP+, TxTP- ..................................................... BOmA 

Storage Temperature .............................. -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................... 260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = O°C to 70°C (Note 3) VCC = 5V +1 0% , , -

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current Icc (Note 4) Vcc= 5V 140 mA 

LED Drivers: VOL RL = 5100 (Note 5) O.B V 

Transmit Peak Output Current RTSET= 2200 42 mA 
(Note 6) 

Transmit Squelch Voltage Level 
(Tx+, Tx-) -170 mV 

Differential Input Voltage 
(RxTP+, RxTP-) ±0.300 ±3.1 V 

Receiver Input Resistance 10 KO 

SQEN/L TD/JABD Input Resistance 12 KO 

Receive Squelch Voltage Level 
(RxTP+, RxTP-) 300 450 5B5 mV-p 

Differential Output Voltage 
(Rx±, COl±) ±550 ±1200 mV 

Common Mode Output Voltage 
(Rx±, COl±) 4.0 V 

Differential Output Voltage Imbalance 
(Rx±, COL±) 2 ±40 mV 

BIAS Voltage 3.2 V 

SQEN/L TD/JABD SQE TEST disabled 0.3 V 
All disabled 1.1 1.4 
link Test Disabled BIAS - 0.15 BIAS + 0.15 
All Enabled Vcc- 0.05V 

Note 1: Absolute maximum ratings are limits beyond which the hfe of the integrated circuit may be impaired. All voltages unless othelWise specified are measured with 
respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling,. or correlation with worst~case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at TA. 
Note 4: ThiS does not mclude the current from the AUI pull down resistors, the transmit pins TxTP+ and TxTP- or the LED output pins. 
Note 5: LED dnvers can sink up to 20mA, but VOL will be higher. 
Note 6: ThiS current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter and transformer as shown in Figure 12. 
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ELECTRICAL CHARACTERISTICS (Continued) 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL I PARAMETER 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 

tTXFPW Transmit Turn-Off Pulse Width 

tTXLP Transmit loopback Startup Delay 

tTXODY Tranmitter Turn-On Delay 

tTXSDY Transmit Steady State Prop. Delay 

tTXJ T ransm itter jitter 

Receive 

tRXODY Receive Turn-On Delay if Transmit is Idle 

tRXTDY Receive Turn-On Delay if Tranmit is Active 

tRXFX last Bit Received to Start Slow Decay Output 

tRXSDY Receive Steady State Prop. Delay 

tRXJ Receiver Jitter 

tAR Differential Output Rise Time 20% to 80% (Rx±, COl±) 

tAF Differential Output Fall Time 20% to 80% (Rx±, COL±) 

Collision 

tcPSQE Collision Present to SQE Assert 0 

tTXRX Time for loopback to swtich from Tx to RxTP 
during a collision 

tSQEXR Time for SQE to deactivate given that RxTP goes idle and 
TxTP continues 

tSQEXT Time for SQE to deactivate given thata TxTP goes idle 
and RxTP continues 

tcLF Collision Frequency 

tcLPDC Collision Pulse Duty Cycle 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 

tSQETD SQE Test Duration 

Jabber, Link Test and LED Timing 

tJAD Jabber Activation Delay 

tJRT Jabber Reset Unjab Time 

tJSQE Delay from Outputs Disabled to Collision Oscillator On 

tLLT link loss Time 

tLTN link Test Pulse Receive Minimum Time 

tLTX link Test Pulse Receive Maximum Time 

tTLP link Test Pu Ise Repetition Rate 8 

tLTPW link Test Pulse Width 

tLEDT XMT, RCV, ClSN On Time 

'Micro Linear 
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MIN TYP MAX UNITS 

20 ns 

180 ns 

200 ns 

200 ns 

15 100 ns 

±2 ±3.5 ns 

420 500 ns 

650 800 ns 

230 800 ns 

15 100 ns 

±0.7 ±1.5 ns 

3 ns 

3 ns 

900 ns 

0 900 ns -0 900 ns 

0 900 ns 

8.5 10 11.5 MHz 

40 50 60 % 

0.6 1.1 1.6 IJ.S 

0.5 1.0 1.5 IJ.S 

20 70 150 ms 

250 450 750 ms 

100 ns 

50 95 150 ms 

2 4.2 7 ms 

25 70 150 ms 

16 24 ms 

85 100 200 ns 

30 100 300 ms 
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TIMING DIAGRAMS 

Tx+ 
Tx- ---<I 

TxTP+ 
TxTP- ----+---< 

Rn 
Rx-------< 

Figure 1. Transmit and Loopback Timing 

RxTP- )0;> 
~ C=tRXFX_k-

1+'="'-11__ IAR tAF _ 
XX-

Rx+ 
Rx------< 

Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 

TxTP+ ~ X VALID X DATA X X X TxTP-

RxTP+ 

RxTP-

COL+ 

COL-

Rx+ 

X X 
Tx 

X 
Tx RxTP RxTP RxTP 

Rx-

RxTP+ =x X X X X X x== VALID DATA 
RxTP-

TxTP+ E-b X X X x== DATA 
TxTP-

COL+ 

X X X x== CSO 
COL-

Figure 3. Collision Timing 

RxTP+ ==>I 
RxTP- I 

::::: =xr-V.-AU-O----X DATA X'-__ -'X'-__ ..... )>------------

LtsQEXR=:1 
~~~ ~ CSO >C=>-------------------

:: ~ Tx X Tx X Tx Xr-~T;X ---»).--------

Figure 4. Collision Timing 
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TIMING DIAGRAMS (Continued) 

4-76 

TxTP+ ==1 
TxTP- I 

::::: =X=V-ALID X DATA X'-__ ...JX'--__ /)-------
LISQEXT=:1 

~~~: =x CSO >C=>-----------------

::: ~~~_R-X_T_=_P_=_~=X RxTP X RxTP X RxTP X RxTP )>-------

~~~:~<,---,r= : L------m---
Figure 5. Collision Timing 

TxTP+ 

-cxc_~_Al_ID_D_M_A_...I)>--------------------
TxTP- - . 

I--<-ISQEI>V "I" ISQETD ~ 
COL+ ,..------______ 1 

---------~( CSO )--
COL- . . 

Figure 6. SQE Timing 

Tx+ eo VALID X 
1-

DATA 
Tx-

IIAD "I I'OT-I 
TxTP+ 

VALID I 
TxTP- DATA j 

J rllSQE COl+ 

CSO 
COL-

Figure 7. Jabber Timing 
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TIMING DIAGRAMS (Continued) 

RECEIVER FRAME 

::: ____ ........ ><==X »-------------
LINK PULSE I 

RxTP+ __________ ~r-----~---------------
RxTP- ~ 

I-I.---,LLT----., I 
LU ______________________ ~II-~-N-~-~-t-Jf-~-I~: 

I" lLYN, tLTX 'I RxTP+ 

( > ( 
KxTP- '---.->>-----

I" tuP 'I TxTP+ 

( > ( 
TxTP- '---.->>-----

l.tLTPW,1 

Figure 8. Link Pulse Timing 

TxTP+ 

~ TxTP-

14 ILEDT -I 
XMT 

RxTP+ 

~ ~ RxTP-

14 ItEDT -I 
Rev ~ I 

Figure 9. LED Timing 
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SYSTEM DESCRIPTION 
Figure 10 shows a typical block diagram of an external 
1 OBASE-T transceiver interface. On one side of the 
transceiver is the AU interface and the other is the twisted 
pair. The AU interface is AC coupled when used in an 
external transceiver or can be AC or DC coupled when 
used in an internal transceiver. The AU interface for an 
external transceiver includes isolation transformers, some 
biasing resistors, and a voltage converter for power. 

The twisted pair side of the transceiver requires external 
transmit and receive filters, isolation transformers, and 
terminating resistors. These components can be obtained 
in a single hybrid package from suppliers listed in figure 
12. The transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that lowers 
the amplitude of the SMHz component so that at the 
receiving end both the SMHz and 1 OMHz co~p<.>nents 
have the same amplitude. The external transmit ftlter 
smooths the edges of the signal before passing it onto the 
twisted pair. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and the 
receive low pass filter. Since this is an AC coupled input, 
the Bias pin is used to set the proper common mode 
voltage for the receive inputs. A pair of 500 resistors 
correctly terminate the receive pair and provide a 
common mode for the Bias voltage connection point. 

+5V 

t 
TxIN+ 

Vee t DO 

nt 

TxIN-

39n 

JII 
39 

l 
COL+ 

Cl 

COL-JII 
36 on 360n 

~ 

RxOUT+ Il 01 
RxOUT-JI 

360n GNO on 

~ ~ 

36 

TxTP+ 

TxTP-

RxTP+ 

BIAS 

RxTP-

AU INTERFACE 

The AU interface consists of 3 pair of signals, ~O, Cf and 
Of as shown in Figure 10. The DO pair contains transmit 
data from the OTE which is received by the transceiver 
and sent out onto the twisted pair. The Of pair contains 
valid data that has been either received from the twisted 
pair or looped back from the DO and output through the 
01 pair to the OTE. The CI pair indicates whether a 
transmit based collision has occurred. It is an output that 
oscillates at 10MHz. CI pair is also used for Jabber and 
SQE Test. 

The transceiver may be AC or DC coupled depending on 
the application. For the AC coupled interface, the DO 
input must be DC biased (shifted up in voltage) for the 
proper common mode input voltage. The BIAS pin serves 
this purpose. When DC coupled, the manchester encoder/ 
decoder transmit output pair provides this common mode 
voltage and the Bias pin is not connected. 

The two 3901% resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect the 
common mode bias voltage, and they provide the proper 
matching termination for the AUf cable. The CI and 01 
pair, which are output drivers from the transceiver to the 
AUI cable, require 3600 pull down resistors when 
terminated with a 780 load. However on a OTE card, CI 
and 01 do not need 780 terminating resistors. This also 
means that the pull down resistors on Cf and Of can be 
1 KO or greater depending upon the particular manchester 
encoder/decoder chip used. 

31 10 FILTER t 
: 50n l 

50n ~ 110 FILTER t 

Figure 10. System Block Diagram 

4-78 'Micro Linear 



The AUI drivers are capable of driving the full so meters 
of cable length and have a rise and fall time of typically 
3ns. The rise and fall times match to within 1 ns. In the 
idle state, the outputs go to the same voltage to prevent 
DC standing current in the isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the presence 
of data from the AUI DO input (Tx+, Tx-) and driving 
that data onto the transmit twisted pair (TxTP+, TxTP-). 
A positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in a positive signal on the 
TxTP+ lead of the chip with respect to the TxTP-lead. 

Before data will be transmitted onto the twisted pair from 
the AU interface, it must exceed the squelch requirements 
for t~e DO pair. The Tx squelch circuit serves the function 
of preventing any noise from being transmitted onto the 
twisted pair. This circuit rejects signals with pulse widths 
less than typically 20ns and voltage levels more positive 
than -17smV. Once the Tx squelch circuit has unsquelched, 
it looks for the start of idle signal to turn on the squelch 
circuit again. The transmitter turns on the squelch again 
when it receives an input signal at TX± that is more 
positive than -17smV for more than approximately 180ns. 

BINARY 

TxTP+ 
TxTP-

OUTPUT AFTER 
TRANSMIT FILTER 

INPUT INTO 
RECEIVER 

o 

ML4652, ML4658 
At the start of a packet transmission, no more than 2 bits 
are received from the DO circuit and not transmitted onto 
the twisted pair. The difference between start-up delays 
(bit loss plus steady-state propagation delay) for any two 
packets that are separated by 9.611s or less will not exceed 
200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 transformer 
where the center tap is tied to Vee (+SV). While one pin 
of the transmit pair (TxTP+, TxTP-) is pulled low, the other 
pin floats. The output pins to the twisted pair wires, TxTP+ 
and TxTP-, can drive a lOon, 1 son load, or a variety of 
impedances that are characteristic of the twisted pair wire. 
RTSET selects the current into the TxTP+, TxTP- pins. This 
current along with the characteristic impedance of the 
cable determines the output voltage. 

Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating impedances of 
the transmit and receive filter. The RTSET resistor can be 
selected as follows: 

RTSET = (RL /1 00) x 220n 

where RL is the characteristic impedance of the twisted 
pair cable. 

o o o 

Figure 11. Transmit Pre-Equalization Waveform 
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The transmitter incorporates a pre-equalization circuit for 
driving the twisted pair line. Pre-equalization 
compensates for the amplitude and phase distortion 
introduced by the twisted pair cable. The twisted pair line 
will attenuate the 10MHz signal more than the 5MHz 
signal. Therefore pre-equalization insures that both the 5 
and 1 OMHz components will be roughly the same 
amplitude at the far end receiver. 

The pre-equalization circuit reduces the current output 
when a 5MHz bit is being transmitted. After SOns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining SOns. Figure 11 illustrates 
the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAP1. The 
proper value for this one-shot is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAP1 
together. 

The transmitter enters the idle state when it detects start of 
idle on Tx+ and Tx- input pins. The transmitter maintains 
a minimum differential output voltage of at least 450mV 
for 250ns after the last low to high transition. The driver 
differential output voltage will then be within 50mV of OV 
within 45 bit times. 

RECEPTION 

The twisted pair receive data is transformer coupled and 
low pass filtered before it is fed into the input pins RxTP±. 
The input is differential with the common mode voltage 
set by the chip's Bias pin. At the start of packet reception 
from the twisted pair link, no more than 5 bits are received 
from the twisted pair cable and not transmitted onto the DI 
circuit. The first bit sent on the DI circuit may contain phase 
violations or invalid data, but all subsequent bits are valid. 

The receive squelch will reject the following signals on 
the RxTP+ and RxTP- inputs: 

1. All signals that produce a peak magnitude less than 
300mV. 

2. All continuous sinusoidal signals of amplitude less than 
6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp-p and either polarity, where the frequency is 
between 2MHz and 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a lOOns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the sinusoidal 
signal shall be at least 400ns. 

The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The.fourth receive 
squelch criteria exceeds the 10BASE-T requirements and 
enhances the performance of the receiver. The fourth 
squelch criteria prevents a false unsquelch caused by 
cross talk or noise typically found coupling from the 
phone lines onto the receive twisted pair. 

When the receive squelch is on during idle, the input 
voltage must exceed approximately ±450mV peak several 
times before unsquelch occurs. If the transmitter is 
inactive, the receiver has up to 5 bit times to unsquelch 
and output the receive data on the Rx+, Rx- pair. If the 
transmitter is active, the receive squelch extends the time 
it takes to determine whether to unsquelch. If the receiver 
unsquelches while the transmitter is active, a collision will 
result. Therefore the receive squelch uses the additional 
time to insure that a collision will not be reported as a 
result of a false receive squelch. 

After the receiver is unsquelched, the detection threshold 
is lowered to 275mV. Upon passing the receive squelch 
requirements the receive data propagates into the 
multiplexer and eventually passes to the Rx+ and Rx
outputs of the AU interface. The addition of jitter through 
the receive section is no more than ±1.5ns. 

While in the unsquelch state, the receive squelch circuit 
looks for the start of idle signal at the end of the packet. 
When start of idle is detected, receive squelch is turned 
on again. The proper start of idle occurs when the input 
signal remains above 300mV for 160ns. Nevertheless, if 
no transitions occur for 160ns, receive squelch is still 
turned on. 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision output. 
The collision output is a differential square wave matching 
the AUI specifications and capable of driving a 780 load. 
The frequency of the square wave is 1 OMHz ± 15% with a 
60/40 to 40/60 duty cycle. The collision oscillation turns 
on no more than 9 bit times after the collision condition 
begins, and turns off no more than 9 bit times after the 
collision condition is removed. The collision oscillator 
also is activated during SQE Test and Jabber. 

LOOPBACK 

The loopback function emulates a coax Ethernet 
transceiver where the transmit data sent by the DTE is 
looped back over the AUI receive pair. Many LAN 
controllers report the status of the carrier sense for each 
packet transmitted. The software can use this loopback 
information to determine whether a MAU is connected to 
the DTE by checking the status of carrier sense after each 
packet transmission. 
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When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 9 bit times. The data on the DI 
AUI pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP-, when entering the collision state. During a 
collision, if the receive data (RxTP+, RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx- will switch 
back to Tx+, Tx-. 

SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator will be activated for typically llJS. The 
SQE test will not be activated if the chip is in the link fail 
state, or the Jabber state. 

For SQE to operate, the SQEN pin must be tied to Vee or 
BIAS. The SQE test can be disabled by tying the SQEN pin 
to 1.2V or ground. This allows the chip to be interfaced to 
a repeater. 

JABBER FUNCTION 

The Jabber fu nction prevents a babbl i ng transm itter from 
bringing down the network. Within the transceiver is a 
Jabber timer that starts at the beginning of each 
transmission and resets at the end of each transmission. If 
the transmission lasts longer than 20ms the jabber logic 
disables the transmitter, and turns on the coli ision 
oscillator COL+, COL-. When Tx+ and Tx- finally go idle, 
a second timer measures 0.5 seconds of idle on Tx+ and 
Tx- before re-enabling the transmitter and turning off the 
collision oscillator. If transmission starts up again before 
0.5 seconds has expired, the timer is reset and measures 
another 0.5 seconds of idle time. 

Even though the transmitter is disabled during jabber, Link 
Pulses are still transmitted if the, Link Test is enabled. 

Jabber can be disabled by placing 1.2V on the SQEN/LTD/ 
JABD pin. This is useful for measuring jitter performance 
on the transm itter. 

LINK TEST FUNCTION 

Transmission - Whenever data is not being delivered to 
the twisted pair link, the idle signal is applied. The idle 
signal is a sequence of Link Pulses separated by a 16ms 
period of silence. The idle signal starts with a period of 
silence after a packet transmission ends. The link test 
pulse is a single high pulse with the same amplitude 
requirements as the data signal. 

Ml4652, Ml4658 
Reception - The transceiver monitors the receive twisted 
pair input for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 150ms, 
the transceiver enters the Link Test Fail state and inhibits 
transmission and reception. Link pulses received with the 
wrong polarity will be ignored and cause the chip to go 
into link test fail. 

A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTF pin if the 
transceiver is internal, or it can monitor loopback. If the 
MAU is on-board the LTF pin can be sampled to 
determine that the transceiver is in the link fail state. If the 
MAU is external the DTE can monitor carrier sense during 
transmission. A loss of carrier sense is an indication of 
Link Test Fail State, since in Link Test Fail, loopback is 
disabled. Note that jabber also disables loopback but with 
Jabber the collision signal will be on. 

When a packet, or two consecutive link test pulses is 
received from the twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive data 
being idle, and re-enable transmission and reception. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. 
In addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be considered 
as noise by the link test circuitry. 

POLARLITY CIRCUITRY 

The ML4652 offers polarity detection, while the ML4658 ..-
offers automatic polarity correction. The ML4652 and ..-
ML4658 are pin for pin compatible. The POLRD pin is 
used to report the status of the receive pair polarity. This 
pin reflects the true status of the receive polarity regardless 
of whether the part has autopolarity correction or not. 

Polarity Detection - ML4652 - The internal circuitry 
uses the start of idle signal to determine the receive 
polarity. With the correct receive polarity, the Start of Idle 
signal (the end of the frame) will remain above 300mV for 
more than 160ns. If the polarity is reversed, the Start of 
Idle signal will end with a negative voltage. 

The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. Without 
autopolarity correction, the part will remain in link test fail 
unless a frame is received or the correct polarity link 
pulses are received. 
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Automatic Polarity Correction - ML4658 - In the link 
OK state, receive polarity is updated when two 
consecutive frames are received with the same Start of 
Idle polarity. In the Link Test Fail state the part will use 
either the Start of Idle signal or link pulses to correct the 
receive polarity. 

In the case where the part is powered up with the receive 
polarity reversed and no frames are received, the part will 
go into Link Test Fail. After two link pulses are received 
with the same polarity, the part will exit Link Test Fail and 
correct the receive polarity. The POLRD pin will continue 
to reflect the true polarity of the receive pair. 

LED DRIVERS 

The ML4652, ML4658 have six LED drivers for transmit, 
receive, collision, Link Test Fail, reverse polarity, and 
jabber. The LEDs are normally off except for LTF which is 
normally on and active high. The LEDs are tied to their 
respective pins through a 51 on resistor to 5 Volts. 

The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEDs to be visible. When 
transmission or reception occurs, the LED XMT, RCVor 
CLSN status pins will activate low for lOOms. If another 
transmit, receive or collision condition occurs during the 
first lOOms, the LED timer will reset and begin timing 
again for lOOms. The LEDs will remain on for consecutive 
frames. The JAB, POLRD, and LTF LEDs do not have pulse 
stretchers on them since their conditions occur long 
enough for the eye to see. 

SEMI-STANDARD OPTION 

The ML4652 and ML4658 are designed using Micro 
Linear's Bipolar Tile Array technology. They use a special 
Tile Array, the FB3651, that was designed for Data 
Communications applications. As a result these parts are 
customizable, and can be modified to suit a specific 
customer application. Please contact your local 
representative or Micro Linear for more information on 
semi-standard options. 
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APPLICATION: EXTERNAL MAU 
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Figure 12. External MAU 
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APPLICATION: INTERNAL MAU 
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ORDERING INFORMATION 
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ORDERING NUMBER PACKAGE PIN COUNT AUTO-POLARITY 

ML4652CP Skinny DIP (P24N) 24 pins No 
ML4658CP Skinny DIP (P24N) 24 pins Yes 
ML4652CQ PLCC(Q28) 28 pins No 
ML4658CQ PLCC (Q28) 28 pins Yes 
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October 1990 

'Micro Linear ML4654 

10BASE-T Transceiver for Multi-Port Repeaters 

GENERAL DESCRIPTION 
The ML4654 10BASE-T Transceiver is a single chip cable 
line driver/receiver that provides all of the functionality 
required to implement an internal 10BASE-T Transceiver 
for a Multi-Port Repeater. The ML4654 provides a TIL 
interface well suited for Multi-Port Repeater control 
logic. 

The ML4654 uses a minimal number of external 
components, and fully conforms to the IEEE 802.3 
10BASE-T standard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior performance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 

The Transceiver easily interfaces to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link 
Function are fully integrated into the chi with 
enable/disable options. An autopolarity 
the polarity of the receive pair and 
corrects it if necessary. A polarity 
drive an LED reflects the true polarity 
pair. 

The ML4654 is available in a 20 pin 
as a surface mount 28 pin PLCC. 

BLOCK DIAGRAM 

Tx+ 

Tx-

TxEN 

CRS 

RxD_-+----< 

GND 

designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications applications. Semi-Standard 
options are available to suit a particular customer 
application. 

FEATURES 

VCcl+5V) 

"ith a status pin to 

unshielded twisted pair 
pair cable 

logic, with link Test Fail 
"~'''O,Ir'''''''''"'' option 

with enable/disable option 
20 pin skinny DIP or 28 pin PLCC 
option using Micro Linear's FB3651 

Tile Array 

TxCAPl 

TxCAPO 
TxTP+ 
TxTP-

JABIDIS 

POLOIS 

POlRD 
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August 1992 

'Micro Linear ML4661 

FOIRL Transceiver 

GENERAL DESCRIPTION FEATURES 
The ML4661 FOIRL transceiver combined with the _ Combined with the ML4621 or ML4622, offers a 
ML4621 or ML4622 fiber optic quantizers provides all complete implementation of an FOIRL Medium 
of the functionality required to implement both an Attachment Unit (MAUl 
internal and external IEEE B02.3 FOIRL MAU. The _ Incorporates an AU interface for use in an external 
ML4661 offers a standard IEEE B02.3 AU interface that MAU or an internal MAU 
allows it to be directly connected to industry standard _ Single +5 volt supply ± 10% 
manchester encoder/decoder chips or an AUI cable. _ No crystal or clock required 

The ML4661 provides a highly integrated solution that _ On-chip Jabber, 1MHz idle, and SQE Test with 
requires a minimal number of external components, enable/disable option 
and is compliant to the IEEE B02.3 FOIRL standard. The , .' Five network status LED outputs 
tr~nsmitt~r offers.a current dri~en output that dir,:ctlY'~' .. ,A¥ail\lble in a 2B-pin PLCC package 
~rlves a fiber optiC LED trans~ltter. Jabber, 1MHz Idl.e ,,:" ".;,Seroktandard ,option using Micro Linear's FB3651 
signal, and SQE Test are fully Integrated onto the ChiP::, 'I '" , iAN' TransceiVE;r !tIe Array 

The receiver accepts an EeL level input coming from" 
the ML4621 or ML4622 fiber optic quantizers. The .~:: "" 
1MHz idle signal is removed and the AUI output is ":, 
activated when the receive squelch criteria is ,: " , .' ," 
exceeded. A Link Monitor function is also pr,ovi~:(o~ ,',' 
low light detection. " ," ' .... ,' 
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'Micro Linear 

GENERAL DESCRIPTION 
The Ml4662 10Base-Fl transceiver combined with the 
Ml4622 or ML4624 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and external IEEE 802.3 10Base-FL MAU. The 
Ml4662 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI cable. 

The Ml4662 provides a highly integrated solution that 
requires a minirnal number of external components, 
and is compliant to the IEEE 802.3 10Base-FL standard. 
The transmitter offers a current driven output that 
directly drives a fiber optic lED transmitter. Jabber, 
1MHz idle signal, and SQE Test are fully integrated 
onto the chip. 

The receiver accepts an ECl level input coming from 
the ML4622 or ML4624 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor function is also provided for 
low light detection. 

BLOCK DIAGRAM +5V 

SQEN/JABD 

May 1992 

ML4662 

10BASE-FL Transceiver 

FEATURES 
• Combined with the ML4622 or ML4624, offers a 

complete implementation of an 10Base-FL Medium 
Attachment Unit (MAU) 

• Pin compatible with the ML4661 FOIRL Transceiver 
• Incorporates an AU interface for use in an external 

MAU or an internal MAU 
• Single +5 volt supply ± 10% 
• No crystal or clock required 
• On-chip Jabber, 1MHz idle, and SQE Test with 

enable/disable option 
• Five network status LED outputs 
• Available in a 28-pin PCC package 
• Semi-standard option available 
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PIN DESCRIPTION 
PIN II NAME FUNCTION PIN II NAME FUNCTION 

1 CLSN Indicates that a collision is taking 19 NC/PEAK Normally this pin can be left 
place. Active low LED driver, open floating. (tying it to GND or Vee is 
collector. Event is extended with OK too.) Some fiber optic LEOs 
internal timer for visibility. may need an additional peaking 

2 COL+ Gated 10MHz oscillation used to circuit to speed-up the rise and 

3 COL- indicate a collision, SQE test, or fall times. For this case, tie pin 19 

jabber. Balanced differential line (NC/PEAK) to pin 18 (TxOUT). 

driver outputs that meet AUI When using the HP HFBR 1414, let 

specifications. pin 19 float. Using the peaking 
circuit may deteriorate optical 

4 SQEN/JABD SQE Test Enable, Jabber Disable. overshoot and undershoot 
When tied low, SQE test is 

20 GND Ground Reference. disabled, when tied high SQE test 
is enabled. When tied to BIAS 21 GND Ground Reference. 
both SQE test and Jabber are 22 LMONIN link Monitor Input from the 
disabled. ML4622 or ML4624. This input 

5 GND Ground Reference. must be low (active) for the 

6 Rx+ Manchester encoded receive data receiver to unsquelch. 

7 Rx- output to the local device. 23 LBDIS Loopback Disable. When this pin 
Balanced differential line driver is tied to Veo the AUI transmit 
outputs that meet AUI pair data is not looped back to 
specifications. the AUI receive pair, and collision 

8 Vee +5 Volt power input is disabled. When this pin is tied 

9 Vee to GND (normal operation), the 
AUI transmit pair data is looped 

10 Tx+ Balanced differential line receiver back to the AUI receiver pair. 
11 Tx- inputs that meet AUI 

24 LMON link Monitor LED status output. specifications. These inputs may 
be transformer, AC or DC This pin is pulled low when 

coupled. When transformer or AC LMONIN input is low and there 

coupled, the BIAS pin is used to are transitions on RxIN± 

set the common mode voltage. indicating an idle signal or active 
data. If either LMONIN goes high 

12 RTSET Sets the current driven out of the or transitions cease on RxIN±, 
transmitter. LMON will go high. Active low 

13 RRSET A 1% 61.9 Kn resistor tied from LED driver, open collector. 
this pin to Vee sets the biasing 25 RxIN- Fiber Optic receive pair. This ECL 
currents for internal nodes. 26 RxIN+ level signal is received from the 

14 NC No Connection. ML4622 or ML4624 fiber optic 

15 XMT Indicates that transmission is quantizer. When this Signal 

taking place. Active low LED exceeds the receive squelch 

driver, open collector. Event is requirements, and the LMONIN 

extended with internal timer for input is low, the receive data is 

visibility. buffered and sent to the AUI 

16 RCV Indicates that the transceiver is 
receive outputs. 

receiving a frame from the optical 27 BIAS BIAS output voltage for the AUI 

input Active low LED driver, open Tx+, Tx- inputs when they are AC 

collector. Event is extended with coupled. 

internal timer for visibility. 28 JAB Jabber network status LED. When 

17 VeeTx +5 volt supply for LED driver. in the Jabber state, this pin will be 
low and the transmitter will be 

18 TxOUT Fiber optic LED driver output disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TIL output 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power Supply Voltage Range Supply Voltage (Ved .............................. 5V ± 10% 
Vee ............................................. -0.3 to 6V LED on Current ..................... . . . . . . . . . . . . . . . . .. 10mA 

Input Voltage Range 
Digital Inputs (SQEN, LMON1N, LBDIS) ......... -0.3 to Vee 

RRSET .......................................... 61.9KO ± 1% 
RTSET ........................................... 16m ± 1% 

Tx+, Tx-, RxIN+, RxIN- ........................ -0.3 to Vee 
Input Current 

RRSET, RTSET, JAB, CLSN, )(MT, RCV, LMON ......... 60mA 
Output Current 

TxOUT .............................................. 70mA 
Storage Temperature ...................... -65° C to +150°C 
Lead Temperature (Soldering 10 seconds) .............. 260°C 

ELEORICAL CHARAOERISTICS 
Unless otherwise specified, TA = O°C to 70°C, Vee = 5V ± 10% (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current lee: Vee = Sv, RTSET = 1620 rnA 
While Transmitting (Note 4) 200 

LED Drivers: VOl 1m = 10mA (Note S) 0.8 V 

Transmit Peak Output Current (Note 6) RTSET = 16m, 47 S2 60 mA 
Vee = VeeTx = SV ± S% 

Transmit Squelch Voltage Level (Tx+, Tx-) -300 -2S0 -200 mV 

Common Mode Input Voltage (Tx±, RxIN±) 2 Vee - 0.5 V 

Differential Output Voltage (Rx±, COL±) ±SSO ±1200 mV -Common Mode Output Voltage (Rx±, COL±) 4.0 V 

Differential Output Voltage Imbalance ±40 mV 
(Rx±, COL±) 

BIAS Voltage 3.2 V 

SQE/JABD SQE Test Disable .3 V 
Jabber Disable 1.5 Vee - 2 
Both Enabled Vee - 0.5 

LBDIS Threshold Disabled Vee -0.10 V 
Enabled 1 
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AC ELECTRICAL CHARACTERISTICS 
SYMBOL I PARAMETER MIN TYP MAX UNITS 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 20 ns 

tTXFPW Transmit Turn-Off Pulse Width from Data to Idle 400 2100 ns 

tTXlP Transmit loopback Startup Delay 500 ns 

tTXODY Transmitter Turn-On Delay 100 ns 

tTXIDF Transmit Idle Frequency 0.85 1.25 MHz 

tTxDC Transmit Idle Duty Cycle 45 55 % 

tTXSDY Transmit Steady State Propagation Delay 15 50 ns 

tTX! Transmitter Jitter into 310 load ±1.5 ns 

Receive 

tRXSFT Receive Squelch Frequency Threshold 2.51 4.5 MHz 

tRXODY Receive Turn-On Delay 250 ns 

tRXFX last Bit Received to Slow Decay Output 230 300 ns 

tRXSDY Receive Steady State Propagation Delay 15 50 ns 

tRXI Receiver Jitter ±1.5 ns 

tAR Differential Output Rise Time 20% to 80% (Rx±, COl±) 4 ns 

tAF Differential Output Fall Time 20% to 80% (Rx±, COl±) 4 ns 

Collision 

tCPSQE Collision Present to SQE Assert 0 350 ns 

tSQEXR Time for SQE to Deactivate After Collision 0 700 ns 

tClF Collision Frequency 8.5 11.5 MHz 

tClPDC Collision Pulse Duty Cycle 40 50 60 % 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 J1S 

tSQETD SQE Test Duration 0.5 1.0 1.5 f.ls 

Jabber and LED Timing 

tlAD Jabber Activation Delay 20 70 150 ms 

tlRT Jabber Reset Unjab Time 250 450 750 ms 

tlSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tlED RCV, ClSN, XMIT On Time 8 16 32 ms 

tllPH Low light Present to LMON High 3 5 10 J1S 

tllCl low light Clear to lMON low 250 750 ms 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 

4-90 

Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Low Duty Cycle pulse testing is performed at TA• 

This does not include the current from the AUf pull down reSistors, or LED stalus outputs. 
LED drivers can sink up to 20mA, but VOl will be higher. 
Does not include prebias current for fiber optic LED which would typically be 3mA. 
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ML4662 

SYSTEM DESCRIPTION 
Figure 1 shows a schematic diagram of the ML4662 in 
an internal or external 10Base-FL MAU. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4622 or ML4624 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4622/ML4624 fiber 
optic quantizer. 

AU INTERFACE 

The AUI interface consist of 3 pair of signals, DO, CI 
and 01 as shown in figure 1. The DO pair contains 
transmit data from the OTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
DI pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the DI pair to the 
DTE. The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 
When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
termination for the AUI cable. The CI and DI pair, 
which are output from the transceiver to the AUI cable, 
require 3600 pull down resistors when terminated with 
a 780 load. However on a DTE card, CI and DI do not 
need 780 terminating resistors. This also means that the 
pull down resistors on CI and 01 can be 1 KO or 
greater depending upon the particular manchester 
encoder/decoder chip used. Using higher value pull 
down resistors as in a OTE card will save power. 

The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 4ns: In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx-, the ML4662 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUI interface, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the fiber. This circuit rejects 
signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -250mY. Once 
Tx squelch circuit has unsquelched, it looks for the 
start of idle signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when it 
receives an input signal at TxIN± that is more positive 
than -2S0mV for more than approximately 180ns. 

At the start of a packet transmission, no more than 1 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6ps 
or less will not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined, the 
RTSET resistor is selected. The following equation is 
used to select the correct RTSET resistor: 

RTSET = (S2mA)162Q 
loUT 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the VeeTx pin during the off 
cycle as shown in figure 2. Since the sum of the current 
in these two pins is constant, VeeTx should be 
connected as close as possible to the Vee connection 
for the LED. 

VccT. T.OUT 

Figure 2. Fiber Optic LED Driver Structure. 
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510 510 RTSET· 5600 

lOUT· 15.9mA 

VeeTx TxOUT 

Figure 3. Converting Optical LED Driver Output to 
Differential ECL 

If not driving an optical LED directly, a differential 
output can be generated by tying resistors from Vee T x 
and TxOUT to Vee as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
Vee - 2V. 

RECEPTION 

The input to the transceiver comes from the ECL 
outputs of the ML4622 or ML4624. At this point it is a 
clean digital ECL signal. At the start of packet reception 
no more than 2.5 bits are received from the fiber cable 
and not transmitted onto the 01 circuit. The receive 
squelch will reject frequencies lower than 2.51MHz and 
any receive input if the LMONIN pin is high. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When start of idle is 
detected, the receive squelch circuit returns to the 
squelch state and the start of idle signal is output on 
the 01 circuit (Rx+, Rx-). 

COlliSION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output, except when loopback is disabled (LBDIS = Ved. 
The collision output is a differential square wave 
matching the AUI specifications and capable of driving 
a 780 load. The frequency of the square wave is 
10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillator also is activated during SQE Test and 
Jabber. 

LOOPBACK 

The loopback function emulates a 10Base-T transceiver 
whereby the transmit data sent by the DTE is looped 
back over the AUI receive pair. Some LAN controllers 
use this loopback information to determine whether a 
MAU is connected by monitoring the carrier sense 
while transmitting. The software can use this loopback 
information to determine whether a MAU is connected 
to the DTE by checking the status of carrier sense after 
each packet transmission. 

ML4662 

When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on and the data on the 01 pair will 
follow RxIN±. After a collision is detected, the collision 
oscillator will remain on until either DO or RxIN go 
idle. 

Loopback can be disabled by strapping LBDIS to 
Vee. In this mode the chip operates as a full 
duplex transmitter and receiver, and collision detection 
is disabled. A loopback through the transceiver can be 
accomplished by tying the fiber transmitter to the 
receiver. 

SQE TEST FUNalON (SIGNAL QUALITY ERROR) 

The SQE test function allows the DIE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1ps. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vee. 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNalON REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the __ 
transceiver is a Jabber timer that starts at the beginning .... 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL-. When Tx+ and Tx-
finally go idle, a second timer measures 0.5 seconds of 
idle time before the transmitter is enabled and collision 
is turned off. Even though the transmitter is disabled 
during jabber, the 1MHz idle signal is still transmitted. 

LED DRIVERS 

The ML4662 has five LED drivers. The LED driver pins 
are active low, and the LEOs are normally off. The LEOs 
are tied to their respective pins through a 5000 resistor 
to 5 Volts. 

The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEOs to be visible. When 
transmission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli
seconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED 
timer will reset and restart the timing. Therefore J:ill>id 
events will leave the LEOs continuously on. The JAB 
and LMON LEOs do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 
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LOW LIGHT CONDITION 

The LMON LED output is used to indicate a low light 
condition. lMON is activated low when both lMONIN 
is low and there are transitions on RxIN± less than 3ps 
apart. If either one of these conditions do not exist, 
lMON will go high. 

DIFFERENCES BETWEEN 10BASE-FL AND FOIRL 

10Base-Fl is an improved version of the original FOIRl 
standard. The 10Base-Fl standard allows backward 
compatibility of a 10Base-Fl transceiver with a FOIRl 
transceiver. The main improvements incorporated into 
10Base-Fl are that it can attach to a OTE by adding the 
SQE test, and the distance has been increased from 
1Km to 2Km. The other differences are much more 
subtle. 

1. SQE Test: The FOIRl standard did not include the 
option of attaching a fiber transceiver to a OTE. Adding 
the SQE test to 10Base-Fl enables a 10Base-Fl 
transceiver to attach to a OTE. Micro linear's Ml4661 
FOIRl transceiver has a SQE test, but this is beyond 
the scope of the FOIRl standard. 

2. 0 to at Least 2Km Distance: The FOIRl standard 
specifies a 1 Km distance while 10Base-Fl specifies 2Km. 
The additional 1Km distance for 10Base-Fl comes from 
an increased flux budget for the cable of 3.5dB. This 
3.SdB increase came from an increase of 2.SdB 
sensitivity for the receiver and a 1dB improvement for 
the transmitter. The following table illustrates the 
transmit and receive power requirements for the two 
standards. Note: FOIRl specifies optical power in peak 
and 10Base-Fl specifies it in average. Subtracting 3dB 
from peak will give the average. In the table below the 
FOIRl specifications were converted from peak to 
average power. 

Transmit/Receive 1 I I Average Power MIN MAX Conditions 

FOIRL 

Transmitter I -12dBm I -21dBm I 
Receiver I -12dBm I -30dBm I BER < 10-10 

10Base-FL 

Transmitter I -12dBm I -20dBm I 
Receiver I -12dBm I -32.5dBm I BER < 10-9 

3. MAU State Diagrams are Different: The state diagrams 
for 10Base-Fl are similar to 10Base-T, while the state 
diagrams for FOIRl are slightly different. The 
differences are in the AUI loopback, and in the link 
integrity function. 

AUI Loopback - In 10Base-Fl, the DO to 01 
loopback is always disabled during a collision, and 
optical receive data is passed through to 01. For 
FOIRl there are some cases where loopback 
continues (i.e. DO looped to 01) during a collision, 
and others where loop back is disabled during a 
collision. 10Base-Fl is identical to 10Base-T in this 
case. Please refer to the IEEE standards for greater 
detail. 

Link Integrity - 10Base-Fl adds an additional state to 
the link Integrity Test function that will not allow an 
exit from the low light State until both the 
transmitter and receiver are idle. In FOIRl it is 
possible to exit from the low light State while still 
receiving data. 

MAU Timing Differences - The timing differences 
between 10Base-Fl and FOIRl relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 

TIming Parameter 
Differences 

ORD~nput to input on DI 

Steady State Prop Delay 

Start-up Delay 

output on DO to OTD-Output 

Steady State Prop Delay 

Start-up Delay 

Collision Deassert to 
SQE Deassert minimum 

OTD - Optical Transmit Data 
ORO - Optical Receive Data 
01, DO, CI - AUI Interface Signals 

FOIRL 108ase-FL 
(bit times) (bit times) 

0.5 2 

3.5 5 

0.5 2 

3.5 5 

4.5 0 
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TIMING DIAGRAMS 

Tx+ 

Tx-

TxOUT 

-->-Rx+ 
----< 

Rx-

Figure 4. Transmit and Loopback Timing 

RxIN+ 

RxIN-

Rx+ 

Rx-

Figure 5. Receive Timing 
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TxOUT 

~-x X X X )C:= DATA 

COL+ ~b X X X )C:= cso 
COL-

Figure 6. Collision Timing 
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TIMING DIAGRAMS (Continued) 

4-96 

RxIN+~ 
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::~:=x (SO d~---------------

:~~ Rx X Tx X Tx X Tx ) 

Figure 7. CoI&sion liming 

T.oUT ::::>, 

RxIN+ I 
) ~ VAlID X D\TA X X RxIN-:::)(:--a 

Rx+ X X X X ) RxIN RxIN RxIN RxIN RxIN 
Rx-

FIgUre 8. Collision liming 

TxOUT-Q VAlID IWA 

l1=-~ :~--------------~< ____ ~CSO~ ____ ~)~---

Figure !l SQE Tuning 
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Figure 10. Jabber Timing 
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Figure 11. LED Timing 
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ORDERING INFORMATION 

PART NUMBER PIN COUNT PACKAGE 

ML4662CQ 28 Pins Molded PCC (Q28) 
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GENERAL DESCRIPTION 

The ML4662EVAL is an external MAU designed to 
evaluate the ML4662 FOIRU1 OBASE-FL transceiver and 
the ML4622 fiber optic quantizer. The board interfaces to 
the AUI port through the transformer and to the fiber optic 
cable through the HP fiber optic transmitter and receiver. 

FEATURES 

• Jumper switches to enable or disable Loop Back. 

• Jumper switches to enable or disable SQE and Jabber 
functions. 

• Capable of adjusting the receive sensitivity. 

• 6 status LEOs. 

• Current consumption: 260-290mA Typically 

BLOCK DIAGRAM 

AU' 

00 

1---,0",-'_-1 PULSE I------t 
1-----1 64103 I------t 

c' 

+5V 

GNO 

+VRF 
-VRF 

+5V 

July 1992 

ML4662EVAL 

10BASE-FL Evaluation Kit 

KIT COMPONENTS 

The ML4662EVAL kit includes the following items to help 
the customer speed their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts I ist of the 
ML4662EVAL. 

• HFBR1414: HP fiber Optic LED transmitter. 

• HFBR2416: HP fiber optic pin diode receiver. 

• One 28 pind sockets for the ML4662. 

• ML4662CQ: 10BASE-FL transceiver. 

• ML4622CP: Fiber Optic quantizer. 

• PE641 03: PULSE AUI coupling transformer. 

• AUI CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: Includes the following items: 

• Demo board description. 

• Block Diagram of the DEMO board. 

• Schematic of the demo board. 

• Layout of the demo board. 

• Parts list of the ML4662EVAL. 

GNO 

+5V 

Ml4662 HFBR 
1414 

Ml4622 

GNO 

HFBR 
2416 
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ML4663 

Single Chip 10BASE-FL Transceiver 

GENERAL DESCRIPTION 
The ML4663 Single Chip 1 OBASE-FL Transceiver 
integrates both a ML4662 1 OBASE-FL Transceiver with a 
ML4622 Fiber Optic Data Quantizer to implement a 
highly integrated solution for 10BASE-FL transceivers. 
ML4663 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI connector. 

The ML4663 provides a highly integrated solution that 
requires a minimal number of external components, and is 
compliant to the IEEE 802.3 1 OBASE-FL standard. The 
transmitter offers a current drive output that directly drives 
a fiber optic LED transmitter. The receiver offers a highly 
stable fiber optic data quantizer capable of accepting 
input signals as low as 2mVp_p with a 55dB dynamic 
range. 

The transmitter automatically inserts 1 MHz signal during 
idle time and removes this signal on reception. Low Light 
is continuously monitored for both activity as well as 
power level. Five LED status indicators monitor error 
conditions as well as transmissions, receptions and 
collisions. 

BLOCK DIAGRAM 

h+ 

Tx-

COL+ 

COL-

Rx+ 

Rx-

SQEN/IABD 

FEATURES 

• Single chip solution for 10BASE-FL internal or external 
Medium Attachment Units (MAUs) 

• Incorporates an AU interface 

• Highly stable data quantizer with 55dB input 
dynamic range 

• Input sensitivity as low as 2mVp_p 

• Current driven fiber optic LED driver for accurate 
launch power 

• Single +5 volt supply 

• No crystal or clock required 

• Five network status LED outputs 

• Available in 28 pin PCC package 

• Semi-Standard option available 

+5V 

1-------t-TxOUT 

CnMER 

XMT 
RCV 
CLSN 

lAB 
LMON 

1---+-........ --!-VIN+ 
I-_._-+-----!-V'N-

VIE, 

1-2:===-+ VTHADJ 
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PIN CONNECTION 

28-Pin pcc Q-28 

ei ..I ~ I~ ~ :!! + 
;:: 0 I~ 

z 
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4 3 2 1 28 27 26 
SQENIJABD V'N-

Rx+ AGND 

Rx- VTHAOI 

LBO'S VREF 

Vee 21 Voe 

Tx+ GNO 

Tx- GNO 
13 14 15 16 17 

t;; t;; 

I~ I~ I~ ~ 
.... 

<II i:l 
:l 

l< 0 co ~ 

-
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PIN DESCRIPTION 

PIN NAME FUNCTION PIN NAME FUNCTION 

CLSN Indicates that a collision is taking 15 XMT Indicates that transmission is taking 
place. Active low LED driver, open place. Active low LED driver, open 
collector. Event is extended with collector. Event is extended with 
internal timer for visibility. internal timer for visibility. 

2 COL+ Gated 10MHz oscillation used to 16 RCV Indicates that the transceiver is 
3 COL- indicate a collision, SQE test, or receiving a frame from the optical 

jabber. Balanced differential line input. Active low LED driver, open 
driver outputs that meet AUI collector. Event is extended with 
specifications. internal timer for visibility. 

4 CTIMER A capacitor from this pin to Vee 17 VeeTx +5 volt supply for fiber optic LED 
determines the Link Monitor driver. 
response time. 

18 TxOUT Fiber optic LED driver output. 
5 SQEN/JABD SQE Test Enable, Jabber Disable. 

19 GND Ground Reference. When tied low, SQE test is disabled, 
when tied high SQE test is enabled. 20 GND Ground Reference. 
When tied to 2.0V both SQE test and 

21 VDe An external capacitor on this pin Jabber are disabled. 
integrates an error signal which 

6 Rx+ Manchester encoded receive data nulls the offset of the input 
7 Rx- output to the local device. Balanced amplifier. If the DC feedback loop is 

differential line driver outputs that not being used, this pin should be 
meet AUI specifications. connected to VREF. 

8 LBDIS Loopback Disable. When this pin is 22 VREF A 2.5V reference with respect to 
tied to Vee, the AUI transmit pair GND. 
data is not looped back to the AUI 

23 VTHADJ This input pin sets the link monitor receive pair, and collision is disabled. 
When this pin is tied to GND threshold. 

(normal operation) or left floating, the 24 AGND Analog Filtered Ground. 
AUI transmit pair data is looped back 

25 VIN- This input pin should be to the AUI receiver pair, except 
during collision. capacitively coupled to the input 

source or to filtered AVee. (The 
9 Vee +5 volt power input. input resistance is approximately 

10 Tx+ Balanced differential line receiver l.3kil.) 

11 Tx- inputs that meet AUI specifications. 26 VIN+ This input pin should be 
These inputs may be transformer or capacitively coupled to the input 
capacitively coupled. The Tx input source or to filtered AVee. (The 
pins are internally DC biased for AC input resistance is approximately 
coupling. 1.3kQ.) 

12 RTSET Sets the current driven output of the 27 AVee Analog Filtered +5 volts. 
transmitter. 

JAB Jabber network status LED. When in 28 
13 RRSET A 1% 61.9kQ resistor tied from this the Jabber state, this pin will be low 

pin to Vee sets the biasing currents and the transmitter will be disabled. 
for internal nodes. In the Jabber "OK" state this pin will 

14 LMON Link Monitor "Low Light" LED status be high. Active low LED, open 

output. This pin is pulled low when collector. 

the voltage on the VIN+, VIN- inputs 
exceed the minimum threshold set by 
the VTHADJ pin, and there are 
transitions on VIN+, VIN- indicating 
an idle signal or active data. If either 
the voltage on the VIN+, VIN- inputs 
fall below the minimum threshold or 
transitions cease on VIN+, VIN-, 
LMON will go high. Active low LED 
driver, open collector. 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

OPERATING CONDITIONS 

Power Supply Voltage Range Supply Voltage (Ved ........................................... sv ± 5% 
Vee ............................................................................... -0.3 to 6V LED on Current ....................................................... 10mA 

Input Voltage Range RRSET .......................................................... 61.9kO± 1% 
Digital Inputs (SQEN, LBDIS) ...................... -0.3 to Vee RTSET .............................................................. 11s0± 1% 
Tx+, Tx-, VIN+, VIN- ................................... -0.3 to Vee 

Input Current 
RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON ...... 60mA 

Output Current 
TxOUT ................................................................ 70mA 

Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (soldering 10 sec) ........................ 260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = DOC to 70°C, Vee = Vee Tx = sV ± 5% (Note 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current Icc: 
While Transmitting Vee = 5V, RTSET = 1150 (Note 4) 220 mA 

LED Drivers: Vee IOL = 10mA (Note 5) 0.8 V 

Transmit Peak Output Current (Note 6) RTSET= 1150 47 52 57 mA 

Transmit Squelch Voltage Level (fx+, Tx-) -300 -250 -200 mV 

Differential Output Voltage (Rx±, COli) ±550 ±1200 mV 

Common Mode 
Output Voltage (Rx±, COL±) 4.0 V 

Differential Output 
Voltage Imbalance (Rx±, COL±) ±40 mV 

SQEiJABD SQE Test Disable 0.3 V 
Both Disabled 1.5 Vee- 2 V 
Both Enabled Vee- 0.5 V 

LBDIS Threshold Disabled Vee- 0.1 V 
Enabled 1 V 

Common Mode Voltage (Tx+, Tx-) 3.5 V 

Common Mode Voltage (VIN+, VIN-) 1.65 V 

Reference Voltage 2.30 2.45 2.60 V 

VREF Output Source Current 5 mA 

Amplifier Gain 100 VN 

Input Signal Range 2 1600 mVp_p 

External Voltage at VTHADJ to Set VTH 0.5 2.7 V 

Input Offset VDe = VREF (DC loop active) 3 mV 

Input Referred Noise 50MHz BW 25 IlV 

Input Resistance VIN+, VIN- 0.8 1.3 2.0 kO 

Input Bias Current of VTHADJ -200 10 +200 J.1A 
Input Threshold Voltage VTHADJ = VREF (Note 7) 5 6 7 mVp_p 

Hysteresis 20 % 
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AC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER MIN TYP MAX UNITS 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 20 ns 

tTxFPW Transmit Turn-Off Pulse Width from Data to Idle 400 2100 ns 

tTXlP Transmit loopback Start-up Delay 500 ns 

tTxODY Transmit Turn-On Delay 100 ns 

tTXIDF Transmit Idle Frequency 0.85 1.25 MHz 

tTXDC Transmit Idle duty Cycle 45 55 % 

tTXSDY Transmit Steady State Propagation Delay 15 50 ns 

tTXJ Transmit Jitter into 31 Q Load ±1.5 ns 

Receive 

tRXSFT Receive Squelch Frequency Threshold 2.51 4.5 MHz 

tRxODY Receive Turn-On Delay 270 ns 

tRXFX Last Bit Received to Slow Decay Output 230 300 ns 

tRXSDY Receive Steady State Propagation Delay 15 50 ns 

tRXJ Receive Jitter ±1.5 ns 

tAR Differential Output Rise Time 20% to 80% (Rx±, COL±) 4 ns 

tAF Differential Output Fall Time 20% t080% (Rx±, COL±) 4 ns 

Collision 

tCPSQE Collision Present to SQE Assert 0 350 ns 

tSQEXR Time for SQE to Deactivate After Collision 0 700 ns 

tClF Collision Frequency 8.5 11.5 MHz 

tClPDC Collision Pulse Duty Cycle 40 50 60 % 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 ~s 

tSQETD SQE Test Duration 0.5 1.0 1.5 ~ 

Jabber and LED Timing 

tJAD Jabber Activation Delay 20 70 150 ms 

tJRT Jabber Reset Unjab Time 250 450 750 ms 

tJSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tlED RCV, CLSN, XMT On Time 8 16 32 ms 

tllPH Low Light Present to LMON High 3 5 10 ~s 

tllCl Low Light Present to LMON Low 250 750 ms 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: low Duty Cycle pulse testmg IS performed at TA. 
Note 4: This dose not include the current from the AU) pull-down resistors, or LED status outputs. 
Note 5: LED drivers can sink up to 20mA, but VOL Will be higher. 
Note 6: Does not include pre-bias current for fiber optiC LED which would typically be 3mA. 
Note 7: Threshold for switchmg from link Fail to Lmk Pass (Low light). 
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ML4663 

SYSTEM DESCRIPTION 

Figure 1 shows a schematic diagram of the ML4663 in an 
internal or external 1 OBASE-FL MAU. On one side of the 
transceiver is the AU interface and the other is the fiber 
optic interface. The AU interface is AC coupled when 
used in an external transceiver or an internal transceiver. 
The AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regu lator for power. 

The fiber optic side of the transceiver requires an external 
fiber optic transmitter and fiber optic receiver. The 
transmitter uses a current driven output that directly drives 
the fiber optic transmitter. The receive side of the 
transceiver accepts the data after passing through a fiber 
optic receiver, which consists of a module containing a 
pin diode and a transimpedance amplifier. 

AU INTERFACE 

The AU interface consist of 3 pair of signals, DO, CI and 
DI as shown in figure 1. The DO pair contains transmit 
data from the DTE which is received by the transceiver 
and sent out onto the fiber optic cable. The DI pair 
contai ns val id data that has been either received from the 
fiber optic cable or looped back from the DO and output 
through the DI pair to the DTE. The CI pair indicates 
whether a collision has occurred. It is an output that 
oscillates at 1 OMHz if a collision, Jabber or SQE Test has 
taken place, otherwise it remains idle. 

When the transceiver is external, these three pairs are AC 
coupled through isolation transformers, while an internal 
transceiver may be capacitively coupled. Tx+, Tx- is 
internally DC biased (shifted up in voltage) for the proper 
common mode input voltage. 

The two 39Q 1 % resistors (or one 78Q 1 % resistor) tied to 
the Tx+ and Tx- pins will provide the proper termination. 
The CI and DI pair, which are output from the transceiver 
to the AUI cable, require 360Q pull down resistors when 
terminated with a 78Q load. However on a DTE card, CI 
and DI do not need 78Q terminating resistors. This also 
means that the pull down resistors on CI and DI can be 
1 kQ or greater depending upon the particular Manchester 
encoder/decoder chip used. Using higher value pull down 
resistors as in a DTE card will save power. Refer to 
Application Note 13 for a more detailed explanation of 
the AUI pull-down resistors. 

The AUI drivers are capable of driving the full 50 meters 
of cable length and have a rise and fall time of typically 
4ns. In the idle state, the outputs go to the same voltage to 
prevent DC standing current in the isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the presence of 
data from the AUI DO input (Tx+, Tx-) and driving that 
data onto the fiber optic LED transmitter. A positive signal 
on the Tx+ lead relative to the Tx-Iead of the DO circuit 
will result in no current, hence the fiber optic LED is in a 
low light condition. When Tx+ is more negative than Tx-, 
the ML4663 will sink current into the chip and the fiber 
optic LED will light up. 

Before data will be transmitted onto the fiber optic cable 
from the AUI interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the fiber. This circuit rejects signals with 
pulse widths less than typically 20ns (negative going), or 
with levels less than -250mV. Once Tx squelch circuit has 
unsquelched, it looks for the start of idle signal to tum on 
the squelch circuit again. The transmitter turns on the 
squelch again when it receives an input signal at Tx+, Tx
that is more positive than -250mV for more than 
approximately 180ns. 

At the start of a packet transmission, no more than 2 bits 
are received from the DO circuit and not transmitted onto 
the fiber optic cable. The difference between start-up 
delays (bit loss plus steady-state propagation delay) for 
any two packets that are separated by 9.611s or less will 
not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking current 
through the LED into the TxOUT pin. Once the current 
requirement for the LED is determined, the RTSET resistor 
is selected. The following equation is used to select the 
correct RTSET resistor: 

RTSET = (52mA)115Q 
loUT 

The transmitter enters the idle state when it detects start of 
idle on Tx+ and Tx- input pins. After detecting the start of 
idle the transmitter switches to a 1 MHz output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the Vee Tx pin during the off cycle 
as shown in figure 2. Since the sum of the current in these 
two pins is constant, VeeTx should be connected as close 
as possible to the Vee connection for the LED. 

If not driving an optical LED directly, a differential output 
can be generated by tying resistors from VeeTx and 
TxOUT to Vee as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
Vee- 2Y. 

Figure 2. Fiber Optic LED Driver Structure. 
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RTSET = 560n 
lOUT = 15.9mA 

Figure 3. Converting Optical LED Driver Output to 
Differential Eel. 

RECEPTION 

The input to the transceiver comes from a fiber optic 
receiver as shown in figure 1. At the start of packet 
reception no more than 2.7 bits are received from the 
fiber cable and not transmitted onto the 01 circuit. The 
receive squelch will reject frequencies lower than 
2.S1MHz. 

While in the unsquelch state, the receive squelch circuit 
looks for the start of idle signal at the end of the packet. 
Start of idle occurs when the input signal remains idle for 
more than 160ns. When start of idle is detected, the 
receive squelch circuit returns to the squelch state and the 
start of idle signal is output on the 01 circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision output, 
except when loopback is disabled (LBOIS = Vecl. The 
collision output is a differential square wave matching the 
AUI specifications and capable of driving a 78Q load. The 
frequency of the square wave is 1 OMHz ± lS% with a 60/ 
40 to 40/60 duty cycle. The collision oscillator also is 
activated during SQE Test and Jabber. 

LOOPBACK 

The loopback function emulates a 1 OBASE-T transceiver 
whereby the transmit data sent by the OTE is looped back 
over the AUI receive pair. Some LAN controllers use this 
loopback information to determine whether a MAU is 
connected by monitoring the carrier sense while 
transmitting. The software can use this loopback 
information to determine whether a MAU is connected to 
the OTE by checking the status of carrier sense after each 
packet transmission. 

When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on and the data on the 01 pair will 
follow VIN+, VIN-. After a collision is detected, the 
collision oscillator will remain on until either 00 or 
VIN+, VIN- go idle. 

Loopback can be disabled by strapping LBOIS to Vee. 
In this mode the chip operates as a full duplex transmitter 
and receiver, and collision detection is disabled. A 
loopback through the transceiver can be accompl ished by 
tying the fiber transmitter to the receiver. 

Ml4663 
SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the OTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1 J.!s. The 
SQE test will not be activated if the chip is in the low light 
state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vee. 
This allows the MAU to be interfaced to a OTE. The SQE 
test can be disabled by tying the SQEN pin to ground, for 
a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter from 
bringing down the network. Within the transceiver is a 
Jabber timer that starts at the beginning of each 
transmission and resets at the end of each transmission. If 
the transmission last longer than 20ms the jabber logic 
disables the transmitter, and turns on the collision signal 
COL+, COL-. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle time before the 
transmitter is enabled and collision is turned off. Even 
though the transmitter is disabled during jabber, the 1 MHz 
idle signal is still transmitted. 

LED DRIVERS 

The ML4663 has five LEO drivers. The LEO driver pins are 
active low, and the LEOs are normally off (except for 
LMON). The LEOs are tied to their respective pins through 
a SOOQ resistor to S Volts. 

The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEOs to be visible. When 
transmission or reception occurs, the LEO XMT, RCVor 
CLSN status pins will activate low for several 
milliseconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LEO timer 
will reset and restart the timing. Therefore~id ev~ 
will leave the LEOs continuously on. The JAB and LMON 
LEOs do not have pulse stretchers on them since their 
conditions occur long enough for the eye to see. 

LOW LIGHT CONDITION 

The LMON LEO output is used to indicate a low light 
condition. LMON is activated low when both the receive 
power exceeds the Link Monitor threshold and there are 
transitions on VIN+, VIN- less tha~apart. If either one 
of these conditions do not exist, LMON will go high. 

INPUT AMPLIFIER 

The VIN+, VIN- input signal is fed into a limiting amplifier 
with a gain of about 100 and input resistance of l.3kQ. 
Maximum sensitivity is achieved through the use of a OC 
restoration feedback loop and AC coupling the input. 
When AC coupled, the input OC bias voltage is set by an 
on-chip network at about 1.7V. These coupling capacitors, 
in conjunction with the input impedance of the amplifier, 
establish a high pass filter with 3dB corner frequency, f l , 
at 

t _ 1 
l - 21t1300C (1 ) 
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ML4663 
Since the amplifier has a differential input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors can be tied 
to AVec as shown in figure 1. 

The internal amplifier has a lowpass filter built-in to band 
limit the input signal which in turn will improve the signal 
to noise ratio. 

Although the input is AC coupled, the offset voltage within 
the amplifier will be present at the amplifier's output. This 
is represented by Vas in figure 4. Inorder to reduce this 
error a DC feedback loop is incorporated. This negative 
feedback loop nulls the offset voltage, forcing Vas to be 
zero. Although the capacitor on VDC is non-critical, the 
pole it creates can effect the stability of the feedback loop. 
To avoid stability problems, the value of this capacitor 
should be at least 10 times larger than the input coupling 
capacitors. 

Figure 4. 

The comparator is a high-speed differential zero crossing 
detector that slices and accurately digitizes the receive 
signal. The output of the comparator is fed in parallel into 
both the receive squelch circuit and the loopback MUX. 

LINK DETECT CIRCUIT AND LOW LIGHT 

The I ink detect circuit monitors the input signal and 
determines when the input falls below a preset voltage 
level. When the input falls below a preset voltage, the 
ML4663 goes into the Low Light state. In the Low Light 
state the transmitter is disabled, but continues sending the 
1 MHz idle signal, the loopback is disabled, the receiver is 
disabled, and the LMON LED pin goes to high shutting off 
the LMON LED. To return to the Link Pass state, the 
optical receiver power must be 20% higher than the shut
off state. This built-in hysteresiS adds stability to the Link 
Monitor circuit. Once the receiver power threshold is 
exceeded, the ML4663 waits 250ms to 750ms, then 
checks to see that Tx+. Tx- is idle and no data is being 
received before re-enabling the transmitter, receiver, 
loopback circuit, and lighting up the LMON LED. 

The VTHADJ pin is used to adjust the sensitivity of the 
receiver. The ML4663 is capable of exceeding the 
1 OBASE-FL specifications for sensitivity. The sensitivity is 
dependent on the layout of the PC board. A good low 
noise layout will exceed the 1 OBASE-FL specifications, 
while a poor layout will fail to meet the sensitivity and 
BER spec. 

The threshold generator shifts the reference voltage at 
VTHADJ through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the VTHADJ and the VTH (the peak to 
peak input threshold) is: 

VTHADJ = 408VTH (2) 

In a 1 OBASE-FL receiver there must be less than 1 x 10-9 

bit errors at a receive power level of -32.5dBm average. 
One procedure to determine the sensitivity of a receiver is 
to start at the lowest optical power level and gradually 
increase the optical power until the BER is met. In this 
case the Link Detect circuit must not disable the receiver 
(i.e. VTHADJ should be tied to Ground). Once the 
sensitivity of the receiver is determined, VTHADJ can be set 
just above the power level that meets the BER 
specification. This way the receiver will shut-off before the 
BER is exceeded. 

For 1 OBASE-FL VTHADJ can be tied directly to VREF. 
However if greater sensitivity is required the circuit in 
figure 5 can be used to adjust the VTHADJ voltage. Even if 
VREF is tied to VTHADJ' it is a good idea to layout a board 
with these two resistors available. This will allow potential 
future adjustments without board revisions. 

The response time of the Link Detect circuit is set by the 
CTiMER pin. Starting from the link off state the link can be 
switched on if the input exceeds the set threshold for a 
time given by: 

T = CTIMER x O.7V 

700J.lA 
(3) 

To switch the link from on to off, the above time will be 
doubled. A value of 0.05J.lF will meet to 10BASE-FL 
specifications. 

Figure 5. 

DIFFERENCES BETWEEN 10BASE-FL AND FOIRl 

10BASE-FL is an improved version of the original FOIRL 
standard. The 1 OBASE-FL standard allows backward 
compatibility of a 1 OBASE-FL transceiver with a FOIRL 
transceiver. The main improvements incorporated into 
10BASE-FL are that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 1 Km 
to 2Km. The other differences are much more subtle. 
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1. SQE Test: The FOIRL standard did not include the 
option of attaching a fiber transceiver to a DTE. Adding 
the SQE test to 1 OBASE-FL enables a 10BASE-FL 
transceiver to attach to a DTE. 

2.0 to at Least 2Km Distance: The FOIRL standard 
specifies a 1 Km distance while 10BASE-FL specifies 2Km. 
The additional 1 Km distance for 1 OBASE-FL comes from 
an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB sensitivity 
for the receiver and a 1 dB improvement for the 
transmitter. The following table illustrates the transmit and 
receive power requirements for the two standards. Note: 
FOIRL specifies optical power in peak and 10BASE-FL 
specifies it in average. Subtracting 3dB from peak will give 
the average. In the table below the FOIRL specifications 
were converted from peak to average power. 

TRANSMIT/RECEIVE 
AVERAGE POWER MIN MAX CONDITIONS 

FOIRL 

Transmitter -12dBm -21dBm 

Receiver -12dBm -30dBm BER < 10-10 

10BASE-FL 

Transmitter -12dBm -20dBm 

Receiver -12dBm -32.5dBm BER < 10-9 

3. MAU State Diagrams are Different: The state diagrams 
for 10BASE-FL are similar to 10BASE-T, while the state 
diagrams for FOIRL are slightly different. The differences 
are in the AUI loopback, and in the link integrity function. 

TIMING DIAGRAMS 

tTXNPW 

ML4663 
AUI Loopback -In 1 OBASE-FL, the DO to 01 
loopback is always disabled during a collision, and 
optical receive data is passed through to 01. For 
FOIRL there are some cases where loopback 
continues (i.e. DO looped to 01) during a collision, 
and others where loopback is disabled during a 
collision. lOBASE-FL is identical to 1 OBASE-T in this 
case. Please refer to the IEEE standards for greater 
detail. 

Link Integrity - 10BASE-FL adds an additional state 
to the Link Integrity Test function that will not allow 
an exit from the Low Light State u nti I both the 
transmitter and receiver are idle. In FOIRL it is 
possible to exit from the Low Light State while still 
receiving data. 

MAU Timing Differences - The timing differences 
between 1 OBASE-FL and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 

TIMING PARAMETER FOIRL 10BASE-FL 
DIFFERENCES (BIT TIMES) (BIT TIMES) 

ORO_input to input on DI 

Steady State Prop Delay 0.5 2 

Start-Up Delay 3.5 5 

output on DO to OTD_output 

Steady State Prop Delay 0.5 2 

Start-Up Delay 3.5 5 

Collision Deassert to 
SQE Deassert minimum 4.5 a 

010 - Optical Transmit Data 
ORO - Opttcal Receive Data 
01, DO, CI- AUI Interface Signals 

Tx+ 
---< 

DATA M >-
trxSDV+ +tTXfPW+1 

Tx 

TxOUT 

Rx+ -----<1 
Rx-

Figure 6. Transmit and Loopback Timing 
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TIMING DIAGRAMS 

Rx+ 
-----<1 

Rx-

Figure 7. Receive Timing 

TxOUT+ ~ X VALID X DATA X X X TxOUT-

TXIN+ 

~ """ X X X X DATA 
TXIN-

VIN+ 
tCP~Eb 

X X X CSO 
VIN-

Rx+ 
Tx X Tx ~ Rx X Rx X Rx-

VIN+ =x X X X X X x::= VALID DATA 
V,N-

TxOUT p- VALID X X X X x::= DATA 

COl+ """=6 X CSO X X x::= COl-

Figure 8. Collision Timing 
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TIMING DIAGRAMS 
Y'N+ ===>j 
Y'N- I 

TxOUT ==><-'--YA-L-�O-----X DATA X'-__ -'X'-__ -J)>-----------

l_tSQEX'~ 
~~~: =x CSO ><=)>---------------------

RX+~ Rx Rx 
Rx- Rx X Tx X Tx X Tx )>-------

Figure 9. Collision Timing 

'~'I 
:',:: ==><-'-y-AL-,O-----X DATA X'-__ ...JX'-__ ...J)>----------

l_tSQEX'~ 
~~~: =x CSO ><=)>------------------

:::~~~_R-X_'-N_-_-_-,...JX RxlN X RxlN X RxlN X .. ,N )>-------

Figure 1 O. Collision Timing 

TxOUT ---<==)( YALIO DATA )>---------------------

l_tSQEOY "I" tSQETD -J 
COL+ ,-_____ ------...1 
---------~< CSO )--COL- . . 

Figure 11. SQE Timing 
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TIMING DIAGRAMS 
Tx+ 

Et'A:A_L1_D_X_~'1 M" ).~---t'RT_1 
VALID I I 

TxOUT ________ D_A_TA __ ~ I_-:~~~~~~~~~~~~~~~~~~-J:~~~~~~~ eOL+ -.J r: t'SQE eso . Ir 

eOl- K 

Tx-

Figure 12. Jabber Timing 

TxOUT ---ooooo~----------------------

XMT ____ --ir- tLE0-1r-________ _ 
I I 

V'N+ __ ----<n\l\l\.A>--__ n\l\l\.A _____________ _ 
VIN- ~ ~ 

1_.. 'lED_~1 

'-----------'1 
Rev 

Figure 13. LED Timing 

ORDERING INFORMATION 

PART NUMBER PIN COUNT PACKAGE 

ML4663CQ 28 Pins Molded pce (Q28) 
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GENERAL DESCRIPTION 

The ML4663EVAL is an external MAU designed to 
evaluate the ML4663 1 OBASE-FL PMD chip. The board 
interfaces to the AUI port through the transformer and to 
the fiber optic cable through the HP fiber optic transmitter 
and receiver. 

FEATURES 

• jumper switches to enable or disable Loop Back. 

• jumper switches to enable or disable SQE and jabber 
functions. 

• Capable of adjusting the receive sensitivity. 

• 6 status LEDs. 

• Current consumption 260-280mA typically 

BLOCK DIAGRAM 

AUI 

DO 

I---,D~I_--I PULSE 1------1 
1----\ 65728 1-------1 

CI 

+5V 
GND 

+VRF 
-VRF 

+5V 

july 1992 

ML4663EVAL 

10BASE-FL Evaluation Kit 

KIT COMPONENTS 

The ML4663EVAL kit includes the following items to help 
the customer speed their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts I ist of the 
ML4663 EVAL. 

• HFBR1414: HP fiber Optic LED transmitter. 

• HFBR2416: HP fiber optic pin diode receiver. 

• One 28 pin sockets for the ML4663. 

• ML4663CQ: 1 OBASE-FL combo transceiver and 
quantizer. 

• PE65728: PULSE AUI coupling transformer. 

• AUI CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: includes the following items: 

• Demo board description. 

• Block Diagram of the DEMO board. 

• Schematic of the demo board. 

• Layout of the demo board. 

• Parts list of the ML4663EVAL. 

GND 

+5V 

ML4663 HFBR 
1414 

GND 

+VRF 

"--__ ---I HFBR 
'--_____ -1 2416 

-VRF 
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ADVANCED INFORMATION 

ML4670 

Multi-Protocol Physical Interface 
GENERAL DESCRIPTION 
The ML4670 Multi-Protocol Interface Device is designed 
primarily for use in and with bridge, router and frame 
relay equipment. The device provides the serial 
communications interface for DCE or DTE applications 
that require RS-232, RS-449, X.21N.36 or V.35 protocols. 

The ML4670 offers system designers a single chip that 
provides the physical electrical interface for the four most 
commonly used serial protocols. The device is 
programmable with standard, static TTL levels that select 
the desired electrical interface for dock, data and 
diagnostic local loopback control. The selection of the 
desired interface alters the characteristics of the line 
drivers and receivers such that the proper interface is 
available for transmit and receive of dock, data, and 
control signals for the above listed protocols. The 
flexibility of the ML4670 allows the implementation of a 
single device that can be configured to interface with any 
one of the four desired protocols. 

BLOCK DIAGRAM 

<= 00 ...... 

DATA & CLOCK 

FEATURES 

• Programmable physical interfaces for RS-232, RS-449, 
X.21N.36, V.35 

• Supports DCE/DTE transmit and receive docks as well 
as data and control signals 

• 200mV hysteresis on all receive inputs for noise 
immunity 

• 1 OMb/s data and dock rates for high-speed V.35, X.21, 
and RS-449 protocols 

• DTE/DCE function selectable by single pin 

• Resistor programmable slew rate for RS ·232 
transmitters 

• Pin selectable diagnostic loopback mode 

• ±12V or ±6V power supply flexibility for RS-232 
implementation 

• 84-pin PLCC package 

<= 
bb 

<= QQ 

iSiS 

CONTROL 

Vcc~--------~~o-~~-o~~~~ro~~~~r-~r-~O-~~-o~~~--o---~--~---o--, 

R232 "---_r----. 

R3SQ--l=::::::! 
DL8 

GND 

So 
DTEjDCE 

V12 

V-12 
~~~~~~--~--~~~-o--~~Q-~~-o--~--~~~~~~--~--Q-~ 
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ML6622 

High-Speed Data Quantizer 

GENERAL DESCRIPTION FEATURES 

• 150 MHz bandwidth 

• low noise design 

• Adjustable Link Detect function 

• low power design: 35mA typical 

The Ml6622 High-Speed Data Quantizer is a low noise, 
wide-band, BiCMOS monolithic IC designed specifically 
for signal recovery applications in FDDI and SONET fiber
optic receiver systems. An internal DC restoration 
feedback loop nulls any offset voltage produced in the 
input stage. The limiting amplifier contributes to a high 
level of sensitivity and a minimum of duty cycle 
distortion. 

• Available in 16-pin DIP and 16-pin Skinny SOIC 

The output of the data path is a high-speed comparator 
with ECl outputs. An enable pin gates the comparator on 
or off in response to the input signal level or a system 
control signal. 

The Link Detect circuit provides an Assert-Deassert 
function with a user-selectable threshold voltage. This 
circuit monitors the input signal and provides an ECl High 
output within 1 OOms of signal acquisition and an ECl low 
output within 350ms of signal loss. The ECl discriminator 
output can be used to disable the comparator when the 
signal is below the user-selected threshold. LlNKlED 
drives an lED for a visible indication of the link status. 

BLOCK DIAGRAM 

veeA GNDA Vee GND 

I-------~----~--------------------------------{!}----~------, 
I I 

......... ,--------/ 4 EClOUT+ 

ENABLE 

r------------------------~ 
I LINK DETECT I 
I I 
I I 

VREF 9 I--<~--------l 
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PIN DESCRIPTION 
, 

PIN# NAME FUNCTION NAME PIN# FUNCTION 

1 ENABLE ECl input active Jow. When this input 10 THIN Threshold Input. A voltage applied to 
is tied to LlNKlED the ECl comparator this input pin sets the minimum 
output is automatically enabled and amplitude of the input signal required 
disabled by the Link Detect circuit. to cause the link detect to activate. In 
This input can be tied to GND for most cases this can be tied to VREF. 
continuous enable. When the ECl 

11 GNDA Ground connection for noise sensitive Comparator is disabled, ECl OUT-
circuits in the chip; the input amplifier, goes low and ECl OUT + goes high. 
DC restoration loop, part of the 

2 LlNKlED Link Detect Status output. LlNKlED is Comparator and part of the link detect 
an open collector active low signal. It circuit. In some system designs, it may 
will be active low when the input be advantageous to separate GND and 
signal applied to VIN+,VIN_ exceeds GNDA. 
the programmed threshold level at the 

12 VIN_ This input pin should be capacitively THIN pin. Capable of driving a 20mA 
lED indicator. coupled to the input source or to Vee. 

3 Vee Positive Power Supply. +5 volts 13 VIN+ This input pin should be capacitively 
coupled to the input source or to Vee. 

4 EClOUT- Positive and Negative ECl Comparator 
14 VeeA Positive power supply Vee for noise 5 EClOUT+ outputs. 1 mA internal pull downs are 

incorporated so that external pull sensitive circuits as mentioned in 

downs aren't required for light loads. GNDA. +5 volts. 

6 GND Ground connection. Used for less 15 CAP A capacitor is tied from this pin to 

noise sensitive nodes. VREF. This capacitor sets the lower 
frequency rejection and helps remove 

7 LlNK+ Positive ECl Link Detect output. internal DC offset. This capacitor 
Active high when the input signal should be 10 times larger than the 
exceeds the programmed Link Detect input capacitors. 
threshold. 1 mA internal pull down 

16 CTIMER A capacitor from this pin to ground current sources. 
determines the Link Detect response 

8 LlNK- Negative ECl Link Detect output. time. To Meet FOOl specifications this 
Active low when the input signal capacitor should be 2,000pF. This 
exceeds the programmed Link Detect capacitor can be removed for faster 
threshold. 1 mA internal pull down response time. 
current sources. 

9 VREF A 2.5V reference with respect to GND. 

PIN CONNECTION 

ML6622 ML6622 
16-Pin DIP (P16) 16-Pin Narrow SOIC (S16N) 

ENABLE CTIMER ENABLE CTIMER 
LlNKlED CAP LlNKlED CAP 

vee VeeA vee vecA 
EClOUT+ VIN+ ECLOUT+ VIN+ 
EClOUT- V'N- ECLOUT- V'N-

GND GNDA GND GNDA 
LlNK+ THIN LlNK+ THIN 
LlNK- VREF LlNK- VREF 

TOP VIEW 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Vee - GND •.......................••.......................... -0.3 to +7.0 
VeeA - GNDA ......................•...............•........ -0.3 to +7.0 
Inputs/Outputs GND .•. , .......................... -0.3 to Vee +0.3 
Storage Temperature Range .•.......•.•........ -65°e to + 1500 e 
Lead Temperature (Soldering 10 sec.) ................•.. +2600 e 

ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions of TA = oDe to 70De, Vee = 5V ±5%, GND = OV, 
unless otherwise noted. (Note 1) 

SYMBOL PARAMETER CONDITIONS MIN 

lee Vee Supply Current 
(No load on ECl outputs) 

VREF Reference Voltage 2.37 

IVREF VREF Output Current -1 

VIN Input Signal Range 3.5 

VTHADJ External Voltage 0.5 
Range at THIN to set VTH 

EN Input-referred Voltage Noise 100 MHz BW 

RIN Input Resistance VIN+, VIN- 500 

ITHIN Input Bias Current of THIN -100 

VOL-Vee ECl Output Voltage-low Through son to Vee -2V, TA = 25° C -1.840 

VOH-VCC ECl Output Voltage-High Through son to Vcc-2V, TA = 25° C -1.045 

t, Data Output Rise Time 

tf Data Output Fall Time 0.35 

Link Detect 

AS_Max Assert Time (off to on) C TIME = 2000pF 0 

ANS_Max Deassert Time (on to off) e TIME = 2000pF 0 

VTH Input threshold THIN = VREF Assert 8 
Hysteresis 1.5 

BW Bandwidth 1-3dB 

VIPW Minimum Input Pulse Width 

DCD Duty Cycle Distortion Data rate = 155Mb/s 
Peak-to-peak 50% duty cycle input 

DDJ Data Dependent Jitter FDDI - 56 Data Pattern 
Peak-te-peak VIN = 60mV, Data rate = 125Mb/s 

Note 1: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case conditions. 

'Micro Linear 
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TVP MAX UNITS 

35 50 mA 

2.47 2.57 V 

3 +5 mA 

1600 mVp_p 

VREF V 

25 I1VRMS 

770 1000 n l1li 
+100 I1A 

-1.730 -1.620 V 

-0.963 -0.880 V 

ns 

1.3 ns 

100 I1s 

350 I1s 

10 12 mV 
1.7 2 dB 

200 MHz 

5 ns 

0.5 ns 

1.2 ns 

4-117 



ML6622 

FUNCTIONAL DESCRIPTION 

The ML6622 High Speed Data Quantizer accepts a low 
level analog signal from a pin diode and transimpedance 
amp front end and converts it into digital ECL levels for 
subsequent digital processing. The input Signal, from a 
transimpedance amplifier, is immediately amplified by a 
two-stage video amplifier. The output of this amplifier 
feeds two parallel paths. 

The data path is comprised of a high speed comparator 
that outputs PECL differential data on the ECL OUT± pins. 
The link Detection path monitors the magnitude of the 
amplified input signal, compares it to a user-settable 
threshold, and provides the result of the comparison as a 
PECl differential output on the link± pins. The timer 
following the threshold block is used to set the link 
Detect output acquire and deacquire time using a 
capacitor. 

AMPLIFIER 

The amplifier is a two stage video amplifier with a gain of 
approximately 55VN. Maximum sensitivity is achieved 
through the use of the DC restoration feedback loop and 
AC coupling the input. The AC coupling input capacitors, 
in conjunction with the input impedance of the amplifier, 
establishes a high pass filter with the lower 3dB point 
determined by the input resistance and the input coupling 
capacitors. 

Since the amplifier has a differential input, two AC 
capacitors of equal value are required. If ,the signal driving 
the input is single ended, the other coupling capacitor 
should be tied to Vee. 

Another low-pass filter is created with the CAP capacitor. 
The lower 3dB point controlled by a capacitor tied from 
the CAP pin to VREF as shown in the application circuit. 
For stability reasons the value of the capacitor on the CAP 
pin should be 10 times larger than the input coupling 
capacitors. The 3dB point is given by the following 
equation: 

F __ 1_ 
3dB - 2x10OC 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. The removal of the dc offset in the amplifier helps 
the circuit respond to small input voltages, and reduces 
duty-cycle distortion. In order to reduce this error, a 
negative feedback loop nulls the offset voltage. An 
external capacitor connected to the CAP pin is used to 
store the offset voltage. This voltage is compared to VREF 
and a difference current proportional to the result is 
applied to the negative side of the input stage of the AMP 
circuit block thereby nulling the DC offset. 

COMPARATOR 

A high speed ECL comparator with PECl outputs is used 
for the quantization function. The comparator has an 
Enable input pin which takes an ECllevel. This Enable 
pin is normally driven by UNKLED, which causes the 
output to be enabled when the link is up and disabled 
when the link is down. When ENABLE is low the 
comparator is operational. When ENABLE is high the 
comparator is disabled causing ECL OUT- to go low and 
ECL OUT + to go high. The ENABLE pin can be tied to 
ground to keep the comparator permanently enabled. 

LINK DETECT CIRCUIT 

The link Detection Circuit is used to accurately measure 
the input amplitude to determine whether it is large 
enough to reliably recover the input signal. Once the Bit 
Error Rate (BER) for the ML6622 receive ci rcu it is 
determined, the link detect threshold can be set so that the 
link Detect Circuit will shut off before the error rate 
exceeds the link requirement. 

The link Detection Circuit consists of three functional 
blocks; Thresh, TImer, and link Out. Thresh detects the 
output of Amp and compares it to a programmable 
threshold input THIN. As long as the input amplitude is 
greater than the programmable threshold input, the Link 
Detect output remains active. 

When the peak input drops below THIN, Thresh's output 
changes state and TImer delays the link Out state change 
for a programmable amount of time. When using the 
default CTIME capacitance of 2000pF, the deassert time 
and the assert time values conform to the ANSI X3.166-
1990 PMD standard for FDDI. 

To improve stability, the link Detect circuit includes l.7dB 
of hysteresis. 

The VREF output can be tied directly to THIN to set the 
link Detect threshold. For greater sensitivities, V REF can 
be divided down before applied to THIN. The formula for 
the threshold on the thin pin is as follows: 

V 
Threshold{Assert) = ~ 

500 

V 
Threshold{Deassert) = THIN 

750 
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APPLICATION CIRCUIT 

r-------------------------~ 
I ~ I 
1+5VO I I I I OVRF+I 

: I o1 I+407 1+407 I ol : 

I + vv..J OVRf..1 
I 407pH OPTIONAL I L _________________________ J 

ORDERING INFORMATION 

PART NUMBER 

ML6622CP 
ML6622CS 

TEMPERATURE RANGE 

0° to +70°C 
0° to +70°C 

OoOlpF 

t VRF+ 
I-lo_ool..:.P_F ---'-

PACKAGE 

ML6622 

16-Pin MOLDED DIP (P16) 
16-Pin MOLDED SOIC (S16N) 
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ML6633 

High Speed Fiber Optic LED Driver 

GENERAL DESCRIPTION 

The ML6633 is a high speed fiber optic LED driver suited 
for networking applications up to 200 Mbps. The part is 
capable of driving up to 75 rnA of current through a fiber 
optic lED from an ECl level input signal. Its efficient 
output stage provides a high current that can be 
programmed for accurate absolute output level which 
insures precise launch power. 

The lED driver's output stage provides a fast well 
matched rise and fall time through a unique differential 
output stage. 

The Ml6633 high speed fiber optic lED driver is 
implemented in BiCMOS process and is available in an 
B-pin SOIC or PDIP package. 

BLOCK DIAGRAM 

ECLP 

ECLN 

vee 

CND 

~;::------I- lOUT 

~"------I- RTSET 

FEATURES 

• Data rates up to 200 Mbps 

• Current driven output for accurate launch power 

• Programmable output current from 20 rnA to 75 mA 

• High Efficiency Output Stage 

• low EMI/RFI Noise 

• ECl inputs 

APPLICATIONS 

• Fiber Optic Token Ring 

• FDDI 
• SONET OCl and OC3 

• Fiber Optic Data Communications 
and Telecommunications 

PIN CONNECTION 

8·Pin sOle or PDIP 

NC08 Vee 
ECLP 2 7 lOUT 

ECLN 3 6 RTSET NC4 SCND 

TOP VIEW 
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PIN DESCRIPTION 

PIN NO. NAME DESCRIPTION PIN NO. NAME DESCRIPTION 

NC 6 RTSET Output current programming pin. 

2 ECLP Positive ECl data input controls signal 
Connect a resistor of value 2/ILED from 

to the lED. 
this pin to ground to set the high lED 
output current. 

3 EClN Negative ECl data input. 7 lOUT Fiber optic lED drive pin. Connect the 
4 NC lED between this pin and Vee. 

5 GND Negative power supply ground. 8 Vee Positive power supply. +5 volts. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Vee ................................................................ -O.3V to 6V Peak DC Output Current (lOUT) .............................. 75mA 
Input Pin Voltages .............................. -O.3V to Vee +O.3V Storage Temperature ............................... -65°C to + 150°C 
lED Output Current (lOUT) ..................................... 75mA lead Temperature (Soldering 10 sec) ....................... 260°C 

ElECTRICAL CHARACTERISTICS 
Over the recommended operating conditions of TA = O°C to 70°C, Vee = 5V ± 5%, RTSET = 26.1 Q ± 1 %, unless 
otherwise specified. (Notes 2 and 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX 

Icc Supply Current ~OmA+lou 

LED Current 
Accuracy (lOUT) 

ILEDH High 70 75 80 
ILEDL Low 0.1 

tR Rise Time (lOUT) 2 

tF Fall Time (lOUT) 2 

Propagation Delay 
(lOUT) 

tpLH Low to High 10 
tpHL High to Low 10 

tpWD Pulse Width Distortion 1.0 
(lOUT) 

IEeL ECL Input Current 20 

UNITS 

mA 

mA 
mA 

ns 

ns 

ns 
ns 

ns 

l!A 
Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated ClfCUlt may be Impaired. All voltages unless otherWise specified are measured with 

respect to ground 
Note 2: Limits are guaranteed by 100% testmg, sampling, or correlation with worst-case test conditions 
Note 3: low Duty Cycle pulse testmg IS performed at T A. 
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FUNCTIONAL DESCRIPTION 

The Ml6633 accepts ECl input signals and generates a 
high speed, high accuracy output current which is 
independent of supply voltage variations. The output 
current is programmable from 75mA. 

The ECl input stage is a standard NPN differential pair 
with a common mode range of between 1 V and 4.5V with 
a +5V supply. With this common mode range it is possible 
to convert the ECl inputs into TTL. If the EClN input is 
biased up to the TTL switching level, the EClP pin can be 
driven by a TTL or CMOS output. Figure 1 b shows a 
circuit implementing this technique. This circuit may 
degrade pulse width distortion and should be checked for 
acceptable performance in this configuration. 

NC 

VIN+ EClP 

VIN- EClN 

NC 

Output current to the lED is set by connecting the 
appropriate resistance from RTSET to ground. The high 
level output voltage at RTSET will be 2.0V. The current in 
the external resistor will be equal to the current through 
the lED. The output current with RTSET set to 26.1 n will 
be: 

ILED(HIGH) = 2.0V/RTSET = 2.0V/26.1 n = 75mA. 

+5V +5V 

Vee I 

lOUT 

RTSET 

GND 

':' ':' 

a) lOUT = 75mA 

+5V 
+5V +5V 

NC Vee I 
nUN EClP lOUT 

EClN RTSET 

NC GND 

':' ':' 

':' 

b) 

Figure 1. Typical Applications 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6633CP O·Cto+70·C 8-Pin Molded DIP (P08) 

ML6633CS O·C to +70·C 8-Pin SOIC (S08N) 

l1li 
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ML6633/22EVAL 

High Speed Fiber Optic Evaluation Kit 

GENERAL DESCRIPTION 
The ML6633/22 evaluation kit is designed for high speed 
fiber optic applications such as 1 25Mbaud FOOl (Fiber 
Data Distributed Interface), OCl and 00 SONET 
(Optical Carrier-levelland 3 for Synchronous Optical 
Network), and Fiber Channel. 

Data inputs and outputs of the ML6633/22EVAL board 
are designed for high speed EeL lines. 50/1 251lm or 
62.5/1 251lm fiber optic cable with an ST connector at 
each end plugged into a 1300nm fiber optic LED and a 
pin detector in the demo board. 

BLOCK DIAGRAM 

FEAtURES 

• Adjustable link detect function through R3 and R4 

• Fast rise and fall time at the transmitter 

• Link LED status 

• Low noise design 

KIT COMPONENTS 

• ML6633/22 user guide 
• ML6633 data sheet 
• ML6622 data sheet 
• ML6633/22 assembled Eval board 
• 3.5" disk with Gerber Files 

The user guide includes performance data, layout 
recommendation, layout, schematic, parts list and a 
tutorial on how to use the demo board. 

L1 j '" 
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~11 ty12 
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«:L_<>--I;,--_--+ ____ -'-\ 

+sv +SV 

tyll ti'4 R12 

ML6622 
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GENERAL DESCRIPTION 

The ML6671 is a complete monolithic transceiver for 125 
Mbaud MLT-3 encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The adaptive equalizer in the ML6671 will accurately 
compensate for line losses of up to 100m of UTP. The part 
requires only external 1 % resistors for accurate 
equalization. 

The ML6671 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
The ML6671 also contains data comparators with 
precisely controlled slicing thresholds and an MLT-3 to 
NRZI translator. An EeL lOOK compatible buffer at the 
output interfaces directly with existing FOOl PHY silicon 
from various manufacturers. 

The ML6671 transmit section accepts ECl lOOK 
compatible NRZI inputs and converts them to differential 
current mode MLT-3 signals. Transmit amplitude is 
controlled by a single external resistor. 

Several additional functions are provided by the ML6671 
to simplify applications. A common-mode reference is 
provided to set the input OC level for the equalizer and 

BLOCK DIAGRAM 

September 1 994 
PRELIMINARY 

ML6671 

TP-PMD Transceiver 

the near-end transformer winding. This terminal may be 
used as an AC ground for the transformer center-tap or 
termination resistors. The transmitter can be disabled to 
provide true quiet line. 

The ML6671 is implemented in a BiCMOS process. A 
differential signal path throughout minimizes the effects of 
power supply transients and noise. 

FEATURES 

• Transmitter converts NRZI ECL signals to MLT-3 current 
driven outputs 

• Transmitter can be externally turned off for 
true quiet line 

• Receiver includes adaptive equalizer and MLT-3 to 
NRZI decoder 

• Operates over 1 00 meters of STP or category 5 UTP 
Twisted Pair Cable 

• 32-pin surface mount package 

APPLICATIONS I!IIII 
• FOOl over copper (TP-PMO) 

• Fast Ethernet (100BASE-TX) 

LPBK TXOFF TVCCA TVCCD RTSET 

____________________ _ _________ 1 _____ l ___ ~~~2 __ !~~~~_ 

TXIN+ ~~~----~~--~~1-------------------~~~------;_ .. TPOUT+ 

TXIN- ......<"F-i--Ti-L __ -,... __ j-------------------..... ct ,4---------! ___ TPOUT-

SD+~~------+-~-+----------_r~~~I-------_, 

RXOUT+ 
TPIN+ 

RXOUT-
TPIN-

---r---RRSETI --- RRs"iT2r--T---r 
GND RRSET RVCCA RVCCD CMREF 
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PIN CONFIGURATION 

.!. ;:s ~ + I ::> '" ::! 0 
~ 

0: .. z z 
~ ;:s ;:s ::l! 0: 0: 

U l- I-

RXOUT+ RRSET1 

RVCCD RRSET2 

SD- RSET1 

SD+ 
32-LEAD pcc RSET2 

N/C RGND 

TGNDD RTH1 

LPBK RTH2 

TXOFF TVCCA 

TGNDA 

+ I C 

~ a + .!. Z Z U l-

X X !;: ::> ::> 
l- I- ~ 0 2 I- .. 

l- I-

PIN DESCRIPTION 
NAME FUNCTION 

TXIN+, TXIN- These differential Eel lOOK compatible 
inputs receive NRZI data from the PHY for 
transmission. 

TPOUT+, 
TPOUT-

RTSET1, 
RTSET2 

TVCCA, 
TVCCD 

TGNDA, 
TGNDD 

SD+, SD-

TPIN+, TPIN-

Outputs from the NRZI-MlT3 state 
machine drive these differential current 
outputs. The transmitter filter/transformer 
module connects the media to these pins. 

This TTL input enables transmitter
receiver loopback internally when 
asserted low. 

This TIL input forces the NRZI-MlT3 state 
machine to a quiet state when asserted low. 

An external 1 % resistor connected 
between these pins controls the 
transmitter output current amplitude. 
lOUT = 64 x 1.25V/RTSET 

Separate analog and digital transmitter 
power supply pins help to isolate 
sensitive circuitry from noise generating 
digital functions. Both supplies are 
nominally +5 volts. 

Analog and digital transmitter grounds 
provide separate return paths for clean 
and noisy signals. 

These differential ECl1 OOK compatible 
outputs indicate the presence of a data 
signal with an amplitude exceeding a 
preset threshold. 

MLT-3 encoded data from the receiver filter/ 
transformer module enters the receiver 
through these pins. 

RRSET1 

TPIN-

TPIN+ 

CMREF 

CAP2 

CAP1 

RVCCA 

RXOUT-

NAME 

RXOUT+, 
RXOUT-

CAP1, CAP2 

RRSET1, 
RRSET2 

CMREF 

RVCCA, 
RVCCD 

RGND 

RSET1, RSET2 

RTH1, RTH2 

'" ~ .. 
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RTSET1 

TVCCD 

TXIN-

TXIN+ 

N/C 
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FUNCTION 

Differential ECl1 OOK compatible outputs 
provide NRZI encoded data to the PHY. 

Two external capacitors connected to 
these pins sets the time constant for the 
adaptation in the equalizer loop as well 
as for signal detect response. 

Internal time constants controlling the 
equalizer's transfer function are set by an 
external resistor connected across these 
pins. 

This pin provides a DC common mode 
reference point for the receiver inputs. 

Analog and digital supply pins are 
separated to isolate clean and noisy 
circuit functions. Both supplies are 
nominally +5 volts. 

Receiver ground. 

An external 5KQ resistor across these pins 
sets up an internal reference current. 

An external resistor connected across 
these pins sets the internal levels for 
equalization as well as signal detect. This 
resistor allows compensation for transmit 
and magnetics variations. RTH should be 
set to match the peak-to-peak transmit 
amplitude. VAMP = 16 x 1.25 x RTH/RSET 
where VAMP is the peak-to-peak 
amplitude of the transmit output with 
zero length cable. 



ML6671 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Vee Supply Voltage Range ............................. -O.3V to 6V Vee Supply Voltage ............................................ 5V ± 5% 
. Input Voltage Range T A, Ambient Temperature ............................ O°C to +70°C 

Digital Inputs ........................................... -0.3V to Vee RTSET ............................................................... 2KO±1% 
Output Current RRSET .............................................................. BKO±l% 

TPOUT ±, SD±, RXOUT ± .................................... SOmA RSET ................................................................ SKO±l% 
All other outputs ................................................. 10mA RTH ................................................................ 5000 ±1 % 

Storage Temperature .............................. -65°C to + 150°C CAP1, CAP2 ................................................. 0.33j.lF ±5% 
Lead Temperature (Soldering, 10 sec) .................... 260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, Vee = 5V ±5%, RTSET = 2.0KO, RTH = 5000. 

PARAMETER I CONDITIONS I MIN I TYP MAX I UNITS 

DC Characteristics 

Supply Current 
RVCCD 67 mA 
RVCCA 52 mA 
TVCCD 25 mA 
TVCCA 6 mA 
RVCCD + RVCCA + TVCCD + TVCCA 170 mA 

TTL Inputs (TXOFF, LPBK) 

VIL Input Low Voltage V 

VIH Input High Voltage V 

Differential Inputs (TPIN±, TXIN±) 

TPIN+, TPIN-
Common Mode Input Voltage 2.2 Vee V 

TPIN+, TPIN-
Differential Input Voltage 1.5 V 

TPIN+, TPIN-
Differential Input Resistance 10.0K n 
TPIN+, TPIN-
Common Mode Input Current +10 f!A 
TXIN+, TXIN-
Input Voltage HIGH (VIH) Vee-1.165 Vee-D·88 V 

TXIN+, TXIN-
Input Voltage LOW (VILl Vee-1.81O Vee-1.475 V 

TXIN+, TXIN-
Input Current LOW (IlL) 0.5 JlA 

TXIN+, TXIN-
Input Current HIGH (lIH) 50 f!A 

Differential Outputs (SD±, RXOUT±, TPOUT±) 

SD+, SD-, RXOUT+, RXOUT-
Output Voltage HIGH (VOH) Note 5 Vec-1.025 Vee-0.88 V 

SD+, SD-, RXOUT+, RXOUT-
Output Voltage LOW (VOL) Note 5 Vee-L81 Vee-1.62 V 

TPOUT+, TPOUT-
Output Current HIGH VOUT = Vee ± 0.5, Note 4 38.0 42.0 mA 

TPOUT+, TPOUT-
Output Current LOW VOUT = Vee ± 0.5, Note 4 0 0.5 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Differential Outputs (SD±, RXOUH, TPOUH) (Continued) 

TPOUT+, TPOUT-
Output Current Offset Note 3 0.5 mA 

TPOUT+, TPOUT-VOUT=VCC 
Output Amplitude Error Note 3, 4 -5.0 5.0 % 

TPOUT+, TPOUT-VOUT=VCc±1.1V 
Output Voltage Compliance -2.0 +2.0 % 

.. AC Characteristics 

TPOUT+, TPOUT-
Rise/Fal/ Time Note 2 2.0 ns 

TPOUT+, TPOUT-
Output Jitter Note 2 0.8 ns 

RXOUT+, RXOUT-
Rise/Fal/ Time Note 2 5 ns 

RXOUT+, RXOUT-
Output Jitter Note 2 2.0 ns 

Note 1. Absolute maximum ratings are limits beyond which the hfe of the Integrated Circuit may be Impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2. limits are guaranteed by 100% testmg. sampling, or correlation with worst·case test conditions. 
Note 3. low Duty cycle pulse testrng IS performed at TA' 
Nole 4. Output current amplitude IS deternllned by lOUT = 64 x 1 25V/RTSET. 
Note S. Output voltage levels are specified when terminated by 500 to Vee - 2Vor equivalent load. 
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FUNCTIONAL DESCRIPTION 

The ML6671 MLT-3 transceiver is a physical media 
dependent transceiver that allows the transmission and 
reception of 125 Mbaud data up to 100 meters over 
shielded twisted pair cable or category 5 unshielded 
twisted pair cable. It provides a standard Physical Media 
Dependent (PMD) interface compatible with many FDDI 
chip sets. 

The transm it section accepts N RZI data, converti ng it to a 
three level MLT-3 code and sending the information on a 
two pin current driven transmitter. The transmitted output 
passes through an external low pass filter and transformer 
before entering the connectors to the STP or UTP cable. 
The output amplitude of the transmitted signal is 
programmable through the external RTSET resistor. 

The receive section accepts MLT-3 coded data after 
passing through an isolation transformer and band limiting 
filter. Before the data con be converted from MLT-3 back 
to NRZI, the adaptive equalizer is used to compensate for 
the amplitude and phase distortion incurred from the 
cable. The adaptive control section determines the cable 
length and adjusts the equalizer accordingly. 

MLT·3 DATA 

1 lOUT .... z 
:it 
'" :> 
u 

IOUT!2 

o 8 16 24 32 40 48 56 64 72 80 9b 104 

(nsec) 

ML6671 

The adaptive control block governs both the equal ization 
level as well as the link detection status. The link detection 
threshold has a fixed relationship to the overall equalization 
level which is currently 25% of tpe transmitted ampl itude. 
For the link status to be true, a minimum level signal must 
be received. When the input signal is small, the equalization 
will be at its maximum. 

After the signal has been equalized, it passes into the MLT-3 
to NRZI converter where it is converted back to NRZI 
and fed through the loopback multiplexer onto the 
RXOUH pins. 

Figure 1 shows a timing diagram of NRZI data and the 
equivalent MLT-3 data. The MLT-3 data shows the output 
current lOUT for one side of the transmitter, either 
TPOUT + or TPOUT -. The other transmit output pin will 
be the complement. Whenever there is a change in level 
in NRZI, MLT-3 will change levels too. The maximum 
fundamental frequency of MLT-3 is half of the maximum 
fundamental of NRZI. 

Figure 2 shows a typical gain vs frequency plot of the 
adaptive equalizer for 0,25, 50, 75 and 100 meter 
category 5 cable lengths. 

20 
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Figure 1. MLT-3 Encoding Figure 2. Equalization Range 
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Application Example of ML6671 Configured for 2.0Vp•p Transmit Amplitude on C5 UTP. 

Note 1. Split lOOK Eel terminations are 820 and 1300 to vee and GND respect.vely. 
Note 2. Recommended power supply bypass capacitors are 0.111f' with optional 1 Ollf' tantalum on parall.l. 
Note 3. Transformer turns ratio is 1 :1. 
Note 4. lPBK and TXOFF inputs are active lOW. 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6671CQ O°C to +70'C 32-Pin Molded Leaded PCC (Q32) 

ML6671CH O°C to +70'C 32-Pin TQFP (H32) 
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ML6671-22EVAL 

TP-PMD Transceiver Evaluation Kit 

GENERAL DESCRIPTION 
The ML6671-22EVAL board is a TP-PMO transceiver 
designed to replace an existing 1402U OOL FOOl 
transceiver (n-pin). This permits the conversion of an 
existing fiber-based FOOl adapter card or concentrator to 
a copper-based FOOl design. 

At one end, the ML6671 demo board interfaces to an RJ45 
connector through a transformer and common mode 
choke. The other end of the evaluation board interfaces to 
a 22-pin OOL footprint. 

BLOCK DIAGRAM 
+5V 

2,3,4,9,18, 
19,20,21 

SOCKET 
OOL 

12 

13 

+5V 

14 TXIN+ 

15 TXIN-

8 SO+ 

7 so-

11 5 RXOUT+ 

10 4 RXOUT-

1,5,6, 
14,15, 
16,17, 
22 

"':'" TP1 

+5V +5V +5V 

Cl C2 

t t C3 
0.33~ 

I. 22 
Q " " u u u 
u !;: !;: ;: ... '" 

ML6671 

FEATURES 

• Loop back capability 

• Quiet line by turning the transmitter off 

• Low jitter 

• Fast rise and fall times at the transmitter 

KIT COMPONENTS 

• ML6671-22EVAL user guide 
• Application Note 28 
• ML6671 data sheet 
• Assembled evaluation board 
• 3.5" disk with Gerber Files 

The user guide includes performance data, layout 
recommendations, layout, schematic, parts I ist and a 
tutorial on how to use the demo board. 

+5V (AS CLOSE AS POSSIBLE TO C2) 
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5 T1 T2 

TPOUT+ 19 10 11 1 

+5V 
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TPIN+ 31 
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~ RI45 
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GENERAL DESCRIPTION 
The ML6672 is a complete monolithic transceiver for 
lS5Mbps NRZ encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The ML6672 is compliant with the ATM Forum lS5Mbps 
Twisted Pair Specification. The adaptive equalizer in the 
ML6672 will accurately compensate for line losses of up 
to 100m of UTP. The part requires only external 1 % 
resistors for accurate equalization. 

The ML6672 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
An ECL lOOK compatible buffer at the output interfaces 
directly with ATM physical interface chips. 

The ML6672 transmit section accepts ECL 100K 
compatible NRZ inputs. 

Several additional functions are provided by the ML6672 
to simplify applications. A common-mode reference is 
provided to set the input DC level for the equalizer and 
the near-end transformer winding. This terminal may be 

BLOCK DIAGRAM 

LPBK TXOFF 

September 1994 
PRELIMINARY 

ML6672 

ATM UTP Transceiver 

used as an AC ground for the transformer center-tap or 
termination resistors. A link status circuit monitors line 
integrity and provides a proper logic level output signal to 
interface with the host system. 

The ML6672 is implemented in a BiCMOS process. A 
differential signal path throughout minimizes the effects of 
power supply transients and noise. 

FEATURES 
• Complies with ATM Forum lS5Mbps Twisted Pair 

Specification 

• Transmitter can be externally turned off for 
true quiet line 

• Receiver includes adaptive equalizer 

• Operates over 1 00 meters of STP or category 5 UTP 
Twisted Pair Cable 

• 32-pin surface mount package 

• Semi-standard options available 

TVCCA TVCCD RTSET 

________ ___________ _ _________ l _____ l ___ ~~~~ __ !~~~ __ _ 

TXIN+ ~ __ -+----~~--~~l-------------------~~~------;_~TPOUT+ 

TXIN- ~~-t--~t_1---._--j-------------------~ ~~------~~TPOUT-

SD+~~------+_--~-----------r--~;_~------_. 

sO- ... ~------_r--_rr-----------L-~====~=:~~~~~----------~. t CAP1 

I--,L=;~~j----~:--f-J-t ~CAP2 
RXOUT + --''---1' 

RXOUT-

---T---RRSETI --- RRSIf2r---T---r 
GND RRSET RVCCA RVCCD CMREF 
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PIN CONFIGURATION 
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PIN DESCRIPTION 
NAME 

TPOUT+, 
TPOUT-

RTSET1, 
RTSET2 

TVCCA, 
TVCCD 

TGNOA, 
TGNOD 

50+, SD-

TPIN+, TPIN-

FUNCTION 

These differential ECL lOOK compatible 
inputs receive NRZ data from the PHY for 
transmission. 

Outputs from the NRZ buffer drive these 
differential current outputs. The 
transmitter filter/transformer module 
connects the media to these pins. 

This TTL input enables transmitter
Receiver loopback internally when 
asserted low. 

Th is TTL input forces the N RZ buffer to a 
quiet state when asserted low. 

An external 1 % resistor connected 
between these pins controls the 
transmitter output current amplitude. 
lOUT = 64 x 1.25V/RTSET 

Separate analog and digital 
transmitter power supply pins help to 
isolate sensitive circuitry from noise 
generating digital functions. Both supplies 
are nominally +5 volts. 

Analog and digital transmitter grounds 
provide separate return paths for clean 
and noisy signals. 

These differential ECL lOOK compatible 
outputs indicate the presence of a data 
signal with an amplitude exceeding a 
preset threshold. 

NRZ encoded data from the receiver filter/ 
transformer module enters the Receiver 
through these pins. 

RRSET! 

TPIN-

TPIN+ 

CMREF 

CAP2 

CAP! 

RVCCA 

RXOUT-

NAME 

RXOUT+, 
RXOUT-

CAP1, CAP2 

RRSET1, 
RRSET2 

CMREF 

RVCCA, 
RVCCD 

RGND 

R5ET1, R5ET2 

RTH1, RTH2 

N 

~ .. .. 

,! 
::J 
0 
>< co 
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FUNCTION 

Differential ECll OOK compatible outputs 
provide NRZ encoded data to the PHY. 

Two external capacitors connected to 
these pi ns sets the ti me constant for the 
adaptation in the equalizer loop as well 
as for signal detect response. 

Internal time constants controlling the 
equalizer's transfer function are set by an 
external resistor connected across these 
pins. 

This pin provides a OC common mode 
reference point for the receiver inputs. 

Analog and digital supply pins are 
separated to isolate clean and noisy 
circuit functions. Both supplies are 
nominally +5 volts. 

Receiver ground. 

An external 5KQ resistor across these pins 
sets up an internal reference current. 

An external resistor connected across 
these pins sets the internal levels for 
equalization as well as signal detect. This 
resistor allows compensation for transmit 
and magnetics variations. RTH should be 
set to match the peak-to-peak transmit 
amplitude. VAMP = 16 x 1.25 x RTH/R5ET 
where VAMP is the peak-to-peak 
ampl itude of the transmit output with 
zero length cable. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
VCC Supply Voltage Range ............................ -O.3V to 6V VCC Supply Voltage ........................................... 5V ± 5% 
Input Voltage Range TA, Ambient Temperature ............................ O°C to +70°C 

Digital Inputs .......................................... -0.3V to VCC RTSET .............................................................. 4KO + 1% 
Output Current RRSET ............................................................. 8KO + 1% 

TPOUT +/TPOUT -, SD±, RXOUT ± ..................... SOmA RSET ............................................................... 5KQ+ 1% 
All other outputs ................................................. lOrnA RTH ............................................................... 2500+ 1% 

Storage Temperature .............................. -65°C to + 150°C CAP1, CAP2 .................................................. 1.011F + 5% 
Lead Temperature (Soldering, 10 see) .................... 260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAX, VCC = 5V ±5%, RTSET = 4.OKO, RTH = 2500. 

PARAMETER I CONDITIONS I MIN I TYP MAX UNITS 

DC Characteristics 

Supply Current 

RVCCD 67 mA 

RVCCA 52 mA 

TVCCD 25 mA 

TVCCA 6 mA 

RVCCD + RVCCA + TVCCD + TVCCA 170 mA 

TTL Inputs (TXOFF, LPBK) 

VIL Input Low Voltage V 

VIH Input High Voltage V 

Differential Inputs (TPIN±, TXIN±) 

TPIN+, TPIN-
Common Mode Input Voltage 2.2 Vee V 

TPIN+, TPIN-
Differential Input Voltage 1.5 V 

TPIN+, TPIN-
Differential Input Resistance 10.0K 0 

TPIN+, TPIN-
Common Mode Input Current +10 uA 

TXIN+, TXIN-
Input Voltage HIGH (VIH) Vee-1.165 Vec--O·88 V 

TXIN+, TXIN-
Input Voltage LOW (VIL) Vee-1.81O Vee-1.475 V 

TXIN+, TXIN-
Input Current LOW (lILl 0.5 uA 

TXIN+, TXIN-
Input Current HIGH (lIH) 50 uA 

Differential Outputs (5D±, RXOUH, TPOUH) 

5D+, 5D-, RXOUT+, RXOUT-
Output Voltage HIGH (VaH) Note 5 Vee-1.025 Vee-0.88 V 

5D+, 5D-, RXOUT+, RXOUT-
Output Voltage LOW (VOL) Note 5 Vee-1.81 Vee-1.62 V 

TPOUT+, TPOUT-
Differential Output Current HIGH VauT = Vee ± 0.5, Note 4 19.0 21.0 mA 

TPOUT+, TPOUT-
DifferentialOutput Current LOW VauT = Vee ± 0.5, Note 4 0 0.1 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Differential Outputs (SD±, RXOUT±, TPOUT±) (Continued) 

TPOUT+, TPOUT-
Output Current Offset Note 3 0.5 mA 

TPOUT+, TPOUT-VOUT = Vcc 
Output Amplitude Error Note 3, 4 -5.0 5.0 % 

TPOUT+, TPOUT-VOUT=Vcc±1.1V 
Output Voltage Compliance -2.0 +2.0 % 

AC Characteristics 

TPOUT+, TPOUT-
Rise/Fall Time Note 2 1.5 2.0 2.5 ns 

TPOUT+, TPOUT-
Output Jitter Note 2 0.5 ns 

RXOUT+, RXOUT-
Rise/Fall Time Note 2 5 ns 

RXOUT+, RXOUT-
Output Jitter Note 2 2.0 ns 

Note 1. Absolute maximum ratings are limits beyond which the life of the integrated Clfcu,t may be impaired. All voltages unless otherwIse specified are measured with 
respect to ground. 

Note 2. limits are guaranteed by 100% testing, sampling, or correlation with worst~case test conditIons. 
Note 3. low Duty cycle pulse testmg IS performed at TA-
Note 4. Output current amplitude IS determined by JOUT = 64 x 1,25V/RTSET. 
Note 5. Output voltage levels are specified when terminated by son to Vcc-2V or equivalent load. 

FUNCTIONAL DESCRIPTION 
The ML6672 transceiver is a physical media dependent 
transceiver that allows the transmission and reception of 
155 Mbps data up to 100 meters over shielded twisted 
pair cable or category 5 unshielded twisted pair cable. 

The transmit section accepts NRZ data, sending the 
information on a two pin current driven transmitter. The 
transmitted output passes through an external low pass 
filter and transformer before entering the connectors to the 
STP or UTP cable. The output amplitude of the transmitted 
signal is programmable through the external RTSET 
resistor. 

The receive section accepts NRZ coded data after it passes 
through an isolation transformer and band limiting filter. 
The adaptive equalizer is used to compensate for the 
amplitude and phase distortion incurred from the cable. 
The adaptive control section determines the cable length 
and adjusts the equalizer accordingly. As the input signal 
amplitude diminishes, the amount of equalization 
increases until it reaches its maximum of an equivalent 
100 meters of category 5 cable. 

The adaptive control block governs both the equalization 
level as well as the link detection status. The link 
detection threshold has a fixed relationship to the overall 
equalization level which is currently 25% of the 
transmitted amplitude. For the link status to be true, a 
minimum level signal must be received. When the input 
signal is small, the equalization will be at its maximum. 

After the signal has been equalized, it is fed through the 
loopback multiplexer onto the RXOUH pins. 

Figure 1 shows a typical gain vs frequency plot of the 
adaptive equalizer for 0, 25, 50, 75 and 100 meter 
category 5 cable lengths. 
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Figure 1. Equalization Range 
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TRANSMISSION 

PECl level scrambled NRZ data is received by the 
Ml6672 and the current driven transmitter then sent the 
data to the filter/transformer module. The transmit 
ampl itude is controlled by one external resistor, RTSET. 

I - 64 x 1.25V 
OUT - RTSET 

For ATM UTP applications the transmit amplitude is lV 
peak to peak. The termination at the transmitter output is 
50Q. Therefore the transmit current lOUT = 1/50 = 20 mAo 

Therefore, RTSET = 64 x 1.25/40KQ = 4KQ 

The transmitter may be disabled via the TXOFF pin. When 
this pin is pulled low, the transmitter's output goes to its 
center value (iouT/2) with no differential current flowing 
through the transformer. 

ADAPTIVE EQUALIZATION 

During transmission of data over UTP (unshielded twisted 
pair), distortion and lSI are caused by dispersion in the 
cable. Equalization is used to overcome this signal 
corruption. However, the distortion is frequency 
dependent and loop length dependent. Therefore, in most 
practical cases, the TP port characteristic is unknown and 
it is impractical to tune the equalizer specifically to each 

ML6672 
individual port. Hence, adaptive equalizer is used in the 
TP-PMD to ensue proper compensation of the received 
signal. 

By using adaptive equalizer, the receiver automatically 
compensate different length of cable without over 
equalizing or under equalizing the line. The Ml6672 
monitors the energy of the received signal to determine 
the cable length and adjust the equalizer accordingly. The 
input signal level is inversely proportional to the cable 
length. Therefore, as the signal level decreases, the 
amount of equalization is increased to compensate for the 
line loss. 

RECEIVE CIRCUIT 

After the data is received and equalized, it is then sent to 
the clock recovery circuit via the RXOUT pins. A resistor 
RTH is used to control the internal level of equalization. 

v - 16x1.25xRTH 
AMP - RSET 

VAMP is the transmit voltage amplitude and is equal to 1 V 
and RSET = 5KQ. Therefore, RTH = 1 x 5/(16 x 1.25) KQ = 
250Q. 

CAPl and CAP2 are capacitors used to set the time 
constant for adaptation of the equalizer loop and should 
be 0.33I!F. 
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Application Example of Ml6672 Configured for 1.0Vp.p Transmit Amplitude on C5 UTP. 

Note 1. Spirt lOOK Eel termmatlons are 820 and Bon to vee and GND respectively. 
Note 2. Recommended power supply bypass capantors are 0 lJ..lF with optlonallOflF tantalum In parallel 
Note 3. Transformer turns ratro IS 1-1. 
Note 4. lPBK and TXOFF mputs are active lOW. 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6672CQ DOC to +7DoC 32-Pin Molded Leaded PCC (Q32) 

ML6672CH DOC to +7DoC 32-Pin TQFP (H32) 
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ML6672-9EVAL 

155Mbps ATM Transceiver Evaluation Kit 

GENERAL DESCRIPTION 
The ML6672-9EVAL board is a 155Mbps ATM transceiver 
for transmission over UTP (Unshielded Twisted Pair) 
Category 5 cable. At one end, the ML6672-9EVAL board 
interfaces to an RJ45 connector, through a transformer and 
common mode choke module (T1 and T2). The other end 
of the evaluation board interfaces to a 9-pin ODL (1408U) 
footprint socket. This permits the conversion of an existing 
fiber-based ATM design to a copper-based design. 

BLOCK DIAGRAM 
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ML6672 

FEATURES 

• Loop back capability 

• Quiet line by turning transmitter off 

• Low jitter 
• Fast rise and fall times at the transmitter 

KIT COMPONENTS 

• ML6672-9EVAL user guide 
• Application Note 30 
• ML6672 data sheet 
• Assembled evaluation board 
• 3.5" disk with Gerber Files 

The user guide includes performance data, layout 
recommendation, layout, schematic, parts list and tutorial 
on how to use the demo board. 
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GENERAL DESCRIPTION 

The Ml6673 is a complete monolithic transceiver for 125 
Mbaud MlT-3 encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The Ml6673 integrates the baseline restoration function 
defined in the TP-PMD standard. The adaptive equalizer 
in the Ml6673 will accurately compensate for line losses 
of up to 100m of UTP. The part requires only external 1 % 
resistors for accurate equalization. 

The Ml6673 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
The Ml6673 also contains data comparators with 
precisely controlled slicing thresholds and an MlT-3 to 
NRZI translator. An ECl lOOK compatible buffer at the 
output interfaces directly with existing FOOl PHY silicon 
from various manufacturers. 

The Ml6673 transmit section accepts ECl lOOK 
compatible NRZ inputs and converts them to differential 
current mode MlT-3 signals. Transmit amplitude is 
controlled by a single external resistor. 

Several additional functions are provided by the Ml6673 
to simplify applications. A common-mode reference is 

BLOCK DIAGRAM 

January 1995 
ADVANCE INFORMATION 

ML6673 

TP-PMD Transceiver 

provided to set the input DC level for the equalizer and 
the near-end transformer winding. This terminal may be 
used as an AC ground for the transformer center-tap or 
termination resistors. The transmitter can be disabled to 
provide true quiet line. 

The Ml6673 is implemented in a BiCMOS process. A 
differential signal path throughout minimizes the effects of 
power supply transients and noise. 

FEATURES 

• Compliant with ANSI X3T12 FDDI over copper 
(TP-PMD) standard 

• Compliant with IEEE 802.3 Fast Ethernet (1 OOBASE-TX) 
standard 

• Integrated baseline wander correction circuit 

• Transmitter converts NRZI ECl signals to MlT-3 current 
driven outputs 

• Transmitter can be externally turned off for 
true quiet line 

• Receiver includes adaptive equalizer and MLT-3 to 
NRZI decoder 

• Operates over 100 meters of STP or category 5 UTP 
Twisted Pair Cable 

• 32-pin PlCC and TQFP 
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PIN CONFIGURATION 
ML6673 

32-Pin PLCC (P38) 
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ORDERING INFORMATION 
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PART NUMBER 

Ml6673CQ 
Ml6673CH 

RRSEn 

RRSET2 

RSETI 
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RGND 

RTHI 

RTH2 

TVCCA 

TGNDA 

RRSETl 
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TPIN+ 
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CAP2 
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TEMPERATURE RANGE 

O°C to 70°C 
O°C to 70°C 
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32-Pin TQFP (H38) 
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ADVANCED INFORMATION 

ML6682 

Token Ring Physical Interface 
GENERAL DESCRIPTION 

The ML6682 Token Ring Physical Interface Circuit is 
designed for use as a token ring concentrator port interface 
in 4Mb/s and 16Mb/s IEEE 802.5 networks using category 4 
and 5 unshielded twisted pair (UTP) and type 1 shielded 
twisted pair (STP) cable. It can also be configured as a Ring
In or Ring-Out port for concentrator interface to the main 
network trunk. It includes a receiver equalizer for 
suppression of inter-symbol distortion, a narrow-bandwidth 
master PLL with a constant-gain phase/frequency detector 
for enhanced clock tracking and low VCO phase distortion, 
an 8 UI FIFO and slave PLL for additional jitter attenuation, 
internal frequency/phase tracking select logic, and a 
waveshaping twisted pair transmit driver which requires 
only a very simple external filter to meet the 802.5 standard. 
The circuit also includes phantom wire fault detection and 
output drivers for use with an external phantom switching 
mechanism in a concentrator-to-trunk interface application. 
The part has an on-chip single-pin crystal oscillator designed 
for a 16MHz crystal. It can also be used with an external 
clock of either 16MHz or 32MHz frequency. The part uses a 
frequency squelch circuit at the twisted pair receiver to 
allow detection of incorrect network speed. 

BLOCK DIAGRAM 

FEATURES 

• Supports the complete interface for a concentrator. 

• Supports dual PLL jitter attenuator and clock 
regeneration for each lobe port and Ring In/Ring Out 
ports for UTP/STP extended distance concentrators. 

• Compatible with IEEE 802.5-1989 Standard for 
Token Ring 

• Pin selectable 16 and 4Mb/s data rates 

• Supports dual ring fault tolerant Ring In/ 
Ring Out trunks 

• Fault isolation capability at each concentrator port 
available for network management. 

• Provides Dual Phase-Locked Loop with single edge 
constant gain phase detector and 8 UI FIFO for clock 
regeneration, jitter attenuation and data recovery. 

• Phantom voltage drive/sense for both transmit and 
receive cable pairs. 

• On-chip crystal oscillator can also be driven by 
external clock. 

• On-chip receiver channel equalization switchable for 
both 4 and 16 Mbps 

• Advanced BiCMOS technology 
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GENERAL DESCRIPTION (Continued) 

External components are minimized by the use of internally
controlled station fault, receiver pulse width squelch, on
chip crystal oscillator, and internal 4/16 Mbps switching 
logic. The ML6682 performs the hybrid switching functions, 
eliminating the need for relays. Isolation can be achieved 
optically. The circuit requires a single +5V power supply, 
and is fabricated in BiCMOS technology. 

PIN CONFIGURATION 
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PIN DESCRIPTION 

PIN It NAME FUNCTION PIN It NAME FUNCTION 

1 RxTPP Receive wire pair inputs. These inputs 13 ALLOW ALLOW is a digital input that allows the 
44 RxTPN receive data from the twisted pair media port to control INSERT/BYPASS through 

through the receive isolation phantom current, or allows the port to 
transformer. These pins are DC biased be forced into INSERT mode using FBYP. 
internally for proper receive data 14 FBYP Force Bypass input. This digital input 
biasing. provides network management control to 

2 DGND2 Digital ground pins. force the ML6682 into BYPASS mode. 
20 DGNDl 15 N/C 
3 DVCC2 Positive power supply pins (+5V) for 16 SIGVAL Valid signal indicator output. This 

21 DVCC1 digital part of the chip. output goes low when the signal at 
4 AVCC3 Positive power supply pins (+5V) for RxTPP/N meets frequency and 
35 AVCC1 analog part of the chip. amplitude squelch requirements. 

5 FlLTR4MB 4Mbps PLL filter input. Connection 17 XTAL1 Crystal/external clock input. Connecting 
point for external PLL filter components a 16MHz crystal between this pin and 
for 4 Mbps data rate. ground provides the required reference 

6 FILTPLL2 Second PLL filter input. Connection frequency. This pin may also be driven by 

point for external PLL filter components an external 16MHz clock. XTAL2 must 

for second (slave) PLL. be connected to ground when XTAL 1 is 

7 FILTR16MB 16 Mbps PLL filter input. Connection 
used. 

point for external PLL filter components 18 XTAL2 Clock input pin. Connecting a 32MHz 

for 16 Mbps data rate. external clock between this pin and 

8 AGND3 Analog ground pins. 
ground provides the required reference 
frequency. When XTAL2 is used, XTAL 1 

29 AGND2 must be grounded. 
32 AGND1 

9 N/C 
19 N/C 

l1li 10 LOCK PLL phase lock indicator output. This 
22 RxD Receive data output. When the ML6682 

is in INSERT mode, RxD is sourced by 
output goes low when both PLLs the PLL reclocked data from receive 
achieve lock. May be externally gated twisted pair inputs RxTPP, RxTPN. 
with FBYP for zero delay lockout. When the ML6682 is in the BYPASS 
(Prevent a 4 Mbps station from entering mode, RxD is sourced by the TxD input. 
a 16 Mbps Ring). 

11 4/16 Data rate selection input. A logic one 
23 RxCLK Synchronized data clock output. When 

the ML6682 is in INSERT mode, RxCLK 
selects 4 Mbps operation. A logic zero is sourced by the PLL. When the 
selects 16 Mbps operation. The pin ML6682 is in BYPASS mode, RxCLK is 
automatically switches the receive sourced by the TxCLK input. 
equalizer and the PLL loop fi Iter for the 

24 FAULT Phantom wire fault detection output. appropriate data rate. 

12 PHTMD/S "Phantom drive/sense" select input. 
When this output is low, the phantom 
current test has failed. In the "phantom 

When set low, the chip is configured for drive" mode this will be detected as an 
"phantom sense". In the "phantom open or a short by the PHTMTX1, 
sense" state PHTMRX1 pin serves as an PHTMTX2, PHTMRX1, PHTMRX2 pins. 
input coming from an opto-isolator to In the "phantom sense" mode, FAULT is 
sense phantom current and_PHTMTX1 is an output that simply buffers the 
an output. When PHTMD/S is set high, PHTMRX1 input. 
the chip is configured for "phantom 
drive". In the "phantom drive" state 25 PHTMRX2 Receive pair phantom sense inputs.!n 

PHTMTX1 and PHTMTX2 provide the 26 PHTMRX1 the "phantom drive" mode (PHTMD/S 

phantom drive and fault detect for the pin is tied to Vecl these inputs sense 

transmit pair of wires, and PHTMRX1 phantom current on the receive pair 

and PHTMRX2 sense fault detect for the wires to detect a phantom circuit fault 

receive pair of wires. condition. In "phantom ~ense" 
configuration (PHTMD/S pin is tied to 
GND) PHTMRX1 is the sense input for 
phantom current coming from an opto 
isolator and PHTMRX2 should be 
grounded. 
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PIN DESCRIPTION (Continued) 

PIN # NAME 

27 PHTMTX1 
28 PHTMTX2 

30 TxTPN 
31 TxTPP 

33 TxD 

34 TxCLK 

FUNCTION 

Transmit pair phantom drive/sense pair. 
In the "phantom drive" mode, these 
pins output a +5 volt phantom signal 
and sense opens and shorts as a 
phantom circuit fault condition. In the 
"phantom sense" mode, PHTMTX1 is 
an open collector pin that can be used 
to drive an LED to reflect the INSERT/ 
BYPASS state. In the INSERT state, 
PHTMTX1 is low to light the LED and 
in the BYPASS state PHTMTX1 is high. 
PHTMTX2 should be left floating in 
the "phantom sense" mode. 

Transmitter wire pair outputs. These 
pins are the differential current driver 
outputs to the lobe fed th rough an 
isolation transformer out on to the ring. 

Data input from the previous lobe or 
Ring In/Ring Out port. In INSERT mode 
TxD is clocked by TxCLK out onto the 
transmit twisted pair cable TxTPP, 
TxTPN. In BYPASS mode the TxD 
input is internally connected to the 
RxD output. 

Synchronized data clock input from 
the previous lobe or Ring In/Ring Out 
port. In INSERT mode TxCLK clocks 
TxD out onto the transmit twisted pair 
at TxTPP, TxTPN. In BYPASS mode the 
TxCLK input is internally connected to 
the RxCLK output. 

PIN # NAME 

36 RVCO 

37 RTSET 

38 RSL 

39 SQDIS 

40 EQ16B 
41 EQ16A 

42 EQ4B 
43 EQ4A 

4-146 'Micro Linear 

FUNCTION 

External resistor input. A precision 
resistor of the appropriate value 
connected to this input sets the phase 
detector ga in. 

External resistor input. A precision 
resistor of the appropriate value 
connected to this input sets the 
twisted pair transmitter output level. 

Receive squelch low select input. 
When this pin is tied to Vee the 
receive squelch level will be lower; 
more sensitive. When this pin is tied to 
GND, the receive squelch level will be 
higher; less sensitive. 

Squelch disable input. Normally wired 
to ground. A high level input disables 
the RX wire pair squelch function. 

Differential connection for external 
equalization components for 16 Mbps 
operation. The equalizer is disabled 
when these two pins are tied together. 

Differential connection for external 
equalization components for 4 Mbps 
operation. The equalizer is disabled 
when these two pins are tied together. 



Ml6682 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Vee Supply Voltage Range ............................. -O.3V to 6V Vce Supply Voltage ............................................ SV ± 5% 
Input Voltage Range All Vee supply pins must be within 0.1 V of each other. 

Digital Inputs .............................................. -0.3 to Vee All GND pins must be within O.lV of each other. 
TxD, TxCLK, RxTPP, TA, Ambient Temperature ............................ O°C to +70°C 
RxTPN, XTAL 1, XTAL2 ............................. -O.3V to Vee Tj, Junction Temperature ............................ O°C to + 125°C 

Output Current REXTl .................................................. 1 .66K ohms ± 1 % 
TxTPP, TxTPN ..................................................... SOmA REXT2 .................................................. 2.42K ohms ± 1 % 
PHTMRX1, PHTMRX2, PHTMTX1, PHTMTX2 .... 2SmA 
All other outputs ................................................. 10mA 

Storage Temperature .............................. -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) .................... 260°C 

ELECTRICAL CHARACTERISTICS 
Over full range of operating conditions unless otherwise specified. 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

TTL Inputs (4/16, NSERT, PHTMD/S, SQDIS, ALLOW, TxD, T xCLK, FBYP) 

VIL Input Low Voltage IlL = 400j.iA -0.3 0.8 V 

VIH Input High Voltage IIH = lOOIiA 2.0 Vcc +O.3V V 

IlL Input Low Current All except TxD, TxCLK; VIN = OAV -400 j.iA 

TxD, TxCLK; VIN = OAV -1600 j.iA 

IIH Input High Current VIN = 2.7V 100 j.iA 

TTL Outputs (FAULT, LOCK, RxCLK, RxD, RxCLK, RxD): 

VOL Output Low Voltage IOL = 1mA 0040 V l1li 
VOH Output High Voltage IOH =-0.1mA 204 V 

Receiver 

VOSR RxTPP-RxTPN Differential VSQDIS=VIH -35 35 mV 
Offset Voltage 

VDSO RxTPP-RxTPN Differential RSL = VIL 335 565 mVp-p 
Squelch Threshold 

RSL = VIH 35 70 mVp-p 

Vpso RxTPP-RxTPN Post-Squelch RSL = VIL 167 282 mVp-p 
Differential Input Threshold 

RSL = VIH 23 47 mVp-p 

VIBR RxTPP-RxTPN Open-Ctrcuit 2.2 2.8 V 
Common-Mode Bias Voltage 

RIDR RxTPP-RxTPN Differential Input differential voltage = 2V, 3.0 6.7 Kn 
Input Resistance centered at VIBR 

VSTX XTAL 1 Input Switching 2.2 304 V 
Threshold Voltage 

IRXT1 RExT1 Input Current RExT1 = 1.66Kn 575 625 j.iA 

IRXT2 RExT2 Input Current RExT2 = 2A2Kn 387 438 j.iA 

Transmitter 

ITQUT TxTPP Differential Output RL = 100 or 1 son 28 33 mA 
Current 

ITOFF TxTPP-TxTPN Off-state VFBYP = VIL; RL = 200n 1.5 mA 
Output Current 

ITXI TxTPP-TxTPN Differential RL= 200n -900 +900 j.iA 
Current Imbalance 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Phantom Output Driver (PHTMD/S = VIH, except as noted) 

VOHP PHTMTX1/PHTMTX2 IOHP =-lmA 4.1 V 
Output High Voltage 

IOHP=-2mA 3.8 V 

IOHP PHTMTX1/PHTMTX2 Output VOHP=OV -20 --4 rnA 
Short Circuit Current 

lozp PHTMTX1/fx2/Rxl/Rx2 PHTMD/S = VIL -100 +100 ItA 
Output Off Current OVSVOHPSVCC 

Phantom Output Fault Sensing (PHTMD/S = VIH) 

VOPN FAULT Output Voltage, Notes 2,3 2.4 V 
Normal Condition 

VOPF FAULT Output Voltage, Notes 2, 4 0.45 V 
Fault Condition 

Power Supply Current 

ICCl Supply Current, Transmitting Note 1 rnA 

ICC2 Supply Current, Idle Current into all Vcc pins, Vcc = 5.25V rnA 
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AC CHARACTERISTICS (Over full range of operating conditions unless otherwise specified) 

SYMBOL I PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

Transmitter (Note 8) 

tDFOl TxTPP-TxTPN Output 16Mb/s, Note 5A 0.3 1.0 ns 
Delay Mismatch, Zeros and Ones 

4Mb/s --0.5 0.5 ns 

tDFMX TxTPP-TxTPN Output 4Mb/s & 16Mb/s, Note 5B -2.0 2.0 ns 
Delay Mismatch, Random Data 

tDCD TxTPP-TxTPN Output 16Mb/s, Note 6 -1.5 1.5 ns 
Duty Cycle Distortion 

4Mb/s, Note 6 -6.0 6.0 ns 

Receiver, General 

tRPWL Maximum RxTPP-RxTPN Period 16Mb/s, RxTP VDIFP.P = 1 V 166 244 ns 
To Turn On 

4Mb/s, RxTP VDlFP.P = lV 667 2000 ns 

tRPWS Minimum RxTPP-RxTPN Period 16Mbls, RxTP VDIFP.P = 1 V 40 59 ns 
To Turn On 

4Mb/s, RxTP VDlFP.P = 1 V 166 244 ns 

tpL PLL Phase-Lock After Freq. Lock Figure 1 1.5 ms 

tFL PLL Frequency-Lock After Power-up to 2BR ± 1 % 500 ms 
Power-Up Hz frequency at RxCLK; Note 7 

tDL PLL Phase Unlock Time Figure 1 100 Ils 

tPVCl RxCLK Period, VFILTR4MB = 2.2V V4/16 = VOH (4Mb/s), Note 9 225 150 ns 

tpvC2 RxCLK Period, VFILTR4MB = 2.8V V4/16 = VOH (4Mb/s), Note 9 75 112 ns 

tPVC3 RxCLK Period, VFILTSL = 2.2V V 4/16 = VOL (16Mb/s), Note 9 56.3 37.5 ns 

tpvC4 RxCLK Period, VFILTSL = 2.8V V 4/16 = VOL (16Mb/s), Note 9 18.8 28 ns -Kd Phase Detector Gain 4Mb/s; Note 10 and Figure 2 0.25 0.35 IlA/ns 

16Mb/s; Note 10 and Figure 2 1.0 1.4 IlA/ns 

tRSTE PLL Static Phase Error Note 11 -2 +2 ns 

tRDC RxD to RxCLK Delay -2 2 ns 

tRTD RxTP to RxD Delay 1 4 BT 

tRCFS RxCLK 90-10% Fall Time RxCLK tpER = 31 .25ns 5 ns 

tPTRD TxD to RxD Propagation Delay VFBYP = VOL, Figure 4 TBD TBD ns 

tpTRC TxCK to RxCK Propagation Delay VFBYP = VOL, Figure 4 TBD TBD ns 

tSRM Setup Time, RxD Valid to RxCLK RxCLK tpER = 31.25ns, Figure 4 10 ns 
Rising Edge (1 .5V point) 

tHRM Hold Time, RxD Valid After RxCLK tpER = 31.25ns, Figure 4 2 ns 
RxCLK Rising Edge (1 .5V) 

tRCRM RxCLK 10-90% Rise Time RxCLK tpER = 31.25ns, CL = 15pF; 5 ns 
Figure 4 

tRCFM RxCLK 90-10% Fall Time RxCLK tpER = 31.25ns, CL = 15pF; 5 ns 
Figure 4 
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Note 1: Current into all Vee pins, Vee = 5.25V, transmitting and receiving 16MHz data. 
Note 2: Use a 2K ohm load at FAULT for these tests. 
Note 3: 2.9K < RL 1 < S.SK, 2.9K < RL2 < S.SK. RL 1 connected between PHTMTXl and PHTMRX1; RL2 connected between PHTMTX2 and PHTMRX2. 
Note 4: Tested under the following conditions: 

A. RLl > 9.9K and 2.9K < RL2 < S.SK, or RL2 > 9.9K and 2.9K < RLl < 5 SK. 
B. RL 1 < 1000 and 2.9K < RL2 < S.SK, or RL2 < loon and 2.9K < RL 1 < S.SK. 

Note 5: A. DIfference between the delay from the nearest TxCLK rosong edge to the TxTPPN differentIal BR edge and the delay from the nearest TxCLK rosong edge to the 
TxTPPN differential BR/2 edge. Measured for either rising output edges or failing output edges only, with measurements made for each. Measurements are to be 
made at the output of both test C.rcUlts shown on Figure 3. (See waveforms on F.gure 7 -4 of draft IEEE 802.5q1D4). 

B. Difference between the delay from the nearest TxCLK rising edge to the TxTPPN differential edge and the delay from the nearest TxCLK rising edge to the 
TxTPPN differential edge. Measured for either rising output edges or faIling output edges only, with measurements made for each using random data (JKs, Os, 15) 
Measurements are to be made at the output of both test circuits shown In Figure 3. (See waveforms In Figure 7 -4 of draft IEEE B02.5q/D4) 

Note 6: One~half the difference between the posltlve-going differential output pulsewldth and the negative-going differential output pulsewldth. Measured at the output of 
both test cirCUits in Figure 3 with a constant stream of all zeros or all ones. Measurements are to be averaged over 128 data pulses Measured with Input dnve to 

TxD/rxCLK. 
Note 7: Not tested in production Guaranteed by characterization measurements. 
Note 8: The transmitter TxTPP-TxTPN output waveform must also meet the waveform templates shown in section 7.2.2.2 of IEEE B02.5q 
Note 9: Disconnect the filter components at the FIl14MB or Fil T16MB pinS and apply the Indicated voltage to that pin. Measure the output period at RxClK. Disconnect 

RxTPPN from all Input. 
Note 10: See Figure 2 for timing. With the cirCUit 10 phase-lock, Inject 11 = +51JA and measure the propagation delay tpOl between an RxTPP riSing edge and the 

corresponding RxCLK falling edge. Make a second delay measurement tpD2 wh.le inJectong 12 = -S)1A. Phase detector gaon IS g.ven by I«J = (12-11 )/(tpDl-tpD2)' 
Note 11: The Ml6682 is phase-locked to the RxTPP waveform With RxTPN biased to 2.5V (see Figure 5). Monitor RxD to observe correct data being latched For one pulse, 

shorten the pOSitive pulse at RxTPP by moving the rising edge, and check to see If the short pulse was latched Continue to shorten the pulse in this manner until 
incorrect data appears at RxClK. The time between the riSing edge and the unshortened positive pulse midpoint IS lRsTE' Repeat this procedure for the other 3 cases 
shown in Figure 5. 

RxTPP-R_X_TP_N __ 5_0_'(V 

tpL ---------I~ tDLr-
'---------IIJ 

LOCK 

Figure 1. PLL Phase Lock Timing. 

RxTPN------------------------------------- 2.5V 

Figure 2. Phase Detector Gain Test. 
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Figure 3A. Transmitter AC Test Circuit, 100 Ohms (UTP). 
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Figure 38. Transmitter AC Test Circuit, 150 Ohms (STP). 
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Figure 4. Receiver Timing. Figure 5. Receiver Static Timing Error Test. 
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FUNCTIONAL DESCRIPTION 

Page 1 shows the functional block diagram of the 
ML6682. The device contains four major functional 
blocks; twisted pair line interface, port interface, PLL 
retiming circuit and crystal oscillator. In normal operation, 
the data is retransmitted from the previous port on to the 
transmit TP wire pair (to the station) by the use of TxD and 
TxCLK. The data from the station via the receive wire pair 
is retimed through the use of a dual PLLjFIFO. The retimed 
data at RxD is then clocked out to the next port by RxCLK. 

PORT INTERFACE 

The ML6682 can be used for implementing Lobe, Ring In 
and Ring Out ports in a concentrator. The device can be 
placed into either the INSERT state or the BYPASS state. 
Figure 6 is a functional illustration of the INSERT and 
BYPASS states. 

When ML6682 is in the BYPASS state, the station is 
bypassed. The data input from the previous port is retimed 
and fed directly through to the next port (see figure 6). 
Signal from the receive twisted pair is retimed via the PLL 
and looped back to the transmit twisted pair. However, if 
the signal does not meet the receive frequency squelch 
criteria, the signal will not be fed to the PLL. The PLL will 
transmit the local clock signal onto the transmit twisted 
pair. 

BYPASS 

TxCLK ..... f============::::;:~ ..... RxCLK 
TxD RxD 

~ 
.. z .. .. 
S 

.. 
~ ~ 

INSERT 
TxCLK ..... t===:::;------;::==:::;:=I-.. RxCLK 

TxD 
RxD 

Figure 6. Bypass and Insert States. 

When the port is INSERTed into the network, the transmit 
data TxD from the previous port is clocked by transmit 
clock TxCLK, and fed out on the twisted pair lines. The 
data from the receive twisted pair input is passed through 
the PLL and output on RxD and RxCLK pins. 

Through various input pins, the ML6682 may be selected 
for one of three options: 

1. Forced into the INSERT state 

2. Forced into the BYPASS state 

3. Allow the remote station to place the ML6682 into 
INSERT or BYPASS state with phantom control. 

The logic equation to implement these options is as 
follows: 

FBYP x (ALLOW + FAULT) = INSERT 

When INSERT is a logic 1, the ML6682 is placed into the 
INSERT state as shown in Figure 6. When INSERT is a 
logic 0, the ML6682 is placed into the BYPASS state. Truth 
table 1 illustrates how the three above options can be 
achieved. 

FBYP ALLOW FAULT INSERT 
State 

Forced 0 X X 0 
Bypass Mode 

Phantom 1 0 0 0 
Controlled Bypass 

Phantom 1 0 1 1 
Controlled Insert 

Forced Insert 1 1 X 1 

X = Don't Care 

Table 1. Logicfor INSERT/BYPASS. 

TP LINE INTERFACE 

TP Line Receiver consists of a line equalizer, receive 
squelch circuit and a resistive attenuator. 

RECEIVE EQUALIZER 

This receive equalizer compensates for twisted-pair cable 
dispersion, which otherwise would give rise to inter
symbol interference (151). The amount of equalization 
varies with the average amplitude of the received signal. 
The received signal amplitude gives a rough value for the 
length of the attached cable. The filter/equalizer 
characteristic is the inverse of the cable's dispersion 
characteristic. Both UTP and STP cables approximate a 
low-pass filter, so the filter/equalizer approximates an 
inverse root equalizer. There are two sets of equalizers, 
one for 4 Mbps operation and one for 16 M...Qps operation. 
This is switched automatically when the 4/16 pin is 
toggled. Each equalizer has its own external components 
which consist of two resistors and a capacitor. 
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RECEIVE SQUELCH CIRCUIT. 

The TP line receiver consists of a resistive attenuator with 
common-mode bias set circuit and voltage offset 
comparators to set the amplitude squelch threshold. 
When the RxTP input signal meets amplitude and 
pulsewidth requirements, the SQUELCH circuit reduces 
the offset voltage of the TP Line Receive comparators, 
decreasing the amplitude squelch threshold. This 
hysteresis allows the receiver to stay on in the presence 
of a fading input signal. 

The receive squelch circuit qualifies the incoming signal 
to determine whether the signal contains valid data. The 
circuit qualifies the signal on the basis of both the 
amplitude and frequency of the signal. This prevents the 
PLL from trying to lock onto the wrong frequency when 
using 4 or 16 Mbps data rates, as well as preventing the 
PLL from locking onto noise. Once the signal has been 
qualified, the circuit will then unsquelch. The RSL pin 
selects one of two amplitude levels for the amplitude 
squelch criteria, while the 4/16 pin selects one of two 
frequency squelch criteria. 

The level of the amplitude squelch circuit can be selected 
by using the RSL pin. The squelch threshold range is as 
follows: 

MIN Threshold MAX Threshold 

RSL = 1 

RSL = 0 

35 mVp_p 

335 mVp_p 

Frequency Squelch Criteria 

70 mVp_p 

565 mVp_p 

4 Mbps max limit 4.1 MHz to 6MHz 

4 Mbps min limit 0.5MHz to 1.5MHz 

16 Mbps max limit 

16 Mbps min limit 

17MHz to 25MHz 

4.1 MHz to 6MHz 

When squelch is on, the PLL is tracking the internal clock 
frequency coming from an external clock or the internal 
oscillator. When the part unsquelches the PLL switches 
into phase acquisition mode, attempting to phase lock 
onto the incoming data. 

PHASE LOCK LOOP 

The PLLs are third-order, type II charge pump loops (see 
F.M. Gardner, "Charge-Pump Phase-Lock Loops", IEEE 
Trans Comm, Vol. COM-28, No. 11, pp. 1849-1858, 
November 1980). They have high damping factor and low 
loop bandwidth to minimize accumulated jitter. The loop 
filter is externally connected. The third pole is at a very 
high frequency, since the ratio of the second and third 
order pole capacitors Cl/C3 is about 20,000:1. This, too, 
is done to minimize accumulated jitter. 

Ml6682 
The 16 Mbps loop filter, slave loop filter, and 4 Mbps loop 
filter are external to the chip. Each filter consists of two 
capacitors and a resistor. The switching between the 
16Mbps and 4Mbps loop filters is automatic when the 
4/16 pin is toggled. Each data rate uses a different charge 
pump. 

The VCO uses aMOS voltage-to-current converter at its 
input to give a very high input impedance and low static 
phase error. The high VCO input impedance also allows 
the elimination of a loop filter buffer and the parasitic 
poles a buffer would add to the loop. The oscillator itself 
is a bipolar ring type oscillator with temperature and 
voltage-compensated output frequency for low jitter. 

The first PLL will achieve lock after several microseconds 
of a static phase error of less than ± 4 nsec. Hysteresis is 
built into the lock circuit so that it is more difficult to 
achieve lock than it is to lose lock. This will also prevent 
any oscillation of the LOCK pin. Lock will be lost if the 
phase error exceeds ±4 nsec for several micro-seconds. 
Once lock is lost, the PLL will try to achieve phase lock 
for several mill i-seconds. If it is unsuccessful, the ML6682 
will switch to internal frequency acquisition rnode and re
center the VCO. Once it has achieved frequency lock 
with its internal oscillator, it will autornatically switch to 
phase acquisition mode and try again to phase lock onto 
the data. 

The frequency squelch circuit will lirnit the frequency 
range allowed to pass into the PLL. This limited frequency 
range in addition to the stringent lock criteria will insure __ 
that the PLL will not lock onto harmonics or sidebands of ..-
the fundamental data rate. 

The first PLL clocks the data into an 8 UI FIFO. Each flip
flop in the FIFO stores one UI which is one half bit. The 
second (slave) PLL has a much narrower bandwidth set by 
the external filter connected to pin FILTPLL2. The second 
PLL is fed the first PLL's clock so that it can remove more 
of the jitter. The clock out of the second PLL is used to 
clock the data out of the FIFO and onto the RxD pin. The 
second PLL's clock output appears at RxCLK. This dual 
PLL architecture is the most effective way to reduce jitter 
and insure optimal performance from a token ring 
network. 

TP LINE DRIVER 

The TP OUTPUT driver uses a current mode switch which 
develops the output voltage by driving current through the 
terminating resistor and the output filter. Both TxTPP and 
TxTPN outputs are open collector, intended to drive a 
center-tapped transformer, with the center tap connected 
to Vee. The driver is capable of driving 150n doubly
terminated transmission lines to a minimum 4.1Vp_p level 
or lOOn doubly-terminated transmission lines to a 
minimum 2.7Vp_p level. The driver's output is 
waveshaped, allowing the use of a simple external 
transmit filter. 
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PHANTOM CURRENT DETECTION 

The ML6682 provides a 'phantom current detection 
function. With PHTMD/S driven high, the phantom 
voltage and wire fault detection circuit provides correct 
phantom DC output voltage under nor~al conditio~~. It 
also senses short-circuit and open-circuit fault conditions, 
and removes phantom voltage when appropriate. 

In the LOBE port application with PHTMD/S tied low 
(FBYP is tied high and ALLOW is tied low), driving 
PHTMRXl high places the device into the INSERT mode. 
Driving PHTMRXl low places the device in the BYPASS 
mode, in which data from the previous port will be passed 
on to the next port. 

CLOCK OSCILLATOR 

The ML6682 provides an on-chip clock oscillator by 
connecting a crystal to the XTAL 1 pin. The ML6682 can 
also be driven by an external 16MHz clock at the X.TAL 1 
pin, or by an external 32MHz clock at the XTAL2 pm. In 
either case, the unused XTAL pin should be grounded. 

APPLICATIONS 

Figure 7 shows a block diagram of an intelligent UTP Hub 
irnplementation with active retiminp on each port. The 
architecture shown has a back up nng for fault tolerant 
operation. The Ring In and Ring Out ports .use phantorn 
current to detect wire faults. When a fault IS detected, the 
Ring-In and Ring-Out port go into the bypass state a.nd 
perforrn an autornatic loopback onto the Back-up RI~g. 
This feature is especially useful in stackable hub designs. 

A rnicro processor can be used to rnanage ea~h individual 
port. All the ports including the Ring In and Rmg Out ports 
can be individually programrned into "Force INSERT", 
"Force BYPASS" or "Allow phantom control". 

LOBE PORT 

Figure 8 shows a typical implementation of a lobe p<;>rt. 
Lobe ports are configured as phantom sense ports usmg 
opto isolators for sensing phantom current. Pha~tom 
current is sensed with an opto isolated output signal fed 
into pin PHTMRX1. PHTMTXl will go low with an open 
collector output when the ML6682 goes into the INSERT 
state. PHTMTXl may either be used to drive an LED 
indicator or another opto isolator to signal the remote 
station whether it is inserted or not. 

By connecting the signal from the LOCK pin to t.he FBYP 
pin, the ML6682 is forced into bypass mode until.the PLL 
achieves lock. When a station with a frequency different 
than the ring frequency attempts to insert i~to th: ring, the 
PLL will not achieve lock and thus the statIOn will not be 
inserted. 

RxTPP, RxTPN 

TxTPP, TxTPN 

Figure 7. Intelligent UTP Hub. 
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RING-IN PORT 

The Ring In port may also be configured for phantom 
sense with automatic loopback fault detection. When 
Phantom current is detected the part is in the INSERT 
state. If phantom current is lost, the ML6682 will 
automatically switch to the BYPASS state. Using the FBYP 
and ALLOW pins the part can also be forced into INSERT 
state, for compatibility with older standard type hubs, or 
forced into BYPASS for diagnostic purposes. 

The configuration of a fault tolerant Ring In port is 
implemented exactly like a lobe port. The TxD and TxCLK 
pins are connected to the RxD and the RxCLK pins of the 
ring out port to create a "back up" ring. When the fault 
tolerant feature is not needed for compatibility with the 
older hubs, the phantom current sense capability of the 

R/45 

16MHz D 
:;;: 

ML6682 

ML6682 should be disabled and the device should be 
placed in the forced insert state by using FBYP and 
ALLOW. The LOCK pin should still be used to ensure that 
the proper ring speed is maintained. 

RING OUT PORT 

Tie the PHTMD/S pin high to configure the ML6682 as a 
Ring Out port. In this mode the Ring Out port looks like a 
station; however, when a FAULT is detected on the 
transmit or receive twisted pair wires, the ML6682 will 
automatically go into BYPASS state. The PHTMRXl and 
PHTMRX2 pins drive the receive pair transformer center 
taps, and the PHTMXl and PHTMTX2 pins drive the 
transmit pair transformer center taps on the cable side of 
the transformers in this mode. 

10 5V 

43 42 41 40 

RxTN DVCCI 

RxTN DGNDI 

'=' 
PHRXI DVCC2 

PHRX2 DGND2 

RTSET AVCCI 

AGNDI 
RVCO 

2.42K AGND3 

SQDIS 

RSL AVCC3 

PHDSB 
LOCK 

FBYP 
XTALl 

RxD 

XTAL2 
RCLK 

TxD 

TxTPN TCLK 

ALLOW 
TxTPP 

AGND2 

FILT4 FILT16 CPSL '=' 

5K 1.6K 

30PP. 
'=' 0.47~F 

30PP. 
'=' 0.47~F 

Figure 8. Typical Circuit for a Lobe Port. 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6682CS DOC to +7DoC 44-Pin PLCC (Q44) 
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Mass Storage 

Selection Guide ................................................................................................................. . 

Read/Write Amplifiers 
ML 117 2, 4, or 6-Channel Read/Write Circuits ............................................................ . 

ML 117R 2,4, or 6-Channel Read/Write Circuits ............................................................ .. 

ML501 6,7, or 8-Channel Read/Write Circuits ............................................................ .. . 
ML501 R 6, 7, or 8- Channel Read/Write Circuits ............................................................ . 

ML502 6,7, or 8-Channel Read/Write Circuits ............................................................ .. 

ML502R 6,7, or 8-Channel Read/Write Circuits ............................................................ .. 

ML502S 6, 7, or 8-Channel Read/Write Circuits ............................................................ .. 

ML511 4,6, 7, or 8-Channel Read /Write Circuits ........................................................ . 

ML511 R 4,6, 7, or 8-Channel Read/Write Circuits ........................................................ .. 

ML4415 15-Channel Read/Write Circuit ........................................................................ .. 

ML4415R 15-Channel Read/Write Circuit ......................................................................... . 

ML4416 14-Channel Read/Write Circuit with CS ............................................................ . 

ML4416R 14-Channel Read/Write Circuit with CS ............................................................ . 

ML4451 2-Channel Preamplifier for Tape Drives ............................................................ . 

ML4452 MR Head Preamplifier for Tape Drives 
2-CH Read and 1-CH Write with Readback ...................................................... . 

ML4610R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit ................................................ . 

ML4611 R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit ................................................ . 

ML6320 3V/5V 4-Channel Thin-Film Read/Write Circuit ................................................ . 

Read/Write Signal Processing 
ML541 Read Data Processor ....................................................................................... .. 

ML4041 

ML4042 

ML4417 

ML4427 

ML4568 

ML6005 

ML6006 

ML6010 

ML6012 

ML6013 

ML6024 

ML6025 

ML6026 

Read Data Processor ........................................................................................ . 

Read Data Processor ........................................................................................ . 

Zoned Bit Recording Circuit ............................................................................. . 

Zoned Bit Recording Circuit ............................................................................. . 

Disk Pulse Detector + Embedded Servo Detector ............................................ .. 

24 Mbps Read Channel Filter/Equalizer ............................................................ . 

36 Mbps Read Channel Filter/Equalizer ............................................................ . 

Integrated Disk Read Channel Processor .......................................................... . 
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Read/Write Signal Processing (Continued) 

ML6042 Tape Drive Data Channel Processor .................................................................. 5-365 

ML6310 3V/5V Read Channel Front-end Processor ......................................................... 5-369 

ML6311 3V/5V Read Channel Back-end Processor.......................................................... 5-384 

ML8464B Pulse Detector ................................................................................................... 5-406 

ML8464C Pulse Detector ................................................................................................... 5-406 

Servo Control ICs 
ML4401 Servo Demodulator ........................................................................................... 5-50 

ML4402 Servo Driver ...................................................................................................... 5-56 

ML4403 Servo Controller ................................................................................................ 5-61 

ML4404 Trajectory Generator ......................................................................................... 5-71 

ML4406 Disk Voice Coil Servo Driver ............................................................................. 5-82 

ML4407 Disk Voice Coil Servo Driver ......................................................................•...... 5-82 

ML4408 Low Voltage Drop Voice Coil Servo Driver ........................................................ 5-88 

ML4413 Servo Controller ................................................................................................ 5-61 

ML4418 Low Saturation Voice Coil Servo Driver ............................................................. 5-150 

ML4431 Servo Demodulator ........................................................................................... 5-186 

ML4506 5V Disk Voice Coil Servo Driver ....................................................................... 5-207 

ML4508 Low Voltage Drop Voice Coil Servo Driver ........................................................ 5-214 

ML4532 Servo Burst Area Detector with PWM ............................................ :................... 5-230 

ML4533 Servo Burst Area Detector without PWM ........................................................... 5-230 

ML4534 Area Detector Based Embedded Servo Demodulator ......................................... 5-241 

ML4535 Area Detection Based Hybrid Servo Demodulator ............................................. 5-248 

ML4536 Servo Burst Area Detector without PWM DAC .................................................. 5-230 

Motor Control ICs 
ML4410 Sensorless Spindle Motor Controller .................................................................. 5-95 

ML4411 Sensorless Spindle Motor Controller .................................................................. 5-106 

ML4412 Enhanced Sensorless BLDC Motor Controller .................................................... 5-119 

ML4420 Enhanced Sensor less BLDC Motor Controller .................................................... 5-157 

ML4425 Sensorless BLDC PWM Motor Controller ........................................................... 5-170 

ML4426 Sensorless BLDC PWM Motor Controller with Reverse ...................................... 5-170 

ML4510 5V Sensorless Spindle Motor Controller ............................................................. 5-221 

ML6035 5V Spindle Motor Controller and Driver ............................................................ 5-354 

Tape Drive 
ML4452 MR Head Preamplifier for Tape Drives 

2-CH Read and 1-CH Write with Readback ....................................................... 5-202 

ML6042 Tape Drive Data Channel Processor .................................................................. 5-365 

Magneto Optical Drive 
ML6012 3.5" R/W MOD Read Channel Front-end Processor ........................................... 5-303 

ML6013 3.5" R/W MOD Read Channel Back-end Processor ........................................... 5-317 
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.~Micro Linear Mass Storage 

Selection Guide 

READ/WRITE AMPLIFIERS 

Part Numbers of Head Max Input Write Current 
Number Channels Type Noise (nV /VHz) Range (mA) Key Features Package Options 

Ml117 2,40r6 Ferrite 2.1 10to 50 Write Current Disable Function PDIP-18, 22, 28; 
50-18,24; PCC-28 

M1117R 2,40r6 Ferrite 2.1 10to 50 Internal Damping Resistors PDIP-18, 22, 28; 
50-18,24; PCC-28 

MLSOl 6or8 Ferrite 1.5 10 to 50 Enchanced Write Stability PDIP-28, 40; 
50-32; PCC-28, 44 

ML501R 6or8 Ferrite 1.5 10 to 50 ML501 with Internal PDIP-28,40; 
Damping Resistors 50-28, 32; PCC-28, 44 

ML502 6or8 Thin Film 1.5 10 to 50 Enchanced Write Stability PDIP-28, 40; 
50-32; PCC-28, 44 

MLS02R 6,7 or 8 Thin Film 1.5 10toSO MLS02 with Internal PDIP-28, 40; 
Damping Resistors 50-32; PCC-2B, 44 

MLS02S 6or8 Thin Film 1.5 10 to 50 MLS02 with Internal 750n PCC-28,44 
Damping Resistor 

MLSll 4,6 or 8 Ferrite 1.5 10 to 40 Improved Write Stability 50-24; PCC-28, 44 

MLSllR 4,6,7 or 8 Ferrite 1.5 10to 40 ML511 with Internal 50-24; PCC-28, 44 
Damping Resistor 

ML441 5 15 Ferrite 1.5 10t040 Improved Write Current Stability PCC-44 l1li 
ML4415R 15 Ferrite 1.5 10t040 ML4415 with Internal PCC-44 

Damping Resistor 

Ml4416 14 Ferrite 1.5 10 to 40 Chip Select Input PCC-44 

ML4416S 14 Ferrite 1.5 10t040 ML4416 with Internal PCC-44 
Damping Resistor 

*ML4610R 2or4 Thin Film 0.85 5 to 35 Switchable Damping Res. (700n) 50-16,20 

*ML4611R 4 Thin Film 0.85 5 to 35 Switchable Damping Res. (700n) 50-24 
and Write Current Adjust 

ML6320-3 4 Thin Film 0.6 3 to 30 2.7V to 3.6V Operating Supply SSOP-20 

ML6320-5 4 Thin Film 0.6 3 to 30 5V, SSINTC Alternate Source SOIC-20 

Note: * Possible uses in Tape Drive Applications. 
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Mass Storage 
READ/WRITE SIGNAL PROCESSING 

Part Number Function Key Features Package Options 

Ml4041 Read Data Processor Fast AGC Recovery, 1 ns Pulse Pairing PDIP-24, SO-24, PCC-28 

Ml4042 Ml4041 with Undervoltage Detector Fast AGC Recovery, 1 ns Pulse Pairing PDIP-28, SO-28, PCC-28 

Ml4417 Zone Bit Recording IC 100 MHz VCO SO-16, PDIP-16 
Ml4427 

ML4568 Pulse Detector with Embedded Servo 5V Only; 1 ns Pulse Pairing PCC-28 

*ML541 Read Data Processor 15 MBilS/sec Data Rate PDIP-24, CERDIP-24, PCC-28, SO-24 

Ml6005 24 Mbps HDD Filter/Equalizer low Power/High Performance SSOP-20 

ML6006 36 Mbps HDD Filter/Equalizer low Power/High Performance SSOP-20 

Ml6010 36 Mbps Read Channel Combo Low Cost/High Integration QFP-52 
Configurable Array 

ML6024 16Mbps Tape Filter/Equalizer Parasitic Insensitive Gm/C Filter, SSOP-20 
Programmable fc 2-9MHz, 
10dB Boost 

Ml6025 24Mbps HDD Filter/Equalizer Parasitic Insensitive Gm/CFilter, SSOP-20 
Programmable fc 3-13MHz, 
10dB Boost 

Ml6026 36Mbps Tape Filter/Equalizer Parasitic Insensitive Gm/C Filter, SSOP-20 
Programmable fc 4-20MHz, 
10dB Boost 

ML6310 3V/5V HDD Read Channel Low Profile Package, TQFP-32 
Front-end Processor High Integration, Low Power, 

3V/5V Supplies 

Ml6311 3V/5V HDD Read Channel Low Profile Package, TQFP-32 
Back-end Processor High Integration, Low Power, 

3V/5V Supplies 

MlB464B Pulse Detector DP8464B Second Source PDIP-24, PCC-28 

Ml8464C Pulse Detector 1 ns Pulse Pairing PDIP-24, PCC-28 

Note: * Possible uses In Tape Dnve Applications. 
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Mass Storage 
SERVO CONTROL ICs 

Part Number Function Key Featu res Package Options 

ML4401 Servo Demodulator ECL Output VCO PDIP-28, PCC-28 

ML4402 Servo Driver, External Power Drive Low Offset (±5mV) PDIP-20, PCC-20 

ML4403 Servo Controller On-Chip Interpolation Function PDIP-20, PCC-20 

ML4404 Analog Trajectory Generator User-Defined Trajectory, 2 DACs PDIP-28, PCC-28 

ML4406 Servo Driver, Internal Power Drive Internal Threshold Reference PCC-20 

ML4407 Servo Driver, Internal Power Drive External Threshold Reference PCC-20 

ML4408 Low Voltage Drop Servo Driver 5V Only or 12V Operation SOIC-24 

ML4413 Servo Controller ML4403 with Ext. Amp. Nulling PDIP-24, PCC-28 

ML4418 Low Saturation Voice Coil On-Chip Precision Power Fail SOIC-20 
Servo Driver Detect Circuitry 

ML4431 Servo Demodulator Enhanced ML4401; TIL Output PCC-32 

ML4506 Servo Driver, Internal Power Drive 5V Operation, Internal SOIC-20, SSOP-20 
Threshold Reference 

ML4508 Low Voltage Drop Servo Driver 5V Operation SOIC-20 

ML4532 Servo Burst Area Detector Includes PWM DAC SSOP-20, PCC-20 

ML4533 Servo Burst Area Detector No PWM DAC, Reference SOIC-16 
Levels Compatible to 
ML ND Converters 

ML4536 Servo Burst Area Detector No PWM DAC, Reference SOIC-16 
Levels Compatible to 
Zilog ~C with ADC 

ML4534 SUM/DIFF Area Detector For Hybrid Servo PCC-20 

ML4535 Hybrid Servo Demodulator Integration/Area Detection PCC-32 -
MOTOR CONTROLLER ICs 

Part Number Function Key Features Package Options 

ML4510 Sensorless Spindle Motor Controller Linear or PWM, PNP Drivers, SOIC-28 
5V Operation 

ML4410 Sensorless Spindle Motor Controller Linear or PWM, FET Drivers SOIC-28, PCC-28 

ML4411 Sensorless Spindle Motor Controller Linear or PWM, FET Drivers SOIC-28, PCC-28 

ML4412 Sensorless Spindle Motor Controller Linear or PWM, FET Drivers, 200mW SOIC-28 

ML4420 Sensorless Spindle Motor Controller ~P Controlled PWM, FET Drivers, SOIC-28 
200mW 

ML4425 Sensorless Motor Controller On Board PWM Generator and PDIP-28N, SOIC-28 
Speed Controller, FET Drivers 

ML4426 Sensorless Motor Controller On Board PWM Generator and PDIP-28N, SOIC-28 
with Reverse Speed Controller, FET Drivers 

ML6035 Sensorless Spindle Motor Controller ~P Controlled, 1 A FET Drivers, TQFP-32 
5V Operation, Phase Advance 
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Mass Storage 
TAPE DRIVE 

Part Number Function Key Features Package Options 

ML6042 Tape Drive Data Channel Processor Complete Read/Write Data Channel SOIC-32 
for QIC40/80/3010/3020 Tape Drives 

ML4451 Tape Drive Read/Write Preamplifier Isolated 2R & 2W Channels, SOIC-24 
Ferrite Heads 

ML4452 MR Head Preamplifier 2 Channel Read and 1 Channel Write SSOP-20 
for Tape Drives with Readback 

MAGNETO OPTICAL DRIVE 

Part Number Function Key Features Package Options 

ML6012 3.5" R/W MOD Read Channel Supports 128M and 230M ISO TQFP-32 
Front-end Processor standards for R/W Magneto-Optical 

Drives, implements complete read 
channel with ML6013 

ML6013 3.5" R/W MOD Read Channel Supports 128M and 230M ISO TQFP-32 
Back-end Processor standards for R/W Magneto-Optical 

Drives, implements complete read 
channel with ML6012 
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GENERAL DESCRIPTION 
The ML 117 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
ML1l7 requires +5V and +12V power supplies and is availa
ble in 2, 4, or 6-channel versions with a variety of packages. 
The ML1l7 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power
up "glitches" common to similar read/write circuits. 
The ML1l7R differs from the ML1l7 by having internal 
damping resistors. 

BLOCK DIAGRAM 

vee VOD1 GND 

r 1 

R/W 

MODE 
SELECT 

cs 
RDX 

RDY 

WDI 

HSO 
HSI 
HS2 

VOD2 VCT 

MLl17, MLl17R 
2, 4, or 6-Channel 

Read /Write Circuits 

FEATURES 
• Exclusive write current disable during power-up 
• Replacement for 551 32R117/117R 
• +5\1, +12Vpowersupplies 
• Single or multi-platter Winchester drives 
• Designed for center-tapped ferrite heads 
• Programmable write current source 
• Available in 2, 4, or 6 channels 
• Easily multiplexed for larger systems 
• Includes write unsafe detection 
• TTL compatible control signals 

wus 

HOX 

HOY 

HIX 

HlY 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

H5X 

H5Y 

we 
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ML117, Ml117R 

PIN CONNECTIONS 
MLU7-4 OR MLl17R-4 

4 Channels 
ML117-4 OR ML117R-4 

4 Channels 
22-PIN DIP 

HSO 

HSI 

WDI 

Vool 

Voo2 

Vcr 

H3X 

H3Y 

WUS 

WC Vee 

RDY 

TOP VIEW 

ML117-2 OR ML117R-2 
2 Channels 

la-PIN SOIC AND DIP 

Cs 
GND 

NC 

HOX 

HOY 

R/W 

WC 

RDX 

RDY 

TOP VIEW 

HSO 

WDI 

Vool 

Vo02 

Vcr 

HIX 

H1Y 

wus 

Vee 

Cs 
GND 

HOX 

HOY 

HIX 

HlY 

H2X 

H2Y 

R/W 

WC 

RDX 

RDY 

PIN DESCRIPTION 

NAME FUNCTION 

HSO-HS2 Head Select (six heads) 

CS Chip Select (low level enables 
chip) 

R/W Read/Write (high level selects 
Read mode) 

WUS Write Unsafe, open collecter out-
put (high level indicates alarm) 

WDI Write Data I n (negative transition 
toggles head current direction) 

HOX-H5X X head connections 

HOY-H5Y Y head connections 

24-PIN SOIC 

TOP VIEW 

HOY 

R/W 

HSO 

HSI 

WDI 

VOOI 

Voo2 

Vcr 

H3X 

H3Y 

NC 

NC 

wus 

Vee 

ML117-6 OR MLl17R-6 
6 Channels 

2a-PIN PCC 

GND HSO HS2 
HOX I cs HSI I WDI 

321282726 

12 13 14 15 16 17 18 

NC I RDY I wus I H3X 
RDX Vee H3Y 

TOP VIEW 

NAME 

RDX, RDY 

WC 

Vee 

Voo1 

Voo2 

GND 
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ML117-6 OR ML117R-6 

HSO 

Cs 
GND 

HOX 

HOY 

HIX 

H1Y 

H2X 

H2Y 

R/W 

we 
NC 

RD,( 

RDY 

VOOI 

Vo02 

Vcr 

H5X 

H5Y 

H4X 

H4Y 

FUNCTION 

6 Channels 
2a-PIN DIP 

HSI 

HS2 

WDI 

Vool 

Vo02 

Vcr 

H5X 

H5Y 

H4X 

H4Y 

H3X 

H3Y 

wus 

Vee 

TOP VIEW 

X, Y Read Data (differential read 
signal out) 

Write Current (used to set the write 
current magnitude) 

Voltage Center Tap (center tap 
voltage source) 

+5 volts 

+12 volts 

Positive supply for center tap 

Ground 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage Range 
Vool ....................•............ -0.3to14Voc 
Voo2 ....................•............ -0.3to14Voc 
Vee ...............•..........•........ -0.3 t06Voc 

Input Voltage Ran~ _ 
Digital Inputs (CS, R/W, HS, WDI) ..... -0.3 to Vee +0.3Voc 
Head Ports (HOX-H5X, HOY-H5Y) .•.. -0.3 to Vool +O.3Voc 
WriteUnsafe(WUS) •..................... -0.3to14Voc 

Write Current (Iw) ................................ 60mA 
Output Current 

Read Data (RDX, ROY) ..........•.............. -lOrnA 
CenterTapCurrent(lcr) ........................ -60mA 
Write Unsafe (WUS) ............................. 12 rnA 

Storage Temperature ...............•...... -65°C to 150°C 
Junction Temperature (TJ) .•.•..•..•.•.•.•.....•.••. 125°C 
Lead Temperature (Soldering 10 sec.) ............•.... 300°C 

ELECTRICAL CHARACTE RISTICS 

ML117, ML117R 

OPERATING CONDITIONS 

Supply Voltage 
Vool ..................................... 12V±1O% 
Vee ............................•......... 5V±10% 
Voo2 ...................•................ 6.5toVool 

Head Inductance (LH) .......................... 5 to 15J.1H 
Damping Resistor (Ro, Ml117 only) ...•......•.. 500 to 2000Q 
RCT Resistor (112 Watt) ...................•..... 130Q ±5% 
WriteCurrent(lw) ........................... 25t050mA 

Unless otherwise specified Vool= 12V ±1O%, Vcc=5V ±10%, O°C~TA~ 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

lee Vee Supply Current Read or Idle Mode 25 rnA 

Write Mode 30 rnA 

100 V 00 Supply Current Read Mode 50 rnA 

Write Mode 30+lw rnA 

Idle Mode 25 rnA 

Po Power Dissipation Read Mode 600 mW 

Write Mode Iw = 50 rnA, Rcr -130Q 700 mW 

Write Mode Iw = 50 rnA, 1050 mW 
Rcr=OQ 

Idle Mode 400 mW 

DIGITAL INPUTS (CS R/W. HS WOn , , , 
VIH High Voltage 2 Vee +0.3 Voc 

VIL low Voltage -0.3 0.8 Voc 

IIH High Current VIH -2.0V 100 j.iA 

IlL low Current VIL=0.8V -0.4 rnA 

WUSOUTPUT 

VOL Output Low Voltage IOL - 8 rnA (Safe) Voc 

IOH Output High Current VoH-5V (Unsafe) j.iA 

CENTER TAP VOLTAGES 
Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 
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ML117, ML117R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Vool-12V±10%, Vcc-SV±10%, Iw-4SmA, LH-lOIlH, Ro-7S02, fOATA-SMHz, 
Cl (RDX, RDY)4O;20pF, O°C4O;TA4O;70oC (Notes 2 and 3) (VIN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 
IWR Write Current Range Iw-K/Rwc 10 50 mA 

K Write Current Constant 133 147 V 

VHO Differential Head Voltage Swing 8 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

Coo Differential Output CapacitancE 15 pF 

Roo Differential Output Resistance ML117 10k Q 

MLl17R 562 938 Q 

fwol WDI Transition Frequency WUS-Low 250 kHz 

AI Iws to Head Current Gain 20 AlA 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 /AA 
READ MODE CHARACTERISTICS 
Av Differential Voltage Gain VIN -lmVp.p@300kHz, 80 120 VIV 

~ (RDX, Roy) -1 kQ 

DR Dynamic Range DC Input Voltage (Vj) Where Gain Falls 10%, -3 +3 mV 
VIN -Vj+O.5mVp.p@3OOkHz 

~ Bandwidth (-3dB) 1:zs1<5Q,VIN-lmVRMS 30 MHz 

elN Input Noise Voltage ~-15MHz, ~-O, RH-O 2.1 nV/VRZ 

CIN Differential Input Capacitance 20 pF 

RIN Differential Input Resistance ML117 2k Q 

ML117R 390 810 Q 

liN Input Bias Current 45 /AA 
CMRR Common-Mode Rejection Ratio VCM - Vcr+loomVp_p@f-5MHz 50 dB 

PSRR Power Supply Rejection Ratio lOOmVp.p@5MHzon Vool, Vo02, or Vcc 45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN = lOOmVp.p@ 5MHz 
and Selected Channel: 
VIN-OmVp.p 

Vos Output Offset Voltage -480 +480 mV 

VOCM Common-Mode Output VoltagE Read Mode 5 7 V 

Write or Idle Mode 4.3 V 

RoUT Single-Ended Output Resistance f-5MHz 30 Q 

IL Leakage Current, RD)(, ROY RDX, ROY - 6 V Write or Idle Mode -100 +100 /AA 
10 Output Current N:. Coupled Load, RDX to ROY 2 mA 
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ML117, ML117R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDDl =12V ±10%, Vcc=5V ±10%, Iw=45mA, LH = 10/AH, RD= 750Q, fDATA =5MHz, 
O°C";;TA";; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output 1 lIS 

tWR R/W to Read Switching Delay To 90% of 100 mV, 10 MHz Read Signal 1 lIS 
Envelope or to 90% Decay of 
Write Current 

YW CS to Select Switching Delay To 90% of Write Current orlO 90% of 1 lIS 
or l00mV, 10MHz Read Signal Envelope 
tlR 

tWI CS to Select Switching Delay To 90% Decay of 100m V, lOMHz Read 1 lIS 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100 mV, 10 MHz Read Signal 1 lIS 
Envelope 

tOl Safe to Unsafe iw=50mA 1.6 8 lIS 
Write Unsafe Delay 

tD2 Unsafe to Safe iw=50mA 1 lIS 
Write Unsafe Delay 

tD3 Head Current Prop. Delay LH=O, RH=O From 50% points 25 nS 

t03 Head Current Asymmetry WDI has 50% Duty Cycle and 1 nS Rise/Fall 2 nS 
Time 

Time Head Current Rise/Fall 10% and 90% Points 20 nS 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (IJl should not exceed 125°C. 

TIMING DIAGRAMS 

WDI 

WUS 

HEAD 
CURRENT 

IX,IY 

Write Mode Timing Diagram 

'Micro Linear 5-9 

--



ML117, ML117R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
The MU17, MU17R functions as a write driver or as a read 
amplifier for the selected head. Head selection and mode 
control are described in Tables '1 & 2. Both R/W and CS have 
internal pull-up resistors for the prevention of an accidential 
write condition. 

READ MODE 
In the Read Mode the MU17, MU17R is configured as a low 
noise differential amplifier, the write current source and the 
write unsafe detector are deactivated, and the write data flip
flop is set. The RDX and ROY outputs are driven by emitter 
followers and are in phase with the "X" and "Y" head ports. 

The internal write current source is deactivated for both the 
Read and the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 

WRITE MODE 
The Write mode configures the MU17, ML117R as a current 
switch and activates the Write Unsafe Detector. The head 
current is toggled between the X- and Y-side of the r~ording 
head on the falling edges ofWDI, Write Data Input. A pre
ceding read operation initializes the Write Data Flip-Flop, 
WDFF, to pass current through the X-side of the head. The 
magnitude of the write current, given by: 

Iw = K/Rwc, where K = Write Current Constant 

is set by the external resistor, Rwc, connected from pin WC 
toGND. 

Any of the follOWing conditions will be indicated as a high 
level on the Write Unsafe, WUS, open collector output. 

• Headopen 
• Head center tap open 
• WDI frequency too low 
• Device in Read mode 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

Table 2. 

CS 

0 

0 

1 
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Head Select 

HS1 HSO 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 X 

o - Logic Level low 
1 = Logic Level High 
X = Don'tCare 

Mode Select 

R/W 

0 

1 

X 

o = logic Level low 
1 = Logic Level High 
X = Don't Care 

HEAD 

0 

1 

2 

3 

4 

5 

NONE 

MODE 

Write 

Read 

Idle 



TYPICAL APPLICATION 

+5V +12V 

2K Rcr(l) 

Vee Vool Voo2 

C:::=::::::J.-.L-I wus 
1----+fR/W 

L~~:J--1cs 

L-___ --;~ HSO 

'---------1 HSl 
L-_____ --;~ HS2 

WRITE DATA INPUT ------+1 WDI 

READ DATA OUTPUT 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect V Do1 to V 002). 
RCT(l/2WaH) = 130(55/lw)ohms 
where Iw = Write Current, in rnA 

2. Ferrite bead optional: used to suppress write current cwershoot 
and ringing. Recommend ferroxcuhe 365'1065/4A6. 

3. RDX and RDY load capacitance 20pF maximum. RDX and ROY 
output curren! must he limited to l00"A. 

4. Damping resistors not required on ML117R. 

RDX 

RDY 

MLl17 

~lOOPF 
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(2) 

HO 

Hl 

H2 

H3 

READ/WRITE 
HEADS 

H4 

H5 

THERMAL CHARACTERISTICS 

28-Lead 
PDIP 
pce 

24-Lead 
sOle 
22-Lead 
PDIP 

l8-Lead 
PDIP 
sOle 
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ML117, ML117R 

ORDERING INFORMATION 

PART NUMBER PACKAGE NUMBER OF CHANNELS 

ML117-2CP 18-Lead Molded DIP (P18) 2 
ML117R-2CP 18-Lead Molded DIP (P18) 2 
ML117-2CS 18-Lead Molded SOIC (S18) 2 
ML117R-2CS 18-Lead Molded SOIC (S18) 2 

ML117-4CP 22-Lead Molded DIP (P22) 4 
ML117R-4CP 22-Lead Molded DIP (P22) 4 
ML117-4CS 24-Lead Molded SOIC (S24) 4 
ML117R-4CS 24-Lead Molded SOIC (S24) 4 

ML117-6CP 28-Lead Molded DIP (P28) 6 
ML117R-6CP 28-Lead Molded DIP (P28) 6 
ML117-6CQ 28-Lead PCC (Q28) 6 
ML117R-6CQ 28-Lead PCC (Q28) 6 
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ilL Micro Linear 

GENERAL DESCRIPTION 
The MLS01, MLS02 family of devices are bipolar monolithic 
read/write circuits designed for use with fixed disk center
tapped recording heads. The MLS01 and MLS01R are de
signed for use with ferrite recording heads while the MLS02, 
MLS02R and MLS02S are designed for thin film or composite 
heads. The Rand 5 designation in the part number indicate 
that these parts have internal head damping resistors. 

The MLS01, MLS02 family provides up to eight multiplexed 
read /write data channels. These circuits exhibit features not 
found in similar read/write circuits such as improved write 
current stability and the elimination of write current "glit
ches" during power-up. The exclusive MLS02 is identical to 
the MLS01 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 

BLOCK DIAGRAM 

vee VDD1 GNO 

R/W 

cso-----.q 

! l 

MOOE 
SELECT 

ROXo---------ti~~ 

RDYo---------~-~ 

WDI <:r-----------t---q 

~L501,~L501R,~L502, 
~L502R, ~L502S-Series 

6, 7, or 8-Channel 
Read /Write Circuits 

FEATURES 
• Exclusive write current disable during power-up 
• Enhanced write current stability 
• MLS01, MLS01R is replacement for SSI 32RS01iS01R 

and is designed for center-tapped ferrite heads 
• MLS02, MLS02R, and MLS02S are designed for center-

tapped thin film or composite heads 
• Single or multi-platter Winchester drives 
• Easily multiplexed for larger systems 
• Available in 6, 7 or 8 channels 
• TTL compatible control signals 
• Programmable write current source 
• Includes write unsafe detection 
• Available in a selection of packages 
• +S'J, +12V power supplies 
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~L501,~L501R,~L502,~L502R,~L502S 

PIN CONNECTIONS 
ML501-6 OR ML501R-6 

OR ML502-6 OR ML502R-6 
6 Channels 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

8 Channels 
28-PIN DIP AND SDte 

GNO 
MUST REMAIN 
OPEN 

R/W 

we 
ROY 

RDX 

HSO 

H51 

H52 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

ORML502S-8 
8 Channels 

44-PJNPCC 

NC 

TOP VIEW 

NC 

Riw 

we 
ROY 

RDX 

HSO 

H51 

H52 

wo. 
wus 

twX 

HOY 

HIX 

HIY 

H2X 

H2Y 

HlX 

HlY 

H4X 

H4Y 

H'X 

H5Y 

HOX 

HOY 

H7X 

H7Y 

32~PINSOIC 

GNO 
MUST REMAIN 
DPfN 

es 
R/W 

WC 

ROY 

ROX 

HSO 

H51 

H52 

vee 

WD1 

WUS 

Vool 

Voo2 

VCT 

TOP VIEW 

ML501-6 OR ML501R-6 
OR ML502-6 OR ML502R-6 

ORML502s-6 
6 Channels 

28-PIN PCC 

H5Y I Voo2 I wus I vee 
Vcr Voo' WDI 

lOP VIEW 

R/W 

we 
ROY 

ROX 

PIN DESCRIPTION 
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NAME 

HSO-HS2 

CS 

R/W 

WUS 

WDI 

HOX-H7X 

HOY-H7Y 

FUNCTION 

Head Select (eight heads) 

Chip Select (low level enables 
chip) 

Read/Write (high level selects 
Read mode) 

Write Unsafe, open collecter out
put (high level indicates an unsafe 
writing condition) 

Write Data In (negative transition 
toggles head current direction) 

X head connections 

Y head connections 

NAME 

RDX, RDY 

WC 

Vee 

Voo1 

Voo2 
GND 

'Micro Linear 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

8 Channels 

H7Y 

4O-PlNDlP 

ML502S-7CQ 
ML502R-7CQ 

H1X HOX RIW 
HIV I HOY I GND 1 we 

4321282726 

12131415161718 

GND 
MUST RfMAIN 
OPEN 
NC 

NC 

es 
R/W 

we 
ROY 

ROX 

H51 

H52 

Vee 

WO' 

wus 
NC 

NC 

Vool 

VDO> 

Vcr 

25 ROY 

24 RDX 

21 HSO 

HSV I H6Y I VOD2 I wus 
HOX Vcr VODt 

TOP VIEW 

FUNCTION 

x, Y Read Data (differential read 
signal out) 

Write Current (used to set the write 
current magnitude) 

Voltage Center Tap (center tap 
voltage source) 

+5 volts 

+12 volts 

Positive supply for center tap 

Ground 



~L501,~L501R,~L502,~L502R,~L502S 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
Vool ................................. -0.3 to 14Voc Vool ..................................... 12V±10% 
Voo2 ................................. -0.3to14Voc Vcc ...................................... 5V±10% 
Vcc ................................... -0.3t06Voc Head Inductance 

Input Voltage Ra~e _ 
Digital Inputs (CS, R/W, HS, WDI) ..... -0.3 to Vcc +O.3Voc 

LH, ML501 or ML501R only ..................... 5 to 15"H 
LH, ML502, ML502R, ML502S only .......... 400 to l000nH 

Head Ports (HOX-H7X, HOY-H7Y .... -0.3 to Vool +O.3Voc Damping Resistor (Ro, ML501 only) ............. 500 to 2000Q 
Write Unsafe (WUS) ...................... -0.3 to 14Voc RCT Resistor (112 Watt) ......................... 120Q ± 5% 

Write Current (lw) ................................ 60 mA Write Current (lw) ........................... 22 to SOmA 
Output Current 

Read Data (RDX, RDY) ......................... -10 mA 
Center Tap Current (lcr) ........................ - 60 mA 
Write Unsafe (WUS) ............................. 12mA 

Storage Temperature .............•........ -65°C to 150°C 
Junction Temperature (Tl) .......................... 135°C 
Lead Temperature (Soldering 10 sec.) ...............•. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified VDDl =12V ±10%, Vcc=5V ±10%, Rcr= 120Q ± 5%, Iw=45mA, Ooe~TA ~ 700 e (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

Icc Vcc Supply Current Read or Idle Mode 25 mA 

Write Mode 25 mA 

100 Voo Supply Current Read Mode 48 mA 

Write Mode 25+lw mA 

Idle Mode 20 mA 

Po Power Dissipation Read Mode 770 mW 

Write Mode Iw= 50 mA 830 mW 

Write Mode Iw = 50 mA, 1125 mW 
Rcr-OQ 

Idle Mode 400 mW 

DIGITAL INPUTS (CS R!W HS WDI) , , , 
VIH High Voltage 2 Voc 

VIL Low Voltage 0.8 Voc 

IIH High Current VIH=2.0V 100 ,..A 

IlL Low Current V IL =0.8V -0.4 mA 

WUSOUTPUT 

VOL Output Low Voltage IOL =8mA (Safe) Voc 

IOH Output High Cu rrent VoH =5V (Unsafe) ,..A 

CENTER TAP VOLTAGES 

Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 
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~l501,~l501R,~l502,~l502R,~l502S 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Vool =12V ±1O%, Vcc=SV ±10%, Rcr=120Q ±S%, Iw=4SmA, LH =10~H (MLS01, MLS01R), 
LH=600nH (MLS02, MLS02R, MLS02S), Ro=7S0Q (MLS01), fOATA =5MHz, CL (RDX, RDY)~20pF, O°C~TA~70°C 
(Notes 2 and 3) (VIN is referenced to VCT for Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 

IWR Write Current Range Iw=K/Rwc 10 50 mA 

K Write Current Constant 129 151 V 

VHD Differential Head Voltage Swing 7.5 V PK 

IHU Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 15 pF 

RoD Differential Output Resistance MLS01, MLS02 10k Q 

TJ=2SoC MLS01R, MLS02S/ML502R 560/180 9401300 Q 

fWDI WDI Transition Frequency WUS=Low 250 kHz 

AI Iwc to Head Current Gain 20 AlA 

Il Unselected Head Leakage Sum of X & Y Side Leakage Current 85 ~ 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN=l mVp.p @300kHz, 90 120 VIV 
Rl (RDX, RDY) = 1 kQ 

DR Dynamic Range DC Input Voltage (VI) Where Gain Falls 10%, -3 +3 mV 
VIN =VI+0.5mVp.p@300kHz 

BW Bandwidth (-3dB) IZsl<SQ,VIN=l mVp•p 30 MHz 

elN Input Noise Voltage BW=lSMHz, LH=O, RH=O 1.5 nVI-..[Hz 

CIN Differential Input Capacitance f=SMHz 23 pF 

RIN Differential Input Resistance f=5MHz, TJ=25°C MLS01, MLS02 2k Q 

VIN=6mVp•p ML501R, MLS02S/ML502R 530/180 790/300 Q 

liN Input Bias Current (1 side) 100 I'A 

CMRR Common-Mode Rejection Ratio VCM =VCT+100mVp_p @f=SMHz 50 dB 

PSRR Power Supply Rejection Ratio l00mVp.p@SMHzonVDD1, VDD2, orVcc 45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN =l00mVp_p@SMHz 
and Selected Channel: 
VIN=OmVp•p 

Vas Output Offset Voltage -480 +480 mV 

VOCM Common-Mode Output Voltage Read Mode 5 7 V 

Write or Idle Mode 4.3 V 

RoUT Single-Ended Output Resistance f=5MHz 30 Q 

Rl External Resistive Load Per Side to GND 100 Q 
(AC Coupled to Output) 

Il Leakage Current, RDX, RDY 3 V < (RDX, RDY)<8V Write or Idle Mode -50 50 I'A 

Zo Center Tap Output Impedance OMHz",f",5MHz 150 Q 

10 Output Current AC Coupled Load, RDX to RDY 2 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1=12V±10%, Vcc=SV±10%, Rcr=120Q±S%, Iw=4SmA, LH=10IlH (ML501, MLS01R), 
LH-600nH (MLS02, MLS02R, MLS02S), RD-7S0Q (MLS01), fDATA-SMHz, O°C,,"TA"" 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

SWITCHING CHARACTERISTICS 

~ R/W to Write Switching Delay To 90% of Write Current Output 600 ns 

tWR R/W to Read Switching Delay To 90% of 100 mY, lOMHz Read Signal 600 ns 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 600 ns 
or 100 mY, lOMHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of 100 mY, lOMHz Read 600 ns 
or Signal Envelope or to 90% Decay of Write 
~I Current 

tHS Head Select Switching Delay To 90% of 100 mY, lOMHz Read Signal 600 ns 
Envelope 

tDl Safe to Unsafe Iw -50mA 1.6 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw -20mA 1 us 
Write Unsafe Delay 

tDJ Prop. Delay Head Current LH=O, ~=O From 50% points 25 40 ns 

tDJ Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise/Fall 2 ns 
Time 

Rise/Fall Head Current 10% and 90% Points 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Maximum junction temperature {TJl should not exceed 135°C. 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IV 

Write Mode Timing Diagram 
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~L501,~L501R,~L502,~L502R,~L502S 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the Ml501, Ml502 functions as a read 
amplifier when in the Read mode, or as a write current 
switch when in the Write mode. Pins HSO, HSl and HS2 
determine head selection while pin R/W controls the Read/ 
Write mode. A detected "write-unsafe" condition is indi
cated by pin WUS. 

READ MODE 
When the Ml501, Ml502 is in the Read Mode, it operates as 
a low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and ROY 
provide differential emitter follower outputs which are in 
phase with the X and Y head input pins. 
Note that during the Read or Chip Deselect mode the inter
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 
The Ml501, Ml502 operates as a write-current switch when 
in the Write mode. Write current magnitude is determined by 
the follOWing relationship: 

Iw - K/Rwc 
Where: K - Write Current Constant 

Rwc - Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the Ml501, Ml502 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 
The Ml501, Ml502 exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 
The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 
The Ml502, Ml502R, Ml502S differ from the Ml501, 
Ml501R by having write unsafe detect circuitry that is de
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 

Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

1 

Table 2. 

CS 
0 

0 

1 
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Head Select 

HS1 HSO 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

o = logic Level Low 
1 = lDgic Level High 
X - Don't Care 

Mode Select 

R/W 

0 

1 

X 

o = logic Level Low 
1 - lDgic level High 
X = Don't Care 

HEAD 

0 

1 

2 

3 

4 

5 

6 

7 

MODE 

Write 
Read 
Idle 



TYPICAL APPLICATION 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect V DO 1 to V 002). 
RCT (1/2 watt) = 120 (SO/lw) ohms 
where Iw = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend ferroxcube 3659065/4A6. 

3. ROX and ROY load capacitance 20pF maximum. ROX and ROY 
output current must be limited to l00,.,A. 

4. Damping resistors not required on MLS01R or MLS02R. 

+5V +12V 
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~L501,~L501R,~L502,~L502R,~L502S 

ORDERING INFORMATION 

NUMBER OF TRANSDUCER 
PART NUMBER PACKAGE CHANNELS HEAD TYPE 

ML501-6CP 28-Lead Molded DIP (P28) 6 
ML501-6CQ 28-Lead PCC (Q28) 6 
Ml501-6CS 28-lead SOIC (528) 6 Ferrite Heads 
Ml501-8CP 40-lead Molded DIP (P40) 8 
Ml501-8CQ 44-lead PCC (Q44) 8 
MlS01-8CS* 32-lead SOIC (532) 8 

Ml501R-6CP 28-Lead Molded DIP (P28) 6 
Ml501R-6CQ 28-lead PCC (Q28) 6 
MlS01R-6CS 28-Lead SOIC (528) 6 Ferrite Heads Ml501R-8CP 40-lead Molded DIP (P40) 8 
Ml501R-8CQ 44-Lead PCC (Q44) 8 
MlS01 R-8CS' 32-lead SOIC (532) 8 

MlS02-6CP 28-Lead Molded DIP (P28) 6 
MLS02-6CQ 28-Lead PCC (Q28) 6 
MlS02-6CS 28-lead SOIC (528) 6 Thin Film or 
MlS02-8CP 40-lead Molded DIP (P40) 8 Composite Heads 
MlS02-8CQ 44-Lead PCC (Q44) 8 
Ml502-8CS' 32-lead SOIC (532) 8 

Ml502R-6CP 28-lead Molded DIP (P28) 6 
MLS02R-6CQ 28-lead PCC (Q28) 6 
ML502R-6CS 28-Lead SOIC (528) 6 Thin Film or Ml502R-7CQ 28-lead PCC (Q28) 7 Composite Heads Ml502R-8CP 40-lead Molded DIP (P40) 8 
MLS02R-8CQ 44-lead PCC (Q44) 8 
MlS02R-8C5' 32-lead SOIC (532) 8 

MlS02S-6CQ 28-lead PCC (Q28) 6 Thin Film or MlS025-7CQ 28-lead PCC (Q28) 7 Composite Heads Ml502S-8CQ 44-lead PCC (Q44) 8 

• This package is available as a special order only. 
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'Micro Linear 

GENERAL DESCRIPTION 
The ML511 is a bipolar monolithic read/write circuit designed 
for use with center-tapped ferrite recording heads. The 
ML511 and ML511R are performance upgrades from the 
ML501 and ML501R. The R designation in the part number 
indicates that this part has internal head damping resistors. 

The ML511 provides upto eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read/write circuits such as improved write current stability 
and the elimination of write current "glitches" during power
up. The ML511 also provides a low noise read data path, and 
data protection circuitry for all of the channels. 

BLOCK DIAGRAM 

Vee VODl GNO VOD2 

i l 
R/W 

MODE 
SHECT 

Cs 

ROX 

ROY 

WDI 

HSO 
HSI 
HS2 

April 1989 
PRELIMINARY 

ML511, ML511 R-Series 
4, 6, 7, or 8-Channel Ferrite 

Read/Write Circuits 

FEATURES 
• Enhanced write current stability 
• ML511, ML511R is replacement for 551 32R511/511R and 

is designed for center-tapped ferrite heads 
• Single or multi-platter Winchester drives 
• Easily multiplexed for larger systems 
• Power supply fault protection 
• 1.5 nV / ~ maximum input noise voltage 
• TIL compatible control signals 
• Programmable write current source 
• Includes write unsafe detection 
• Available in a selection of packages 
• +5\1, +12Vpowersupplies 

VCT wus 
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:::l 
::; 
~ H4X 
iii 
~ H4Y 
C 
~ H5X 

H5Y 

H6X 

H6Y 

H7X 
wc 

H7Y 
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ML511, ML511R 

PIN CONNECTIONS 

ML511-6 OR ML511R-6 ML511-8 OR ML511R-8 
6 Channels 8 Channels 

3l.PIN sole 

GND HOX GNO 

NC HOY NC 

rs H'X cs 
R/W H'Y R/W 

we H2X we 

ROY H2Y ROY 

RDX H3X ROX 

HSO H3Y HSO 

HS1 H'X HS1 

H52 H'Y H52 

H5X Vee 

H'Y WOI 

WUS 
HOX WU5 

Voo' 
H6Y Voo1 

H7X Vo02 

H7Y Vcr 

ML511-6 OR ML511R-6 ML511R-7CS 
6 Channels 28-Lead SOIC 

28-PIN pee 28-PIN sOle 

HOX 

HOY 

H'X 

R/W H'Y 

we H2X 

ROY H2Y 

H3X 

H3Y 

HS1 
H4X 

H4Y 

H'X 

H,Y 
H'Y I Vo02 I WU5 I Vee 

HOX Vcr Voo' WOI 

TOP VIEW H<Y 

PIN DESCRIPTION 
NAME 

HSO-HS2 

CS 

R/W 

WUS 

WDI 

HOX-H7X 

HOY-H7Y 

FUNCTION 

Head Select (eight heads) 
Chip Select (low level enables 
chip) 

Read/Write (high level selects 
Read mode) 

Write Unsafe, open collecter out
put (high level indicates an unsafe 
writing condition) 

Write Data In (negative transition 
toggles head current direction) 
X head connections 

Y head connections 

ML511-8 OR ML511R-8 
8 Channels 

ML511-8 OR ML511R-8 
8 Channels 

H7Y 

GNO 

RIW 

WC 

ROY Hn 

RDX H2Y 

HSO H]x 

H51 
H3Y 

H52 
H4X 

Vee 
H'Y 

W'" 
H'X 

WUS 

Vom 

Voo, 

Vcr 

40·PIN DIP 44·PIN pce 

; 

0 

7 

8 , 
10 

11 

GND 

NC 

NC 

NC 

cs 
R/IN 

we 
ROY 

RDX 

Vee 

WDI 

WUS 

NC 

NC 

Voo' 

Vo02 

Vcr 

H4X 11 

H4Y 12 

H5X 13 

HSY 14 

H6X 15 

H6Y 16 

NC 17 

HIX NC HOX NC NC 
HWI NC I HOYIGNOI cs I NC 

6 543 2 1 ~ U ~ ~ 

H7X Vcr Voo1 

TOP VIEW 

NC 

R/W 

we 

ROY 

RDX 

HSO 

HS1 

H52 

WOI 

WUS 

ML511R-7CQ ML511-4 OR ML511R-4 
28-Lead PCC 4 Channels 

24-PIN sOle 
28·P1N pee 

H'X HOJ( R/W 
GNO NC 

HlY I HOY I GND I we NC rs 
, 3 2 , 28 27 

HOX RIW 

ROY HOY we 

RDX H'X ROY 

HSO HlY .OX 

H51 H2X HSO 

H2Y HS1 

Vee 
H3X Vee 

H3Y WOI 

U 13 
" 

15 16 17 18 Vcr WUS 

HSY J HfiY I VDD2 I WUS 
Voo2 VIID' 

HOX Vcr 

TOPVIEW 

NAME 

RDX, RDY 

WC 

Va 

Vee 
Voo1 

Vo02 
GND 

VODl 

FUNCTION 

X, Y Read Data (differential read 
signal out) 
Write Current (used to set the write 
current magnitude) 
Voltage Center Tap (center tap 
voltage source) 

+5 volts 
+12 volts 
Positive supply for center tap 

Ground 

5-22 'Micro Linear 



ML511, ML511R 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Su pply Voltage 
Vool ................................. -0.3to14Voc Vool ..................................... l2V±10% 
Voo2 ................................. -0.3to14Voc Vee ...................................... 5V±10% 
Vee ................................... -0.3t06Voc Head Inductance 

Input Voltage Range LH, ML5ll or ML511R ......................... 5 to 151'H 
Digital Inputs (<:5, R/W, HS, WDI) ..... -0.3 to Vee +0.3 Voc Damping Resistor (Ro, ML511 only) ............. 500 to 2000Q 
Head Ports (HOX-H7X, HOY-H7Y .... -0.3 to Vool +O.3Voc RCT Resistor (1/4 Watt) ......................... 120Q ± 5% 
Write Unsafe (WUS) .. . . . . . . . . . . . . . . . . . . .. -0.3 to 14 Voc WriteCurrent(iw) ............................ 10t04OmA 

Write Current (Iw) ................................ 60 mA 
Output Cu rrent 

Read Data (RDX, ROY) ......................... -lOmA 
CenterTapCurrent(icr) ........................ -6OmA 
Write Unsafe (WUS) ............................. l2mA 

Storage Temperature ...................... -65°C to 150°C 
Junction Temperature (TJ) ...••••.•...•..•••....•.•. 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified VDDI =VDD2=12V ±10%, Vcc=5V ±10%, Rcr=120Q ±5%, Iw=40mA, O°C,"TA'" 70°C 
(Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

lee Vee Supply Current Read or Idle Mode 35 mA 

Write Mode 30 mA 

100 Voo Supply Current Read Mode 35 mA 

Write Mode 20+lw mA 

Idle Mode 20 mA 

Po Power Dissipation Read Mode 655 mW 

Write Mode Iw = 40 mA, 960 mW 
Rcr=OQ 

Idle Mode 455 mW 

DIGITAL INPUTS (CS R/W HS WDI) , , , 
VIH High Voltage 2 Voc 

VIL Low Voltage 0.8 Voc 

IIH High Current VIH=2.0V 100 ,..A 

IlL Low Current VIL =0.8V -0.4 mA 

WUSOUTPUT 

VOL Output Low Voltage IOL =8mA (Safe) Voc 

IOH Output High Current VoH=5V (Unsafe) ,..A 

CENTER TAP VOLTAGES 

Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 
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ML511, ML511R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1=12V±10%, Vcc=5V±10%, RCT=120Q ±5%, Iw=35mA, LH =10j.lH, RD=750Q (ML511), 
fDATA =5MHz, CL (RDX, RDY)~ 20pF, O°C~TA ~ 70°C (Notes 2 and 3) (VIN is referenced to VCTfor Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 

IHCW Head Current (per side) Write Mode -200 200 "A 
0<>Vcc <>3.7V 
0<>VDD1<>8.7V 

IWR Write Current Range Iw=K/Rwc 10 40 mA 

K Write Current Constant 2.375 2.625 

VHO Differential Head Voltage SWing 7.0 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 15 pF 

Roo Differential Output Resistance ML511 10k Q 

TJ=25°C ML511R 600 960 Q 

fWDI WDI Transition Frequency WUS=Low 250 kHz 

AI Iwc to Head Current Gain 0.99 mA/mA 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 JAA 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN =lmVp_p@300kHz, 85 115 VIV 
RL (RDX, RDY) = 1 kQ 

DR Dynamic Range DC Input Voltage (W Where Gain Falls 10%, -3 +3 mV 
VIN -VI +0.5mVp_p@300kHz 

BW Bandwidth (-3dB) IZsl <5Q,VIN = 1 mVp_p 30 MHz 

elN Input Noise Voltage BW=15MHz, LH=O, RH=O 1.5 nVI v'Hz 
CIN Differential Input Capacitance f=5MHz 20 pF 

RIN Differential I nput Resistance f=5MHz, TJ=25°C ML511 2k Q 

VIN =6mVp_p ML511R 460 860 Q 

IHCR Head Current (per side) Read or Idle Mode -200 200 "A 
0<>Vcc<>5.5V 
0<>VOD1<> 13.2V 

liN Input Bias Current (1 side) 45 JAA 
CMRR Common-Mode Rejection Ratio VCM=VCT+l00mVp_p@f=5MHz 50 dB 

PSRR Power Supply Rejection Ratio l00mVp_p@5MHzonVool, VDo2, orVcc 45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN =100mVp_p@5MHz 
and Selected Channel: 
VIN-OmVp_p 

Vos Output Offset Voltage Read Mode -460 +460 mV 

Write or Idle Mode -20 +20 mV 

VOCM Common-Mode Output VoltagE Read Mode 4.5 6.5 V 

Write or Idle Mode 5.3 V 

RoUT Single-Ended Output Resistance f=5MHz 30 Q 

IL Leakage Current, RDX, RDY (RDX, RDY) - 6 V Write or Idle Mode -100 100 "A 
10 Output Current AC Coupled Load, RDX to RDY ±2.1 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1=12V±10%, Vcc-5V±10%, Rcr=12OQ±5%, Iw=35mA, LH=lOIlH, RD=750Q (ML511), 
fDATA -5MHz, O°C<;TA<; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output 1 I'S 

tWR R/W to Read Switching Delay To 90% of 100m\/, 10 MHz Read Signal 1 I's 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 1 I's 
or l00mV, 10MHz Read Signal Envelope 
IjR 

tWI CS to Unselect Switching Delay To 90% Decay of 100m\/, lOMHz Read 1 I's 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

ltis Head Select Switching Delay To 90% of l00mV, 10MHz Read Signal 1 I's 
Envelope 

tDl Safe to Unsafe Iw=35mA 1.6 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw=35mA 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current 4i-0, RH-O From 50% points 25 ns 

Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise / Fall 2 ns 
Time 

Rise/Fall Head Current 10% and 90% Points 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Maximum junction temperature (TJl should not exceed 135°C. 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IV 

Write Mode Timing Diagram 
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FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the ML511 functions as a read ampli
fier when in the Read mode, or as a write current switch 
when in the Write mode. Pins HSO, HSl and HS2 determine 
head selection while pin R/W controls the Read/Write 
mode. A detected "write-unsafe" condition is indicated by 
pinWUS. 

READ MODE 
When the ML511 is in the Read Mode, it operates as a low
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write unsafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 
The ML511 operates as a write-current switch when in the 
Write mode. Write current magnitude is determined by the 
following relationship: 

Iw = K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511 to write mode, the WDFF 
(Write Data Flip-Flop) is initialized to pass write current 
through the X-side of the head. 

The ML511, ML511R exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML511 also offers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 

Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

1 

Table 2. 

CS 

0 

0 

1 
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Head Select 

HS1 HSO 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

o = logic level low 
1 = logic level High 
X = Don't Care 

Mode Select 

R/W 

0 

1 

X 

o = logic level low 
1 = logic level High 
X = Don't Care 

HEAD 

0 

1 

2 

3 

4 

5 

6 

7 

MODE 

Write 

Read 

Idle 



TYPICAL APPLICATION 

MICROPROCESSOR 
AND 

CONTROL LOGIC 

WRITE DATA INPUT 

READ DATA OUTPUT 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect Vool to Voo2). 
RCT (lfl watt) • 120 (40/lw) ohms 
whe", Iw = Write Curren\, in rnA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing.lIecommend Ferroxcube3659065/4A6. 

3. RDX and ROY load capacitance 20pF maximum. RDX and ROY 
output current must be Iimhed to lOOilA. 

4. Damping resistors not required on ML511R. 

2K 

+5V +12V 

RCT(1) 

Vee YODl YDD2 

WUS 

R/W 
CS 

HSO 

HSl 

HS2 

ML511/511R 

WDI 

RDX 

RDY 
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Ml511, ML511R 

(2) 

HO 

Hl 

H2 

H3 

READ/WRITE 
HEADS 

H4 

HS 

H6 

H7 
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ORDERING INFORMATION 

PART NUMBER PACKAGE 

Ml511-4CS 24-lead SOIC (524) 
Ml511R-4CS 24-lead SOIC (524) 

Ml511-6CP 28-lead Molded DIP (P28) 
Ml511R-6CP 28-lead Molded DIP (P28) 
Ml511-6CQ 28-lead PCC (Q28) 
Ml511R-6CQ 28-lead PCC (Q28) 
Ml511-6CS 28-lead SOIC (528) 
Ml511R-6CS 28-lead SOIC (528) 

Ml511R-7CS 28-lead SOIC (528) 
Ml511R-7CQ 28-lead PCC (Q28) 

Ml511-8CP 40-lead Molded DIP (P40) 
Ml511R-8CP 40-lead Molded DIP (P40) 
Ml511-8CQ 44-lead PCC (Q44) 
Ml511R-8CQ 44-lead PCC (Q44) 
MlS11-8CS 32-lead SOIC (532) 
Ml511R-8CS 32-lead SOIC (532) 

THERMAL CHARACTERISTICS 

5-28 

PIN COUNT 

24-lead 
28-lead 
28-lead 
28-lead 
32-lead 
44-lead 
40-lead 

PACKAGE 

SOIC 
PDIP 
PCC 
SOIC 
SOIC 
PCC 
PDIP 

'Micro Linear 

NUMBER OF CHANNELS 

4 
4 

6 
6 
6 
6 
6 
6 

7 
7 

8 
8 
8 
8 
8 
8 

8ja 

75°C/W 
55°C/W 
65°C/W 
70°C/W 
6O°C/W 
60°C/W 
45°C/W 
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GENERAL DESCRIPTION 
The ML541 is a monolithic bipolar integrated circuit for use in 
a disk drive system to detect analog pulse peaks generated by 
the recording head during a Read operation. Connected to 
the read/write amplifier output, it detects valid data and 
provides a TTL output to the data separator for further proc
essing. It contains both analog and digital circuitry and sup
ports the reading of MFM and RLL encoded data at rates up 
to 15 megabits/second. 

The primary functional blocks within the device include an 
AGC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read, Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Read operation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali
dation and peak time detection is acheived. The ML541 per
formance can be adjusted to fit particu lar needs through 
external component selection. 

The ML541 is available both in a 24-pin PDIP and 28-pin 
pcc. 

SIMPLIFIED BLOCK DIAGRAM 

I 
I L _____ _ 

ML541 
Read Data Processor 

FEATURES 
• Second source for SSI 541 
• Data rates up to 15 megabits/ second 
• Supports MFM and RLL encoded read data 
• 25 MHz wide-bandwidth AGe amplifier 
• Fast AGe region for fast transient recover 
• Slow AGe region for minimum zero crossing distortion 
• Write to read transient suppression 
• Supports embedded servo decoding 
• +5\1, +12Vpowersupplies 

OIF+ 

-----:~1 

.-------, I 
RD 

THRESHOLD 

--------' HYS 
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PIN CONNECTIONS 

24-Pin DIP and sOle Package 

D,F_ CIN+ 

DIF+ O'N+ 

HYS C,N_ 

LEVEl DIN_ 

AGC OUT-

IN+ OUT+ 

IN- AGND 

HOLOB BYP 

voo DGND 

COUT DouT 

R/WB RD 

os Vet 

TOP VIEW 

PI N DESCRI PTION 
NAME 

Vee 
Voo 

AGND 
DGND 
R/WB 

FUNCTION 

+5V 
+12V 
Analog Ground. 
Digital Ground. 
TIL compatible Read/Write Control 
pin. 

LEVEL 

AGC 

IN+ 

IN-

HOLOB 

Voo 10 

COUT 11 

NAME 

HYS 

LEVEL 

DOUT 

28-Pin Pee Package 

HYS DIF- DIN + 
NC I DIF+ I C'N+ I C,N-

4321282726 

12 13 14 15 16 17 18 

FUNCTION 

NC 

DIN

OUT

OUT+ 

AGND 

BYP 

DGND 

Input for setting hysteresis level of the 
hysteresis comparator. 
Provides rectified signal level for input 
to the hysteresis comparator. 
Buffered test point for monitoring 0 
input of the flip-flop. 

IN+,IN
OUT+,OUT

BYP 

Analog Signal Input pins 
AGC Amplifier Output pins 

C'N+,C'N
D'F+,D,F-

Analog input to the differentiator. 
External differentiating network con
nection pi ns. 

HOLDB 

AGC 

The AGe timing capacitor CAGe is 
tied between this pin and AGND. 
TIL compatible pin that holds the 
AGC gain when pulled low. 
Reference input voltage level for the 
AGC circuit. 
Analog input to the hysteresis com
parator. 

COUT 

OS 

RD 

TABLE 1 MODE SELECT 

R!WB HOLDB MODE DESCRIPTION 

1 1 READ AGe amp section active, Digital section active. 

1 0 HOLD AGe gain constant, Digital section active. 

0 X WRITE AGe gain maximum, Digital section inactive, 
Input common mode resistance reduced. 
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Buffered test point for monitoring the 
clock input to the flip-flop. 
Connection for read output pulse 
width setting capacitor Cos. 
TIL compatible read output. 

o logic level low 
1 logic level high 
X Don't care 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage Range 
Vcc .••...........•....•............... -0.3 t06Voc 
Voo .................................. -0.3to14Voc 

Terminal Voltage Range 
R/WB,IN+,IN-,HOLDB ........... -0.3VtoVcc+0.3V 
RD ................•.... -O.3VtoVcc +0.3Vor +12mA 
Allothers .............•........... -O.3Vto Voo +O.3V 

Storage Temperature Range ................ -65°Cto +150°C 
Junction Temperature (TJ) .•..•.•..•............... + 135°C 
Lead Temperature (Soldering, lOsec) .................. 260°C 

ELECTRICAL CHARACTE RISTICS 

ML541 

OPERATING CONDITIONS 
Supply Voltage 

Vcc ...................................... 5V±10% 
Voo ..........................•.......... 12V±10% 

V(CIN+-CIN_I' V(OIN+-OIN_I ........................ lVp•p 
VHYS .................•......................... 1.0V 

Cos······································50to200pF 
Typical Component Values (Refer to Typical Applications) 

CIN ........................................ 0.001 "F 
Cs .......................................... O.01"F 
Caul ..................................... 0.0047 "F 
RoUT .•......•...••.•.........•.............. 400Q 
CAGC1 ....................................... 220pF 
CAGC2 ..........•........................... 2000pF 
RAGC ....................................... 2.21 kQ 
CLEVEL ....................................... 150 pF 
RLEVELl .....................................• 1.54kQ 
RLEVEL2 ....•................................ 6049 kQ 
Cos ....................•..................... 50pF 

The following specifications apply overthe recommended operating conditions of Vee = 5 V ± 10%, VDD= 12 V ± 10%, 
ooe <TA < 700 e and external components as specified under recommended operating conditions unless otherwise specified. 
(See Note 2.) 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics 
Icc Vcc Supply Current Outputs unloaded 

IOD Voo Supply Current Outputs unloaded 

Po Power Dissipation Outputs unloaded, 
TA-70°C 

Digital Inputs Characteristics (HOLDB R/WB) , 
VIH High Voltage 

VIL Low Voltage 

IIH High Current VIH-2.4V 

IlL Low Current VIL -OAV 

Digital Outputs Characteristics (CaUl, RD) 

VOL Output Low Voltage IOL - 4 mA 

VOH Output High Voltage IOH-400JAA 

WRITE AND HOLD MODE CHARACTERISTICS 

Mode Control 
tRW 

tWR 

tRH 

Write Mode 

Read to Write 
Transition Time 

Write to Read Transition Time 

Read to Hold Transition Time 

Common Mode Input 
Impedance (both sides) 

AGC settling not included, 
time to high input resistance 

R/WB pin = low 

'Micro Linear 

UNITS 

14 mA 

70 mA 

930 mW 

2 V 

0.8 V 

100 JAA 

-004 mA 

V 

V 

1 ,,5 

1.2 3 ,,5 

1 lAS 

Q 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 5 V ± 10%, VDD -12 V ± 10%, 
OOC"itTA"it 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >6OOQ and each side loaded with 
<lOpF to GND, CBYP-2000pF, OUT + and OUT - AC coupled to DIN+ and DIN- respectively, VAGc-2.2V unless otherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS 

AGe Amplifier 

Rto Differential Input Resistance V(lN+_IN_)-100mVp.p@2.5MHz 5 kQ 

CIO Differential Input Capacitance V(lN+_IN_)-100mVp•p@2.5MHz 10 pF 

ZIC Common Mode Input R/WB pin high 1.8 kS2 
Impedance (both sides) R/WBpiniow 0.25 kQ 

AVR Gain Range 1 Vp.p<VOUTdiff<2.5Vp.p 4 83 VIV 

eN Input Noise Voltage Gain set to maximum 30 nV/.JHz 
BW Bandwidth Gain set to maximum, - 3dB point 25 MHz 

Vop Maximum Output Voltage 5etbyVAGC 3 Vp.p 
Swing 

100 OUT + to OUT - Pin Current No DC path to GND, See Note 3 ±3.2 mA 

Ro Output Resistance 20 30 Q 

Co Output Capacitance 12 pF 

VIP (DIN+ - DIN _) Input Voltage 30mVp.p<V(lN+_IN_)<550mVp.p, 0.48 Vp.plV 
VAGC Swing VS AGC Input Level 1.5V<VAGc<3.75V 

VIP (DIN+-DIN_) Input Voltage 30mVp.p<V(lN+_IN~<550mvp.p, +8 % 
Swing Variation AGC Fixed, over sup yand temp. 

to Gain Decay Time See Figure la; VIN -300mVp.p 50 lAs 
then >l50mVp.p at 2.5MHz, 
VOUTto 90% of final value. 

tA Gain Attack Time See Figure lb; from Write to Read 4 /AS 
transition to VOUT at 110% of final 
value, VIN -400mVp.p@2.5MHz 

IAGCfc Fast AGC Capacitor VCOIN...-0IN_)-1.6\/, VAGc=3.0V 1.5 mA 
Charge Current 

IAGCsc Slow AGC Capacitor VCOIN+-0IN_)=1.6\/, VaryVAGC until 0.17 mA 
Charge Current slow discharge begins 

Fast to Slow Attack VCOIN+-OIN_) 1.25 -
Switchover Point 

VCOIN+-OIN_) Final 

IAGCO AGC Capacitor VCO~ .. 'O'aN _) = O.OV 
Discharge Current Rea M e 4.5 /AA 

Hold Mode -0.2 +0.2 /AA 
CMRR CMRR (Input Referred) VIN+-VIN- -l00mVp.p 40 dB 

@5MHz,gainatmax. 

PSRR PSRR (Input Referred) Vcc orVoo-l00mVp.p 30 dB 
@5MHz, gain at max. 

Hysteresis Comparator 

VIP Input Signal Range 1.5 Vp.p 

RID Differential Input Resistance VCOIN...-°IN_)=100mVp.p@2.5MHz 5 15 kQ 

Clo Differential Input Capacitance VCOIN+_0IN_)=100mVp.p@2.5MHz 6.0 pF 

Zrc Common Mode Input (both sides) 2.0 kQ 
Impedance 

VIO Comparator Offset Voltage HYSpinat -0.5\/, <1.5kQacross 5 mV 
DIN+,DIN-
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 5 V ± 10%, Voo -12 V ± 10%, 
0°C<TA<700C, IN+and IN- ACcoupled, OUT +and OUT - differentially loaded with >6OOQ and each side loaded with 
<10pFtoGND, CBYP=2000pF, OUT +and OUT - AC coupled to DIN+ and DIN_ respectively, VAGe-2.2Vunlessotherwise 
specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP 
READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator (Continued) 

VHVSP Peak Hysteresis Voltage vs HYS lV<VHVS<3V 0.21 
VHVS pin voltage (input referred) 

II HYS Pin Input Current lV<VHVS<3V ° -20 

10 LEVEL Pin Max Output Current 3 

Ro LEVEL Pin Output Resistance ILEVEL -O.5mA 180 

VOl Dour Pin Output Low Voltage TA-70°C VDD-4.0 VDD-2.5 

VOH DOUT Pin Output High Voltage TA-70°C VDD-2.2 VDD-l.5 

VOl DOUT Pin Output Low Voltage TA-25°C VDD-4.0 VDD-2.8 

VOH DOUT Pin Output High Voltage TA-25°C VDD-2.5 VDD-lo6 

Active Differentiator 
VIP Input Signal Range 1.5 

RID Differential Input Resistance V1CIN+_CIN_)-100mVp.p@2.5MHz 5 15 

CID Differential Input Capacitance VICIN+_CIN_)=100mVp.p@2.5MHz 6 

llc Common Mode Input (both sides) 2.0 
Impedance 

10D DIF+ to DIF_ Pin Current Differentiator Imped must be set so as ±1.3 
not to clip signal at this current level 

VIO Comparator Offset Voltage DIF+, DIF _ PC Coupled 5 

VOl <:OUT Pin Output Low Voltage 0< IOH<0.5mA VDD-3 

Vpo <:OUT Pin Output Pulse Voltage 0<IOH<0.5mA 0.4 

PWo <:OUT Pin Output Pulse Width 0< IOH<0.5mA 30 

The following specifications apply over the recommended operating conditions of Vee = 5V ± 10%, VOD = 12V ± 10%, 
O°C<TA < 70°C, VICIN+-C(N_)-VIDIN+-DIN_)-1.0Vp_pAC coupled sine wave at2.5MHz, RDIF -l00Q, CDIF -65pF, VHvs=1.8V, 
Cos-60pF, 4kQ to Vcc and 10pFto GND on pin RD unless otherwise specified. 

Ol/tpl!t Data Characteristics (Refer to Figure 2) 

10, D-Flip-Flop Set Up Time Min delay from V1DIN+-DIN_) ° exceeding threshold to VIDIF+-DIF_) 
reaching a peak 

tD3 Propagation Delay 110 

105 Output Data Pulse Width TA-25°C, Vcc=5V, VDD =12V :!:15% 

105 Output Data Pulse Width Cos-60pF, See Note 4 30 80 
Variation 

t03-tD4 Logic Skew (Pulse Pairing) 3 

IR Output Rise Time VOH-2.4V 18 

tF Output Fall TIme VOl-O.4V 14 

UNITS 

vtv 

p.A 

mA 

Q 

V 

V 

V 

V 

Vp.p 

kQ 

pF 

kQ 

mA 

mV 

V 

V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: AGC amplifier output current may be increased as in Figure 4. 
Note4: tDS"" 770 (Cos), 50pF < Cos < 150p~. 
Note 5: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 
Operating Modes 
The ML541 has three definitive operation modes which are: 
Read mode, Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R/WB as shown in Table 
1. Read mode, the mode used normally for pulse detection, is 
assumed in the following sections unless otherwise noted. 

AGe Amplifier Section 
The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog Signal. A wide gain range is 
required due to large signal variation when moving the re
cording head from an inside to outside data track or varia
tions in media. 

The differential output voltage level VOUT from the AGC amp 
is determined by voltage VAGC present at pin AGe. VOUT is 
full wave rectified and compared against VAGC to create 
charge/discharge current for capacitor CBYP connected at 
pin BYP. Voltage VBYP across CBYP controls the gain in the 
AGC amplifier. 

Two distinct values of IBYP are possible which determine a fast 
and slow AGC gain response attack rate. When VOUT is more 
than 125% of the set level a high value of IBYP is sourced 
which provides a fast AGC attack rate. When VOUT is within 
100% to 125% of the set level a reduced value of IBYP is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 
response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. V AGC 
should be set so that the differential input voltage VOIN into 
the level comparator is 1 Vp_p at nominal Read signal condi
tions. The AGC amp section gain is given by: 

AY2 _ exp VBYP2 - VBYPl 
AVl 5.8 X VT 

Where: AVI, AV2 are initial and final amplifier gain values 
corresponding to initial and final VBYP values. 

VT - (KT)/Q - 26mVat room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi
larly, AC coupling must be used at the AGC amp outputs. 

AGe Amp During Write Mode-When the ML541 is put into 
write mode, the AGC amp's input impedance is lowered to 
allow a faster dampening of the Write to Read transient from 
the head pre-amp. The AGC gain is also set to maximum gain 
so that fast AGC attack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set
tling occurs prior to Read mode activation. Minimal value 
input coupling capacitors should be chosen to reduce set
tling time, however, bandwidth requirements also need to be 
considered. 

AGe Amp During Hold Mode- During the Hold mode, the 
charge/discharge current driving pin BYP is internallydiscon
nected. AGC compensation capacitor CAGC will then hold 
the present gain setting. The amplitude OfVOUT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor
mally taken at outputs DIF- and DIF +, as shown in the typical 
application. 

Extemal Filter Network 
Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 
The full wave rectified VOUT is buffered and available at pin 
LEVEL. The level detector uses a hysteresiS comparator to 
compare the processed read Signal amplitude against a refer
ence voltage derived from voltage VLEVEL output from pin 
LEVEL. Using VLEVEL provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 
The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 
An external reactive network, shown in the Typical Applica
tion, is used between the DIF+ and DIF_ pins to provide the 
differential function given by: 

A _ -2000cs 
v LCs2 + (R + 92) Cs + 1 

Where: C - External capacitor (20 pF to 150 pF) 
L - External inductor 
R - External resistor 
s-jCll-j2nf 

Output logic 
The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 
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Pin R/WB must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out
put timing and the level detector determines pulse validity. 

BLOCK DIAGRAM 

IN+ -t-.....------j 

IN _-+-4o--t ..... 

BY.:..P+-__ .. 

AGND 

HOLDB 

OUT+ 

Voo 

ML541 

Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 

DIF- Voo 

Voo 

RD 
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AGe 
V,N M 

Figure 1. AGe Timing Diagram 

VOIF L-t--4:----I~-\_-t__t----' 

VCOUT 

VDOUT 

VRO 
(READ DATA) 

J..-.I-tos 

Figure2. Output lDgic Timing Diagram 
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TYPICAL APPLICATIONS 

€-~+-...... +-' 
Voo 

HOLDB 

SERVO READ DATA 

ROlF 

Lo'F 

5V 

DIN-
OUT + OUT - DIN+ CIN_ CIN+ DIF+ DIF- Vee 

Voo 
Voo 

GAIN 
CONTROL -=-

LEVEl R/WB HYS DouT 

RLEVEl1 

RLEVEL2 

Figure 3. Typical Application Diagram 

IN+ 

IN-

lOUT + TO lOUT _ = 4mA + R8V 
EXT. 

R 

READ/WRITE 
CONTROL 

Figure 4. Modification of AGe Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 
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PART NUMBER 

Ml541CP 
Ml541C] 
Ml541CQ 
Ml541CS 

TEMP. RANGE 

DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 

'Micro Linear 

PACKAGE 

MOLDED DIP (P24) 
HERMETIC DIP (J24) 
MOLDED PCC (Q28) 
MOLDED SOIC (524) 
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GENERAL DESCRIPTION 
The Ml4041, Ml4042 is a monolithic bipolar integrated 
circuit used in disk drive systems to detect amplitude 
peaks generated by the recording heads during a Read 
operation. Connected to the read/write amplifier 
output, it detects valid data and provides a TIL output 
to the data separator. Containing both analog and 
digital circuitry, it supports the reading of MFM and Rll 
encoded data at rates up to 24 megabits/second. 

Operating modes Read, Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec
tion during a Read operation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali
dation and peak time detection is achieved. The Ml4041, 
Ml4042 characteristics can be modified to fit particular 
needs through external component selection. The Ml4041 , 
Ml4042 has a swift Write to Read recovery time of 2",s (10",s 
max) allowing for better format efficiency with faster access 
times. Pulse pairing of 1 ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 

SIMPLIFIED BLOCK DIAGRAM 

1 

1 L _____ _ 

ML4041, ML4042 

Read Data Processor 

FEATURES 
• Fully compatible with industry standard read data 

processor 
• Write to Read recovery time - 2ps typical, 10ps max 
• Pulse pairing - 1ns max 
• Data rates up to 24 megabits/second 
• Supports MFM and RLl encoded read data 
• 30MHz wide-bandwidth AGC amplifier 
• Fast AGC region for fast transient recover 
• Slow AGC region for minimum zero crossing 

distortion 
• +5V and +12V undervoltage fault detection (ML4042 

only) 
• Write to read transient suppression 
• Hold pin supports embedded servo decoding 

The Ml4042 is identical to the Ml4041 but in addition it 
includes a +5 V and +12 V undervoltage detector. The 
Ml4041 is available in a 24-pin PDIp, 24-pin SOle, or a 28-pin 
PeC, while the Ml4042 is available in a 28-pin PDIp, 28-pin ~ 
SOIC, or a 28-pin PCe. .,.. 

Dlf+ 

--;':-~L:;;;;l 

.--------.1 

THRESHOLD Vm 

1 --------1 
==--'WIr-..... H""ys:.:....,¥..---, 'ML4042 ONLY 
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PIN CONNECTIONS 
ML4041 ML4042 

24-Pin DIP and SOIC Package 28-Pin DIP and SOIC Package 

CIN+ 

DIN+ 

HYS CIN_ 

DIN_ 

AGC OUT-

IN+ OUT + 

IN- AGNO 

BYP 

Voo DGNO 

Cour Dour 

R/W iii) 

OS vee 

lOP VIEW 

DIF

DIF+ 

TOP VIEW 

CIN+ 

DIN+ 

CIN

VFLT 

DIN

OUT

OUT+ 

LEVEL 

AGC 

IN+ 

IN

HOLD 

VDO 10 

CaUl 11 

LEVEl 

AGC 

'N+ 

IN-

HOLD 

voo 

CaUl 

PIN DESCRIPTION 
NAME 

VCC 
VDD 

AGND 
DGND 
R/W 

IN+,IN
OUT+,OUT -

BYP 

HOLD 

AGC 

FUNCTION 

+5V 
+12V 
Analog Ground. 
Digital Ground. 
TTL compatible Read/Write Control 
pin. 
Analog Signal Input pins 
AGC Amplifier Output pins 
The AGC timing capacitorCAGC is 
tied between this pin and AGND. 
TTL compatible pin that holds the 
AGC gain when pulled low. 
Reference input voltage level for the 
AGCcircuit. 
Analog input to the hysteresis 
comparator. 

NAME 

HYs 

LEVEL 

DOUT 

CIN+, CIN
DIF+, DIF_ 

COUT 

OS 

RD 
VFLT 

TABLE 1 MODE SELECT 

R/W HOLD MODE DESCRIPTION 
1 1 READ AGe amp section active, Digital section active. 

1 0 HOLD AGe gain constant, Digital section active. 

0 X WRITE AGe gain maximum, Digital section inactive, 
Input common mode resistance reduced. 
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ML4041 
28-Pin PCC Package 

HYS OIF _ DIN + 
NC I 0,,+ I CIN+ I C'N_ 

4321282726 

12 13 14 15 16 17 18 

NC 

DIN

OUT

OUT+ 

AGND 

BYP 

DGNO 

R/W I NC I iii) I Dour 
OS Vee NC 

TOP VIEW 

ML4042 
28-Pin PCC Package 

HYS OIF _ DIN + 
NC I 0,,+ I C'N+ I C'N-

VFLT 

DIN_ 

OUT-

OUT+ 

AGNO 

BYP 

DGNO 

FUNCTION 

Input for setting hysteresis level ofthe 
hysteresis comparator. 
Provides rectified signal level for input 
to the hysteresis comparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con
nection pins. 
Buffered test point for monitoring the 
clock input to the flip-flop. 
Connection for read output pulse 
width setti ng capacitor Cos. 
TTL compatible read output. 
U ndervoltage detector output, active 
low; ML4042 only. 

0 - Logic level low 
1 - Logic level high 
X - Don't care 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range 
Vcc ................................... -0.3t06Voc 
Voo .................................. -0.3to14Voc 

Terminal Voltage Range 
R/W,IN+,IN-,HOLD .............. -O.3VtoVcc+O.3V 
RD ..................... -O.3Vto Vcc +0.3 V or +12mA 
Allothers ......................... -O.3VtoVoo +O.3V 

Storage Temperature Range ................ -65°Cto +150°C 
Junction Temperature (TJ) •...•••••••.•••••••.•.••• +135°C 
Lead Temperature (Soldering, lOsec) .................. 260°C 

Supply Voltage 
Vcc ...................................... 5V±10% 
Voo ..................................... 12V±10% 

V(CIN+-CIN_I' V(OIN+-OIN_I ........................ lVp•p 
VHYs ........................................... 1.0V 
Cos ...................................... 50 to 200pF 
Typical Component Values (Refer to Typical Applications) 

CIN ........................................ O.ool"F 
Cs .......................................... O.01"F 
CoUT ..................................... 0.0047"F 
RouT ........................................ 400Q 
CAGCl ....................................... 220pF 
CAGC2 ...................................... 2000 pF 
RAGC ....................................... 2.21 kQ 
CLEVEL ....................................... 150 pF 
RLEVEL1 ...................................... 1.54 kQ 
RLEVEL2 ..................................... 6.49kQ 
Cos .......................................... 50pF 

ELECTRICAL CHARACTERISTICS 
The followi ng specifications apply over the recommended operating conditions of Vee = 5 V ± 10%, V DD = 12 V ± 10%, 
O°C <TA < 70°C and external components as specified under operating conditions unless othelWise specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics 

lec Vec Supply Current Outputs unloaded 

100 Voo Supply Current Outputs unloaded 

Po Power Dissipation Outputs unloaded, 
TA=70°C 

Digital Inputs Characteristics (HOLD R/W) 

VIH High Voltage 

VIL Low Voltage 

IIH High Cu rrent V IH =2.4V 

IlL Low Current VIL =O.4V 

Digital Outputs Characteristics (CaUT' RD) 

V m Output Low Voltage 1m = 4 mA 

VOH Output High Voltage IOH=4OO)'A 

WRITE AND HOLD MODE CHARACTERISTICS 

Mode Control 

tRW 

tWR 

tRH 

Write Mode 

Read to Write 
Transition Time 

Write to Read Transition Time 

Read to Hold Transition Time 

Common Mode Input 
Impedance (both sides) 

AGC settling not included, 
time to high input resistance 

R/W pin=low 

'Micro Linear 

UNITS 

14 mA 

70 mA 

930 mW 

2 V 

-0.3 0.8 V 

100 )'A 

-0.4 mA 

V 

V 

1 ).IS 

1.2 3 "S 
1 ).Is 

Q 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, V DD = 12 V ± 10%, 
0°C~TA~70°C, IN+and IN- ACcoupled, OUT + and OUT - differentially loaded with >6000 and each side loaded with 
<10pFto GND, CBYP=2000pF, OUT + and OUT - AC coupled to DIN+ and DIN- respectively, VAGc=2.2V unless otherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS 

AGC Amplifier 

RID Differential Input Resistance V(lN+_IN_l=100mVp.p@2.5MHz 5 kQ 

CID Differential Input Capacitance V(lN+-IN-l= 100mVp_p@2.5MHz 10 pF 

llc Common Mode Input R/W pin high 1.8 kQ 
Impedance (both sides) R/W pin low 0.25 kQ 

AVMAX Maximum Gain VBYP -2.6V 83 V/V 

AVMIN Minimum Gain VBYP = 6V 2 4 V/V 

eN Input Noise Voltage Gain set to maximum 30 nVI \IRZ 
BW Bandwidth Gain setto maximum, -3dB point 30 MHz 

AVos Maximum Gain and Minimum VByp=2.6V for maximum gain 700 mV 
Gain AGC Amp Output Offset VBYP = 5.0V for minimum gain 
Voltage Difference 

VBYPMAX Max Voltage at BYP Pi n at V(DIN+-DIN_l=1.6V, VAGc =3.0V 6.0 6.7 V 
Minimum Gain 

VOP Maximum Output Voltage Set byVAGc 3 Vp_p 
Swing 

100 OUT + to OUT - Pin Current No DC path to GND, See Note 3 ±3.2 mA 

Ro Output Resistance 18 32 Q 

Co Output Capacitance 12 pF 

VIP (DIN+-DIN _) Input Voltage 30mVp_p";V(lN+_IN_l";550mVp_p, 0.37 0.48 0.56 Vp_p/V 
VAGC Swing VS AGC Input Level 0.5VP_P";V(0IN+_0IN_l";1.5Vp_p 

VIP (DIN+-DIN_) Input Voltage 30mVp_p<V(lN+_IN_l<550mVp_p, +8 % 
Swing Variation AGC Fixed, over supply and temp. 

tD Gain Decay Time See Figure 1a; V IN =300mVp_p 50 I's 
then >150mVp_p at 2.5MHz, 
VOUT to 90% of final value. 

tA Gain Attack Time See Figure 1b; from Write to Read 4 I's 
transition to VOUT at 110% of final 
value, VIN = 400 mVp_p @2.5MHz 

IAGCfc Fast AGC Capacitor V(0IN+-DIN_l=1.6V, VAGc =3.0V 1.3 1.5 2.0 mA 
Charge Current 

IAGCsc Slow AGC Capacitor V(DIN+-0IN_l=1.6V, Vary VAGC until 0.14 0.17 0.22 mA 
Charge Current slow discharge begins 

Fast to Slow Attack V(OIN+-DIN_l 1.25 -
Switchover Point 

V(OIN+-OIN_l Final 

IAGCO AGC Capacitor V(OIN+-OIN_l=O.OV Read Mode 4.5 iAA 
Discharge Cu rrent 

Hold Mode -0.2 +0.2 iAA 
CMRR CMRR (Input Referred) VIN+=VIN - =100mVp_p@5MHz, 40 dB 

gain at maximum 

PSRR PSRR (Input Referred) Vcc orVoo=100mVp_p@5MHz, 30 dB 
gain at maximum 

TREC Write to Read Recovery Time. V(lN+_IN_l=100mVp_p@2.5MHz 1.2 2 10 I's 
Includes AGC Settling 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of V cc - 5 V ± 10%, V DO -12 V ± 10%, 
O°C ... TA'" 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pFtoGND, CBYP-2000pF, OUT + and OUT - AC coupled to DIN+and DIN_ respectively, VAGC-2.2Vunlessotherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator 
VIP Input Signal Range 1.5 Vp_p 

RID Differential Input Resistance V(0IN+_0IN_I-100mVp_p@2.5MHz 5 15 kQ 

CID Differential I nput Capacitance V(0IN+_0IN_I-100mVp_p@2.5MHz 6.0 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

Via Comparator Offset Voltage HYS pin at -0.5V, ';;1.5kQacross 5 mV 
DIN +, DIN _ 

VHYSP Peak Hysteresis Voltage vs HYS lV<VHvs<3V 0.16 0.21 0.25 VIV 
VHYS pin voltage (input referred) 

II HYS Pin Input Current lV<VHys<3V 0 -20 ,.A 

10 LEVEL Pin Max Output Current 3 rnA 

Ro LEVEL Pin Output Resistance ILEVEL -0.5 rnA 180 Q 

VOL DOUT Pin Output low Voltage TA-70°C Voo-4.0 Voo-2.5 V 

VOH DOUT Pin Output High Voltage TA-70°C Voo-2.2 Voo -l.5 V 

VLEVEL Level Pin Output Voltage vs 0.6<IV(0IN+-0IN_)I<1.3Vp-p 1.5 2.5 VlVp_p 
VOIN V(OIN+-OIN_) 10kQ from level pin to GND 

Active Differentiator 
VIP Input Signal Range 1.5 Vp_p 

RIO Differential Input Resistance V(CIN+_CIN_I-100mVp_p@2.5MHz 5 11 kQ 

CIO Differential Input Capacitance V(CIN+_CIN_)-100mVp_p@2.5MHz 6 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

100 DIF+ to DIF_ Pin Current Differentiator Imped must be set so as ±1.3 rnA 
not to clip signal at this current level 

VIO Comparator Offset Voltage DIF +, DIF _ AC Coupled 5 mV 

VOL COUT Pin Output low Voltage O';;loH ';;O.5mA Voo-3 V 

Vpo COUT Pin Output Pulse Voltage 0';; 10H';;0.5 mA 0.4 V 

PWo COUT Pin Output Pulse Width 0';;loH';;0.5mA 30 ns 

Av Voltage Gain From CIN ± to R(oIF+ to 0IF_)-2kQ 1.7 2.2 VIV 
DIF ± 

Undervoltage Detector (ML4042 Only) 

VCCTH+ Vcc Fault Threshold + VFLTtransition from low to high 3.8 4.2 4.5 V 

VCCTH - Vcc FaultThreshold- VFLT transition from high to low 3.8 4.1 4.5 V 

VOOTH+ Voo Fault Threshold + VFLT transition from low to high 9.6 10.2 10.8 V 

VOO TH - VOO Fault Threshold- VFLT transition from high to low 9.6 10.0 10.8 V 

VOL Output Low Voltage (V FLT) IOL =1.6mA 0.4 V 

VOH Output High Voltage (VFLT) 10H- -400,.A 2.7 V 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, VDD = 12V ± 10%, 
O°CE;TA E; 70°C, V(CIN+-CIN_)-V(DIN+-DIN_)-1.0Vp_p AC coupled sine wave at 2.5MHz, RDIF-lOOQ, CD1F -65pF, VHYS = 1.8Y, 
Cos-60pF, 4kQtoVcc and 10pFtoGNDon pin RD unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS UNITS 

Output Data Characteristics (Refer to Figure 2) 

tDl D-Flip-Flop Set Up Time Min delay from V(DIN+-DIN_) 0 ns 
excee.ding threshold to V(DIF+-DIF_) 
reaching a peak 

tm Propagation Delay 110 ns 

tDS Output Data Pulse Width (See Note 5) 40 50 65 ns 
Variation Cos = 60pF, T A = 25°C 

tm-tD4 logic Skew (Pulse Pairing) 1 ns 

tR Output Rise Time VOH-2.4V 18 ns 

tF Output Fall Time VOl=O.4V 14 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100"10 testing, sampling, or correlation with worst-case test conditions. 
Note 3: AGC amplifier output current may be increased as in Figure 4. 
Note 4: Typicals are parametric norm at 25°C. 
Note 5: tDS = 830 (COy, SOpF < Cos < 1S0pF 

FUNCTIONAL DESCRIPTION 
Operating Modes 
The ML4041, ML4042 has three definitive operation modes 
which are: Read mode, Write mode and Hold mode. These 
modes are defined by input pins HOLD and R/W as shown 
in Table 1. Read mode, the mode used normally for pulse 
detection, is assumed in the following sections unless other
wise noted. 

AGC Amplifier Section 
The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re
cording head from an inside to outside data track or varia
tions in media_ 

The differential output voltage level Your from the AGC amp 
is determined by voltage VAGC present at pin AGe. Your is 
full wave rectified and compared against VAGC to create 
charge! discharge current for capacitor CBVP connected at 
pin BYP. Voltage VBYP across CBYP controls the gain in the 
AGC amplifier. 

Two distinct values of IBYP are possible which determine a fast 
and slow AGC gain response attack rate. When Your is more 
than 125% of the set level a high value of IBYP is sourced 
which provides a fastAGC attack rate. When Your is within 
100% to 125% of the set level a reduced value of IBVP is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 

response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. VAGC 
should be set so that the differential input voltage VDIN into 
the level comparator is lVp_p at nominal Read signal condi
tions. The AGC amp section gain is given by: 

AV2 __ VBYP2 - VBYPl exp -"-'-'-"-.,-----"'''--'--
AVl 5.8 X Vr 

Where: AV1, AV2 are initial and final amplifier gain values 
corresponding to initial and final VBVP values. 

VT = (Kn/Q = 26mVat room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (MU17, ML501, etc.) differential outputs. Simi
larly, AC coupling must be used at the AGC amp outputs. 

AGCAmp During Write Mode-When the ML4041, ML4042 
is put into write mode, the AGC amp's input impedance is 
lowered to allow a faster dampening of the Write to Read 
transient from the head pre-amp. The AGC gain is also set to 
maximum gain so that fast AGC attack will occur when 
changing back to the Read mode. Internal device timing is 
controlled so that settling occurs prior to Read mode activa
tion. Minimal value input coupling capacitors should be 
chosen to reduce settling time, however, bandwidth require
ments also need to be considered. 
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AGe Amp During Hold Mode- During the Hold mode, the 
charge/ discharge current driving pin BYP is intemally discon
nected. AGC compensation capacitor CAGe will then hold 
the present gain setting. The amplitude ofVouT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor
mally taken at outputs DIF _ and DIF +, as shown in the typical 
application. 

External Filter Network 
Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 
The full wave rectified VOUT is buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer
ence voltage derived from voltage VlEVEl output from pin 
LEVEL. Using VlEVEl provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 
The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica
tion, is used between the DIF+ and D1F- pins to provide the 
differential function given by: 

-2000cs 
Av ~ LCs2 + (R + 92) Cs + 1 

Where: C ~ External capacitor (20pF to 150pF) 
L ~ Extemal inductor 
R ~ External resistor 
s ~ jw ~ j2nf 

ML4041, ML4042 

Output lDgic 
The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 

ML4041, ML4042 

OUTPUT 

Pin R/W must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out
put timing and the level detector determines pulse validity. 

Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 
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BLOCK DIAGRAM 

OUT + 

IN.;.++-.-__ --f 

GAIN 
CONTROL ':" 

IN-

Voo 

BY:...Pt-__ -+ 

AGND 
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R/W~ 

AGe 
VOUT 

RD --+--------1 
-TRfC---

Figure 1. AGe Timing Diagram 

VD" L--t--\---+-4--+-+------.l 

VCoUT 

VDOUT 

, VifD 
(READ DATA) 

I--4-ID5 

Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS ,..----------_+ SERVO READ DATA 
Rolf 

LOIF 

5V 

Voo 
Voo 

Voo 

5V 
AGe LEVEL RiW HYS DoUT 

READ/WRITE 
CONTROL 

RtEVEL' 

CLEVEL 

RLEVEL2 

-=- -=-

Figure 3. Typical Application Diagram 

IN+ 

IN-

loUT + ~ lOUT _ - 4.2mA +..!Y. 
REXT. 

Figure 4. Modification Of AGe. Amplifier Output to Dri\'e lDw Impedance Filters 
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ORDERING INFORMATION 

PART NUMBER 

ML4041CP 
ML4041CQ 
ML4041CS 
ML4042CP 
ML4042CQ 
ML4042CS 

TEMP. RANGE 

O·C to +70·C 
O·C to +70·C 
O·C to +70·C 
O·C to +70·C 
O·C to +70·C 
O·C to +70·C 

'Micro Linear 

ML4041, ML4042 

PACKAGE 

MOLDED DIP (P24) 
MOLDED PCC (Q28) 
MOLDED SOIC (S24) 
MOLDED DIP (P28) 
MOLDED PCC (Q28) 
MOLDED SOIC (S28) 
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GENERAL DESCRIPTION 
The Ml4401 provides all ofthe analog circuitry necessary for 
the demodulation of di-bit servo signal information in 
Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputs for the servo 
controller ci rcu itry. 

The Ml4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit. External logic is de
signed to meet the needs of the particular servo system utiliz
ing the VCO and Charge Pump to create a PLL time base for 
Peak Detector gating. The SYNC output provides servo chan
nel timing information for the logic. 

The Ml4401 when combined with the Ml4402, 
Ml4406/07/08 Servo Driver, the Ml4403, Ml4413 Servo 
Controller and the Ml4404 Trajectory Generator, 
provides a flexible closed-loop servo control system. 

BLOCK DIAGRAM 

5 VCON 

RL2 RLI 

July 1992 

ML4401 
Servo Demodulator 

FEATURES 
• Combines all analog di-bit demodulation circuitry 
• logic track-type switching can be used to minimize 

demodulator offset 
• Exponential AGC characteristics makes AGC settling 

independent of input step size 
• External loop compensation of analog blocks 
• External digital circuitry allows flexible pattern format 
• On-chip band gap voltage reference eliminates exter

nal referencing 
• Operates from 12V power supply 
• Compatible with Micro linear's Ml4403, Ml4413 

Servo Controller, Ml4402, ML4406/07108 Servo 
Driver and ML4404 Trajectory Generator 

GND 

SYNC 25 

19 20 21 22 15 16 17 18 
~1 2 3 4 1 2 3 4 

GATE CAP 
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PIN CONNECTIONS 

FINC 

veOl 

VCOI 

ML4401 28-Pin DIP 
(Prototypes Only) 

FDEC 

POSB 

POSA 

SYNC 

CDC 

Vee TP 

VRfF GATE4 

GND GATE3 

VAGI: GATE2 

CAGe GATEl 

GAINI CAP4 

INX CAPl 

INY CAP2 

GAlN2 CAPI """1..-_______ - .. 

PIN DESCRIPTION 
PINt NAME FUNCTION 

FINC Charge pump frequency incre-
ment input (ITL). 

2 VCOL PLL loop compensation terminal. 
3 VCOI VCO high impedance input. 
4 VCOP VCO positive output, for capaci-

tive feedback to VCOL 
5 VCON VCO negative output, drives resist-

ance feedback to VCOI, also pro-
vides EeL output on ML4401 and 
TTL output on ML4411. 

6 Vcc + 12 V supply. 
7 VREF Voltage reference output (+SV). 
8 GND Ground. 
9 VAGC AGC gain reference voltage input. 
10 CAGC External capacitor terminal to set 

AGC response. 
11 GAIN1 Input amplifier gain adjusting RC 

terminal 1. 
12 INX X input into input amplifier. 
13 INY Y input into input amplifier. 
14 GAIN2 Input amplifier gain adjusting RC 

terminal 2. 

PINt 

15 
16 
17 
18 
19 

20 

21 

22 

23 

24 

25 
26 
27 
28 

ML4401 

ML4401 28-Pin Pee 

VCOP VCOL FDEC POSA 

I vcod FINC I POSB I 
4 3 2 1 2B 27 26 

\'CON 25 SYNC 

Vee 24 CDC 

VRfF 23 TP 

GND 22 GATE4 

VAGI: 21 GATE3 

CAGe 20 GATE2 

GAIN! 19 GATEI 

12 13 14 15 16 17 18 

I INY I CAPI I CAPl I 
INX GAIN2 CAP2 CAP4 

lOP VIEW 

NAME FUNCTION 

CAPl Peak detector 1 capacitor terminal. 
CAP2 Peak detector 2 capacitor terminal. 
CAP3 Peak detector 3 capacitor terminal. 
CAP4 Peak detector 4 capacitor terminal. 
GATE1 Peak detector 1 gate input (ITl) 

high enabled, low disabled. 
GATE2 Peak detector 2 gate input (ITL) 

high enabled, low disabled. 
GATE3 Peak detector 3 gate input (ITL) 

high enabled, low disabled. 
GATE4 Peak detector 4 gate input (ITL) 

high enabled, low disabled. 
TP Composite test point, normally left 

unconnected. 
CDC External capacitor terminal to set 

DC restore response. 
SYNC SYNC pulse output (ITL). 
POSA Position output A. 
POSB Position output B. 
FDEe Charge pump frequency deere-

ment input (ITL). 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage, Vcc ............................. l4V 
Input Voltages: 

GAIN1, GAIN2 ................................. -0.3 to BV 
CAGC ........................................ -0.3 to 7.0V 
VAGC ......................................... -0.3 to 5.3V 
CAP1, CAP2, CAP3, CAP4 ..................... 3.0 to 10V 
GATE1, GATE2, GATE3, GATE4, VCOP ....... -0.3 to 7.5V 
INX, INY, VCON, VCOI, FINC, FDEC, CDC 
..... ".................................. -0.3 to Vcc +O.3V 

EllA for 2B-Pin Pl3stic Dip .....•................ §60°CiWatl 
EllA for 2B-Pin PLCC ............................. 60°CiWatl 
Storage Temperature Range ................ -65°C to 150°C 
Junction Tempearture (TlMAX) ......................... 150°C 
Lead Temperature (Soldering, 10sec) .....••.......... 260°C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 

Temperature Range ,,"""""",,""""" 00 C to 700 C 
Supply Voltage (vcc) ........................ 12VDC ±10% 
Input Coupling Capacitance (Ci) ..................... O.01I'F 
Input Amp Gain Capacitance (Cel .................. 0.047)IF 
Input A'Y'P Gain Resistance (Re) .........•.....•....... 1 kQ 
AGC Response Compensation Capacitance (CA) ....... 0.OB2)IF 
Composite DC Restore Capacitance (CD) .............. O.01)IF 
PLL Compensation Components: 

CCPl ......................................... O.l)IF 
CCP2 ........................................... l)IF 
Rep .......................................... 910Q 

PLL Gain Components: 
Rv .......................................... 1000n 
RL1, RL2 ..................................... 1000n 

Peak Detector Capacitance (CAPl thru CAP4) ........... 270pF 
SYNC Output Pull-Up Resistor (to 5 V) ................ 3.3k 
On track Base-to-Peak Voltage at pin TP ................ 1.75V 
VGA Gain Control Voltage (at pin CAGel ................ 0.65 

The following specifications apply over the recommended operating conditions ofTA = 0 to 700 C, Vcc= 10.8 to 13.2 V, 
VVAGC = S.Ov, and external components as recommended above, unless otherwise specified (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

Icc I Supply Current I Vcc-12V 81 110 mA 

TTL Inputs FINC FDEC GATEl GATE2 GATE3 GATE4 , , , , , 
VIH High Level Input Voltage 2.0 V 

Vil Low Level Input Voltage 0.8 V 

IIH High Level Input Current VIH =2.4V -1 30 JIA 

III Low Level Input Current Vil -O.4V -20 1 )IA 

SYNC Output (TTL Open Collector) See Note 3 

VOl Low Level Output Voltage 10l =1.6mA 0 0.3 0.5 V 

VTHR Positive going input threshold VREF +0.9 V 

VTHF Negative going input threshold VREF V 

tpD± . Propagation Delay Rising, RL=2k, Cl =15pF 50 ns 
Falling 

VCOP Output ML4401 (fA'=25°q 

VOH High Level Output Voltage RL=lkQ V 

VOl Low Level Output Voltage RL-lkQ V 

VCOP Output ML4411 

VOH High Level Output Voltage IOH=50JIA V 

VOl Low Level Output Voltage 10l =1.6mA V 

VCO and Charge Pump Section 

IBIAS VCOllnput Bias Current 0 25 50 JIA 

ICH' lOIS VCOl Charge and Discharge 495 660 825 )IA 
Current 

ICHilDIS VCOl ChargelDischarge Ratio 0.95 1.00 1.05 )IA/JIA 

IOFF VCOl OFF State Current FINC-2.0 0 25 50 nA 
FDEC=0.8 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions ofTA -0 to 70° C, Vcc= 10.8 to 13.2V, 
VAGC = S.Ov, and external components as recommended above, unless specified (See Note 1.) 

SYMBOL PARAMETER CONDITIONS 

\'CO and Charge Pump Section (Continued) 

FMAJ( MAX VCO Frequency to Main- 30 
tain + and - 5% Control 
Range Note 4 

Fvco VCO Frequency Range TA = 25·C, Vcc = 12, VCOl = 6V 9.7 10.0 10.3 
Note 4 Cv = 1000pF, Rv = 6040 

Kvco VCO Voltage to Frequency 2 
Factor 

Input AMP, AGe AMP, and DC IIiestore 

~N INX, INY Differential Input 7.5 10 20 
Resistance 

IGAIN1,2 GAIN1, GAIN2 Bias Current 0.66 1.0 1.20 

IBIAS VAGC Input Bias Current 0 5 20 

GMAGC AGC Transconductance at 370 
CAGC 

RAGC Control Range of AGC loop to 7/1 
Regulate Composite Amplitude 
to within 2% of Nominal 

FNV Bandwidth from INX, INYto 10 15 
Composite Note 4 

GMDCR DC Restore Transconductance 200 

Peak Detectors 

ICH Charge Current 12.7 

1015 Discharge Current TA=25°C 25 45 60 

TCDlS Tempco of lOIS -0.17 

Voltage Reference 

VREF Reference Voltage TA-25°C 4.85 5.10 5.35 

TC Tempco 50 

RoUT load Regulation 2 

PSRR Line Regulation 10 

ISINK Maximum SINK Current 0.8 
- .. Output Amplifiers (POSA, POSB) 

Vas Input Offset VCApl-4-6V -10 0 10 

/ltv Gain 1.23 1.28 1.33 

I'..!A/I'..!B Gain Tracking -3 0, +3 

VOUT Output Voltage Range 1.0 9.5 

ISRC Output Source Current 5 

ISNK Output Sink Current 2 

SR Slew Rate 2.5 

FNV 3dB Gain Bandwidth 3 

UNITS 

MHz 

MHz 

%/V 

kQ 

mA 

,.A 

"MHOS 

V/V 

MHz 

"MHOS 

mA 

,.A 
,.A/oC 

V 

ppm/oC 

mV/mA 

mV/V 

mA 

mV 

V/V 

% 

V 

mA 

mA 

V/"s 
MHz 

Note 1: o· C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25° C. 
Note 3: Pin 25 is an open collector output which should not exceed 7 volts in the high state. 
Note 4: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 
APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 
1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin VAGC (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 
2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin CAGC; it should be approximately 
0.9 volts. CAGC voltage will vary approximately ±0.5 volts over the AGC range. 

'Micro Linear 
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FUNCTIONAL DESCRIPTION 
Input Amplifier 
The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina
tion resistors eliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un
wanted components. External components RG and CG deter
mine the input amplifier's low frequency cutoff and gain as 
follows: 

FC = --:::---':-:-::c-~-
211 (~ + 6OQ) CG 

A _ 1700 
V - ~ + 60Q 

Where: CG External series capacitance between pins 
GAINl and GAIN2 

~ = External series resistance between pins 
GAINl and GAIN2 

Automatic Gain Control (AGO 
The purpose of the AGC loop is to maintain a constant peak 
output voltage level at outputs POSA and POSB. This peak 
level is established by the reference voltage applied to pin 
VAGC· 

VP.P(Composite) = Kl x VAGC + K2 
Where: Kl = 0.65 

K2 = 0.41V 

In this closed-loop system, the peak detector output voltages 
are fed back and combined with the VAGC voltage to provide 
a gain control current. The current controls the variable gain 
amplifier (VGA) and is compensated at pin CAGC to provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 

BW = K VVAGC 
211 CA 

Where: K 4.3 x 10-4 

VVAGC External reference voltage at pin VAGC 
CA External capacitance at pin CAGC 

Optimum system stability is achieved by deriving VVAGC from 
the VREF output using a resistive divider. 

Composite Amplifier 
The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con
verts the differential signal into a buffered si ngle-ended signal 
for the peak detector circuitry. The DC base line of the com
posite signal is equal to VREF . The bandwidth of the DC 
restore function is controlled by capacitor Co at pin CDC with 
the following relationship: 

BW=~ 
211 CD 

Where: gm = '/5 kQ 
Co = External capacitance at pin CDC 

The composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 425 Q resistor is 
connected in series with pin TP internally. 

Synchronization Pulse Separator 
The SYNC pulse separator is a threshold comparator with 
hysteresis which passes pulses from the composite amplifier 
above a set threshold. It provides a buffered open collector 
TTL output. The SYNC output, when gated through an exter
nal one-shot, is used to control the external gate timing and 
PLL logic. 

Peak Detector 
The peak detector circuit captures the peak signal amplitude 
ofthe di-bit pulses. The gates are controlled by inputs GATEl 
through GATE4. Timing is established by the external logic 
circuitry. The external peak detector capacitors are con
nected from pins CAPl through CAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4) determines the 
maximum track crossing rate during an access operation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate the track 
error signals and provide buffered outputs POSA and POSB 
as follows: 

POSA = 1.25 (CAP1-CAP2) + VREF 
POSB = 1.25 (CAP3-CAP4) + VREF 

Voltage Controlled Oscillator and Charge Pump 
The VCO and external phase compare logic provide a time 
base for peak detector gate sychronization. Inputs FINC and 
FDEC provide increment and decrement signals to the charge 
pump for changing the oscillator frequency. The FINC and 
FDEC inputs gate the charge pumpforthe duration of the 
pulse width. The RC timing network formed by Cv and Rvat 
pins VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Rv should be greater than 330Q. Too low of a value will result 
in excessive power dissipation. RLl, RL2 and Rv should be 
approximately equal, although the values of RLl and RL2 do 
not require accuracy. 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor CCPl is connected from pin VCOL to 
ground. Components Rep and CCP2 are also connected in 
series from pin VCOL to ground to provide VCO loop com
pensation. 

Internal Voltage Reference 
VREF is an internal band-gap voltage reference. It is buffered 
and available at pin VREF and is used by the ML4402, 
ML4403, ML4404 and other chips requiring a 5 volt refer
ence. 

ExternallDgic 
The external logic provided by the user typically has a com
plexity of about 150 to 300 equivalent gates. Complexity and 
architecture depends on the users di-bit pattern and control 
function. 

Note: Stray capacitance should be considered in applying the 
above relationships when low capacitor values are used. 
Stray capacitance of the integrated circuit terminal is typically 
about 2 to 3 pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Fvco 
MHz 

30 

20 

10 

o 

200 

100 

Av 50 
N/V) 

10 

1\ 
\ 

o 

ORDERING INFORMATION 
PART NUMBER 

Ml4401CP 
Ml4401YCQ 

\ 

VCO FREQUENCY vs RV AND CV 

Rv =604 
TA _ 25°C 

Vee = 12V 

"-

50 

....... 
r--. 

100 
Cv (pf) 

r-f-

150 

AGe GAIN vs CAGe Voltage 

f-
f-
f-

200 

1\ F 
J = 2.5MHz 

Cc = 0.1I471'F-

0.4 

Rc = 750Q == 
'" '" 

TA = 25°C -

""-

"'" ''"''-
0.8 1.2 

VCAGC NolIs) 

TEMP. RANGE 

O°C to +70oe 
ooe to +70oe 

"" 
1.6 2.0 

PACKAGE 

MOlDED DIP (P28) 
MOLDED pee (Q28) 

, Micro Linear 

ML4401 

--
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GENERAL DESCRIPTION 
The Ml4402 Servo Driver contains all of the control circuitry 
necessary to drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such as the Ml4403, Ml4413, 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The Ml4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator current. By using an 
external power transistor bridge, flexible thermal and space 
management is allowed as well as transistor selection which 
enables a wide application range. 

Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti
vated by a logic high into pin DIS or by the on-board low
voltage detector. Use of the low-voltage disable fu nction 
prevents actuator response to a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 

The Ml4402, when combined with the Ml4401/4431 
Servo Demodulator, the Ml4403, Ml4413 Analog Servo 
Controller and the Ml4404 Trajectory Generator, provides 
a flexible high-performance head positioning servo 
system. 

BLOCK DIAGRAM 

ML4402 

Servo Driver 

FEATURES 
• Low differential input offset voltage 

• Contains all control circuitry necessary to drive an 
external transistor bridge 

• Differential amplifiers internally compensated 

• Unique disable function interrupts actuator current 

• Programmable dual supply low voltage detector 

• Single +12 V power supply 

• Compatible with Micro Linear's Ml4401/4431 
Servo Demodulator, Ml4403, Ml4413 Servo 
Controller and Ml4404 Trajectory Generator chips 

The Ml4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which is a result of the manu
factu ri ng tri m process. 

Cl CMPl El SGND 51 C2 CMP2 E2 52 RETR 

GND ,...-------+- DIS 

r------t- PSf 

Vee 

VAll 

REFA PSI PS2 
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PIN CONNECTIONS 

V'NY GND 

V'NX CMPl 

REFA SGND 

Vee SI 

VALT El 

PSI C1 

PS2 E2 

PSF C2 

D'S S2 

RETR CMP2 

TOP VIEW 

20-PIN DIP (Prototypes Only) 

PIN DESCRIPTION 

PIN# 

2 

3 

4 
5 

6 

7 

8 

9 

10 

NAME 

REFA 

PS1 

PS2 

PSF 

DIS 

RETR 

FUNCTION 

Inverting input for error voltage 
signal. Used as a reference voltage 
(analog ground) input when using 
a single ended output from the 
ML4403 5ervo Controller. Ob
tained from the VREF output of the 
ML4401 5ervo Demodulator. 
Non-inverting input for error 
voltage signal. Used as the signal 
input pin when using a single 
ended output from the ML4403. 
Reference pin for low voltage 
comparator. 
+12V power supply pin. 
Optional +5V power supply pin to 
keep the P5F pin operating if Vee 
fails. With VALT at +5 V, the P5F pin 
will go low if Vee goes to zero, or 
too low to operate the comparator. 
Voltage input for low voltage 
comparator. 
Voltage input for low voltage 
comparator. 
Power supply failure indication, is 
an open collector output of com
parator. Logic low indicates P51 
and/or P52 voltage has gone be
low REFA. 
Amplifier Disable pin. TTL input 
that disables both amplifiers with a 
logic high. 
Return spring output, clamped 
open collector output, opposite 
logic polarity as pin P5F. Used to 
drive optional safety circuitry. 

PIN# 

11 

12 
13 

14 

15 

16 

17 
18 

19 

20 

ML4402 

20-PIN PLCC Package 

V'NX GND 
REFA i V'NY i CMPl 

3 
Vee 

VALl 

PSI 6 

PS2 

PSF 
9 

DIS 

NAME 

CMP2 

52 
C2 

E2 

C1 

E1 

51 
5GND 

CMP1 

GND 

2 1 20 
SGND 

El 

E2 
10 11 12 

iCMP2i C2 
RETR S2 

TOP VIEW 

FUNCTION 

Compensation node of AMP2 
used to add additional compensa
tion; the device is manufactured 
with approximately 27pF of inter
nal compensation. 

Bandwidth Effects: 

f- gm 

211 (C+27pF) 

Slew Rate Effects: 

5R= 20~A 
C+27pF 

Where: 
gm=150~mhos 

C = External Compensation 
Capacitor CcMPl 
orCeMP2 

Current sense input for AMP2. 
Collector of output transistor of 
AMP2. 
Emitter of output transistor of 
AMP2. 
Collector of output transistor of 
AMP1. 
Emitter of output transistor of 
AMP1. 
Current sense input for AMP1. 
Reference ground for 51, 52 
feedback. 
Compensation node of AMP1, 
used to add additional compensa
tion. The device is manufactured 
with approximately 27 pF of inter
nal compensation. Bandwidth and 
51ew Rate effects are the same as 
the CMP2 pin. 
Ground. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage (Vccl .......................... 14V 
Terminal Voltage Range 

(VINX, VINY, VALT, PS1, PS2, REFA, DIS) ..... -0.3 to Vcc+O.3V 
51,52 ......•.......•........................... 7V 

Terminal Input Current (CMP1, CMP2) ................ 0.1 mA 
Storage Temperature Range ................ - 65° C to +150° C 
Junction Temperature (TJ) .••......•..•...•.......... 125° C 
Lead Temperature (Soldering, 10sec) ................. 260°C 

ELECTRICAL CHARACTE RISTICS 

OPERATING CONDITIONS 

Supply Voltage 
Vcc ...................................... 12V±1O% 
VALT ......................•............... 5V±10% 

Typical Component Values (Refer to Typical Application) 
~ ......................................... ~Q 
RoB ...............•.•....................... 240Q 
Roc .......................................... 150Q 
RoD .......................................... 0.5Q 

The following specifications apply over the recommended operating conditions of Vee = 10.8V to 13.2 V, VINY= 5 V, TA =0 to 
700 C, and external components as shown above unless otherwise specified (See Note 1). 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

Icc Vcc Supply Current Outputs unloaded, Pin REFA open mA 

IDD VALT 5upply Current Vcc=GND ,..A 

Amplifier Characteristics 

Avl Voltage Gain at Pin 51, VINx =5.1 and 6V 
VSI/(VINX- VI NY); VINy =5.0V 0.342 0.352 0.362 VIV 
Applies when VINX>VINY 

Av2 Voltage Gain at Pin 52, VINx =4.9and4V 
VS2/(VINY- VINX); VINy =5.0V 0.342 0.352 0.362 VIV 
Applies when VINY > VINX 

eAV Gain Linearity Error (AvI-Av2/0.5(AvI+Av2) -2 0 2 % 

Vos VINX, VINY Input Offset Voltage Vos defined where -10 +10 mV 
with Respect to Either Pin 51 or AVI or Av2 >0.16 
Pin 52 TA-25°C 

VOSDIFF Differential VOSI-VOS2 
I 

ML4402-1 -5 +5 mV 
Input Offset TA=25°C ML4402-2 -10 +10 

Tcvos Offset Voltage Tempco 15 IlV /o C 

Vs Voltage 5wing Range of Pin 51, VSI; VINx =6.7V 0.5 0.65 V 
52 Above Ground VS2; VINx =3.3V 

IVR Input Voltage Range into VINX 3.3 10 V 
and VI NY 

IIBI Input Bias Current, VINX and 0 10 75 IlA 
VINY 

IIB2 Input Bias Current, Pin 51 or 52 Vsv Vs2=GND -1.6 -1.2 -0.8 mA 
(sourcing) 

PSRR Power 5upply Rejection 60 dB 

CMRR Common Mode Rejection 
Ratio 80 dB 

GBP Gain Bandwidth Product CCMPI,2=0 0.83 MHz 

SR 51ew Rate CcMPI,2=0 0.74 V/1l5 

Output Transistor Characteristics 

lOUT Output Current; 10. lEV IC2' 1E2 VINX-VINy= +lV mA 
Vo. VC2 =3V; VEl, VE2 =O.7V 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 10.8 V to 13.2 V, VINY = 5 V, TA = 0 to 
700 C, and external components as shown unless otherwise specified (See Note 1). 

SYMBOL PARAMETER CONDITIONS UNITS 

Internal Voltage Reference (VREF) 

PSM1N Minimum Allowable Vcc Where VREF > 2.48V 4.75 V 
Voltage 

VREF V REF Voltage TJ=25°C 2.44 2.55 2.66 V 

TREG V REF Thermal Stability Over Specified Range 50 ppm/oC 

RREF RREF Resistance (Internal Resistor from VREF to Pin REFA) 2.55 kQ 

Comparator 

Vas Input Offset Voltage, any Two -30 5 30 mV 
Inputs 

liN Input Bias Current -0.5 -0.1 0 jlA 

VOl PSF Logic 0 Voltage 10l -1.6mA 0 0.2 0.4 V 

VOl RETR Logic 0 Voltage ISINK=3mA 0 0.5 1 V 

IOH PSF Logic 1 Leakage Current VpsF=5V -10 0.2 10 jlA 

IOH RETR Logic 1 Leakage Cu rrent VRETR -2V -20 0.05 20 jlA 

Amplifier Disable Section 
VIH DIS Logic High Voltage 2.0 V 

IIH DIS Logic High Current VIH -2.4V -20 20 jlA 

VIL DIS Logic Low Voltage 0.8 V 

IlL DIS Logic Low Current VIL -O.4V -20 20 jlA 

Note 1: OOC to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25 ° C. 
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TYPICAL APPLICATION DIAGRAM 

ML4403 Your V.::;IN::.:,.X 1--__ --, 

ML4401 VREF V . .;;.IN:.:..Y H--I:. 

+5V +12V 

REFA 

PSI 

PS2 

PSF DIS 

ORDERING INFORMATION 
PART NUMBER TEMP. RANGE 

ML4402·1CP O°C to +70°C 
ML4402-1CQ O°C to +70°C 
ML4402-2CP O°C to +70°C 
ML4402-2CQ O°C to +70°C 

S2 

r--------~V--------I 

I I 

NOTE: NEED HEAT SINKS ON 
MJE200 & MJE210 

RoB 

+12V 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I _____ J 

OPTIONAL SAFETY CIRCUITRY 

PACKAGE COMMENTS 

MOLDED DIP (P20) Input Offset = ±5mV 
MOLDED PCC (Q20) Input Offset = ±5mV 
MOLDED DIP (P20) Input Offset = ±10mV 
MOLDED PCC (Q20) Input Offset = ±10mV 
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GENERAL DESCRIPTION 
The ML4403/4413 Servo Controller provides analog circuitry 
used in high performance trajectory and position control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the ML4403/4413 supports a wide range of system 
designs. 

Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 

Position control is provided by a signal error amplifier 
within the device. When used with the ML4401/4431 
Servo Position Demodulator, the track selection is 
performed by ML4401/4431 peak detector timing. This 
selection method eliminates track to track voltage offset 
problems and allows minimum track spacing. The ML4413 

BLOCK DIAGRAM 

ML4403/ML4413 

vee 
I 

1 
DIN -K> LOGIC 

COMPARATORS 

~ H POSITION 
FILL-IN 

INTERPOLATOR 

July 1992 
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Servo Controller 

FEATURES 
• Interpolate function smooths trajectory curve 
• Flexible architecture allows user defined loop response 
• Provides minimum track access time and maximum 

track density 
• Single +12Vpowersupply 
• Compatible with ML4401 Servo Demodulator, 

ML4402, ML4406/07/08 Servo Driver and ML4404 
Trajectory Generator 

has a discharge function that enables zeroing of the 
external error amplifier compensation. This feature 
further reduces position settling time. An on-board 
on-track detector is provided which is used as a safety 
alarm by the controller for an off-track condition. 

The ML4403/4413 Servo Controller, when combined with 
the ML4401 Servo Demodulator, the ML4402, 
ML4406/07/08 Servo Driver and the ML4404 Trajectory 
Generator provides a flexible closed-loop servo control 
system. 
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PIN CONNECTIONS 

ML4403 20·PIN DIP (Prototypes only) 

DECO DIN 

MODE VELE 

FILL VELC 

POSA POSI 

POSH CMPO 

GND EYO 

Vee VR 

TRkX VELD 

TCO DIFH 

TCI DlFA 

TOP VIEW 

ML4413 24-PIN SKINNY DIP (Prototypes only) 

DECO DIN 

MODE VELE 

FILL VELC 

POSA POSI 

POSH CDIS 

CMP2 CMPO 

GND DIS 

CMPl EYO 

Vee VR 

TRKX VELO 

TCO DIFH 

TCI DIFA 

TOP VIEW 

NC~ NO CONNECTION 

POSA 

POSH 

CMP2 

GND 

CMPl 

Vee 

NC 

POSA 

POSH 

GND 

Vee 

TRkX 
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ML4403 20-PIN PLCC 

MODE D,N 
FILL I DECO I VELE 

TCO I DIFA I VELO 
TCI DIFH 

TOP VIEW 

ML441328-PIN PLCC 
FILL DECO VELE 

VELC 

POSI 

CMPO 

EYO 

VR 

NC I MODE I DIN I VELC 

3 2 1 28 27 26 

25 

24 

22 

12 13 14 15 16 17 18 

TRkX I TCI I DIFH I NC 
TCO DIM VELO 

TOP VIEW 

NC 

POSI 

CDIS 

CMPO 

DIS 

EVO 

VR 
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PIN DESCRIPTION 
ML4403 
DIP and ML4413 
PLCC DIP PLCC NAME FUNOION 

DECO Digital output from the velocity event detector. In application, this output goes 
to a logic high when the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during access mode. This output is open collector and 
requires an external pull-up resistor. 

2 2 2 MODE Digital input used to select Hold mode (low level) or Access mode (high level). 
3 3 3 FILL Analog output that provides a sawtooth waveform that, when summed with 

stair-step output of the external DAC, provides a smooth trajectory curve. Refer 
to Figure 3. 

4 4 5 POSA Analog input for quadrature position signals from demodulator (ML44011 
5 5 6 POSB 4431). Low pass prefiltering is recommended to eliminate peak detector 

ripple and external noise. 
6 7 8 GND Device ground connection. 

8 9 CMPl Digital outputs that can be used for various control and count schemes. These 
6 7 CMP2 pins are only available on the ML4413. Timing is shown in Figure 3. These out-

puts are open collector outputs with an internal pull-up resistor tied to +5 V. 
7 9 10 Vee +12 V power supply connection. 
8 10 12 TRKX Digital output that provides a logic transition at each track crossing which is 

defined as the point midway between two tracks. Refer to Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5 V. 

9 11 13 lCO Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
is open collector with an internal pull-up resistor tied to +5 V. 

10 12 14 lCl Analog input into the on-track detector. The input is normally derived from the 
position signal. 

11 13 15 DIFA Analog inputs for differentiated quadrature position signals. These inputs are -12 14 16 DIFB used to generate the velocity signal at output VELD. 
13 15 17 VELD Analog output that provides a continuous velocity (tachometer) signal by time 

multiplexing/inverting the DIFA, DIFB input signals. 
14 16 19 VR Reference voltage input. This value should typically be +5V, which is 

15 17 20 Eva 
obtainable from the VREF output of ML4401/4431. 
Multiplexed analog output of both velocity error and position error signals. This 
output is used as the input for the servo actuator driving circuity such as the 
ML4402. 

18 21 DIS Digital input that, upon a logic high, electrically shorts pins CDIS and CMPO in 
order to keep the compensator capacitor discharged after entering hold mode. 
This pin and function is only available on ML4413. This function is used to re-
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 

16 19 22 CMPO Analog connection point for position compensation circuitry that is connected 
between this pin and POSI. 

20 23 COIS Used to discharge external position compensation as shown in Figure 5. This pin 
is only available on ML4413. On the ML4403 this pin is internally connected to 
pinPOSI. 

17 21 24 POSI Analog input for position control amplifier. 
18 22 26 VELC Analog input into velocity comparator. The velocity comparator trigger level is 

VR and is used for velocity event detection as described below. 
19 23 27 VELE Analog input for velocity error signal generated off<hip, referenced to VR. 
20 24 28 DIN Digital input that controls actuator direction during Seek mode. This input af-

fects the waveforms of outputs FILL, VELD, and Eva. Refer to Figure 3. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only.and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vee ........................... 14V 
Terminal Voltage Range 

VR .................................... -0.3to7.0V 
POSI ............................... -0.3 to VR +0.3V 
DIN, POSA, POSB, DIFA, DIFB, VElE, VElC, MODE, DIS, 
KI ............................... -0.3 to Vee +O.3V 

Storage Temperature Range ................ - 65°C to + 150°C 
Junction Temperature ............................ + 125°C 
lead Temperature (Soldering, 10see) .................. 260°C 

ELECTRICAL CHARACTE RISTICS 

OPERATING CONDITIONS 

Temperature Range .......................... O°C to 70°C 
Supply Voltage (Vee) .......................... 12V±10% 

The following specifications apply over the recommended operating conditions of Vee = 10.8 to 13.2 V, and VR = 5.0V, unless 
otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

Icc I Vee Supply Current I Outputs unloaded 38 60 rnA 

DIGITAL INPUT !OUTPUT CHARACTERISTICS 

Inputs DIN and Mode 

VIH logic High Voltage 2.0 V 

IIH logic High Current VIH =2.4V -40 1 40 ,.A 

VIL logic low Voltage 0.8 V 

IlL logic low Current V IL =O.4V -100 -50 0 ,.A 

Input DIS (ML4413 Only) 

VIH logic High Voltage 2.0 V 

'IH logic High Current VIH -2.4V 0 180 250 ,.A 

VIL logic low Voltage 0.65 V 

Outputs KO and TRKX 

VOL Output low Voltage 'OL -1.6mA 0 0.4 V 

VOH Output High Voltage IOH-50,.A 2.4 V 

tpD Propagation Delay CL -15pF 200 ns 

VTH Track Comparator Window + and - relative to VR 235 257 270 mV 

Outputs CMPl and CMP2 (ML4413 Only) 

VOL Output low Voltage 'OL-O.4mA V 

VOH Output High Voltage V 

Output DECO 

VOL I Output low Voltage IIOL -1.6mA o 0.5 V 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 10.8 to 13.2\1, and VR = 5.0\1, unless 
otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG INPUT IOUTPUT CHARACTERISTICS 

Outputs Fill, VELD, COMPO, and EVO 

VOS1 Input Offset Voltage EVa, FILL 2 mV 

VOS2 Input Offset Voltage COMPO -5 5 mV 

VOS3 VELO Variation in output level in -10 10 mV 
Input Offset Voltage Tracking 4 multiplex states with 
Between 4 Multiplex States DIFA-DIFB-5V 

SR1 Slew Rate FILL 4 V/",s 

SR2 Slew Rate COMPO, VELO, 1 V/",s 
EVa 

VOUT Output Range All 1.0 9.0 V 

ISRCl Source Current CaMp, VELO, 3 rnA 
FILL 

ISRC2 Source Current EVa 1.5 rnA 

ISNKl Sink Current FILL 0.25 rnA 

ISNK2 Sink Current EVa, VELE 2 rnA 

ISNK3 Sink Current COMPO 4 rnA 

Operational Ampllners 

VOS I nput Offset Voltage 2 mV 

tc Average Temperature Coeff of 20 ",V/oC 
Input Offset Voltage 

los Input Offset Current 10 nA 

IB I nput Bias Cu rrent 100 nA 

AVm Open Loop Gain 200 V/mV 

GBW Gain Bandwidth Product 1 MHz 

POSA, POSB Comparators 

Vos Input Offset Voltage 2 mV 

VHYS Hysteresis ±500 mV 

tc Average Temp Coeff of Input 20 ",V/oC 
Offset Voltage 

los Input Offset Current 50 nA 

16 Input Bias Current 500 nA 

Av Voltage Gain 200 V/mV 

Pd Response Time 500 ns 

Note 1: O°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C. 
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FUNCTIONAL DESCRIPTION 
Power Supply and Refm!nce Requirements 
The ML4403/4413 operates from a single 12V ± 10% 
power supply, a 5.0V reference is required at pin VR 
which is available from pin VREF on the ML4401/4431. 
VR serves as a system reference or "analog ground". 

Modes of Operation 
The device has two modes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 

Access Mode 
The head actuator servo system uses Access mode to move 
the recording head(s) from one data track to another. Access 
mode circuitry within the ML4403!4413 includes analog 
functions necessary to measure and control head actuator 
velocity. The head velocity is controlled in a fashion that 
provides for a fast track-to-track movement and minimum 
settling time, which results in minimum track access time. 

Actuator Trajectory 
Similar to racing to the next stop sign, the fastest way to move 
from one data track to the next is through maximum acceler
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by maximum available actuator current. To do this in a con
trollable manner and land on the target track, an achievable 
"braking curve" or trajectory function is first defined. At the 
beginning of Access mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
follOWing the velocity profile of the trajectory curve, con
trolled braking stops the head on the target track. 

Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The tra
jectory function, as shown in Figure 2, is therefore expressed 
as velocity (track crossing rate) vs. distance (tracks to go). The 
desirable constant positive and negative acceleration will 
result in the expression of velocity as a function of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 

Actuator Trajectory Generation 
At the start of a track access cycle, initial tracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the Ml4403!4413 track crossing 
detector. To generate the analog "desired velocity" signal 
required for braking control, the tracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con
verter) with a non-linear square function included either 
before or after the conversion. One common approach used 
to obtain this non-linear function is to pre-process the tracks
to-go count (or multiple thereof) in the microprocessor. This 
can be performed algorithmically by the use of a look up 
table. 

An alternate method, as shown in the typical application of 
Figure 5 places the non-linear function after the DAC conver
sion. The tracks-to-go count is maintained by a simple dis
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC steps and provide a smooth distance 
signal, the DAC output is summed with the Ml4403!4413's 
Fill output in the external summing amplifier shown. The 
Fill output generates a sawtooth wave, as shown in Figure 3. 
This distance signal is then passed through the non-linear 
trajectory generator which generates the "desired velocity" 
signal used during braking. Generating a smooth trajectory 
curve reduces electrical! mechanical system oscillation and 
target track settling time. 

Inductance-caused actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi
cated, can be designed to allow the microprocessor to mod
ify the non-linear function in a way to account for this lag. 
Refer to Figure 2. The amount of lag will depend on duration 
of braking. Braking duration can be correlated against accel
eration duration which is indicated by the timing of pin 
DECO. 

The track crossing detector, which drives the trajectory posi
tion counter (see Figure 5), is generated with external logic. 
The input comparators have a fixed amount of internal hys
teresis to provide noise immunity and media dropouts. The 
CMPl and CMP2 outputs on the Ml4413 can be used to 
perform more sophisticated sequential track crossing detec
tion schemes. This can further reduce the detector's suscep
tability to media dropouts. 

Hold Mode 
At the end of an Access cycle, the head is stopped, or nearly 
so, on the target track. Hold mode is then selected to main
tain accurate head positioning on that track. In this mode, the 
compensator output (CMPO) is multiplexed into the error 
amplifier output (EVa). 

Track Selection 
Track position is held by maintaining a zero value of the posi
tion input signal, with respect to YR. However, to allow selec
tion of one of four track types and maintain error signal 
polarity, selection of POSA, POSB, or their inverse needs to 
be possible. Commonly this selection process is accom
plished with an analog multiplexer-inverter matrix. The prob
lem inherent with this approach is the track-to-track offset 
differences, caused by the amplifier input offset differences 
within the matrix. 

The track selection scheme adopted by the Ml4401/4431 
and Ml4403/4413 combination performs the multiplexing 
within the Ml4401/4431. The selection/inversion 
operation is performed with the external support logic of 
the Ml4401/4431 by changing the peak detector sample 
timing. This method eliminates the offset problems and 
allows a higher track density. 

5-66 'Micro Unear 



Position Amplifier and Compensator Zeroing 
During track following mode (mode low), the compensator 
amplifier acts as an integrator which nulls out the position 
error. The ti ming of the transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa
tor capacitor (CCMP) is discharged through an internal 
switch, so that the integrating loop sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 

The ML4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek
to-track follow transition by holding pin DIS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 

On-Track Detector 
The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feature 
is useful as a safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 

Velocity Control 
As a necessary element of velocity control, a velocity 
signal is generated and is output at pin VELO. To 

TRAJECTORY fUNCTION 

- - - - --.. -.. AOUATOR INDUCTANCE 
MODIFIED ,/-, INDUCED DELAY 

TRAJECTORY../" '" ;;:j r f FUNCTION ..............._ 

i: u 
9 
~ 

DISTANCE TO GO-

Figure 2. 
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accomplish this, the quadrature position signals are first 
differentiated through external RC networks and then 
input into pins DIFA and DIFB. The ML4403/4413 then 
time multiplexes these differentiated signals to obtain a 
continous velocity signal that is output at pin VELa. It is 
important to note that the trajectory generator shown 
in Figure 5 generates a "desired velocity" signal positive 
with respect to VR, and that VELO creates a negative 
signal with respect VR. This allows the use of a simple 
external resistor bridge to create the velocity error 
signal. 

The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification can also be made just prior to 
that time with the "optional trajectory overshoot compensa
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 

Inductance-caused actuator lag can also create a track over
shoot problem. The trajectory curve generator, as indicated, 
can be designed to allow the microprocessor to modify the 
non-linear function in a way to account for this lag as shown 
in Figure 2. The amount of lag will depend on duration of 
braking. Braking duration can be correlated against accelera
tion duration which is indicated by the timing of pin DECO. 

VR / 
roSBINPUT~ ~ 
roSAINPUT-~ 

CMPlOUTPUT 

CMP20UTPUT 

TRKXOUTPUT 

DIN INPUT 

Figure 3. 
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Figure 5. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ML4403, ML4413 

ORDERING INFORMATION 

5-70 

PART NUMBER 

Ml4403CP 
Ml4403CQ 
Ml4413CP 
Ml4413CQ 

TEMP. RANGE 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

MOLDED DIP (P20) 
MOLDED PCC (Q20) 
MOLDED DIP (P24) 
MOLDED PCC (Q28) 
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GENERAL DESCRIPTION 
The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information from a servo controller, such as the 
ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 

An anticipate function is included to compensate for 
phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor 
and adjust the necessary transducer gain for minimum 
access time. 

The servo system usually requires accurate analog 
voltages to be set through software control. This is 
easily accomplished with a duty cycle to current 
translator function on the ML4404. By controlling the 
duty cycle of a TIL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent blocks which can be used anywhere 
in the control system. 

BLOCK DIAGRAM 

May 1992 
PRELIMINARY 

ML4404 

Trajectory Generator 

FEATURES 
• Flexible architecture allows a user defined 

trajectory function 
• Anticipate function compensates for phase delay 

caused by actuator inductance 
• Feed forward function improves system stability 
• Uncommitted PWM to current translators allow an 

analog voltage to be set with microprocessor 
control 

• Single +12V power supply 
• Compatible with Micro Linear's Ml4401, ML4431 

Demodulator, ML4402, ML4406/07/08 Driver, and 
Ml4403, Ml4413 Controller 

TRAJoUT EAMP'N ANTICIPATE EAMPOUT Vee GND 

RlV. 
RXB 

RY 
TRAIEOORY 
MULTIPLIER 

RYvos '-"L.r-----' 
TRAhN -I--t-l 

ISUM 

MSB 

LSB 

ISfT 

PWMINA 

PWMINB 

>--1>----+_ EMEASoUT 

ELATCHoUT 

~---------+-----t- mCEl 

RSENSEA RSENSEB OIR V10UT 
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PIN CONNECTIONS 

PIN DESCRIPTION 
PIN# 

ML4404 NAME 

MSB 

2 LSB 

3 ISET 

4 TRAJIN 

5 ISUM 

6 RYVOS 

7 PWMOUTB 
8 PWMOUTA 
9 PWMINA 

10 PWMINB 

11 NC 
12 DIR 

5-72 

ISUM 

RYvos 

PWMoUT8 

PWMoUTA 

PWMINA 

PWMIN8 

NC 

ML4404 28-Pin PLCC 

15fT MSB VREF 
TRAhN I LSB I EAMP'N I EMEASoUT 

4321282726 

12 13 14 15 16 17 18 

DlR I RsENSEAI RY I IIXA 
VIOUT RSENSE8 RXB 

TOP VIEW 

FUNCTION 

EAMPoUT 

GND 

Vee 

ANTICIPATE 

ELATCHOUT 

DECEL 

Pulse width modulated (PWM) DAC TTL input (active low). The DAC output 
current is the position input to the trajectory generator. The MSBI LSB ratio is 81 
1. The duty cycle of these two TTL inputs are controlled by a processor to form 
an 8-bit PWM DAC. The 3 higher order bits are modulated into the MSB. 
Pulse width modulated (PWM) DAC TTL input (active low). The 5 lower order 
bits are modulated into the LSB input. 
A resistor (RSET) from this pin to VREF sets the internal bias levels. ISlAS ~ 3 V IRsH 
The nominal value should be between 0.25 and 0.5 mA. 
The trajectory generator input. This node is connected through an external filter 
to the sum of the PWM DAC output and the multiplier output. 
The trajectory DAC output which is summed with the multiplier output feed
back. An external RC filter network from this pin to TRAJIN smooths out PWM 
DAC ripple. 
Nulls out the offset of the trajectory curve at the origin. A resistor equal to RY is 
connected from this pin to VREF. This pin is available only on the ML4404. 
PWM to current translator output. 
PWM to current translator output. 
TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
No Connection. 
TTL direction input from the processor. Controls the polarity of the Vii converter 
output. 
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PIN DESCRIPTION (Continued) 

PIN# 

ML4404 NAME 

13 VIOUT 

14 RSENSEA 

15 RSENSEB 

16 RY 

17 RXB 

18 RXA 

19 TRAJoUT 

20 DECEL 

21 ELATCHoUT 

22 ANTICIPATE 

23 Vee 
24 GND 
25 EAMPoUT 

26 EMEASoUT 

27 VREF 

28 EAMP1N 

ML4404 

FUNCTION 

The V II converter output. This circuit block monitors the differential voltage 
across the sense resistors of an actuator driver (such as the ML4402) and con
verts it to a bidirectional current whose scale factor is set by two external resis
tors. This current can be used to compensate for a noise reducing low pass filter 
in the output of the velocity transducer so that there is no net phase shift in the 
velocity signal. 
A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 
A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 
A resistor (RY) is connected from this pin to VREF. RY and RX set the second or
der term of the trajectory curve. 
A resistor (RX) is connected between RXA AN D RXB to set the second order term 
in the trajectory curve. 
A resistor (RX) is connected between RXA and RXB to set the second order term 
in the trajectory curve. An additional resistor (RK3) can be connected from RXA 
to either the trajectory output (TRAJOUT) or to VREF to set the third order term. 
The trajectory output. This voltage relative to VREF is proportional to the desired 
velocity. A resistor and capacitor from this pin to TRAJIN sets the first order term 
and the loop compensation. 
Decelerate mode TIL input from the servo controller (such as the ML4403). 
When low (during accelerate) the anticipate output becomes a voltage follower, 
the error measure output is a high impedance, and the error sign is latched. 
When high (during deceleration) anticipate goes to high impedance, error mea
sure integrates the velocity error, and the error sign latch is transparent. 
The latched sign of the access loop error during deceleration. This TIL output 
can be used by the processor to adjust the velocity transducer gain to match that 
required by the mechanical system. 
Modifies the trajectory curve during acceleration and the accelerate to deceler- _ 
ate transition. This accounts for the time delay error caused by the actuator in-
ductance. 
+12V power supply. 
Ground. 
Error amplifier output. The positive trajectory output (desired velocity) is 
summed with the negative velocity input (actual velocity) to form a difference 
output. The velocity input comes from the servo controller (such as the 
ML4403). 
Error measure output. This output averages the value of the access loop error 
during deceleration. 
The analog zero reference point. This pin is intended to be driven with the 
ML4401 VREF output. The ML4404 has an internal5V reference connected 
through a current limiting resistor to this pin so that standalone operation I 
evaluation is available. 
Error amplifier input. The INPUT summing node for the trajectory and velocity 
signals. 
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ABSOLUTE MAXIMUM RATINGS 
Abso!ute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vcc ................•.......... 14V 
VRE~ RSENSEA, RSENSES ..........•............ -0.3 to +7V 
TTL Inputs, ISlAS, ELAKHoUT .................. -0.3 to +7V 
PWMOUTA' PWMoUTS, PWMOUTC ........ -0.3 to Vcc +O.3V 
Anticipate, VIOUT, EAMPOUT ............. - 0.3 to V cc +0.3 V 
EAMPIN, TRAJIN ...........•........... -O.3toVcc +O.3V 
ISUM ............................... VREF -110 VREF +lV 
TRAJoU1> RXA, RXs, RY, RYvos .......... VREF -1 to Vcc +0.3 V 
Storage Temperature Range ................ - 65°C to + 150°C 
Junction Temperature (TJ) ......•.•.•....•.•....... + 125°C 
Lead Temperature (Soldering, 10sec) ....•............. 260°C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 
(See Figure 7) 

Temperature Range .....•...................• O°C to 70°C 
SupplyVoltage(Vccl .......................... 12V:t10% 
RSET ............................................ 6.2K 
RK1 ............................................ 110K 
RY .............................................. 3K 
RYvos ........................................... 3K 
RX ............................................. 6.8K 
RK3 ....................................... 12KtoVREF 
CCOMP ................•...•................... 56pF 
CF1 ........................................ O.OO22"F 
CF2 ........................................... Open 
RF ..............................•..........•.... 10K 
RLOAD ..................................... 20KtoVREF 

The following specifications apply over the recommended operating conditions of Vee = 10.8 to 13.2 V, VREF - 5 V, TA = 0 to 700 e. 
RFILT=lOK, RY -RYvOS=3K, RK1-100K, RX=6.8K, RSET=6.2Kand RK3-12K to VREF unless othelWise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

DC CHARACTERISTICS 
Icc I Power Supply Current 23 35 mA 

DIGITAL INPUT tOUTPUT CHARACTERISTICS 

(Inputs PWMINAf B, C, MSB LSB DIR) , , 
V1H Logic High Voltage 2.0 V 

IIH Logic High Current VIH =2.4V -40 10 40 IlA 
V1L Logic low Voltage 0.8 V 

IlL Logic low Current V1L -O.4V -40 1 40 IlA 
Inputs (DECEL) 

V1H Logic High Voltage 2.0 V 

IIH Logic High Current VIH -2.4V -250 5 40 IlA 
V1L Logic low Voltage 0.8 V 

IlL Logic low Cu rrent VIL -O.4V -1600 -850 0 "A 
Outputs (ELAKHoUT) 

VOL Output low Voltage V 

VOH Output High Voltage V 

Trajectory Ampfmer (See Note 3) 

Is Input Bias Current 0 7 20 nA 

Av Open Loop Gain 75k VIV 
BW Unity Gain Bandwidth 1 MHz 

PHIM Phase Margin 75 DEG 

Velocity Error Amplifier 
vos Input Offset Voltage -10 10 mV 

Is Input Bias Current 0 50 300 nA 

Av Open Loop Gain 120k VIV 

ISOURCE Source Current 4 8 mA 

ISINK Sink Current 1 2 mA 

BW Unity Gain Bandwidth 1 MHz 

PHIM Phase Margin 75 DEG 

VOUT Output Voltage Range 0.5 Vcc -3 V 
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ElEORICAl CHARAOERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 10.8 to 13.2Y, VREF = SY, 
T A = 0 to 70°C, RFilT = 10K, RY = RYvos = 3K, RK1 = 100K, RX = 6.8K, RSET = 6.2K and RK3 = 12K to VREF 
unless otherwise specified. (See Note 1) 

SYMBOL PARAMETER CONDITIONS UNITS 

Biasing 

ISET Voltage 2.00 2.02 2.06 v 
PWM to Current Translators 

ICHARGE/ISET, IDIS/lsET PWMOUT = 5.0V 0.98 mA/mA 

ICHARGEIIDIS PWMOUT = 5.0V 0.910 0.99 1.10 mA/mA 

VOUT Output Voltage Range 1.5 9 V 

Transconductance Amps 

VOS Input Offset Voltage -10 10 mV 

gm Transconductance 1700 pMhos 

IOUTMAX Max Output Cu rrent 90 pA 

IB Input Bias Current 4.5 pA 

Latch/Comparator 

IB Input Bias Current 0 2 10 pA 

Vas Input Offset Voltage VTRAIOUT @ 5V -10 10 mV 

Av Open Loop Gain 15k VIV 

tpd Propagation Delay Cl = 10pF, Rl = 2K to VREF 60 ns 

VII Amp 

IOS/lsENSE Sense Current Offset ISENSEA = ISENSEB -2 0 2 % 
*100 0.1 rnA < ISENSE < 1 rnA 

V10UT = 5V 

VSMAX Max RSENSE Voltage 0.5 0.64 V 

VOUT Output Range 1.8 9 V 

Trajectory DAC 

MSB Current mA/mA 

IMSB/ILSB MSB to LSB Ratio mNmA 

Trajectory Multiplier (Note 4) 

VOS VOUT - VREF at Origin VOUT at ISUM = 0 -5 5 mV 

VTRACKl : VTRACK32 (V OUT at IlSB/32)1(VOUT at ILSB) 0.090 0.140 mV/mV 

VTRACK2 : VTRACK32 (VOUT at ILSB/16)/(VOUT at ILSB) 0.165 0.205 mV/mV 

VTRACK4 : VTRACK32 (VOUT at ILSB/8)/(VOUT at ILSB) 0.270 0.320 mV/mV 

VTRACK8 : VTRACK32 (VOUT at ILSB/4)/(VoUT at ILSB) 0.430 0.470 mV/mV 

VTRACK16 : VTRACK32 (V OUT at ILSB/2)/(VOUT at ILSB) 0.660 0.695 mV/mV 

VLSB VTRACK32 VOUT at ISUM = ILSB 0.935 1.035 V 

VCRoss Crossover Error (V OUT at ISUM = ILSB) - -25 +10 mV 
(V OUT at ISUM = IMSB/8) 

VTRACK32 : VTRACK256 (V OUT at IMSB/8)/(VOUT at IMSB) 0.305 0.325 mV/mV 

VTRACK64 : VTRACK256 (VOUT at IMSB/4)/(VOUT at IMSB) 0.450 0.470 mV/mV 

VTRACKl28 : VTRACK2S6 (V OUT at IMSB/2)/(VOUT at IMSB) 0.670 0.685 mVlmV 

VTRACK192 : VTRACK256 (VOUT at IMSB*3/4)/(VOUT at IMSB) 0.840 0.860 mVlmV 

VMSB VTRACK256 VOUT at ISUM = IMsB 3.070 3.225 V 
(Full Scale + 1) 

PSRR Supply Rejection at Origin 0.2 mVIV 
at Full Scale 2 mVIV 

Note 1: ooe to +70oe operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C. 
Note 3: Minimum recommended load resistor is 10kO from the trajectory output to V.E,. 
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FUNCTIONAL DESCRIPTION 
Power Supply and Reference Requirements 
The ML4404' operates from a single 12V power supply. 
In addition, a s.OV reference is required at pin VREF 
which is available from the ML4401, ML4431. VREF 
serves as a system reference or "analog ground". 

Biasing 
All of the critical internal biasing on the ML4404 is set 
as a function of an external resistor, RSET. An internal 
feed-back loop forces the voltage on ISET (pin 3) to be 
2.0V. RSET is connected from this pin to VREF (s.OV) and 
the resulting current is used in the multiplier and duty 
cycle-to-current translators. 

IBIAS = (VREF- 2)/RsET=3V IRsET 

The nominal value of IBIAS should be between 0.25 and 
O.sOmA. 

Trajectory Multiplier/ Amplifier 
The Trajectory Multiplierl Amplifier generates the optimal 
velocity output from the position-to-go input. The optimal 
velocity is the TRAJoUT voltage relative to VREf' The input 
position is set by the duty cycle of the MSB and LSB-inputs. 

During an access operation, the actuator is first driven to 
maximum acceleration, and then into braking or decelera
tion. To minimize access times the trajectory curve (velocity 
vs position) during deceleration must be accurately con
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec
tory during deceleration. 

According to the theory for a second order system, time 
optimal access is achieved if the position is proportional to 
the square of velocity (P=KV2, orV= KP'i2). However, in the 
real system environment, this theory needs modification in 
two important areas. First, as shown in Figure 1, the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square root function. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite optimal, due to non-zero actuator 
inductance. A higher order term to modify the curve in this 
region needs to be included. 

This trajectory curve, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (see Figure 2). The position input is a current 
which is a fraction of I BIAS, as discussed in the trajectory OAC 
section below. The first order term is implemented with a 
feedback resistor (RK1) directly in the feedback path of the op 
amp. This transfer function of this I/V converter is expressed 
by VOUT = RKl * liN. The second order term comes from the 
multiplier. 

IIN=(VOUT2/(2.2sIBIAS * RX * RY» 

With both terms together, 

VOUT VOUT2 
IN = - + c:-:~"""""---=-:-

RKl 2.251BIAS * RX * RY 

The fjist oider teHn dominates near the ongln, and the sec
ond order term dominates, at higher velocities. 
The multiplier is modified by the addition of a resistor (RK3) 
which results in the third order term. This resistor is con
nected from RXA (pi n 18) to either TRAJoUT or V REF. As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3 is connected between. It 
should be noted that the above equations are only approxi
mate. The actual multiplier transfer function is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
little correction with RK3 will be required. On the ML4404, 
an additional resistor (RYVOS) equal to RY can be included 
which nulls the offset of the curve near the origin. 

Since the resistors RSET, RK1, RX, RY, RK3, and RYvos are all 
external, any desired trajectory can be set. The constraints on 
these values are as of follows: 

VOUTMAX<1.5 * RX * IBIAS 
VOUfMAX>1.5 * RY * IBIAS 
VOUTMAX<3.5V 
6k< RSET< 12 k for VREF= 5V 
RFILT< RKl 110 
RFILT * CFlLT2<RKl * CCOMP 
RLOAD>10k to VREF 

VOUTMAX is the maximum trajectory output voltage (relative 
to VREF). 

Trajectory DAC 
The trajectory OAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
of the TIL inputs MSB and LSB. For most applications the 
position information will be digitally encoded to 8-bit 
resolution - each code representing one track. Therefore, the 
full scale input of the trajectory curve is 255 tracks. The input 
current corresponding to this full scale is IBIAS. 

Since the duty cycle of a single line is difficult to control to 
0.4% (1/256), the duty cycle to input current translator sec
tion is divided into 2 signals (M5B and L5B). As shown in 
Figure 4, the ratio between these two currents is 8/1. The 5 
lower order bits of code are modulated into the L5B input, 
and the 3 higher order bits into the M5B input. For example, 
a position input of 32 tracks would correspond to the M5B 
line always inactive, and the L5B line always active. 256 
tracks would be M5B always active, and the L5B always 
inactive. 1 track would be M5B always inactive, and L5B 1 I 32 
of the period active. 

In general for an 8-bit binary code 07 06 05 04030201 
DO where 07 is the high order bit, the active duty cycle for 
the M5B input is 07 06 05/8 and the active duty cycle for 
the L5B input is 04 D3 02 01 DO 132. For example 10100011 
(163 tracks) would be active 5/8 of a period on the M5B, and 
3/32 of a period on the L5B. 
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The AC response of the trajectory output is primarily con· 
trolled by th,e external components CFlLTl, CFlLT2, RFlLT, RK1, 
and CCOMI' Four parameters must be considered to deter
mine the values of these components. 

First, the value of RKl is set based on the bandwidth of the 
servo loop. RKl sets the gain of the trajectory function at the 
origin. As the system bandwidth increases, more gain is re
quired near the origin, and the value of RKl increases. 

Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap
proaches the target track, the multiplier (2nd and 3rd order 
terms) becomes less significant, and the first order term domi
nates. in this region, the exponential decay is dominated by 
the RKl * CCOMP product. This product should be set at a 
frequency which is a few times higher than that of the posi
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 

Third, the filter components should be set such that the rip
ple from the trajectory DAC is minimized. Once the values 
for CCOMP and RKl have been set, then the values of the 
remaining components, CFlLTl, CFlLT2, and RFlLT, can be de
termined. As the capacitance and resistance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple is quite cumber
some, so the values of these components are best chosen 

Figure 2. 

ISUM 
vee TO MULTIPLIER 

MSB 

Figure 4. 

ML4404 

LOGIC 
THRESHOLD 

VBIASl 

VREF 

empirically. The PWM ripple is dependent on RFlLT, CFlLTl, 
CFlLT2, as well as the duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula
tion (the ripple is proportional to the square of the period). 

Fourth, the RFlLl"CFlLT combination must be set such that the 
dynamic response of the trajectory output does not over
shoot during deceleration. ideally, the RC combination 
should be set such that the system is critically damped to a 
maximum deceleration input. 

Note that a tradeoff exists between the ripple amplitude and 
the transient response. Too large a value of RFILl"CFlLT will 
cause an overshoot in the transient response, and a low rip
ple level. Too small a value will provide acceptable transient 
response, but a large ripple amplitude. A range of values 
exists for most applications which results in acceptable per
formance for both ripple and transient response. 

Anticipate 
The function of the anticipate block is to modify the trajec
tory curve during acceleration. This compensates for the 
actuator inductance delay during the accelerate-to
decelerate transition. 

At the start of a access operation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached, or the trajectory deceleration 
curve is reached. As shown in Figure 5, if the trajectory curve 
is reached first, then the actuator needs to be driven into 
deceleration so that the trajectory curve can be followed. 
This accelerate-to-decelerate transition requires that the 
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current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results. The actuator will then overshoot the desired trajec
tory, and miss the target track. However, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur
ing acceleration (DECEL input low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJoUT signal. An external resistor from anticipate to 
TRAJIN will modify the trajectory curve as required. During 
deceleration, the anticipate output becomes a high impe
dance and the normal trajectory curve is followed. 

In addition to the external resistor, an external capacitor to 
VREF sets the anticipate decay time constant equal to the 
current reversal time for the actuator. 

Velocity Error Amplifier 
The function of this block is to subtract the desired velocity 
(from the trajectory output) with the actual velocity (from the 
servo controller) to create a velocity error output. This error 
output is multiplexed through the servo controller into the 
servo driver during access mode (see ML4403, ML4413 data 
sheet). 

Since the polarity of the velocity input from the ML4403, 
ML4413 is the opposite of the trajectory output polarity, the 
difference function is accomplished with a summing ampli
fier, as shown in the application diagram. The summing resis
tors and the feedback resistor are external. 

v / I Amp - Velocity Filter 
The function of this block is to create a low noise velocity 
input. The velocity error amp requires that a clean, noise-free 
velocity input be compared with the desired velocity (from 
the trajectory output) to create a velocity error signal. 

One way to create this velocity signal is to differentiate posi
tion. However, the differentiated signal will be noisy, and this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration. 
This eliminates the noise problem, however, the integrator 
DC accuracy will be poor due to the drift. 

The ML4404 uses both of these techniques to achieve 
a low noise tachometer function which will operate at 
low frequencies noise from the mechanical resonances 
is attenuated by the RC filter. The filter output is then 
summed with a current proportional to acceleration. 
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The VII amp creates this current by monitoring the 
sense resistors in the bridge driver. The resulting 
transfer function has both a pole and a zero, and can 
be expressed by: 

VOUT = R*(M*RSB/(KF*KT*RSA»*S + 1 

VIN R*C*S + 1 

Where KT = The velocity transducer gain (from differentiator) 

KF = Motor force constant 

M = Total moving mass 

The above equation is a first order approximation which 
assumes that the, frictional components of the system (such 
as windage) are negligible. If the pole and zero are set to 
identical frequencies, then an all pass function is achieved. To 
do this, first, setthe pole (W = 1 / RC) at a frequency much 
lower than the mechanical resonances. Then set the scaling 
resistors, RSA, such that: 

RSA = M * RSB / (KF* KT*C) 
Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation of true acceleration. Some frictional 
terms and bias forces (such as flex cable force), as well as 
variations in KF, will distort this relationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. 

Error Averaging 
The velocity error output should ideally be within a few milli
volts of VREF (near zero error) through the deceleration re
gion. However, due to manufacturing tolerances, this error 
will not be identical for each drive. The EMASoUT and ELAT
CHOUT pins, allow this error to be nulled out for each indi
vidual system. 

During deceleration (DECEL input high) a transconductance 
amplifier is. switched on (see Block Diagram) and the velocity 
error output is integrated through an external capacitor. This 
average velocity error is then compared with VREF and sent to 
ELATCHoUT (TTL output). 
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During acceleration (DECEL input low) the amplifier is 
switched off (high impedance output) and the external ca
pacitor is discharged to VREF through an external resistor. In 
this condition, the TIL output, ELATCHoUT, is held in its 
previous state. Since the velocity error during acceleration is 
not of interest, the ELATCHoUT during acceleration is the sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 

The processor can modify the velocity transducer gain 
based on the state of the ELATCHoUT signal. During a 
power-up sequence, this transducer gain can be 
iteratively adjusted through several seek operations 
until the velocity error is minimized. As described 
below, one of the PWM to current translators on the 
ML4404 could be used to adjust this transducer gain. 

PWM To Current Translators 
The function of this block is to convert the duty cycle of a TIL 
input line to an analog output voltage. To optimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu
facturing process included an expensive sequence of mea
surement and adjustment to bring each individual unit within 
specification. A more cost effective solution is to perform 
these tasks through software control. 

ML4404 

The ML4404 implements this function with TIL to 
current translators. The external components RpWM 
and CPWM set the desired characteristics. The 
operation of these translators can be expressed by: 

VO-VREF+IBIAS * RpWM * (2 * DUTYCYCLE/l00-1) 

Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 

The external capacitor (CpWM) should be made sufficiently 
large to smooth out the PWM ripple. 

The ML4404 has two translators. These stand-alone 
converters can be used for any purpose, but their 
intended functions are: 

1. To set the AGC reference voltage on the ML4401, 
ML4431 servo demodulator. 

2. To offset the position loop null location for data 
recovery (compensator inputs on the ML4403, 
ML4413 servo controller). 

3. To offset the access arrival point for the trajectory 
(ISUM node on the Ml4404). 

TRAlouT EAMP'N ANTICIPATE EAMPOUT vee GNO 

RXA 
RXB 

RY 

RYvos 

TRAhN 

ISUM 

MSB 

LSB 

ISET 

PWMINA 

PWMINB 

TRAJECTORY 
MULTIPLIER >--!----t- EMEASoUT 

ELATCHOUT 

"-------~--___<l>-----_+_ DECEl 

RSENSEA RSENSE8 DIR V10UT 

* Not available on the ML4404 
.* Not available on the ML4414 

Figure 7. Block Diagram of Trajectory Generator. 
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Figure 8. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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Ml4404 

ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

ML4404YCQ MOLDED PCC (Q28) 
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'Micro Linear 
July 1992 

PRELIMINARY 

ML4406. ML4407 , 

Disk Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4406 is a voice coil power driver intended for 
use in Hard Disk servo systems. The ML4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 AN and 1/24 AN respectively, using a 10 sense 
resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive cicruit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 

The power fail detection circuit includes a precision 
2.SV bandgap reference with the option of either 

internally generated power-fail thresholds (ML4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 

The ML4406 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi
zation of the IC for a user's specific application. 

FEATURES 
• SOOmA power output with 1.5V total forward drop 
• Low offsets, cross-over distortion and quiescent 

current 
• Pin-programmable transconductance settings 
• Retraction circuitry with programmable retract 

current, voltage limiting, and separate supply pin 
• On-chip precision power fail detect circuitry 
• Over-temperature protection with flag output 
• Logic input available for disabling outputs 

r----------------------------------------------------, 
I +5V 4.5k 6k I 
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PIN CONFIGURATION 

I(REn SET 

HIGH/LOW 

GND 

V(REn 

R(SENSE} 

ML4406/ ML4407 
20-Pin PCC 

RETRACT 
+12V I POWERFAIL 

DISABLE I I +5V 

3 2 1 20 

9 10 11 12 

PWR GND B I I PWR GND A 
OUTPUH OUTPUT-

PWR Vc 

PIN DESCRIPTION 
PIN NO. NAME FUNOION PIN NO. 

RETRACT A logic "0" input causes the 11 
main outputs to tri-state and 
the retraction circuit to 
activate. This input also 12 
functions as a flag output and 
will go low in the event of an 13 
over-temperature condition. 

2 +12V 12V power to the circuit and 14 
input to the power fail 
detection circuit. 1S 

3 DISABLE A logic "1" turns off the main 
outputs. 16 

4 I(RET) SET A resistor to ground sets the 
retract current. 

S HIGH/LOW A logic "1" sets the trans- 17 
conductance gain to 1/4 while 
a logic "0" sets the gain to 
1/24. Transconductance gain is 
voltage across RSENSE -;- the 
input voltage. 

6 GND Analog Signal Ground. 18 
7 V(RET) Power supply for the retract 

circuit. 

8 R(SENSE) Current sensing resistor 
terminal. 

9 PWR GND B Ground Terminal for power 19 
amplifier. 

20 
10 OUTPUT+ Output terminal for bridge 

amplifier. 

5V COMP 

12V COMP 

REF 

CONTROL

CONTROL+ 

NAME 

PWRVC 

OUTPUT-

PWRGND A 

CONTROL+ 

CONTROL-

REF 

12V COMP 

SV COMP 

+SV 

POWER FAIL 

'Micro Linear 

ML4406/ ML4407 

FUNOION 

Power supply for bridge 
amplifier. 

Output terminal for bridge 
amplifier. -Ground Terminal for power 
amplifier. 

Positive input for current 
command. 

Negative input for current 
command. 

Reference input to the Power 
Fail comparator. Leave open to 
use internal 2.5V reference. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from 12V 
in the ML4406. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from SV 
in the ML4406. 

SV power supply terminal. 

Open collector output drives 
low if pin 17 or pin 18 are 
below pin 16. Normally tied to 
pin 1. 
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ML44061 ML4407 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (pins 11, 13, 7; 2) ...................... 14V 
Voltage Pins 19, 1B, 17, 16, 1, 3, S ............ -.3V to +7V 
Pins 14, 1S .................... . . . . . . . . . . . . . . .. -.3 to +Vee 
Output Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±7S0mA 
Retraction Current ................................. BOmA 
Retract Set Current (Pin 4) ........................... 3mA 
Junction Temperature .............................. 1SO'C 
Storage Temperature Range ......... . . .. -6S'C to 1S0'C 
Lead Temperature (soldering 10 sec.) ............. 260'C 
Thermal Resistance (9JA) . . . . . . . . . . . . . . . . . . . . . . . .. 60'C/W 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 
Temperature Range . . . . .. . . . . . . . . . . . . . . . . ... ODC to 70°C 
Supply Voltage (PWR VC, +12V) ............. 12V ± 100k 

+SV (Pin 19) ............... . . . . . . . . . . . . . . . . . .. sv ± 10% 
V(RET) (Pin 7) ................................. 2.5V to 16V 
Control + Voltage Range (Pin 1S = SV) ... . .. OV to Vee 
Control - Voltage Range ............... -1V to Vee - 1V 

Absolute maximum ratings are those values beyond which the device 
could be permanently damaged. Absolute maximum ratings are 
stress ratings only and functional device operation is not implied. 

Unless otherwise specified, TA = Operating Temperature Range, Vee = 12V, RSENSE = 10, RLOAD = 1S0, 
CONTROL- (Pin 1S) = Sv, RSfT (pin 4) = 1.2KO. 

PARAMETER CONDITIONS MIN 1YP MAX I UNITS 

Amplifier 

Offset ±10 rnA 

Gain Pin 5 = 2V 238 250 263 mNV 

Pin 5 = 0.8V 39.6 41.7 43.8 mAN 

Bandwidth 100 KHz 

Sinking Saturation lOUT = 100mA .6 V 

lOUT = 300mA .8 

lOUT = SOOmA 1.0 

Sourcing Saturation lOUT = 100mA 1.2 V 

lOUT = 300mA 1.3 

lOUT = SOOmA 1.5 

RetractlOll Circuit 

I(RET)SET .75 V 

Turn On Time 300 ns 

Turn Off Time 2 ms 

I(RET) Current Pin 1 = O.BV 34 50 65 rnA 

Power Fail Detection Circuit 

Reference Voltage 2.35 2.50 2.65 V 

Reference Source Impedance 2.25 ill 

Comparator Bias Current Ml4407 only, Pin 20 high 50 250 nA 

Hysteresis Current Pin 20 low, Ml4407 only 10 pA 

Offset Voltage Ml4407 only 10 mV 

12V Threshold Ml4406 only 9.5 10 10.5 V 
Hysteresis Ml4406 only 120 mV 

5V Threshold Ml4406 only 4.40 4.575 4.75 V 
Hysteresis Ml4406 only 30 mV 

logic Inputs 

Voltage High (VIH) 2 1.4 V 

Voltage low (VIL) 1.4 .8 V 

Current High (IIH) VIN - 5V ±10 pA 

Current low (11Ll VIN = OV I Except Pi n 1 -40 -10 pA 

I Pin 1 Only -250 -160 pA 

5-84 'Micro Linear 



ML4406, ML4407 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = 12V, RSENSE = 10, RlOAD = lS0, 
CONTROL- (pin 1S) = SV, RSET (Pin 4) = 1.2kO. 

PARAMETER 

Current Consumption 

Pin 19 ILOAD = 0 

Pin 7 IRET = 0 

Pin 2 + Pin 11 ILOAD = 0 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The ML4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1124 
(set by driving pin S high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE. For example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+SOOmA would flow through the coil using a 10 sense 
resistor. Under the same conditions with pin S low, the 
current would be 83mA. The ability to change from low 
to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

Rl 

PWRVC 
CONTROL+ R2 11 +12 

14 OUTPun 
CONTROL-

15 PWR GND A 
R2 

Rl R(SENSE) 

R3 

Vee 

R3 

R3 

Figure 1. Power Amplifier Topology 

CONDITIONS MIN TYP MAX I UNITS 

1 2 mA 

1 2 mA 

10 1S mA 

The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < 0.4\1. 
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!1 
0 
0 
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Figure 2. Main Power Output Stage 
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Figure 3. Output Saturation Voltage vs. Output Current 
(Power Vc = 12V) 
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ML4406, ML4407 

Power Fail Detect 

The Ml4406 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and an 
"or-function" comparator with hysteresis. The 10pA 
current sink on the comparator input lowers the 
comparator's positive input by 1SmV when the output 
of the comparator is high. This creates an effective 
hysteresis of 30mV at the SV input (on the Ml4406). 
The amount of hysteresis and threshold levels can be 
programmed by external resistor dividers on the 
Ml4407. The impedance of the external divider sets the 
amount of hysteresis while the division ratio sets the 
power fail threshold. The output at pin 20 is open
collector and is normally tied to pin 1 which is 
internally pulled-up to Sv, 

Retract 

The retract circuit features a current sink which is 
programmed via external resistor from pin 4 to ground 
(RRET)' The output of the retract circuit is voltage 
limited to 1.4V, The current sink provides an 
acceleration limit during retract while the voltage 
limited source provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over
temperature condition on the die. Pin 1 goes low in 
the event of over-temperature, which occurs when the 
die temperature exceeds a safe operating limit (about 
160"C). 

The retraction current is set by programming ~ET 
(figure 4). The retract circuit works down to 3V on 
VRETRACT (Pin 7). 

Compensation 

Figure 6 shows the equivalent AC circuit for the 
transconductance amplifier. . 

The amplifier's current bandwidth is limited by COUl 
which varies with the value chosen for RSENSE 

2SnF 
COUl= --

RSENSE 

With no snubber (RS and CS) the bandwidth is limited 
to 

1 . / 2.414 
21T V l(M) C(OUT) 

Since this is a second order system with l(M) and 
C(OUn forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This 
is accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition is 
met: 

R(S) = 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. larger values of 
R(S) will result in more ringing and more bandwidth. 
Smaller values of R(S) will result in more ringing and 
less bandwidth. R(S) should not exceed 3000. 
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Figure 4. Retract Current vs. RSET 
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Figure 6. AC Equivalent Orcuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

C(S) (snubber capacitor) values of between 200nF and 
1pF are usually necessary to achieve the desired 
reduction of ringing in the step response. At the 
optimum value of R(S) larger values of C(S) further 
reduce the ringing but do not affect the bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 6 with a computer 
simulator (such as SPICE). 
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APPLICATIONS 
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Figure 7. -.ypicaI Application: ML4406 used with ML2341 8-bit DAC provides up to 12·bit effective resolution 

ORDERING INFORMATION 
PART NUMBER 

ML4406CQ 
ML4407CQ 

TEMP. RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Unear 

PACKAGE 

MOlDED PCC (Q20) 
MOlDED PCC (Q20) 
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'Micro Linear 
June 1992 

PRELIMINARY 

ML4408 

Low Voltage Drop Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4408 is a voice coil power driver intended for 
use in High Performance 12V Hard Disk servo systems. 
The ML4408 contains all control circuitry necessary to 
drive the voice coils of most small drives. To maximize 
compliance voltage, the ML4408 includes two 1-Amp 
NPN drivers and provides drivers for external PNP 
transistors. In addition, power fail detection and a low 
voltage head retraction functions are provided for 
orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 AlV and 1/24 AN respectively, when using a 10 
sense resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. 
Retract is self-contained for 12V systems but allows the 
use of an external PNP retraction with as little as 1V of 
back EMF from the spindle. 

BLOCK DIAGRAM 

The power fail detection circuit includes a precision 
1.5V bandgap reference and a power fail comparator. 

The ML4408 is implemented using Micro Linear's 
bipolar array technology. This allows for customization 
of the IC for a user's specific application. 

FEATURES 
• Low saturation voltage «1V at 1A) 
• No cross-over distortion with low quiescent 

current 
• Pin-programmable transconductance settings 
• Retraction circuitry with programmable retract 

voltage and separate power pin 
• On-chip precision power fail detect circuitry 
• Over-temperature protection with flag output 

r- =--------- ---- -- --------------1 
,...----;l2 POWER FAlL I 

3 HIGH/LOW 

I RETRACT GNDI I L ______________ . ___ ._.__ 6 
L _______________________________________ .J 
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PIN CONFIGURATION 

Vee 

DISABLE (PWR DOWN) 

HIGH/lOW 

RETR OUT 

RET SET 

GND 

R(SENSE) 

V(RETl 

SOURCE B 

PWR GND B 

SINK B 

SOURCE A 

ML4408 
24-Pin SOIC 

TOP VIEW 

PIN DESCRIPTION 
PIN # NAME FUNCTION PIN # 

1 Vee Supply input to power amplifiers. 12 

2 DISABLE A Logic "1" puts the IC into a low 
(PWR DOWN) power state and disables the 13 

power amplifiers. 

3 HIGH/LOW A logic "1" sets the 14 
transconductance gain to 1/4 
while a logic "0" sets the gain to 
1124. Transconductance gain is the 1S 
VRSENSE .;- VeoNTRol· 

4 RETR OUT Open collector output which pulls 
low during retract. Used to drive 16 
external power transistor to 
source retract current to the coil 
and can provide a braking signal 17 

to spindle. 

S RET SET External set resistor to establish a 18 
voltage limit for the internal 
retract driver. 19 

6 GND Analog signal ground. 

7 R(SENSE) Current sense resistor terminal. 20 

8 V(RET) Supply pin for retract circuits. 

9 SOURCE B PNP Base drive output for 
21 

inverting power amplifier. 
22 

10 PWRGND B Power return pin for inverting 
power amplifier. Normally used for 
current sensing. 23 

11 SINK B Current sinking output for 
inverting power amplifier. 
Connects to voice coil H terminal. 24 

12V SENSE 

RETRACT 

POWER FAIL 

+5V 

5V SENSE 

COMP2 

COMP1 

CONTROL

CONTROL+ 

PWRGNDA 

SINK A 

SINK A REF 

NAME 

SOURCE A 

SINK A REF 

SINK A 

PWR GNDA 

CONTROL+ 

CONTROL-

COMP1 

COMP2 

SV SENSE 

+SV 

POWER FAIL 

RETRACT 

12V SENSE 

'Micro Linear 

------~ 

ML4408 

FUNCTION 

PNP Base drive output for non-
inverting power amplifier. 

Kelvin sensing point for power 
amplifier. Connect to SINK A. -Current sinking output for non-
inverting power amplifier. 
Connects to voice coil (+) terminal. 

Power return pin for non-inverting 
power amplifier. Normally used for 
current sensing. 

Positive input for cu rrent 
command. 

Negative input for current 
command. 

Pin for external compensation 
capacitor. 

Pin for external compensation 
capacitor. 

Center node of a resistor divider 
from +Sv, 

Input for +SV for power fail 
detection and logic power supply. 

Open Collector output drives low 
for low voltage conditions. 

A logic "0" initiates retract. Also 
used as an open-collector over-
temperature output flag. 

Input to the power fail 
comparator from a resistor divider 
from Vee. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 1, 8) ................................ 14V 
Voltage pins 2, 3, 23 ............................. -.3V to +7V 

pins 4, 7, 9, 11, 12, 13, 14, 16, 17, 22 ............ -.3V to Vee 
Output Sink Current ................................... ±1A 
Retraction Current .................................... 80mA 
Retract Set Current (pin 5) .............................. 3mA 
Junction Temperature .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 150°C 
Storage Temperature Range . . . . . . . . . . . . . . .. -65°C to +1500C 
lead Temperature (Soldering 10 sec) ................... 150°C 
Thermal Resistance (SJA) ............................. 60°C/W 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 
Temperature Range ............................. O°C to + 70°C 
Vee Supply Voltage 

12V operation ............................... 10.8V to 13.2V 
+5V (pin 21) Supply Voltage ..................... 4.5V to 5.5V 
V(RET) (pin 8) Supply Voltage 

12V operation ................................ 2.5V to 13.2V 
Control + Voltage Range (pin 15 = 5V) ............ OV to Vee 
Control - Voltage Range .................. , 2V to Vee - 1.5V 

Unless otherwise specified, TA = Operating Temperature Range, Vee = Operating Range, RSENSE = 10, ReOJl = 150, 
CONTROl- (pin 17) = Vee/21 C1 = 30pF, 01, 02 = MJE210, RSET = 3.71<0. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Amplifier 

Offset ±10 mA 

Gain Pin 5 = 2V 238 250 263 mNV 

Pin 5 = 0.8V 39.6 41.7 43.8 mAN 

Bandwidth 100 KHz 

Sinking Saturation lOUT = 100mA .3 V 

lOUT = 300mA .4 V 

lOUT = 500mA .5 V 

Sourcing Saturation lOUT = 100mA .1 V 

lOUT = 300mA .2 V 

lOUT = 500mA .3 V 

Source AlB Base Drive 20 mA 

01/02 Standby Current VPIN 16 = 5V 4 mA 

Retractioo Circuit 

I(RET) SET .75 V 

Turn On Time 800 ns 

Turn Off Time 8 IJS 

Source Voltage VPIN 23 = 0.8V, VplN 8 = 3V, 0.95 1.2 1.5 V 
IplN 7 = 50mA 

Sink Current VplN 23 = 0.8V, VPIN 8 = 1.2V, 36 48 60 mA 
VPIN 11 = 0.5V 

RETR OUT VOL VPIN 23 = 0.8V, IplN 4 = 1mA 0.1 0.4 V 

Power FaR Detection Circuit 

12V Threshold 9.5 10 10.5 V 

Hysteresis - 12V Sense 120 mV 

5V Threshold 4.40 4.575 4.75 V 

Hysteresis - 5V Sense 30 mV 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Yee = Operating Range, RSENSE = 10, ReOIL = 150, 
CONTROL- (pin 17) = YcwJ C1 = 30pF, Q1, Q2 = MjE210, RSET = 3.7KO. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Logic Inputs and Outputs 

Voltage High (VIHI 2 1.4 V 

Voltage Low (Vlll 1.4 .8 V 

Current High (IIHI VIN = 5V ±10 pA 

Current Low (Ill) VIN = Ov, except pin 23 -40 -10 pA 

VIN = Ov, pin 23 only -250 -160 pA 

Voltage Low (pins 22, 23) 10l = 1mA .4 V 

Over-lemperature Detection 

TJ Threshold 160 

Hysteresis 30 

Current Consumption 

Pin 21 Pin 21 = 5.5V 5 7 mA 

Pin 1 Vcc = 13.2V, VPIN 16 = VCC12 5 10 mA 

Pin 8 VPIN 8 = 13.2V, VPIN 23 = SV 3.5 5 mA 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The ML4408 power amplifier circuit (figure 1) is set up 
as a Howland Current source with a fixed gain of 1/4 
or 1/24 (set by driving pin 3 high or low respectively). 
This architecture yields minimal cross-over distortion 
while maintaining low output cross conduction 
currents. The gain figure refers to the ratio of input 
voltage to the output voltage seen across RSENSE. For 
example, at a 1/4 gain setting, with Y(-) input at 2.5Y 
and the Y(+) input at 4.5Y, +500mA would flow through 
the coil using a 10 sense resistor. Under the same 
conditions with pin 3 low, the current would be 83mA. 
If lower input voltage swings and higher currents are 
desired, the overall transconductance gain may be 
increased by using a lower value of sense resistor, 
however offset current will increase proportionally. The 
ability to change from low to high gain allows more 
complete utilization of DAC resolution when in the 
track follow mode. 

The output stage is designed to provide minimal 
saturation losses and employs an external PNP transistor 
for the sourcing drive and an internal saturable NPN to 
sink current. Sinking saturation drop is typically under 
OAV. Sourcing saturation drop depends on the external 
transistors used. 

Care should be taken to avoid drawing substrate 
currents due to negative excursions on any pin of the 
ML4408. Schoktty diodes should be included on both 
sides of the YCM to prevent negative excursions from 
forward biasing the substrate diodes on the Ie. 

COMP 1 COMP 2 

R(SENSE) VCCI2 

Figure 1. Simplified Power Amplifier Schematic 
(High Gain Mode) 

Two areas should be considered to avoid high 
frequency oscillation in the output stage: 

1. Choose external PNP transistors with a Fr of at least 
50MHz. 

2. An RC compensation network should be used to 
cancel the zero presented to the output by the LlR 
of the voice coil motor as shown in figure 2. 

COMPENSATION 

Figure 2 shows the equivalent AC circuit for the 
current amplifier. 
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IS 1 VCM 1 
r-1 1 1 

r ..... I '1 1 
1 
1 
1 
1 
1 
1 
1 lM COUT 1 Cs 
1 
1 
1 RS 
1 
1_-

Figure 2. AC Equivalent Orcuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by COUT 
which varies with the value chosen for RSENSE 

C _12"",O:..::O_x.:...:(C,-"C""O,,,-M,,-P_+_1_2_.8L.p~F) 
OUT "" 

RSENSE 

Where CCOMP is C1 between pins 18 and 19. With no 
snubber (Rs and Cs) the bandwidth is limited to 

F = _1_. / 2.414 
-3d8 2" V l(M) C(OUT) 

Since this is a second order system with l(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This is 
accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition 
is met: 

R(S) 

Figure 3. Output Current: VIN = 100 Hz Sine Wave, lVp_p 
Low Gain Mode (VPIN 3 = 0), RSENSE = 10 

For a given C(S), setting R(S) to this value will minimize 
the rinl!inll in the transient re~non~p, I ar"pr valllP~ of 
R(S) wi" r~sult in more ringi~g'a;'ci ~~~~ob~~d~id-th~ 
Smaller values of R(S) will result in more ringing and 
less bandwidth. C(S) (snubber capacitor) values of 
between 200nF and 1pF are usually necessary to 
achieve the desired reduction of ringing in the step 
response. At the optimum value of R(S) larger values of 
C(S) further reduce the ringing but do not affect the 
bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 

POWER FAIL DETECT CIRCUIT 

The Ml4408 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function" 
comparator with hysteresis. The output (open collector) 
of this circuit appears on pin 22. When either 
comparator input (pins 20 and 24) falls below the 1.5V 
reference, pin 22 pulls low. 

RETRACT CIRCUITS 

When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will function with less than 
1V on V(RET). An internal voltage limited pull-up 
transistor is provided which sources current on pin 7 to 
the VCM. This circuit will operated reliably down to a 
V(RET) voltage of around 2.5\1, making the Ml4408 
retract circuit adequate for 12V systems where the 
spindle motor EMF provided is adequate. 

10.00 -').005 2.00""/ 4 UN 

Figure 4. Output Current: VIN = 1 KHz Sine Wave, 
lVp_p Low Gain Mode (VPIN 3 = 0), RSENSE = 10 
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12V SENSE 

2 DISABLE (PWR DOWN) RETRACT CCr-~---@eRETRACTIN 

3 HIGHILOW POWER FAIL 

4 RETR OUT +5V 

5 RET SET 5V SENSE 

b GND ML4408 COMP 2 

7 R(SENSE) COMPI 

8 V(REl) CONTROL-

9 SOURCE B CONTROL+ 

PWR GND B PWR GND A 

11 SINK B SINK A 

SOURCE A SINK A REF 

Figure 9. lYPical12V Application 
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Figure 10. ML4408 Used with ML2341 8·Bit DAC Provides up to 13·Bit Effective ResoIutioo 
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ML4410 

Sensorless Spindle Motor Controller 

GENERAL DESCRIPTION 

The ML441 0 provides complete commutation for delta or 
wye wound Brushless DC (BLDC) motors without the 
need for signals from Hall Effect sensors. This IC senses 
the back EMF of the 3 motor windings (no neutral 
required) to determine the proper commutation phase 
angle using phase lock loop techniques. This technique 
will commutate virtually any 3-phase BLDC motor and is 
insensitive to PWM noise and motor snubbing. 

Included in the ML441 0 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. The 
ML441 0 controls motor current with either a constant off
time PWM or linear current control driven by the 
microcontroller. Speed feedback for the micro is a stable 
digital frequency equal to the commutation frequency of 
the motor. All commutation is performed by the ML441 O. 
Braking and Power Fail are also included in the ML441O. 

Two different start-up sequencing (minimum start-up time 
or minimum reverse rotation at start up) algorithms are 
supported by the ML441 O. Since the timing of the start-up 
sequencing is determined by the micro, the system can be 
optimized for a wide range of motors and inertial loads. 

BLOCK DIAGRAM 

The ML4410 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive power 
at low load currents. 

FEATURES 

• Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin_Up" Time for Spindle Motors 

• Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

• Linear or PWM Motor Current Control 

• Easy Microcontroller Interface for Optimized Start-Up 
Sequencing and Speed Control 

• Power Fail Detect Circuit with Delayed Braking 

• Drives External N-Channel FETs and PNP's or 
P-Channel FETs 

~---------------------------------------I 
I RC ML441 0 PHl 

oDiSPWR 
I 

I(CMD) 

ILiMIT 

PWR FAIL 

+5 

VCC 

BACK-EMF PH2 
SAMPLER 

LOGIC 
AND 

CONTROL 

LINEAR OR PWM 
CURRENT CONTROL 

POWER 
FAIL 

DETECT 

GATE 
DRIVE 

PH3 

VCC2 

PNPl-3 

Nl-3 

OTAIN 

OTAOUT 

I _ I 
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PIN CONNECTION 

ML441 0 
28-Pin pce (Q28) 

N 

~ ~ z 
~ 

PIN DESCRIPTION 
PINt NAME FUNCTION 

GND Signal and Power Ground 

2 PNPl Drives the external PNP transistor 
driving motor PH1. 

3 PNP2 Drives the external PNP transistor 

C 
Ii: Q :I! z z ~ ~ " 

TOP VIEW 

E 

I~ :i 
~ 

Vee 

PH3 

PH2 

PHI 

I(~P) 

RC 

+5V 

PINt NAME 

16 RESET 

17 PWR FAIL 

FUNCTION 

Input which holds VCO off and sets 
the ML441 0 to the RESET condition. 

A //0// output indicates SV or 12V is 
under-voltage. 

driving motor PH2. 18 ENABLE E/A A //1" logic input enables the error 

4 VCC2 12V power and power for the amplifier and closes the back-EMF 

braking fucntion. feedback loop. 

S PNP3 Drives the external PNP power 19 +SV SV power supply input. 

transistor driving motor PH3. 20 RC VCO loop filter components. 

6 COTA Compensation capacitor for linear 21 I(RAMP) Current into this pin sets the initial 
motor current amplifier loop. acceleration rate of the VCO during 

7 OTAOUT Output of motor current error start-up. 

amplifier, normally connected to OTA 22 PHl Motor Terminal 1 
IN or to external MOSFET gate. 

23 PH2 Motor Terminal 2 
8 OTAIN Driving voltage for Nl-N3. 

Normally tied to OTA OUT. 24 PH3 Motor Terminal 3 

9-11 Nl, N2 N3 Drives the external N-channel 2S Vec 12V power supply. Terminal which is 

MOSFETs for PH1, PH2, PH3 sensed for power fail. 

12 I(SENSE) Motor current sense input. 26 BRAKE A "0" activates the braking circuit. 

13 Cos Timing capacitor for fixed off-time 27 I(LlMIT) Sets the threshold for the PWM 

PWM current control. comparator. 

14 Cvco Timing capacitor for VCO 28 I(CMD) Current Command for Linear Current 

lS VCOOUT Open Collector Logic Output 
amplifier. 

from VCO. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 4,25) ........................................ 14V 
Output Current (pins 2, 3, 5, 9,10,11) ...•............. ±150mA 
Logic Inputs (pins 16, 17, 18,26) .................... -0.3 to 7V 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................... 150°C 
Thermal Resistance (SIA) ...................................... 60°C/1111 

ELECTRICAL CHARACTERISTICS 

ML4410 

OPERATING CONDITIONS 
Temperature Range ...................................... O°C to =70°C 
Vee Voltage + 12V (pin 25) ............................. 12V ± 10% 

+5V (pin 19) ................................................. 5V ± 10% 
I(RAMP) Current (Pin 21) ................................ 0 to 1001lA 
Control Voltage Range (Pins 27,28) ................... OV to 7V 

Unless otherwise specified, T A = Operating Temperature Range, Vee = VeC2 = 12V, RSENSE = 1 Q, COlA = Cveo = 0.01 J.l.F, 
COS = 0.02J.l.F 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. VPIN 20 1 V S; VPIN20 S; lOV 300 HzN 

Frequency Vvco = 6V 1450 1 BOO 2150 Hz 

Vvco= 0.5V 70 140 210 Hz 

Reset Voltage at Cvco Mode = 0 125 250 mV 

Sampling Amplifier 

VRC Mode 0 125 250 mV 

IRC Mode 1, RRAMP = 39Kn 70 100 130 IlA 
Mode 2A, VPH2 = 4V 13 50 70 IlA 
Mode 2A, VPH2 = 6V -15 2 +15 IlA 
Mode 2A, VPH2 = BV -30 -50 -70 IlA 

Motor Current Control Section 

I(SENSE) Gain VPIN27 = 5V, OV S; VPIN28 S; 2.5V 4.5 5 5.5 VN 

One Shot Off Time 12 25 33 ItS 

I(CMD) Transconductance Gain 0.19 mmho 

Power Fail Detection Circuit 

12V Threshold 9.1 9.B 10.5 V 

Hysteresis 150 mV 

5V Threshold 3.B 4.25 4.5 V 

Hysteresis 70 mV 

Logic Inputs 

Voltage High (VIH) 2 V 

Voltage Low (VIL) O.B V 

Current High (IIH) VIN = 2.7V -10 1 10 IlA 
Current low (IlL) VIN=0.4V -500 -350 -200 IlA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Outputs I(CMD) = l(lIMIT) = 2.5V 

IPNP low 

IpNP high Off State 

VN high VPINB = 10V 

VNlow 

Av PIN 8 to VN VPINB = 6V 

LOGIC low lOUT = 0.5rnA 

LOGIC lOUT High 

Supply Currents (N and PNP Outputs Open) 

5V Current 

Vcc Current 

V CC2 Current 

Note 1. For explanation of states, see Figure 5 and Table 1. 

FUNCTIONAL DESCRIPTION 

The ML441 0 provides closed-loop commutation for 
3-phase brush less motors. To accomplish this task, a VCO, 
integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off· 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML441 0 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

50 75 100 rnA 

-100 100 ~V 

9.7 10 10.3 V 

0.2 0.7 V 

0.95 1 1.05 V!V 

0.4 V 

5 ~ 

2 4 rnA 

38 50 rnA 

4 10 rnA 

BACK·EMF SENSING AND COMMUTATOR 

The ML441 0 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed Vce. 
See ML441 0 data sheet for applications. 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 

+ NEUTRAL 
SIMULATOR I(RC) = Va - Vb 

8K 
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Figure 1. Back EMF Sensing Block Diagram . 
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o 60 120 180 240 300 o 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fyeo at Vyeo = 6V) is: 

2.42x 1 0-6 
KYeO(MIN) = .=..:...~'-'-"'-

Cyeo 
Assuming that the VYeO(MAX) = 9.SV, then 

C 9.Sx2.42xl0-6 
yeo = 

FMAx 
or 

C - 460 F 
yeo - POLES x RPM 11 

Figure 4 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R, Cl, and C2. 
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Figure 3. veo Output Frequency vs. Vvco (Pin 20) 

SAMPLED 
PHASE 

Gm = 1.25 x 10-4 

FOUl .... ---1 vco 

KYCO(HZ/V) 

ML441 0 

r------- .. 
I I 

I 
I 

I R : 

:Cq : 
I I 
I Cll 
I I 
I I I _ I 
I _____ ':._.J 

Figure 4. Back EMF Phase Lock Loop Components. 

The impedance of the loop filter is 

ZRC<S) = -.L (5+ ffiLEAD) 
C1s (S+ffilAG) 

Where the lead and lag frequencies are set by: 

ffilEAD =_1_ 
RC2 

START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Step 1: The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 300 (electrical) before the center of 
the first commutation state. 

Step 2: Reset is released, and a fixed current is input to 
pin 21 and appears as a current on pin 20, and will ramp 
the VCO input voltage, accelerating the motor at a fixed 
rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 
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Table 1 Commutation, Braking and PLL States 

VUlrUI;:' 

STATE N1 N2 N3 P1 P2 P3 
RORO OFF ON OFF ON OFF ON 

A OFF OFF ON ON OFF OFF 

B OFF OFF ON OFF ON OFF 

C ON OFF OFF OFF ON OFF 

0 ON OFF OFF OFF OFF ON 

E OFF ON OFF OFF OFF ON 

F OFF ON OFF ON OFF OFF 

Table 1. Commutation States. 

RESET ~ 

VCOOUT -----.., 

STATE I R I o A B C o A 

Figure 5. Commutation Timing and Sequencing. 

RESET I : OPEN-LOOP 
ALIGN I (STEPPING) 

Pt, P3, N2 ON I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------~------------

CLOSED LOOP 

o ~-----~'-"!'. ~-~--:::-:.-:-:--~.-::-l+ . - - . - - . -
I 
I 
I 

Figure 6. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

STEP 

1 

2 

3 

5-100 r~Micro Linear 

PIN PIN PIN 
16 18 21 

a a FIXED 

1 a FIXED 

1 1 a 

Table 2. Start-up Sequence. 

INI"UI 

SAMPLING 
N/A 

PH2 

PHl 

PH3 

PH2 

PHl 

PH3 

1(L1MIT) 
I(CMD) 

IMAX 

IMAX 

IMAX 



ADJUSTING OPEN LOOP STEP RATE 

IRAMP should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VPIN 20) ramp rate is given by: 

dVveo _ IRAMP 
dt - C, +C2 

since 

Fveo = K veo x Vveo 

4x10-6 
KVeO(MAX) "" ---

Cveo 

then combining the 3 equations IRAMP can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 

I dFyco Cveo x (C, + (2) 
RAMP < 

dt 4x10-6 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 

The tolerance of the open loop step VCO acceleration 

( dF~~o ) depends on the tolerances of Kveo, IRAMP, Cl, 

C2, and Cveo. For more optimum spin up times, these 
variables can be digitally "calibrated" out by the 
microprocessor using the following procedure: 

1. Reset the IC by holding pin 16 low for at least 5~s. 

2. Go into open loop step mode with no current on 
the motor and measu re the difference between the 
first two complete VCO periods with the PWM 
signal at 50% duty cycle: 

ENABLE E/A = (see below) 
I(CMD) =OV 
PWM OUT= 50% 

MicroP 

PWMOUT 

IN 

ML4410 

VCOOUT 

Figure 7. Auto-Calibration of Open-Loop Step Rate . 

ML441 0 

3. Compute a correction factor to adjust IRAMP 
current by changing the PWM duty cycle from the 
Micro (D.C.) 

D.C.(NEW) = 50% x ilFyco(DESIRED) 
ilFyco(MEASURED) 

4. Use new computed duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 

If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. 
Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
IRAMP may be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vveo would not 
rise and the motor would not step properly. The effect of 
E/A offset can also be canceled out by the auto calibration 
algorithm described above allowing the E/A to be 
permanently enabled. 

PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML441 0 includes two 
current control loops -linear and PWM (figure 9). The 
linear control loop senses the motor current on the 
I(SENSE) terminal through RSENSE. An internal current 
sense amplifier's (A2) output rnodulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can rnodulate a single MOSFET gate tied to OTA OUT. 
When operated in this rnode, OTA IN is tied to 12V, and 
N1-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 

The linear current control rnodulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between I(CMD) and I(SENSE). The transconductance gain 
of A2 is: 

gm = 1.875x10-4U 

The current loop is compensated by COTA which forms a 
pole given by 

(Op = 9.375x10-4 

CorA 

This time constant should be fast enough so that the 
current loop settles in less than 10% of T veo at the 
highest motor speed to avoid torque ripple to VTH 
mismatch of the N-Channel MOSFETs, or use a separate 
MOSFET in series with N1-N3 with a lower time constant. 

The ML441 0 also includes a current mode constant off
time PWM circuit. When motor current builds to the 
threshold set on I(LlMIT) input (pin 27), a one-shot is fired 
whose timing is set by Cos. The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 
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ML441 0 

The I(SENSE) input pin should be kept below lV. If 
I(SENSE) goes above 1 V, a bias current of about -300IlA 
will flow out of pin 12 and the N outputs witl be 
inhibited. Bringing I(SENSE) below.7V removes ~he ~ias 
current to its normal level. For this reason, the nOise filter 
resistor on the I(SENSE) pin (1 Kn on Figure 11) should be 
less than 1.5Kn. 

The noise filter time constant should be less than 1 Ils to 
avoid excessive phase shift in the I(SENSE) signal. 

60 

50 v 
40 

.... V 
V 

20 

V 
10 , 
00 0.01 0.02 0.03 0.04 0.05 

C(OS) 

Figure 8. 1(L1MIT) Output Off-Time vs. Cos. 

OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal SOK!} pun-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML441 0 sets the 
current to PNP1, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers Nl through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a 0 on pin 26 activates the braking circuit. The 
brake circuit turns on PNP1 through PNP3 and turns off 
NPN1 and NPN3. 

Lvcc 

TO 
MOTOR 

Figure 9. Current Control, Output Drive and Braking Circuits. 
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ML441 0 

APPLICATIONS 

+12Vrt----,_-t------~----,_--~----------------~~~----------------~--~~ 

005 

lK 

J1000pF 

L--------4------------~ON2 

002P.F T I 
Veer-' 

OolpF 

< ~~!E~~~AMP 
) POWER FAIL TO MICRO 

L-____ -« RESET (FROM MICRO) 

+5I-WIr*---------4 VCOOUT 

Figure 11. ML441 0 Typical Application. 
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ML4410 

APPLICATIONS (Continued) 

+5V 

Rl 

M~~4:~) TO ML441 0 
PIN 16 

01 

I C1 

TOML4410 
PIN 18 

Figure 12. Analog Start-up Circuit. 

Figure 11 shows a typical application of the ML441 0 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Figure 12 shows a simple 
"one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontroller and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 

2. Using analog circuitry for speed control (Figure 13). 

OUTPUT STAGE HINTS 

Q1, Q2, and Q3 are MJE21 0 or equivalent. Q4, QS, and 
Q6 are IRFU01 0 or equivalent. Base resistors (lOOn) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 470n gate resistors on 
Q4-Q6. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross-conduction is the condition where an N-FET 
and PNP in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see figure 14): 

FROM 
ML4410) 
PIN 20 

+12V 

u1 TO ML441 0 
PIN 28 

R6 

SYMBOL VALUE SYMBOL VALUE 

Al lM358 R4 100KQ 

01 74HC14 R5 50KQ 

Dl, D2 lN4148 R6 50KQ 

Rl lMQ Cl 3.3I1F 

R2 lMQ C2 3.311F 

R3 100m C3 O.47I1F 

Figure 13. Analog Speed Control. 

1. When transitioning from mode 0 to mode A (see table 
1) or from braking to mode R, a PNP goes from on to 
off at the same time N goes from off to on in the same 
phase. If the PNP turns off slowly and N turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on later revisions of 
the ML441 O. Consult your Micro Linear representative 
for date code information. On earlier revision parts, 
forcing the PNP to turn off more quickly than the NPN 
turns on will minimize the cross-conduction current. 

2. When the MOSFET (or PNP) in the same phase 
switches on gate current flows due to capacative 
coupling of current through the FEr's drain to gate 
capacitance (or PNP's Miller Capacitance). This could 
cause the device that was off to be turned on. 

In Condition 2 above, the PNP is pulled up inside the 
ML441 0 with a SOKn resistor. If the current through C(CB) 
is greater than O.7V + SOK when the N-FET turns on, the 
PNP could turn on simultaneously, causing cross
conduction. Adding R1 as shown in figure 14 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(CB). 

5-104 'Micro Linear 



APPLICATIONS (Continued) 

Rl 

RG(P) 

C(DGp) 

Df--~ 

Figure 14. Causes of Cross-conduction. 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 

Avoid turning on the N-Channel gate when the PNP 
turns on via the same mechanism outlined in condition 
2 above 

Not severely increase the switching losses in the N-FET 

In higher power applications, when large MOSFETs are 
used, the N-Output can be pulled below GND, causing 
the internal substrate diode (Dint) to conduct. The 
negative substrate current should be limited to less than 
2mA, which can be done by adding D1 as shown in figure 
14. D1 prevents the gate from going below O.7V, limiting 
the substrate current to: 

VBE(Dl) - VBE(Dint) 

RG(N) 

ORDERING INFORMATION 

PART NUMBER 

ML441DeQ 

TEMPERATURE RANGE 

Doe to +7Doe 

'Micro Linear 

ML441 0 

PACKAGE 

28-Pin Molded pee (Q28) 
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ML4411 

Sensorless Spindle Motor Controller 
GENERAL DESCRIPTION 

The 4411 provides complete commutation for delta or 
wye wound Brushless DC (BLDC) motors without the 
need for signals from Hall Effect Sensors. This IC senses 
the back EMF of the 3 motor windings (no neutral 
required) to determine the proper commutation phase 
angle using Phase Lock Loop techniques. This technique 
will commutate virtually any 3-phase BLDC motor and is 
insensitive to PWM noise and motor snubbing. The 
ML4411 is architecturally similar to the ML441 0 but with 
improved braking and brown-out recovery circuitry. 

Included in the ML4411 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The 4411 controls motor current with either a constant 
off-time PWM or linear current control driven by the 
microcontroller. All commutation is performed by the 
ML4411. Braking and Power Fail are also included in the 
ML4411. 

The timing of the start-up sequencing is determined by the 
micro, allowing the system to be optimized for a wide 
range of motors and inertial loads. 

BLOCK DIAGRAM 

The ML4411 modulates the gates of external N-Channel 
power MOSFETs to regulate the motor current. The IC 
drives P-Channel MOSFETs directly. 

The ML4411 A includes a comparator on the P3 output to 
prevent cross-conduction. 

FEATURES 

• Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin-Up" Time for Spindle Motors 

• Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

• Linear or PWM Motor Current Control 

• Easy Microcontroller Interface for Optimized Start-Up 
Sequencing and Speed Control 

• Power Fail Detect Circuit with Delayed Braking 

• Drives External N-Channel FETs and P-Channel FETs 

• Back-EMF comparator detects motor rotation after 
power fail for fast re-Iock after brownout 

• Improved version of ML4411 

RC PHI 

5-106 

BACK-EMF PH2 
SAMPLER 

I(CMD) 

ILiMIT 

PWR FAIL 

LOGIC 
AND 

CONTROL 
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CURRENT CONTROL 

+5 POWER 
FAIL 

VCC DETECT 

GATE 
DRIVE 
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PIN CONFIGURATION 

ML4411 
28·Pin sOle (S28W) 

GND I(CMD) 

P1 I(LlMIT) 

P2 BRAKE 

VCC2 VCC 

P3 PH3 

COTA PH2 

C(BRK) PH1 

DIS PWR I(RAMP) 

N1 RC 

N2 +5V 

N3 ENABLE E/A 

I(SENSE) PWR FAIL 

Cos RESET 

CVCO '-I.......1. ____ ....:.:..Jt-' VCO/TACH OUT 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME 

GND Signal and Power Ground 16 RESET 

2 P1 Drives the external P-channel 
transistor driving motor PH1 17 PWR FAIL 

3 P2 Drives the external P-channel 
transistor driving motor PH2 

ML4411/ML4411A 

FUNCTION 

Input which holds VCO off and sets the 
IC to the RESET condition 

A "0" output indicates 5V or 12V is 
under-voltage. This is an open 
collector output with a 4.5Kn pull-up 
to+5V 

4 Vee2 12V power and power for the 
braking function 18 ENABLE E/A A "1" logic input enables the error 

amplifier and closes the back-EMF 
5 P3 Drives the external P-channel feedback loop 

transistor driving motor PH3 
19 +5V 5V power supply input 

6 COlA Compensation capacitor for linear 
motor current amplifier loop 20 RC VCO loop filter components 

7 C(BRK) Capacitor which stores energy to 21 I(RAMP) Current into this pin sets the initial 

charge N-channel MOSFETs for acceleration rate of the VCO during 

braking with power off. start-up 

8 DIS PWR A logic 0 on this pin turns off the N 22 PH1 Motor Terminal 1 

and P outputs and causes the TACH 23 PH2 Motor Terminal 2 
comparator output to appear on TACH 

24 PH3 Motor Terminal 3 OUT 

9-11 N1, N2 N3 Drives the external N-channel 25 Vee 12V power supply. Terminal which is 

MOSFETs for PH1, PH2, PH3 sensed for power fail 

12 I(SENSE) Motor current sense input 26 BRAKE A "0" activates the braking circuit 

13 Cos Timing capacitor for fixed off-time 27 I(LlMIT) Sets the threshold for the PWM 

PWM current control comparator 

14 Cveo Timing capacitor for VCO 28 I(CMD) Current Command for Linear Current 

15 VCO!fACH Logic Output from VCO or TACH 
amplifier 

OUT comparator 
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ML4411/ML4411A 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Absolute maximum ratings are those values beyond \vhich 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

TEmpeiatuie Range ........................................ aoe io 70ee 
VCC Voltage + 12V (pin 25) ............................ 12V ± 10% 

+5V (pin 19) ................................................. 5V ± 10% 
I(RAMP) current (Pin 21) ................................. 0 to 100JlA 

Supply Voltage (pins 4,25) ........................................ 14V I Control Voltage Range (pins 27,28) ................. OV to 7V 

Output Current (pins 2, 3, 5, 9,10,11) ................. ±150mA 
Logic Inputs (pins 16, 17, 18, 25) .................... -0.3 to 7V 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ..................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) .................... 150°C 
Thermal Resistance (alA) ...................................... 60°C!W 

ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, TA = Operating Temperature Range, Vee = Vecz = 12V, RSENSE = Hl, COTA = Cveo = 0.01 JlF, 
Cos = 0.02JlF 

PARAMETER CONDITIONS MIN TYP MAX I UNITS 

Oscillator (VCO) Section (VPIN16 = 5V) 

Frequency vs. VPIN 20 1 V" VPIN20" 1 OV 300 HzN 

Frequency Vvco = 6V 1450 1 BOO 2150 Hz 

Vvco = 0.5V 70 140 210 Hz 

Reset Voltage at Cvco Mode = 0 125 250 mV 

Sampling Amplifier (Note 1) 

VRC State R 125 250 mV 

IRC VPIN18 = OV, RRAMP = 39KQ 70 100 130 IlA 
VPIN18 = 5V, State A, VPH2 = 4V 30 50 90 IlA 
VPIN18 = 5V, State A, VPH2 = 6V -13 2 13 IlA 
VPIN18 = SV, State A, VPH2 = BV -30 -50 -90 IlA 

VPIN21 RpIN21 = 39KQ to +SV 1.0 1.1 1.20 V 

Motor Current Control Section 

I(SENSE) Gain VPIN27 = SV, OV" VPIN28 " 2.SV 4.5 S S.S VN 

One Shot Off Time 12 25 33 J.Ls 

I(CMD) Transconductance Gain 0.19 mmho 

I(CMD), I(LlM) Bias Current VIN =0 0 -100 -400 nA 

Power Fail Detection Circuit 

12V Threshold 9.1 9.B 10.S V 

Hysteresis lS0 mV 

5V Threshold 3.B 4.25 4.5 V 

Hysteresis 70 mV 

Logic Inputs 

Voltage High (VIH) 2 V 

Voltage Low (VIL) O.B V 

Current High (II H) VIN = 2.7V -10 1 10 IlA 
Current Low (IlL) VIN = O.4V -500 -350 -200 IlA 
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ML4411/ML4411A 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Braking Circuit (VPIN17 = OV) 

Brake Active Threshold 0.8 1.2 1.6 V 

PIN 26 Bias Current VPIN26 = OV 0.3 1 J,lA 

N-ChannelLeakage Vcc, VCC2 = OV 0 0.06 10 nA 
VPIN17 = OV, VN = 4V 

C(BRK} Current Vcc, VCC2 = OV, VPIN26 = 3V 20 85 J,lA 
VPIN7 = 6V 

Outputs (lCMD = ILiMIT = 2.5V) 

IpLow Vp=0.8V 5 7 19.5 mA 

Vp=0.4V 2 4 mA 

VpHigh Ip = -1OJ,lA VCc-O.4 V 

P3 Comparator Threshold VCC2 -1.6 VCC2-0.8 V 

VN High VPIN12 =OV VCC2 - 3.2 10 Vcc-1.2 V 

VN Low IN=lmA 0.2 0.7 V 

LOGIC Low (VOL) lOUT = O.4mA 0.5 V 

VCO!fACH VOH lOUT = -1 00J,lA 2.4 V 

POWER FAIL VOH lOUT = -1 0J,lA VPIN19 -0.2 VPIN19-0.1 VPIN19 V 

Supply Currents (N and P Outputs Open) 

5VCurrent 3 4 mA 

Vcc Current 38 50 mA 

V CC2 Current ML4411 2 3 mA 

V CC2 Current ML4411A 2.6 3.75 mA -Note 1. For explanation of states, see Figure 5 and Table 1 
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ML4411/ML4411A 

FUNCTIONAL DESCRIPTION 

The /\'1L4411 piovides dosed-loop cornrnutation for 
3-phase brushless motors. To accomplish this task, a VCO, 
integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the vco to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML4411 is 
designed to drive external power transistors (N-channel 
sinking transistors and PNP sourcing transistors) directly. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4411 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed Vce. 

NEUTRAL 
SIMULATOR 

MULTIPLEXER 

YCO /TACH OUT 

I I 

o 60 120 180 240 300 

Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX =0.05xPOLESxRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

+ 

r~;;p-F;;';Eil 
I 
I 

I R : 

:Cq : 
I I 
I C21 
I I 
I I 
I _ I 
1 _____ :. __ 1 

FIGURE 1. BACK EMKF sensing block diagram 
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The minimum VCO gain derived from the specification 
table (using the minimum Fvco at Vveo = 6V) is: 

2.42x10-fi 
KveO(MIN) = C 

veo 

Assuming that the VVeO(MAX) = 9.5V, then 

Cveo = 9.5x2.42x10-fi 
FMAX 

or 

C - 460 F 
veo - POLES x RPM 11 

3000 

2500 

~ 2000 

/ 
/ 

0.0". V' 

V" 0:/ ~ 

V--' 1/ 
~ 10' 

~ 
~ 1500 

~ 1000 

500 

o 
o 2 4 6 8 

VYCO (VOLTS) 

10 12 

Figure 3. VCO Output Frequency vs. Vvco (Pin 20) 

Figure 4 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R, C1, and C2. 

The impedance of the loop filter is 

Gm = 1.25 x 10-' 

FOUT .... ---I vco 

KYCO(HZ/V) 

r-------i , , 
, R : :Clq: , , 

" 0' , , , , 
, -' 1 _____ ':._-' 

Figure 4. Back EMF Phase Lock Loop Components 

Where the lead and lag frequencies are set by: 

Olt.EAD = _1_ 
RC2 

C,+C2 cot.AG=--
RC,C2 

ML4411/ML4411 A 
START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Step 1: The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. 

Step 2: Reset is released, and a fixed current is input to 
pin 21 and appears as a current on pin 20, and will ramp 
the VCO input voltage, accelerating the motor at a fixed 
rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 

RESETI ' 
ALIGN : 

PI, P3, N2 ON , , , , , , , , , , 

OPEN-LOOP 
(STEPPING) 

------------~------------

CLOSED LOOP 

o~-----~'--.... ~-~_~. ::-:-:-~.-::-l+ . - - . - - . -, , 
I 

Figure 6. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

For quick recovery following a momentary power failure, 
the following steps can be taken: 

PIN PIN PIN I (LIMIT) 
STEP 16 18 21 I(CMD) , 0 0 FIXED IMAX 

2 1 0 FIXED IMAX 

3 1 , 0 IMAX 

Table 2. Start-up Sequence. 

'Micro Unear 5-111 

-



ML4411/ML4411A 

OUTDIIT" lUI.., ···~UT lI"11r 

STATE N1 N2 N3 P1 P2 P3 SAMPLING 

RORO OFF ON OFF ON OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 

B OFF OFF ON OFF ON OFF PH1 

C ON OFF OFF OFF ON OFF PH3 

D ON OFF OFF OFF OFF ON PH2 

E OFF ON OFF OFF OFF ON PH1 

F OFF ON OFF ON OFF OFF PH3 

Table 1. Commutation States. 

RESET ~ 

VCO OUT ------, 

STATE I R I o A I B I C D A 

Figure 5. Commutation Timing and Sequencing. 

Step 1a: The IC is held in reset (state R) with I(CMD) low 
and DIS PWR low. The Micro Processor monitors the 
VCO(fACH OUT pin to determine if a signal is present. If 
a signal is present, the frequency is determined (by 
measuring the period). If a signal is not present, proceed 
to the routine described above for starting a motor which 
is a rest. 

Step 2a: Release RESET and DIS PWR. Apply a current to 
pin 21 and monitor the VCO(fACH OUT pin for VCO 
frequency. 

Step 3a: When the VCO frequency approaches 6 X the 
motor frequency (or where the motor frequency has 
decelerated to by coasting during the time the VCO 
frequency was ramping up) the back EMF loop can be 
closed by pulling pin 18 high and motor current brought 
up with I(CMD) or 1(L1MIT). 

ADJUSTING OPEN LOOP STEP RATE 

IRAMP should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VPIN 20) ramp rate is given by: 

dVyco",,~ 
dt C1+C2 

since 

Fvco = K YCO x VyCO 

4x10-6 
KYC()(MAX) =-C--

YCO 

then combining the 3 equations IRAMP can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 
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The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 

The tolerance of the open loop step VCO acceleration 

( dF~fO ) depends on the tolerances of Kvco, IRAMP, Cl, 

C2, and Cvco. For more optimum spin up times, these 
variables can be digitally "calibrated" out by the 
microprocessor using the following procedure: 

1. Reset the IC by holding pin 16 low for at least 51ls. 

2. Go into open loop step mode with no current on 
the motor and measure the difference between the 
first two complete VCO periods with the PWM 
signal at 50% duty cycle: 

ENABLE E/A = (see below) 
I(CMD)=OV 
PWMOUT=50% 

MicroP 

PWMOUT 

IN 

ML4411 

VCO!TACH OUT 

Figure 7. Auto-Calibration of Open-Loop Step 
Rate. 

3. Compute a correction factor to adjust IRAMP current 
by changing the PWM duty cycle from the 
Micro (D.C.) 

D.C.(NEW) = 50% x ~rvco(DESIRED) 
Mvco(MEASURED) 

4. Use new computed duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 

If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. 
Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
IRAMP may be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vvco would not 
rise and the motor would not step properly. The effect of 
E/A offset can also be canceled out by the auto calibration 
algorithm described above allowing the E/A to be 
permanently enabled. 

Av = 1.875 x 1 0--4 
SCOTA 

ML4411/ML4411A 
PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4411 includes two 
current control loops - linear and PWM (figure 9). The 
linear control loop senses the motor current on the 
I(SENSE) terminal through RSENSE. An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFETs when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate tied to OTA OUT. 
When operated in this mode, OTA IN is tied to 12V, and 
Nl-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between I(CMD) and I(SENSE). The transconductance gain 
of A2 is: 

gm = 1.875xl 0--4 U 

The current loop is compensated by COTA which forms a 
pole given by 

COp = 9.375 xl 0--4 
COTA 

This time constant should be fast enough so that the 
current loop settles in less than 10% of T vco at the 
highest motor speed to avoid torque ripple to VTH 
mismatch of the N-Channel MOSFETs. 

The I(SENSE) input pin should be kept below lV. If 
I(SENSE) goes above 1 V, a bias current of about -3001J.A 
will flow out of pin 12 and the N outputs will be 
inhibited. Bringing I(SENSE) below O.7V removes the bias l1li 
current to its normal level. For this reason, the noise filter 
resistor on the I(SENSE) pin (11<0 on Figure 10) should be 
less than 1.5KQ. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
I(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (Pl thru P3) are open-collector 
NPN's with internal 161<0 pull-up resistors. N3is inhibited 
until P3 is within l.4V (typ) of VCC2 on the ML4411 A. 

Drivers Nl through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 
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ML4411/ML4411A 
BRAKING 

As shown in figure 9, the braking circuit pulls the N
Channel MOSFET gates high when BRAKE falls below a 
l.4V threshold. After a power failure, C(DLY) is discharged 
slowly through R(Dl Y) providing a delay for retract to 
occur before the braking circuit is activated. The N
Channel buffer (Bl) tri-states when the BRAKE pin reaches 
2.1 V to ensure that no charge from C(BRK) is lost through 
the pull-down transistor in Bl. To brake the motor with 
external signals, first disable power by pulling pin 8 low, 
then pull pin 26 below l.4V using an open drain (or diode 
isolated) output. 

The bias current for the Braking circuits comes from 
VCC2. When the N-Channel MOSFETs turn on, no 
additional power is generated for VCC2 (motor back-EMF 
rectified through out the MOSFET body diodes). After 
VCC2 drops below 4V, Q2 turns off. Continued braking 
relies on the CGS of the N-Channel MOSFETs to sustain 
the MOSFET gate enhancement voltage. 

8 iiiSPWi 
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Figure 8. I(LlMIT) Output Off-Time vs. Cos. 
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Figure 9. Current Control, Output Drive and Braking Circuits. 
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APPLICATIONS 

Figure 10 shows a typical application of the ML4411 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Fig. 11 shows a simple 
"one shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the YCO OUT frequency with a 
Microcontroller and adjusting I(CMD) via an analog 
output form the Micro (PWM DAC). 

2. Using analog circuitry for speed control. (Fig. 12). 

lN5819 

2V "'". .L.L ""-b 
+1 

10~0.1 lK 

L.-TOVCC 
Qll~ 

11-

510 

~19 
510 

-# l--rrI GND 

LGr PI 

LITE P2 

HIT: VCC2 

il00PF L-0:: P3 

IO'OII~ COlA 

C(BRK) 

':' 0.22 rITE DISPWR 

-Gf Nl 

.liT N2 

lK 

ML4411/ML4411 A 
OUTPUT STAGE HINTS 

In the circuit in Figure 10, Q1, Q2, and Q3 are IRFR9024 
or equivalent. Q4, Q5, and Q6 are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 
packages, however have much lower thermal inertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross-conduction is the condition where an N-FET 
and P-FET in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see figure 13): 
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Figure 10. ML4411 Typical Application 

'Micro Linear 5-115 

-



ML4411/ML4411A 

~ 
Rl 

01 

TOML4411 
PIN 16 

TOML4411 
PIN 18 

Figure 11. Analog Start-up Circuit 

R3 

R4 

~r.---l 
R6~ 

-=--
SYMBOL VALUE 
A1 lM358 

IC1 74HC14 

D1, D2 IN4148 

R1 1MQ 

R2 1MQ 

R3 100Kn 

C3 

SYMBOL 

R4 

R5 

R6 

C1 

C2 

C3 

TOML4411 
PIN 28 

VALUE 
100Kn 

50KQ 

50KQ 

3.311F 

3.3I1F 

O.47I1F 

Figure 12. Analog Speed Control 

1. When transitioning from mode 0 to mode A (see table 
1) P3 goes from on to off at the same time N3 goes 
from off to on. If the P3 turns off slowly and N3 turns 
on quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on the ML4411 A 
through the addition of comparator A6 on the P3 
output (Figure 9). This comparator may cause an 
oscillation when the N3 switches on due to the 
capacitive coupling effect described below pulling the 
P3 pin below VCC2-1.4V. To avoid this, use the circuit 
in Figure 13. 

2. When the MOSFET in the same phase switches on gate 
current flows due to capacitive coupling of current 
through the MOSFET's drain to gate capacitance. This 
could cause the device that was off to be turned on. 

Figure 13. Alternate cross-conduction prevention for 
ML4411A 

In Condition 2 above, the P-Channel MOSFET is pulled up 
inside the ML4411 with a 16Kn resistor. If the current 
through C(CGp) is greater than VTH + 16K when the 
N-FET turns on, the P-FET could turn on simultaneously, 
causing cross-conduction. Adding R1 as shown in Figure 
14 eliminates this. The size of R1 will depend on the fall 
time of the phase voltage, and the size of the C(OGp). 01 
may be needed for high power applications to limit the 
negative current pulled (through C(OGn)) out of the 
substrate diode in the ML4411 when P-FET turns off. 

VCC2 

RG(P) Il 
'M .dp 
~·8 

Di--------'~n) =t I ~ N 

RG(N) 101 J. 
Figure 14. Causes of Cross-conduction 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 

Avoid turning on the N-Channel gate when the PNP 
turns on via the same mechanism outlined in condition 
2 above 

Not severely increase the switching losses in the N-FET 

UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors 
to drive the motor. The ML4411 will operate in unipolar 
mode (Figure 15) provided the following precautions are 
taken: 

1. The IC supplies should not exceed 12V + 10%. 

2. The phase pins on the IC should not exceed the 
supply voltage. 
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Figure 15. ML4411 Unipolar Drive Application 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

V<l>(MAX) = VSUPPLY (MAX) + VEMF (MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to VSUPPLY. This energy must be clamped, 
however, to avoid an over-voltage condition on the 
MOSFETs and other components. Typically, a VCLAMP 
voltage is created to provide the clamping voltage. The 
inductive energy may either be dissipated (Figure 16) or 
alternately efficiently regenerated back to the system 
supply (Figure 1 7). 

The circuit in Figure 15 is designed to minimize the 
external components necessary, at some compromise to 
performance. The 3 resistors from the motor phase 
windings to the PH inputs work with the ML4411 's 8Kn 
internal resistance to ground to divide the motor's 
phase voltage down, providing input signals that do not 
exceed 12V. 

Figure 16. Dissipative Clamping Technique 

This circuit uses analog speed regulation. The 1 M~ 
resistor fror" Pin 20 to the speed regulation op amp 
provides the function of injecting current into the VCO 
loop filter for the open loop stepping phase of start-up 
operation. The "one shot" circuitry to time the reset is 
replaced by a diode and RC delay from the rising edge or 
the POWERFAIL signal. The error amplifier is left enabled 
continuously since at low speeds its current contribution 
is negligible. The current injected into the loop filter must 
be greater than the leakage current from the phase 
detector amplifier for the motor to start reliably. 

V(CLAMP) = +24V 

BATT~i~ 1----_.__4--

Figure 17. Non-Dissipative Clamping Technique 
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ML4411/ML4411A 
HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4411 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figures 14-16 
provide several methods of translating the Ml4411 's P 
outputs to drive a higher voltage. 

r-------I 
I , 

I ' , ML4411 P , , , , , 
1 _______ 1 

+v 

Figure 18. High Voltage Translation using PNP Power 
Transistor 

ORDERING INFORMATION 

r-------, , , , , 
I ML4411 P 

I , , , , , 1 _______ 1 

Figure 19. High Voltage Translation using "Composite" 
PNP Power Transistor 

+v ----------:-"1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I I 
L ________ I 

Figure 20. High Voltage Translation with NPN 
Darlington 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4411CS 28-Pin sOle (S28W) 
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ML4412 

Enhanced Sensorless BLDC Motor Controller 
GENERAL DESCRIPTION 

The ML4412 motor controller provides complete 
commutation for delta or wye wound Brushless DC 
(BLDC) motors without the need for signals from Hall 
Effect Sensors to indicate rotor position. It senses the back 
EMF of the motor windings (no neutral required) to 
determine the proper commutation phase sequence using 
PLL techniques. The ML4412 usesa patented Back-EMF 
sensing technique which will commutate virtually any 3-
phase BLDC motor and is insensitive to PWM noise and 
motor snubbing circuitry. 

The ML4412 controls the motor current with a constant 
off-time PWM or with a microprocessor controlled linear 
current. The velocity loop can be controlled with an 
external microprocessor or through an analog feedback 
loop. An accurate, jitter-free, VCO output is provided, 
equal to the commutation frequency of the motor. The 
ML4412 modulates the gates of external N-channel power 
MOSFETs to regulate the motor current and directly 
drives the P-channel MOSFETs. The ML4412 supports 
enhancements like a blanker circuit to prevent false 
retriggering of the one shot during a motor current spike 
and circuitry to ensure that there is no shoot through in 
any state. 

BLOCK DIAGRAM 

VCO! 
TACH/CMCLK 

RESET 

ENABLE E/A 

BRAKE 

LOGIC 
AND 

CONTROL 

+5 POWER 
FAIL 

vce DETECT 

BACK·EMF 
SAMPLER 

GATE 
DRIVE 

The start-up algorithm consists of measuring a fixed VCO 
frequency and externally ramping the commutation clock 
until it is equal to the VCO frequency. The timing of the 
start-up sequencing is determined by the microprocessor 
thus allowing the optimization for a wide range of motors 
and inertial loads. 

FEATURES 

• Less than 200mW power dissipation 

• Patented Back-EMF commutation technique provides 
jitterless torque for minimum "spin-up" time 

• Linear or PWM motor current control 

• Microprocessor based start-up algorithm allows for 
optimized start-up sequencing, speed control and 
support for variable motor loads 

• Back-EMF comparator output senses motor rotation 
after power fail for fast re-Iock after brownout 

• Onboard power fail detect monitor 

• Onboard motor braking circuit allows 'life' braking 
on command 

• Drives external N-ch & P-ch FETs 

• Enhanced version of the ML441 0 & ML4411 

POWER 
DRIVERS 

PATENTED 
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ML4412 

PIN CONFIGURATION 
ML4412 

28-Pin SOiC (S2BW) 

I(SENSE) GND 

Pl DIS PWR 

P2 COS 

P3 BRAKE 

VCC PH3 

C(BRK) PH2 

R(BRK) PHl 

+5V I(lIMIT) 

Nl RC 

N2 ENABLE E/A 

N3 PWR FAIL 

COTA RESET 

I(CMD) Vcorr ACH/CMCLK 

VCC2 CVCO 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

I(SENSE) Motor current sense input 17 RESET Input which holds the VCO off and 

2 P1 Drives the external P-Channel 
sets the IC to the RESET cond ition 

transistor driving motor PH1 
(refer table 1) 

3 P2 Drives the external P-Channel 
18 PWR FAIL A "0" output indicates 5V or 12V is 

, under-voltage. This is an open 
transistor driving motor PH2 collector output with a 4.5kQ pull-up 

4 P3 Drives the external P-Channel to+5V 
transistor driving motor PH3 19 ENABLE E/A A "0" logic input enables the error 

5 VCC 12V power supply. Terminal which is amplifier and closes the Back-EMF 
sensed for power fail feedback loop (refer table 1) 

6 C(BRK) Capacitor which stores energy to 20 RC VCO loop filter components 
charge N-Channel MOSFETs for 21 I(LlMIT) Sets the threshold for the PWM 
braking with power off comparator 

7 R(BRK) External resistor to C(BRK) to drive 22 PH1 Motor Terminal 1 
NMOS during braking 

8 +5V 5V power supply input 
23 PH2 Motor Terminal 2 

9-11 N1, N2 N3 Drives the external N-channel 
24 PH3 Motor Terminal 3 

MOSFETs for PH 1, PH2, PH3 25 BRAKE A "0" activates the braking circuit 

12 COTA Compensation capacitor for linear 26 COS Timing capacitor to GND and resistor 
motor current amplifier loop to +5V, for fixed off-time PWM current 

13 I(CMD) Current Command for Linear Current 
control 

amplifier 27 DIS PWR A logic 0 on this pin turns off the N 

14 VCC2 12V power and power for the braking 
and P outputs and causes the TACH 
comparator output to appear on 

function TACH OUT 
15 Cvco Timing capacitor for VCO 28 GND Signal and Power Ground 
16 VCO/TACH/ Logic Output from VCO or TACH 

CMCLK comparator, or serves as an input pin 
for the commutation clock used in 
start-up sequencing 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 5,14) ........................................ 14V 
Output Current (pins 2, 3, 4, 9,10,11) ................. ±150mA 
Logic Inputs (pins 14, 17, lB, 25) .................... -0.3 to 7V 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ..................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) .................... 150°C 
Thermal Resistance (elA) ...................................... 60°C/W 

ELECTRICAL CHARACTERISTICS 

Ml4412 

OPERATING CONDITIONS 

Temperature Range ........................................ O°C to 70°C 
VCC Voltage + 12V (pin 14) ............................ 12V ± 10% 
+5V (pin B) ....................................................... 5V ± 10% 
I Control Voltage Range (pins 13, 21) ................. OV to 7V 

Unless otherwise specified, T A = Operating Temperature Range, VCC = VCC2 = 12Y, RSENSE = 1 n, COTA = Cvco = 0.01 ~F, 
Cos = 0.001 ~F, Ros = 10kn 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (VCO) Section 

Frequency vs. VPIN20 1 V!> VPIN20 !> 10V 300 HzN 

Frequency Vvco = 6V 1450 1 BOO 2150 Hz 

Reset mode 70 140 210 Hz 

Samphng Amplifier (note 1) 

VRC State R 400 500 600 mV 

IRC State A, VPH2 = 4V 30 50 70 ~ 
State A, VPH2 = 6V -13 2 13 ~ 
State A, VPH2 = BV -30 -50 -70 ~ 

Motor Current Control Section 

I(SENSE) Gain VPIN21 = 2.5V 4.5 5 5.5 VN 

One Shot off time 5 10 15 ~S 

I(CMD) Transconductance Gain 0.19 mmho 

I(CMD), I(UM) Bias Current VIN=O 0 -100 -400 nA 

Power Fall Detection Circuit 

12V Threshold 9.1 9.B 10.5 V 

Hysteresis 150 mV 

5V Threshold 3.B 4.25 4.5 V 

Hysteresis 70 mV 

logic Inputs 

Voltage High (VIH) 2 V 

Voltage Low (VIL) 0.8 V 

Current High (lIH) VIN = 2.7V -10 1 10 ~ 
Current Low (IlL) VIN = O.4V -500 -350 -200 ~ 
Brakmg CIrCUit 

Brake Active Threshold V 

PIN 25 Bias Current VPIN25 = OV 
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ML4412 

ELECTRICAL CHARACTERISTICS (Continued) 

Unless othervvise specified, T A = Operating Tempeiatui€ Range, vee = VeC2 = 12V, RSENSE = -j fJ, COTA = eveo = 0.01 )IF, 
Cos = 0.001 j.!F, Ros = 10kU 

PARAMETER CONDITIONS 

Outputs I(CMD) = I(LlMIT) = 2.5V 

Ip low Vp=2V 

Vp high Ip = -10j.!A 

P3 Comparator Threshold 

VN high VPINl =OV 

VN low IN= 1mA 

LOGIC low (VOL) lOUT = Oo4mA 

VCO/fACH VOH lOUT = 100j.!A 

POWER FAIL VOH lOUT = 1 0j.!A 

Supply Currents (N and P outputs open) 

5V Current 

VCC Current 

VCC2 Current 

Note 1. For explanation of states, see Figure 5 and Table 1. 

SUMMARY OF ENHANCEMENTS 
IN ML4412 OVER THE ML4411 
1. Lower power dissipation, 200mW versus 450mW in 

the ML4411. 

2. Accurate and customized start-up by using 
commutation clock provided by the microprocessor 
instead of relying on IRAMP as in the ML4411. 

3. True braking function which is biased by TaB, to 
allow braking block to work under a power loss 
situation. 

4. ML4412 adds hysteresis into braking comparator to 
accelerate the transition as soon as the (Vth) 
threshold is reached. 

5. ML4412 adds comparator to prevent the PMOS from 
coming "ON" when the braking is active. 

6. ML4412 adds active pull-up to the P output to 
rep/ace the resistor pull-up in ML4411. 

7. ML4412 enhances pull-down capability to the N 
output to prevent injected shoot through (only 3 mA 
intheML4411). 

8. ML4412 adds comparator to prevent P3 N3 shoot 
through during reset to state A transition. 

9. The one-shot accuracy in the ML4412 is improved 
over the ML4411 'so 

10. ML4412 adds a blanker circuit to one-shot to 
prevent it from false triggering which occurrs when 
large starting currents cause noise coupling to the 
chip. 

MIN TYP MAX I UNITS 

0.5 1.2 mA 

VCC2 -lV V 

VCC2 -3.6V VCC2 - 204V V 

VCC-3.2 10 VCC-1.2 V 

0.2 0.7 V 

0.5 V 

204 V 

VPINB-0.2 VPINB-0.1 VPINB V 

8 25 mA 

1 1.5 mA 

8 16 mA 

FUNCTIONAL DESCRIPTION 
The ML4412 provides closed-loop commutation for 3-
phase brushless motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML4412 is 
designed to drive extemal power transistors (N-channel 
sinking transistors and P-Channel sourcing transistors) 
directly. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal, phased-locked to the commutation 
frequency of the monitor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4412 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2 below) to determine whether to increase 
or decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 to discharge. Analog speed 
control loops can use Pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about SkU 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCe. 
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Figure 1. Back-EMF sensing block diagram 

o 60 120 180 240 300 o 

Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fyeo at Vyeo = 6V) is: 

2.42 X 10-6 
KYeO(MIN) = =..:.=.:.;...:..::;..... 

Cyeo 

Assuming that the VYeO(MAX) = 9.SV, then 

or 

'N e 
>-u 
~ 
:l 
g 
fl: 

3000 

2500 

2000 

1500 

1000 

Cyeo= 9.Sx2.42x1Q-6 
FMAX 

C - 460 F 
yeo - POLES x RPM ~ 

/ 
/ 

0.0". V 

/ o~ V" 

V / 
500 

~ o 
o 

~ 

6 8 10 

vvco (VOlTS) 

12 

Figure 3. VCO Output Frequency vs. Vvco (pin 20) 
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Ml4412 

Gm = 1.25 x 10-4 

Four ~--I vco 

Kvco(HZ/V) 

, , , 
I R : 

'4' 'Cl ' , , 
, C2' , , , , , -, ,----_':._-' 

Figure 4. Back EMF Phase lock loop Components 

Figure 4 above shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Gm amplifier with the loop 
filtered formed by R, C1, and C2. 

The impedance of the loop filter is 

ZRc(S) = ~ (s + COLEAD) 
C1s (s+ COLAcl 

Where the lead and lag frequencies are set by: 

1 
coLEAD = RC2 

C1+ C2 
COLAG=---

RC1C2 

Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between COLEAD = lOx COLAG produces the following 
calculations for R, C1, and C2: 

C 4.66x10-9 
1~ 

Cveo x Fyeo2 

R= 12.54 
C2 xFyeo 

START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained. The following steps are a typical 
procedure for starting a motor which is at rest. It is 
possible to determine if the motor is running by 
polling the VCO!rACH OUT pin with power disabled 
(Pin 27 = low). 

STEP 1 The IC is held in reset state until the platters are 
steady by setting pin 17 and pin 19 to a '1', with 
full power applied to the winding (see figure 5). 
This aligns the rotor to a position which is 30° 
(electrical) before the center of the first 
commutation state. Pin 20 is held at 0.5V 
internally. Microprocessor needs to measure 
VCO frequency by setting pin 27 to a '1' and 
then store it. 

STEP 2 Setting pin 17 to a '0' and pin 19 to a '1' holds 
the IC in a ramping state. Microprocessor sends 
starting commutation clock to pin 16 which is 
an input pin in this state. This clock frequency is 
gradually increasing until it reaches the veo 
frequency previously stored in Step 1. 

STEP 3 As soon as commutation clock reaches the veo 
frequency of Step 1, pin 19 is switched to "0" 
while pin 17 remains '0'. Now the PLL is closed 
and the VCO is locked to the Back EMF. Pin 16 
becomes an output pin. Thus the commutation 
clock from the microprocessor should be held in 
tri-state. 
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Table 1 Commutation, Braking and PLL States 

STATE 

RORO 

A 

B 

C 

D 

E 

F 

STATE 

RESET 

RAMP 

RUN 

BRAKE 

C(VCO) 

VCOOUT 

COMMCLK 

ENABLE EA 

RESET 

OVERALL STATE 

COMMUTATOR 
STATE 

OUTPUTS INPUT 
Nl N2 N3 Pl P2 P3 SAMPLING 

OFF ON OFF ON OFF ON N/A 

OFF OFF ON ON OFF OFF PH2 

OFF OFF ON OFF ON OFF PHl 

ON OFF OFF OFF ON OFF PH3 

ON , OFF OFF OFF OFF ON PH2 

OFF ON OFF OFF OFF ON PH1 

OFF ON OFF ON OFF OFF PH3 

ENABLE RESET PIN20 (RC) VCO COMMUTATOR 
E/A 

1 1 O.SV RUNNING IN RESET STATE 
PER VPIN20 

1 0 O.SV PRESET CLOCKED FROM 
COMMUTATION CLOCK 

0 0 DRIVEN BY RUNNING SEQUENCED BY 
PLL PER VPIN20 VCO 

0 1 X X X 

~ 
~---~~ 

--~------------~ __ ~r~ 
: I ':-~ ____ _ 

I I I 

~r=====::=====~I~[ ====jS;S~==~:~~=== RUN :"' .... f__----RESET .. : .: RAMP .. I. RUN--
I I 
''"'''.f__----R-------l .. ~:: ..... f__---ANY STATE A THROUGH F----.. ~ 

Figure 5. Start up sequencing (from stop) 
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ML4412 
RESETI 
ALIGN 

PI, P3, N20N 

I 
I 
I 
I 
I 
I 
I 
I 

OPEN-LOOP 
(STEPPING) 

CLOSED LOOP 

------------r------------
o ~-----+' __ .~_~_:_:._:_:_::_:-:._::_~+ . __ . __ . _ 

I 
I 

Figure 6_ Typical Start-up Sequence 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the nLlmber of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

TABLE 2. START-UP SEQUENCE 

PIN PIN PIN I(LlMIT) 
STEP 17 19 21 I(CMD) 

1 1 1 FIXED IMAX 

2 0 1 FIXED 'MAX 

3 0 0 0 IMAX 

PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4412 includes two 
current control loops - linear and PWM (fig. 7). The 
linear control loop senses the motor current on the 
I(SENSE) terminal through RSENSE. An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFET's. 

The ML4412 also includes a current mode constant off
time PWM circuit. When motor current builds to the 
threshold set on l(lIMIT) input (pin 21), a one-shot is fired 
whose timing is set by Cos and Ros where 

tOFF = 1 .3 x Ros x Cos 

The current in the motor will be controlled by the lower 
of pin 13 and pin 21. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between I(CMD) and I(SENSE). The transconductance gain 
of A2 is: 

gm =1.875x10-4V 

The current loop is compensated by COTA which forms a 
pole given by 

9.375 x 1 0-4 

COTA 
(Op 

This time constant should be fast enough so that the 
current loop settles in less than 10% of T veo at the 
highest motor speed to avoid torque ripple to VTH 
mismatch of the N-Channel MOSFET's. 

The I(SENSE) input pin should be kept below 1 V. If 
I(SENSE) goes above 1 V, a bias current of about -3001lA 
will flow out of pin 1 and the N outputs will be inhibited. 
Bringing I(SENSE) below O.7V returns the bias current to 
its normal level For this reason, the noise filter resistor on 
the I(SENSE) pin (1 kn on Figure 8) should be less than 
1.Skn. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
I(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (P1 thru P3) are NPN emitter 
followers. N3 is inhibited until P3 is within 3V (typ) of 
VCC2. Drivers Nl through N3 are totem-pole outputs 
capable of sinking 10mA. Switching noise in the external 
MOSFETs is reduced by an internal 4Kn resistor in series 
with the sourcing NPN to form an RC time constant with 
the N-Channel gate capacitance. 

BRAKING 

As shown in Figure 7 the braking circuit pulls the N
channel MOSFET Gates high when the BRAKE pin falls 
below a 2 x Vbe threshold (Vth). After a power failure, 
C(DLY) is discharged slowly through R(DLY) providing a 
delay for retract to occur before the braking circuit is 
activated. The P-channel MOSFETs are turned off well 
before braking occurs. As soon as the vth threshold is 
reached, the braking comparator with hysteresis will 
accelerate the transition and tri-state the N-channel buffer 
(B 1, refer figure 7) before C(BRK) dump charges into the 
N-channel Gates. This is to ensure that no charge from 
C(BRK) is lost through the pull-down transistors in B1, 
(figure 7). The C(BRK) will continue charging the N
channel Gates, to ensure braking, even when VCC2 
(motor BEMF rectified through the MOSFET body diode), 
drops due to the braking process. An external signal could 
be used to brake the motor. To accomplish this set pin 17 
= '1', pin 19 = '0'. This will pull pin 26 below the 
threshold to activate the braking circuit. 
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VCC2-3V 

27 i5iSPWR 

POWER FAIL) 

21 I(LlMIT) 
ONE 

SHOT 

Ml4412 

Figure 7. PWM and Linear Current Control, Gate Drive and Braking Circuits 

APPLICATIONS 

Figure 8 shows a typical application of the ML4412 in a 
hard disk drive spindle control. The timing needed to start 
the motor in most applications would be generated by a 
microcontroller. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontroller and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 

2. Using analog circuitry for speed control. (Fig. 9) 

OUTPUT STAGE HINTS 

In the circuit in Figure 8, Q1, Q2 and Q3 are IRFR9024 or 
equivalent. Q4, Q5 and Q6 are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 

packages, however have much lower thermal inertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross conduction is the condition where an N-FET 
and P-FET in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see Figure 10): 

1. When transitioning from mode 0 to mode A (see 
table 1) P3 goes from on to off at the same time N3 
goes from off to on. If P3 turns off slowly and N3 turns 
on quickly, cross conduction may occur. This 
condition has been prevented inside the IC on the 
ML4412 through the addition of comparator A6 on 
the P3 output (Fig. 7). 
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ML4412 
2. When the MOSFET in the same phase switches on 

gate current flows due to capacative coupling of 
current through the ;\,10SFET's dia;ii to gate 
capacitance. This could cause the MOSFET that was 
off to be turned on. 

3. In condition 2 above, the P-channel MOSFET is 
pulled up inside the Ml4412 by a NPN follower with 
base pulled up to VCC2 via 16m. If the current 
through Cdgp is greater than the VthpMOs/16KQlBeta 
NPN, when the N-FET turns ON, the P-FET could be 
turned ON simultaneously, causing cross-conduction. 
The same mechanism can be applied to N-FET when 

lNS819 

P-FET is turned ON. The Ml4412 is designed to 
take care of both the cases through slow turn-on, fast 
iurn-off schemes ie P-FET Gate is puiied down by an 
8001lA current source and the N-FET Gate is charged 
up by an emitter follower in series with 4Kn. 

Figure 10 shows the output stages and the potential causes 
of cross-conduction. The diode D1 shown, may be 
needed for high power applications to limit the negative 
current pulled (through Cdgn) out of the substrate diode in 
the Ml4412 when P-FET turns off. 

VCC2 
+12V~~--~~--~~~------~--------------------4r-----4r-4r--------' 

Q2 Q3 

JOVCC 

QS Q6 

0.5 
SK SK 

I(CMD) 

R(BRK) ,----," vv, 
~-----, 

: : 
I 

ENABLEE/A S10K: ij I I I 

~~----~--~~: : 
: -: ____ :._1 

< ENABLE ERROR AMP 

< RESET (FROM MICRO) 

> POWER FAIL TO MICRO 

> VCOOUJ 

< DISABLE POWER 

Figure 8. ML4412 Typical Application 
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ML4412 )>--I4I------l 
PIN 20 

SYMBOL VALUE 

Al LM358 

ICl 74HC14 

Dl, D2 IN4148 

Rl lMO 

R2 lMO 

R3 100KO 

SYMBOL 

R4 

R5 

R6 

Cl 

C2 

C3 

TOML4412 
PIN 13 

VALUE 

100KO 

50KO 

50KO 

3.3l!F 

3.3l!F 

O.47l!F 

ML4412 

Figure 10. Causes of Cross-conduction 

Figure 9. Analog Speed Control 

10K 

10K 10K 

2x(+V) 

I(CMO) 

1(L1MIT) 

PH3 

PH2 

PHI 

R(BRK) 

RC 

ENABLE E/A 

PWR FAIL 

RESET 

VCO/T ACH OUT / 
COMMCLK 

Figure 11. Ml4412 Unipolar Drive Application 
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ML4412 
UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors 
to drive the motor. The Ml4412 will operate in unipolar 
mode (Figure 11) provided the following precautions are 
taken: 

1. The IC supplies should not exceed 12V + 10%. 

2. The phase pins on the IC should not exceed the 
supply voltage. 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

VCI>(MAX) = VSUPPLY (MAX) + VEMF (MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to VSUPPLY' This energy must be clamped, 
however, to avoid an over-voltage condition on the 
MOSFE"~s and other components. Typically, a V(ClAMP) 
~oltag~ IS created to provide the clamping voltage. The 
mductlve energy may either be dissipated (Figure 12) or 
alternately efficiently regenerated back to the system 
supply (Figure 13). 

The circuit in Figure 11 is designed to minimize the 
external components necessary, at some compromise to 
performance. The 3 resistors from the motor phase 

Figure 12. Dissipative Clamping Technique 

windings to the PH inputs work with the Ml4412's SKQ 
internal resistance to ground to divide the motor's phase 
voltage down, providing input signais that do not exceed 
12V. This circuit uses analog speed regulation. The "one 
shot" circuitry to time the reset is replaced by a diode and 
RC delay from the rising edge or the POWERFAll signal. 
The error amplifier is left enabled continuously since at 
low speeds its current contribution is negligible. The 
current injected into the loop filter must be greater than 
the leakage current from the phase detector amplifier for 
the motor to start reliably. 

HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding Ml4412 voltage limitations as were outlined for 
Uni~olar drive above should be followed. Figures 14-16 
provide several methods of translating the Ml4412's P 
outputs to drive a higher voltage. 

V(CLAMP) = +24V 

BATT~~~ f------<.-+--~ 

Figure 13. Non-Dissipative Clamping Technique 
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r-------I 
1 1 
1 1 
1 
1 ML4412 P 
1 
1 
1 
1 1 1 _______ 1 

+V 

1-------1 
1 1 
1 1 

I ML4412 P 
1 
1 1 
1 1 
1 1 1_-_____ 1 

ML4412 

Figure 14. High Voltage Translation using PNP 
Power Transistor 

Figure 15. High Voltage Translation using "Composite" 
PNP Power Transistor 

r-------I 
1 1 
1 1 
1 
1 ML4412 
1 

I 
1 1 1 _______ 1 

Figure 16. High Voltage Translation with NPN 
Darlingtion 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE 

ML4412CS O°C to+70°C 

'Micro Linear 
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PACKAGE 

28-PIN SOIC (S28W) 
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November 1990 
PRELIMINARY 

ML4415, ML4415R 
ML4416, ML4416R 

15 Channel Read/Write Circuit 

GENERAL DESCRIPTION 
The ML4415, ML4416 devices are bipolar monolithic 
read/write circuits designed for use with fixed disk 
ferrite center-tapped recording heads. They provide a 
low noise read path, write current control, and data 
protection circuitry for all channels. 

These multiplexed read/write data channels exhibit 
features not found in similar read/write circuits such as 
improved write current stability and elimination of 
write current "glitches" during power up. 

The ML4416 has fourteen read/write data channels and 
a chip select pin. The chip select pin allows additional 
read/write circuits in the system by enabling or 
disabling a particular chip. The ML4415 has fifteen 
read/write data channels and no chip select pin. 

The ML4415R and ML4416R versions include on-chip 
damping resistors. 

BLOCK DIAGRAM 
VDD VccGNO WUS 

r r 1 

FEATURES 
• Write current disable during power up 
• Enhanced write current stability 
• Designed for center-tapped ferrite heads 
• ML4415 provides 15 read/write channels 
• ML4416 - easily multiplexed for larger systems 
• Includes write unsafe detection 
• TTL compatible control signals 
• Programmable write current source 
• +5V, +12V power supplies 

R/W f~~~~------~rt========~----~--------lt==H~ HOY 
HIX 

5-132 

FOX C>------t------;;,C _1---+--------:;;" 

FOY C>------t------~ ... I_--_t_-------"""" 

WDI o-----<t!.T __ -' 

• ML441& ONLY 
** ML4415 ONlY 
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H2X 
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H4Y 
H5X 
HSY 
H6X 
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H8X 
H8Y 
H9X 
H9Y 
Hl0X 
Hl0Y 
HllX 
HllY 
Hl2X 
H12Y 
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H13Y 
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ML4415, ML4415R, ML4416, ML4416R 

PIN CONNECfIONS· 

ML4415CQ, ML4415RCQ 
44-Pin PCC . 

H4X H3X HlX HIX HOX 
H4Y I H3Y I H2Y I HlY I HOY I GNO 

& 5 4 3 2 1 ~ ~ ~ ~ ~ 

lOP VIEW 

PIN DESCRIPTION 
NAME FUNCTION 

RIW 

we 
ROY 

ROX 

H50 

HSI 

HS2 

HS3 

WDI 

WUS 

HSO-HS3 Head Select (14 heads for the ML4416, 
and 15 heads for Ml4415). 

CS Chip Select (low level enables, Ml4416 
only) 

RIW ReadlWrite (high level select Read 
Mode) 

WUS Write Unsafe, open collector output 
(high level indicates an unsafe writing 
condition) 

WDI Write Data In (negative transition 
toggles head current direction) 

ML4416CQ, ML4416RCQ 
44-Pin PCC 

H4X H3X HlX HIX HOX 
H4Y I H3Y I H2Y I H1Y I HOY I GNO 

& S 4 3 2 1 ~ 43 ~ 41 ~ 

cs 
RIW 

WC 

ROY 

lOX 

H50 

HSI 

HOY HS2 

HS3 

H9Y Vee 

HIOX WOI 

18 19 20 21 22 23 24 2S 2& 27 28 

H10Y I Hl1Y I H12Y I HI3Y Vcr I WUS 
Hl1X HllX HI3X NC Voo 

lOP VIEW 

NAME FUNCTION 

• HOX-H14X X head connections 

HOY-H14Y 

RDX, RDY 

WC 

Vcr 

Vee 

VDD 
GND 

Y head connections 

X, Y Read Data (differential read signal out) 

Write Current (used to set the write 
current magnitude) 

Voltage Center Tap (center tap voltage 
source) 

+5 volts 

+12 volts 

Ground 
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ML4415, ML4415R, ML4416, ML4416R 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
Vool ................................. -0.3 to 14Voe Vool .................................... 12V±10% 
Vo02 ................................. -0.3to14Voc Vee ...................................... 5V±10% 
Vee ................... · ............... -0.3t06Voc Head Inductance 

Input Voltage Range 
Digital Inputs (CS, RiW, HS, WDI) ... -0.3 to Vec +O.3Voc 
Head Ports ........................ -0.3 to Voo1 +O.3Voc 

LH .............................................. 5 to 15pH 
Damping Resistor (Ro, ML4415R or ML4416R) .. 500 to 20000 
RCT Resistor (1/4 Watt) ......................... 120Q ± 5% 

Write Unsafe (WUS) ....................... -0.3 to 14Voc Write Current (lw) ............................ 10to40mA 
WriteCurrent(lw) ................................ 60mA 
Output Current 

Read Data (RDX, ROY) ......................... -10mA 
Center Tap Current (lcr) ........................ -60mA 
Write Unsafe (WUS) ............................. 12mA 

Storage Temperature ...................... -65°C to 150°C 
Junction Temperature (TJ) •••••••••••••••••.••••••.• 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified Vool=Vo02=12V±10%, Vcc=5V±10%, Rcr=120Q ±5%, Iw=40mA, O°C~TA.;;;?O°C 
(Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 
POWER SUPPLY 
Icc Vcc Supply Current Read or Idle Mode 31 35 mA 

Write Mode 26 30 mA 

100 Voo Supply Current Read Mode 29 35 mA 

Write Mode 17+lw 20+lw mA 

Idle Mode 17 20 mA 

Po Power Dissipation Read Mode 550 655 mW 

Write Mode Iw -40 mA, 890 960 mW 
Rcr=OQ 

Idle Mode 378 455 mW 

DIGITAL INPUTS (CS, R/W, HS, WDI) 
VIH High Voltage 2 Voc 

VIL lDwVoltage O.B Voc 

IIH High Current VIH=2.0V 100 JAA 
IlL lDwCurrent VIL-O.BV -0.4 mA 

VOL Output lDw Voltage IOL -BmA (Safe) Voc 

IOH Output High Current VoH =5V (Unsafe) JAA 
CENTER TAP VOLTAGES 
Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 
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Ml4415, Ml4415R, Ml4416, Ml4416R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1 = 12V ± 10%, Vee = 5V ± 10%, Rcr = 1200 ± 5%, Iw = 35mA, LH = 10pH, 
RD = 7500 (ML4415, ML4416), fDATA = 5MHz, C l (RDX, RDY) :S 20pF, O°C :S T A :S 70°C (Notes 2 and 3) 
(VIN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 
IHCW Head Current (per side) Write Mode -200 0.15 200 "A 

0~Vee~3.7V 
0~VDD1~8.7V 

IWR Write Current Range Iw=K/Rwe 10 40 mA 

K Write Current Constant 2.375 2.5 2.625 

VHD Differential Head Voltage Swing 7.0 10.2 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 8.8 15 pF 

ROD Differential Output Resistance ML4415, 4416 10k Q 

TJ = 25°C ML4415R, 4416R 600 960 Q 

fWDI WDI Transition Frequency WUS=Low 250 490 kHz 

AI Iwe to Head Current Gain 0.99 mA/mA 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 "A 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN = 1 mVp.p@300kHz, 85 106 115 VIV 
RL (RDX, RDY) = 1 kQ 

DR Dynamic Range DC Input Voltage (W Where Gain Falls 10%, -3 ±7 +3 mV 
VIN = VI +0.5 mV p.p@ 300 kHz 

BW Bandwidth (-3dB) IZsl<5Q,VIN= 1 mVp.p 30 40 MHz 

e'N Input Noise Voltage BW=15MHz, LH=O, RH=O 1.2 1.5 nV! \!Hz 
CIN Differential Input Capacitance f=5MHz 14 20 pF 

RIN Differential Input Resistance f = 5MHz, TJ = 25°C ML4415, 4416 2k 15K Q 

VIN = 6mVp_p ML4415R, 4416R 460 860 Q 

IHCR Head Current (per side) Read or Idle Mode -200 200 "A 
0~Vec~5.5V 
0~VDD1~13.2V 

liN Input Bias Current (1 side) 8.5 45 ,..A 
CMRR Common-Mode Rejection Ratio VeM=VCT+100mVp.p@f=5MHz 50 77 dB 

PSRR Power Supply Rejection Ratio l00mVp.p@5MHzonVDD1, VDal, or Vee 45 dB 

CS Channel Separation Unselected Channels: 45 57 dB 
VIN = 100 mV p.p@ 5 MHz 
and Selected Chan nel: 
VIN=OmVp.p 

Vos Output Offset Voltage Read Mode -460 ±29 +460 mV 

Write or Idle Mode -20 ±1 +20 mV 

VOCM Common·Mode Output Voltage Read Mode 4.5 5.5 6.5 V 

Write or Idle Mode 5.6 V 

RoUT Single-Ended Output Resistan<.e f=5MHz 30 Q 

IL Leakage Current, RDX, ROY (RDX, ROY) = 6 V Write or Idle Mode -100 ±15 100 ,..A 

10 Output Current AC Coupled Load, RDX to ROY ±2.1 ±2.7 mA 
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ML4415, ML4415R, ML4416t ML4416R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless othelWise specified VDD1 = 12V ± 10%, Vee = 5V ± 10%, Rcr = 1200 ± 5%, Iw = 35mA, lH = 10JlH, 
RD = 7500 (Ml4415, Ml4416), fDATA = 5MHz, ooe :s: TA:S: 700e (Notes 2 and 3) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output .105 1 I's 

tWR R/W to Read Switching Delay To 90% of 100 m\/, lOMHz Read Signal .036 1 I's 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of .165 1 I's 
or 100m\/, 10MHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of 100m\/, 10MHz Read .084 1 I's 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100m\/, 10MHz Read Signal .045 1 I's 
Envelope 

tDl Safe to Unsafe Iw=35mA 1.6 3.9 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw=35mA .387 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current lH=O, RH=O From 50% points 23 25 ns 

Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise / Fall 0.9 2 ns 
Time 

Rise/Fall Head Current 10% and 90% Points 5 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (TJ) should not exceed 135°C. 

TIMING DIAGRAM 

WDi 

WUS 

HEAD 
CURRENT 

IX,IY 
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Write Mode Timing Diagram 
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ML4415, ML4415R, ML4416, ML4416R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the ML441S/4416 functions as a 
read amplifier when in the Read mode, or as a write 
current switch when in the Write mode. Pins HSO, HS1 
and HS2 determine head selection while pin RIW 
controls the Read/Write mode. A detected "write
unsafe" condition is indicated by pin WUS. 

READ MODE 
When the ML441S, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY proVide differential 
emitter follower outputs which are in phase with the 
X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 

WRITE MODE 
The ML441S, 4416 operates as a write-current switch 
when in the Write mode. Write current magnitude is 
determined by the following relationship: 

Iw = KlRwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC 
and GND. 

The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the ML441S, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
initialized to pass write current through the X-side of 
the head. 

The ML441S, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. Also, 
write current "glitches" during power-up, common in 
similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following unsafe write conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML441S, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power-up. 

Table 1. 

HS3 HS2 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

• Ml4415 only 
o • logic level low 
1 = logic level High 
X = Don't Care 

Table 2. 

CS** 

0 

0 

1 

.. Ml4416 only 
o = logic level low 
1 s Logic Level High 
X = Don't Care 

'Micro Linear 

Head Select 

HS1 HSO HEAD 

0 0 HO 

0 1 H1 

1 0 H2 

1 1 H3 

0 0 H4 

0 1 HS 

1 0 H6 

1 1 H7 

0 0 H8 

0 1 H9 

1 0 H10 

1 1 H11 

0 0 H12 

0 1 H13 

1 0 H14* 

Mode Select 

R/W MODE 

0 Write 

1 Read 

X Idle 
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ML4415, ML4415R, ML4416, ML4416R 

TYPICAL APPLICATION 

+5V +12V 

2K RoO) 

Vee VODl VDn.! 

r:M::I:C:RO:P::R::O::C::E::SSO::R~-l----l WUS 

AND 1----+1 R/W 
CONTROL LOGIC G* 

L-____ -+-I HSO 

L---------t.J HSI 

L----------t.J HS2 
L-________ I HS3 

* ML4416 ONLY 

WRITE DATA INPUT ------+-1 WDI 

ML4415 
ML4415R 
ML4416 

ML4416R 

• • • 

READ DATA OUTPUT 
RDX 

RDY 
HNXI-..-+...., 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect V 001 to V 002). 
RCT (112 Watt) - 120 (40/lw) ohms 
where Iw = Write Current, in rnA 

2. Ferrite head optional: used to suppress write current overshoot 
and ringing. Recommend Ferro.cube 3659065/4A6. 

3. RDX and ROY load capacitance 20pF maximum. RDX and ROY 
output current must be limited to 100pA. 

4. Damping resistors not required on ML4415R, 4416R. 

WC GND HNY I-...... -.-J 

5-138 'Micro Linear 
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HI 

H2 

HN 
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ML4415, ML4415R, ML4416, ML4416R 

ORDERING INFORMATION 

PART NUMBER PACKAGE NUMBER OF CHANNELS 

ML4415CQ MOLDED PCC (Q44) 15 
ML4415RCQ MOLDED PCC (Q44) 15 

ML4416CQ MOLDED PCC (Q44) 14 with CS 
ML4416RCQ MOLDED PCC (Q44) 14 with CS 

'Micro Linear 5-139 
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PRELIMINARY 

ML4417/ ML4427 

Zoned Bit Recording Circuit 

GENERAL DESCRIPTION 
The NIL4417/27 is a bipolar monolithic integrated 
circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 

The ML4417/27 also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL (1, 7) coding for improved storage density. 

In addition, the ML4417127 includes two uncommitted 
ECL to TIL level translators to simplify interfacing with 
TIL-based systems. The ML4417127 is designed for 
oE-eration from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 

The ML4417 has TIL-compatible logic input levels on 
the charge pump, and the ML4427 has a charge pump 
control input, which, when driven by a CMOS tri-state 
output, eliminates one logic interface line to the 
circuit. 

BLOCK DIAGRAM 
va (S OR 12V) 

ECLlNl _1"'S+-_______ --I 

ECLlN2...!...7+-_______ --I 

QIN2' 

QINI 

INC 

Q PUMP 

DEC 

LOOPFLTR (FINE, V3) --"-j-~----<lo-j 

VREf .. 
VC2/2 

KF2 • 1 (VC2 > vcc + 4V) 

FEATURES 
• Wide VCO Range (3:1 Range to 95 MHz) 
• Allows RLL (1, 7) or (2, 7) Encoding 
• SO-16 (Narrow) Packaging 
• Coarse and Fine VCO Control Inputs 
•. Two Uncommitted ECL to TIL Converters 
• 12Y, 5V or Single 5V Operation 

vcc (SV) 

12 

1-______ +9_ TTLOUTl 

1-______ + 8_ TTLOUT2 

1-_-----t'I-OSCTP (ECl) 

16 CODEClK (ECl) 

10 INTClK (TTL) 

KF2 • 2.S (VC2 < Vcc + 2V) 
INTCAP (CO<\RSE, V2) -=.21::::::=========----,.J-_,,+ ____ -::r __ J 

14 13 11 

• CHARGE PUMP INPUT LOGIC LEVELS: 
ML4417 - TTL COMPATIBLE, ML4427 - CMOS TRI·SWE 

VCt CAPA GND 
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PIN CONNECTIONS 

ML4417, ML4427 
SOIC-16 (Narrow) Package 

osap 
INTCAP (COARSE) 

LOOPFLTR (FINE) 

Vo (5 TO 12V) 

QIN2 

QINI 

ECLlN2 

TTlOUT2 

TOP VIEW 

PIN DESCRIPTION 
PIN NO. NAME 

OSCTP (ECl) 

2 INTCAP (COARSE) 

3 lOOPFLTR (FINE) 

4 VC2 

5 QIN2 

6 QINl 

CODECLK (ECL) 

ECLlNI 

Vo 

CAPA 

Vee (5V) 

GND 

INTCLK (ilL) 

TTLOUTl 

FUNCTION 

Oscillator Test Point. An 
ECl output of the VCO 
that is useful for direct 
evaluation of the VCO 
output. 

The coarse input for the 
loop filter time constant 
setting. 

The fine input for loop 
filter time constant setting. 

Analog power supply 
input, nominal 5V or 12Y. 

Increment input on the 
charge pump. This input 
is TTL-compatible on the 
Ml4417. On the Ml4427; 
it can be connected, 
along with pin 6, to a 
single CMOS tri-state 
output, eliminating one 
pin on the controlling 
gate array. (Active high) 

Decrement input on the 
charge pump. (Active low) 

PIN NO. 

15,7 

9,8 

10 

11 

12 

13 

14 

16 

Ml4417, Ml4427 

ML4417, ML4427 
PDIP-16 Package 
(Prototypes Only) 

osap 1 16 CODECLK (ECL) 

INTCAP (COARSE) 2 

LOOPFLTR (FINE) 3 

Ve2 (5 TO 12V) 4 

ECLlN2 7 

NAME FUNCTION 

ECUN1,2 ECL inputs for ECl to 
TTL level translators. 

TTlOUT1,2 TTL outputs for ECl to 
TTL level translators. 

INTClK (TTL) Interface clock output. 
This output is a TTL 
output at one third of 
the VCO frequency. 

GND Ground. 

Vcc (5V) logic power supply 
input, nominally 5Y. 

CAPA VCO capacitor 
connection. This 
capacitor determines the 
nominal VCO frequency. 

VC1 VC1 should be 
connected to a well-
regulated 5V ± 5% supply. 

CODEClK (ECl) The code clock output. 
This is an ECl output at 
half the VCO frequency. 

'Micro Linear 5-141 



ML4417, ML4427 

ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage Range 

Vel .............................. -0.3 to Vee + .3 VDC 
V C2 . • • . • • • • . • • • • . . . . • . . • . • • • • • • • • • . • . . .• -0.3 to 14 VDC 
Vee ...................•.................. -0.3 to 6 VDC 

Digital Inputs 
ECLlN1,2 ........................... -0.3 to Vee + O.3V 
QIN1,2 ............................. -0.3 to Vee + O.3V 

Analog Inputs 
LOOPFLTR, INTCAP ................ -0.3 to Ve2 + 0.3V 
CAPA ....................•...... . . .. -0.3 to V 0 + O.3V 

Digital Outputs 
TTLOUT1, 2, OSCTp, 
CODECLK, INTCLK ................ -0.3 to Vee + O.3V 

ELECTRICAL CHARACTERISTICS 

lYPICAL OPERATING CONDITIONS 
Temperature Range ........................ O°C to .. 70°C 
Analog Supply Voltage (Val" ............•...... 5 or 12V 
Digital Supply Voltage (Ved ........................... 5V 
Vo ...................................................... 5V 

• This supply voltage is designed for 5V or 12V operation. This data 
sheet specifies the ML4417/4427 for 12V operation. For 5V 
specification, please contact Micro Linear. 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages are referenced to GND.) 

Unless otherwise specified, Ve2 = 12V ± 10%, Vee = 5V ± 5%, Vel = 5V ± 5%, TA = 25°C. 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX I UNITS 

Power Supply 

Icc Vcc Supply Current(l) Pin 12 90.0 rnA 

ICl VCl Supply Current Pin 14 11.0 rnA 

IC2 Va Supply Current Pin 4 4.5 rnA 

Digital Inputs 

VIH (ECL) High Voltage ECl Input Pin 15, Vcc - 5V 4.0 V 

Vll (ECl) low Voltage ECl Input Pin 15, Vcc - 5V 3.6 V 

IIH (ECl) High Current ECl Input Pin 15, Vcc = 5V 1250 p.A 

III (ECl) low Current ECl Input Pin 15, Vcc = 5V 625 1000 p.A 

Digital Outputs (ECl are Open Emitter) 

VOH (TTL) High Voltage TIL Output IOH = -O.4mA TIL OUT1,2,3 3.75 V 

VOl (TTL) low Voltage TIL Output 1m = 1.6mA Pins 8, 9, 10, Vcc = 5V 0.50 V 

VOH (ECl) High Voltage ECl Output IOH = -4mA ECl Code ClK 4.05 4.22 4.30 V 

VOl (ECl) low Voltage ECl Output 1m = -4mA Pin 16, VCC = 5V 2.80 3.22 3.55 V 

Voltage Controlled Oscillator (YCO) (Transfer Function Pin 2 to Pin 1 - 7.5MHz/VoIt @ 10pF) 

fvco VCO Range Cose = 10pF Pin 14 to Pin 13 20-95 MHz 
(Pin 2 = 1V to 11V, Pin 3 = 6V) 
(Pin 14 = V cel 

Charge Pump 

IQ Charge Pump Current Pin 3 ±125 p.A 

VQH Charge Pump Maximum Voltage Pin 3 Vc2-1V V 

VQl Charge Pump Minimum Voltage Pin 3 1.0 V 

INC, DEC Inputs 

VIH High Voltage Input Pin 6, Vcc = 5V 1.9 Vcc V 

Vll low Voltage Input Pin 6 0 0.8 V 

VIH High Voltage Input Pin 5 (Ml4417), Vcc - 5V 1.9 Vcc V 

Vll low Voltage Input Pin 5 (Ml4417) 0 0.8 V 

Note 1: This value includes current consumed in 1 KCl terminating resistors from pins 1 and 16 to ground. 
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ML4417, ML4427 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, Ve2 = 12V ± 10%, Vee = 5V ± 5%, Vel = 5V ± 5%, TA = 25°C. 

SYMBOL [ PARAMETER CONDITIONS [ MIN lYP MAX [ UNITS 

INC, DEC Inputs (Continued) 

V IH High Voltage Input Pin 5 (ML4427) see figure 2, Vee = 5V 4.2 

VIL Low Voltage Input Pin 5 (ML4427) see figure 2, Vee = 5V 0 

IIH High Current Input Pin 6, VIN = 1.9V -5.0 

IlL Low Current Input Pin 6, VIN = OV -25 

IIH High Current Input Pin 5 (ML4417), VIN = 5V +30 

IlL Low Current Input Pin 5 (ML4417), VIN = 0 - 0.9V -25 

IIH High Current Input Pin 5 (ML4427), VIN = 5V +1.0 

IlL Low Current Input Pin 5 (ML4427), VIN = 3.1V -0.1 

ECl Input 2 (Pin 7) at 25°C, 5MHz < fiN < 35MHz, 40% < Duty Cycle < 60% (If Unused, Pin 7 = Veo 

VIH High Voltage Input 

VIL Low Voltage Input 

VA Voltage Swing 

liN Input Current 

Transconductance Amplifier 

VREFI Inverting Input of Amplifier 

GM Transconductance 

ISAT Limiting Value of Output Current 

VC2 (5 OR 12VI 

Vee = 5V 

Vee = 5V 

VIH - VII, Vee = 5V 

DC Bias Value 

AI (Pin 2) .;- AV (Pin 3) 

Pin 2 

Vcc (5VI 

12 

3.0 

2.5 

.5 

5.0 

3.1 

+1.0 

-1,9 

+200 

+40 

+20 

+7.0 

4.2 5.1 

3.4 4.6 

2.0 

35 

Ve2/2 

27.5 

±120 

ECLlN1 _1"'5+-________ -1 !--------ifc09-TTLOUTl 

ECLlN2--'..7+-----------l 1--_____ -!!-"U'-TTLOUT2 

QIN2' 5 INC 

QPUMP 1-..--------+'-- OSCTP (ECLI 
QIN1 DEC 

16 eODECLK (ECLI 

10 INTCLK (lTLI 

KF2 • 1 lYe> > Vcc • 4V) 
V,N. 2 KF2 • 2.5 IYC2 < Vcc • 2V) 

+5V 
, CHARGE PUMP INPUT LOGIC LEVELS: 

ML4417 - TTL COMPATIBLE, ML4427 - CMOS TRI·STATE 
Vet 

Figure 1. lYPical Passive Component Connections 

'Micro Linear 

V 

V 

/lA 

/lA 

pA 

pA 

/lA 

/lA 

V 

V 

V 

pA 

V 

/lmho 

/lA 
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ML4417, ML4427 

CMOS TRI·STME 
LOGIC OUTPUT 

sv , 

vee 

Q PUMP 

ML4427 

Figure 2. 

The ML4427 version has an input on pin 5 that allows a 
single-line control interface on the charge pump. By 
connecting pinS 5 and b together, the charge pump can 
be controlled from a single CMOS tri-state output as 
follows: HI = increment, LO = decrement, tri-state = 
coast. The benefit is a savings of one output pin on a 
control gate array. A resistive termination to V cel2 is 
required to establish the logic level during tri-state, as 
shown. 

TYPICAL PERFORMANCE CHARAOERISTICS 

5-144 

veo 
-- (MHz) vs. V1NT 

2 
Vo = 5V 

(5V-Only Operation) 

veo 
-- (MHz) vs. VINT 

2 
Vo = 12V 

100 

PIN 16 OUTPUT 

VCO FREQUENCY 50 
2 40 

(MHz) 30 

CONDITIONS: 

VC2 • S\I, VFLT' Vi' SEE FIGURE 1 

case = 10pF 

/ 

/ V/ case = 20pF 

100 

PIN 16 OUTPUT 

VCO FREQUENCY 50 
2 40 

(MHz) 30 

20 

10 
o 

20 

"V/ 
V ____ 

case = 40pF 

10 
o 

V,NT (VOLTS) 

CONDITIONS: 

Vo = 12\1, VFLT = vi' SEE FIGURE 1 

Casc=10pF-

/' ./ 

/ / 
V 

/' V/ C--I----""" 

6 

V,NT (VOLTS) 

10 

Case = 20pF 

Case = 40pF 
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4417/4427 LOOP RESPONSE 

FREFo---+i 

Volts 
KFLTR - To Be Derived, Units =-

Amp 

( 1 ) 1 R1 +--

IQP 

x 

(FREf) 

SCl SC2 
Vl=IQP*--1~-1~ 

SR1C1 + 1 
IQp * -----'----'------

( C1C2 ) R1 +-+-
SC1 SC2 

S(C1 + C2) SR1 -- + 1 
C1 + C2 

KFLn 

"Micro Linear 

vc 

+N 

ML4417, ML4427 

Kvco 

t>F 
Fo 

Radian 
KFP = 2rr-

Hertz 

.125mA Amp 
K =----

t/> 2rr Radian 

% 100% 
Kvea=--

2.5V 
- (Case = 10pF) 
Volt 

V 
K1 =.1 -

V 

V 
K2 = 1-

V 

vc 

Amp 
GM = 27.5 * 10--6-

Volt 
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ML4417, ML4427 

~B--~------------~-----r~----~~-----1-------------

-2 

Must define desired FREF, fo, Z2J P1, Z1; then can proceed with component value determination. 

If FOUl = 36 * 106, N = 50 (typical numbers), then FREF = 720 * 103 
Assume: fo = 1000Hz, Zz = 250Hz, P1 = 3000Hz, Z1 = 45Hz 

1. Set Z1 with C3: 

1 1 
3.6 * 103 * C3 = -- - C3 = = .982 * 10-6 ~ 1pF 

21TZ1 21T * 45 * 3.6 * 103 

2. Set -3 intercept frequency f3 with (C1 + Cz): f3 = (Z1ZZfO)1/3 = (11.25 * 106)1/3 

720 * 103 
- C1 + C2 = = .358 * 10-6 

(21T)3 * 11.25 * 106 * 10-6 * 720 * 106 

( C1CZ ) R1 ---
. Zz C1 + Cz Cz Zz 250 

3. Ratio - = - --- -- Cz = (C1 + Cz) - = .358 * 10-6 * -- = .0298 • 10-6 ~ .030pF 
P1 R1C1 C1 + C2 P1 3000 

4. C1 = (C1 + Cz) - Cz = .358 * 10-6 - .030 * 10-6 = .328 * 10-6 ~ .33pF 

1 1 
5. Set Zz with R1: R1C1 = -- -- R1 = 6 - 1.929 * 103 ~ 1.91K 

21TZz 21T * 250 * .33 * 10-
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ML4417, ML4427 

ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

Ml4417CP DOC to +7DoC MOLDED DIP (P16) 
Ml4417CS DOC to +7DoC MOLDED SOIC (S16N) 

Ml4427CP DOC to +7DoC MOlDED DIP (P16) 
Ml4427CS DOC to +7DoC MOlDED SOIC (S16N) 

-
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PRELIMINARY 

ML4418 

Low Saturation Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4418 is a voice coil power driver intended for use in 
High Performance 12V Hard Disk servo systems. The 
ML4418 contains all control circuitry necessary to drive the 
voice coils of most drives. To maximize compliance 
voltage, the ML4418 includes two 1-Amp NPN drivers and 
provides base drive for external PNP transistors. In addi
tion, power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 
A current sense amplifier is included to enable voice coil 
current feedback for velocity calculations. Special care has 
also been taken to maximize system loop bandwidth. 

The transconductance programmed by a logic input at 1/2 
A/V and 1/7 A/V respectively, when using a 1 g sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 

The retraction circuit, main drive circuit, and control circuits 
are each powered from their own supplies. Retract is self
contained for 12V systems but allows the use of an external 
PNP to allow retraction with as little as 1V of back EMF 
from the spindle. 

BLOCK DIAGRAM 
i - - -

22 POWER FAIL 

10 I(SENSE) OUT 

CONTROL-

DISABLE (PWR DOWN) 

23 

3 HIGH/LOW 

The power fail detection circuit includes a precision 1.SV 
bandgap reference and a power fail comparator. 

The ML4418 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the IC 
for a user's specific application. 

FEATURES 

• Low saturation voltage «1 Vat 1 A.) 

• No cross-over distortion with low quiescent current 

• VCM coil current output referenced to VREF 

• Pin-programmable transconductance settings 

• Retraction circuitry with programmable retract voltage 
and separate power pin operates to 1 V 

• On-chip precision power fail detect circuitry 

• Over-temperature protection with flag output 

• Operates from + 12 supplies 

+12V 

FROM 
,-----I--t---'-"=W--<i( SPINDLE 

MOTOR 
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ML4418 

PIN CONFIGURATION 
Ml4418 

24·Pin sOle 

VCC 24 12V SENSE 

DISABLE 2 23 RETRACT 

HIGH/LOW 3 22 POWER FAIL 

RETR OUT 4 21 +5V 

RET SET 5 20 CaMP 2 

GND 6 19 CaMP 1 

R(SENSE) 7 18 CONTROL -

V(RET) 8 17 I(SENSE) + 

SOURCE B 9 16 CONTROL + 

I(SENSE) OUT 10 15 PWR GND A 

PWRGND B 11 14 SINKA 

SINK B 12 13 SOURCE A 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

VCC Supply input to power amplifiers 

2 DISABLE A Logic "1" puts the IC into a low power 
state and disables the power amplifiers. 

3 HIGH/LOW A logic "1" sets the transconductance gain 
to 1/2 while a logic "0" sets the gain to 1/ 
7. Transconductance gain is the VR(SENSE) 
+ VCONTROL· 

4 RETR OUT Open collector output which pulls low 
during retract. Used to provide a braking 
signal to spindle. 

5 RET SET 

6 GND 

7 R(SENSE) 

8 V(RET) 

9 SOURCE B 

101(SENSE) 
OUT 

External set resistor to establish a voltage 
limit for the internal retract driver. 

Analog signal ground. 

Current sense resistor terminal. 

Supply pin for retract circuits. 

PNP Base drive output for inverting 
power amplifier. 

Output of the Current Sense amplifier 

11 PWR GND B Power return pin for inverting power 
amplifier B. 

12 SINK B Current sinking output for inverting 
power amplifier. Connects to voice coil (
) terminal. 

13 SOURCE A PNP Base drive output for non-inverting 

PIN# NAME 

14 SINK A 

FUNCTION 

power amplifier. 

Current sinking output for non-inverting 
power amplifier. Connects to voice coil 
(+) terminal. 

15 PWR GND A Power return pin for non-inverting power 
amplifier A. 

16 CONTROL + Positive input for current command. 

17 I(SENSE) + Positive input for current sense amplifier. 

18 CONTROL - Negative input for current command. 

19 COMP 1 

20 COMP 2 

21 +5V 

Pin for external compensation capacitor. 

Pin for external compensation capacitor. 

Input for +5V for power fail detection and 
logic power supply. 

22 POWER FAIL Open Collector output drives low for low 
voltage conditions. 

23 RETRACT A logic "0" initiates retract. Also used as 
an open·collector over-temperature 
output flag. 

24 12V SENSE Input to the power fail comparator from 
a resistor divider from VCe. 
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ML4418 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Supply Voltage (pins 1 ,8) .................................................. 14V Ternpe(ah.Jle Range ............................................ O"C to iO°C 
Voltage pins 2, 3, 23, 22 ................................... -O.3V to +7V VCC Supply Voltage ..................................... 1 O.8V to 13.2V 

pins 4,7,8,9,12,13,14,1 7 ................. -O.3V to VCC +5V (pin 21) Supply Voltage ............................ 4.5V to 5.5V 

Output Sink Current .......................................................... ± 1 A V(RET) (pin 8) Supply Voltage ........................ 2.5V to 13.2V 

Retraction Current ......................................................... 80mA CONTROL + Voltage Range (pins 16) .............. OV to VCC 

Retract set current (pin 5) .............................................. 3 mA CONTROL - Voltage Range (pins 18) ........... 2.4V to 6.0V 

Junction temperature ................................................... 150°C 

Storage Temperature Range ....................... -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) ...................... 260°C 

Thermal Resistance (alA) ........................................... 60°CjW 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA=Operating Temperature Range, VCC=operating range, RSENSE=l n, RCOIL=15n 

CONTROL - (pin 18) = VCCj2, RSET (pin 5) = 7.5Kn, Cl=30pF, Ql=Q2= MJE210. 

PARAMETER CONDITIONS MIN TYP I MAX UNITS 
Amplifier 

Offset ±12 mA 

Common Mode Transconductance 2V::: VPIN18 < 6V 0.5 1 mA/V 

Gain pin 3 = 2V 475 500 525 mA/V 

pin 3 = 0.8V 136 143 150 mA/V 

Maximum Bandwidth 100 Khz 

Sinking saturation lOUT = 100mA 0.3 0.6 V 

lOUT = 300mA 0.4 0.8 V 

lOUT = 500mA 0.5 1 V 

Sourcing saturation lOUT = 100mA 0.1 V 

lOUT = 300mA 0.2 V 

lOUT = 500mA 0.3 V 

Source A/B Base Drive 20 30 50 mA 

Ql/Q2 Standby Current ~PNP = 200, VPIN16 = 5V 1 4 7 mA 

Retraction CIrCUIt 

Turn on time 800 nS 

Turn off time 8 ~S 
Source Voltage VPIN23=0.8V, VPIN8= 3V, IpIN7= -SOmA 0.53 0.75 0.97 V 

Sink Current VPIN23=0.8V, VPIN8= 1.2V, VPIN12= 0.6V 36 48 150 mA 

RETR OUT VOL VPIN23=0.8V, Ip1N4=1 mA 0.4 V 

Power Fad Detection C,rcUIt 

1 2V Threshold 9.5 10 10.5 V 

Hysteresis - 1 2V Sense 5 120 190 mV 

5V Threshold 4.35 4.525 4.70 V 

Hysteresis - 5V Sense 5 30 80 mV 

Logic Inputs and Outputs 

Voltage High (VIH) 2 1.4 V 

Voltage Low (VIL) 1.4 0.8 V 

Current High (lIH) VIN=5V ±1O ~A 

Current Low (IlL) VIN=OV, except pin 23 -40 -10 ~A 

VIN=OV, pin 23 only -250 -160 ~A 
Voltage Low (pins 22, 4) IOL=lmA 0.4 V 
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ELECTRICAL CHARACTERISTICS (continued) 

Unless otherwise specified, T A=Operating Temperature Range, VCC=operating range, RSENSE=l Q, RCOIL=15Q 
CONTROL - (pin 18) = VCC/2, RSET (pin 5) = 7.5KQ, C1 =30pF, Q1=Q2= MJE21 o. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Over-Temperature Detection 
TJ Threshold 

HysteresIs 

Current Sense Amplifier 
Voltage Offset ±50 mV 

Differential Mode Gain 1.95 2 2.05 VjV 

Common Mode Gain -44 dB 

Current ConsumptIOn 
Pin 21 Pin 21 = 5.5V 5 8 mA 

Pin 1 VCC-13.2V, VPlN16 - VCC/2 8 13 mA 

Pin 8 VPIN8 = 13.2V, VPIN23 = 5V 3.5 5 mA 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The ML4418 power amplifier circuit is set up as a Howland 
Current source with a fixed gain of 1/2 or 1/7 (set by 
driving pin 3 high or low respectively). This architecture 
yields minimal cross-over distortion while maintaining low 
output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE. For example, at a 1/2 
gain setting, with V( -) input at 2.5V and the V(+) input at 
3V, +500mA would flow through the coil using a 0.5Q 
sense resistor. Under the same conditions with pin 3 low, 
the current would be 143mA. The ability to change from 
low to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

COMP 1 COMP2 

Figure 1. Power Amplifier Topology 

The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. Sinking saturation drop is typically under OAV. 
Sourcing saturation drop depends on the external transis
tors used. To avoid oscillation in the output stage, PNP 
transistors with F, ?50Mhz. should be used. 
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Figure 5. Output Saturation Voltage vs. Output Current 

(Q1 = Q2 = MJE210) 
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Figure 4. Output Current: VIN = 100 Hz Sine Wave, 
2.4Vp.p, Low Gain Mode (VPIN3=0), R(SENSE) = lQ 
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Figure 5. Output Current: VIN = 1 KHz Sine Wave, 2.4Vp.p 
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POWER FAIL DETECT CIRCUIT 

The ML4418 circuit consists of a precision trimmed refer
ence, resistor dividers and an "or function" comparator with 
hysteresis. The output (open collector) of this circuit 
appears on pin 22. When either comparator input falls 
below the 1.SV reference, pin 22 pulls low. 

RETRACT CIRCUITS 

The ML4418 retract circuit provides for spindle EMF 
energized power fail retraction of the VCM. When pin 23 
goes low, pin 4 will pull low, providing a signal which can 
be delayed for spindle braking. The internal NPN transistor 
will saturate, pulling SINK B (pin 12) low. This portion of 
the circuit will function with less than 1 V on V(RET). An 
internal voltage limited pull·up transistor is provided which 
sources current on pin 7 to the VCM. This circuit will 
operate reliably down to a V(RET) voltage of around 2.SV, 
making the ML4418 retract circuit adequate for 12V 
systems where the spindle motor EMF provided is ad· 
equate. 

Figure 6 shows the saturation characteristics of the SINK B 
output (RSAT "" 9Q) The RSAT of the pull down transistor 
does not vary appreciably with V(RET) voltage. Figure 7 
shows the voltage sourced at R(SENSE) during Retract vs. 
R(SET) at various V(RET) input voltages. 

CURRENT SENSE AMPLIFIER 

The current sense amplifier in the ML4418 creates a signal 
referenced to CONTROL - (normally the Vref pin of the 
system's DAC and ADC) appearing accross a resistor in 
series with the VCM. Its output is twice the voltage that 
appears between pins 17 and 7. 
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APPLICATIONS 

POWER AMPLIFIER COMPENSATION 

Figure 8 below shows the equivalent AC circuit for the 
current amplifier. 

C(s) 

R(S) 

Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber 

The amplifier's current bandwidth is limited by COUT which 
varies with the value chosen for RSENSE 

1197x (CCOMP + 3.5pF) 
COUT ~ 

RSENSE 

Where CCOMP is C 1 between pins 19 and 20. With no 
snubber (RS and CS) the bandwidth is limited to. 

2.414 
F-3dB = 21t L(M) C(OUT) 

ML4418 

Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 

R(S) = 

For a given C(S), setting R(S) to this value will minimize the 
ringing in the transient response. Larger values of R(S) will 
result in more ringing and more bandwidth. Smaller values 
of R(S) will result in more ringing and less bandwidth. 

C(S) (snubber capacitor) values of between 200nF and 1 ~F 
are usually necessary to achieve the desired reduction of 
ringing in the step resonse. At the optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 8 with a computer simula
tor (such as SPICE). 
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ML4420 

Enhanced Sensorless BLDC Motor Controller 
GENERAL DESCRIPTION 

The ML4420 motor controller provides complete 
commutation for delta or wye wound Brushless DC 
(BLOC) motors without the need for signals from Hall 
Effect Sensors to indicate rotor position. It senses the back 
EMF of the motor windings (no neutral required) to 
determine the proper commutation phase sequence using 
PLL techniques. The ML4420 uses a patented Back-EMF 
sensing technique which will commutate virtually any 3-
phase BLOC motor and is insensitive to PWM noise and 
motor snubbing circuitry. 

The ML4420 controls the motor current with a constant 
off-time PWM or with a microprocessor controlled 
constant frequency PWM input. The velocity loop can be 
controlled with an external microprocessor or through 
an analog feedback loop. An accurate, jitter-free, VCO 
output is provided, equal to the commutation frequency 
of the motor. The ML4420 modulates the gates of external 
N-channel power MOSFETs to regulate the motor current 
and directly drives the P-channel MOSFETs. The ML4420 
supports enhancements like a blanker circuit to prevent 
false retriggering of the one shot during a motor current 
spike and circuitry to ensure that there is no shoot through 
in any state. 

BLOCK DIAGRAM 

RESET 
LOGIC 
AND 

CONTROL 

+5 POWER 
FAIL 

vec DETECT 

BACK-EMF 
SAMPLER 

GATE 
DRIVE 

The start-up algorithm consists of measuring a fixed VCO 
frequency and externally ramping the commutation clock 
until it is equal to the VCO frequency. The timing of the 
start-up sequencing is determined by the microprocessor 
thus allowing the optimization for a wide range of motors 
and inertial loads. 

FEATURES 

• Less than 200mW power dissipation 

• Patented Back-EMF commutation technique provides 
jitterless torque for minimum "spin-up" time 

• PWM motor current control 

• Microprocessor based start-up algorithm allows for 
optimized start-up sequencing, speed control and 
support for variable motor loads 

• Back-EMF comparator output senses motor rotation 
after power fail for fast re-Iock after brownout 

• Onboard power fail detect monitor 

• Onboard motor braking circuit allows 'life' braking 
on command 

• Drives external N-ch & P-ch FETs 

• Enhanced version ofthe ML441 0 & ML4411 

POWER 
DRIVERS 

PATENTED 
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PIN CONFIGURATION 
ML4420 

28-Pin SOle (S28W) 

I(SENSE) GND 

Pl DIS PWR 

P2 COS 

P3 BRAKE 

VCC PH3 

C(BRK) PH2 

R(BRK) PHl 

+5V I(UMIT) 

Nl RC 

N2 ENABLE E/A 

N3 PWR FAIL 

PWM RESET 

VCO/CMCLK TACH 

VCC2 CVCO 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

I(SENSE) Motor current sense input 17 RESET Input which holds the VCO off and 

2 P1 Drives the external P-Channel 
sets the IC to the RESET condition 

transistor driving motor PH 1 
(refer table 1) 

3 P2 Drives the external P-Channel 
18 PWR FAIL A "0" output indicates 5V or 12V is 

transistor driving motor PH2 
under-voltage. This is an open 
collector output with a 4.5kn pull-up 

4 P3 Drives the external P-Channel to +5V 
transistor driving motor PH3 19 ENABLE E/A A "0" logic input enables the error 

5 VCC 12V power supply. Terminal which is amplifier and closes the Back-EMF 
sensed for power fail feedback loop (refer table 1) 

6 C(BRK) Capacitor which stores energy to 20 RC VCO loop filter components 
charge N-Channel MOSFETs for 21 1(L1MIT) Sets the threshold for the PWM 
braking with power off comparator 

7 R(BRK) External resistor to C(BRK) to drive 22 PH1 Motor Terminal 1 
NMOS during braking 

8 +5V 5V power supply input 
23 PH2 Motor Terminal 2 

9-11 N1, N2 N3 Drives the external N-channel 
24 PH3 Motor Terminal 3 

MOSFETs for PH1, PH2, PH3 25 BRAKE A "0" activates the braking circuit 

12 PWM TTL input of PMW signal 26 Cos Timing capacitor to GND and resistor 

13 VCO/CMCLK Logic Output from VCO serves as an 
to +5V, for fixed off-time PWM current 

input pin for the commutation clock 
control 

used in start-up sequencing 27 DIS PWR A logic a on this pin turns off the N 

14 VCC2 12V power and power for the braking 
and P outputs and causes the TACH 
comparator output to appear on 

function TACH OUT 
15 Cvco Timing capacitor for VCO 28 GND Signal and Power Ground 
16 TACH Logic Output from TACH comparator 

5-158 'Micro Linear 



ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 5, 14) ........................................ 14V 
Output Current (pins 2, 3, 4, 9,10,11) ................. ±150mA 
Logic Inputs (pins 14, 17, 18, 25) .................... -0.3 to 7V 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ..................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) .................... 150°C 
Thermal Resistance (eIA) ...................................... 60°C/W 

ELECTRICAL CHARACTERISTICS 

ML4420 

OPERATING CONDITIONS 

Temperature Range ........................................ O°C to 70°C 
VCC Voltage + 12V (pin 14) ............................ 12V ± 10% 
+5V (pin 8) ....................................................... 5V ± 10% 
I Control Voltage Range (pins 13, 21) ................. OV to 7V 

Unless otherwise specified, T A = Operating Temperature Range, VCC = VCC2 = 12V, RSENSE = 10, Cveo = O.OlI1F, 
Cos = O.OOlI1F, Ros = 10ill 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (VCO) Section 

Frequency vs. VPIN20 lV ~ VPIN20 ~ 10V 300 HzN 

Frequency Vveo= 6V 1450 1800 2150 Hz 

Reset mode 70 140 210 Hz 

Sampling Amplifier (note 1) 

VRe State R 400 500 600 mV 

IRe State A, VPH2 = 4V 30 50 70 I1A 
State A, VPH2 = 6V -13 2 13 I1A 
State A, VPH2 = 8V -30 -50 -70 I1A 

Motor Current Control Section 
I(SENSE) Gain VPIN21 = 2.5V VN 
One Shot off time 

Power Fail Detection Circuit 

12V Threshold 9.1 9.8 10.5 V 

Hysteresis 150 mV 

5V Threshold 3.8 4.25 4.5 V 

Hysteresis 70 mV 

LogiC Inputs 
Voltage High (VIH) 2 V 

Voltage Low (VILl 0.8 V 

Current High (lIH) VIN = 2.7V -300 1 300 I1A 
Current Low (IlL) VIN = OAV -150 0 150 I1A 
Brakmg Circuit 

Brake Active Threshold V 

PIN 25 Bias Current VPIN25 = OV 
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ML4420 

ElECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, TA:= Operating Temperature Range, vee = Vee2 = 12V, RSENSE = 1 Q, Cvco = 0.01 ;..tF, 
Cos = 0.001 ~F, Ros = 10kn . 

PARAMETER CONDITIONS 

Outputs I(LlMIT) = 2.5V 

Iplow Vp= 2V 

Vp high Ip=-10~ 

P3 Comparator Threshold 

VN high VPINl = OV 

VN low IN = 1mA 

LOGIC low (Vall lOUT = O.4mA 

VCO!TACH VOH lOUT = 100~ 

POWER FAIL VOH lOUT = 10~ 

Supply Currents (N and P outputs open) 

5V Current 

VCC Current 

VCC2 Current 

Note 1. For explanation of states, see Figure 5 and Table 1. 

SUMMARY OF ENHANCEMENTS 
IN ML4420 OVER THE ML4411 

1 . Lower power dissipation, 200mW versus 450mW in 
the ML4411. 

2. Accurate and customized start-up by using 
commutation clock provided by the microprocessor 
instead of relying on IRAMP as in the ML4411. 

3. True braking function which is biased by TaB, to 
allow braking block to work under a power loss 
situation. 

4. ML4420 adds hysteresis into braking comparator to 
accelerate the transition as soon as the (Vth) 
threshold is reached. 

5. ML4420 adds comparator to prevent the PMOS from 
coming "ON" when the braking is active. 

6. ML4420 adds active pull-up to the P output to 
replace the resistor pull-up in ML4411. 

7. ML4420 enhances pull-down capability to the N 
output to prevent injected shoot through (only 3 mA 
in the ML4411). 

8. ML4420 adds comparator to prevent P3 N3 shoot 
through during reset to state A transition. 

9. The one-shot accuracy in the ML4420 is improved 
over the ML4411 'so 

10. ML4420 adds a blanker circuit to one-shot to 
prevent it from false triggering which occurrs when 
large starting currents cause noise coupling to the 
chip. 

11. Directly controls speed through external PWM input. 

MIN TYP MAX I UNITS 

0.5 1.2 mA 

VCC2-1V V 

VCC2 -3.6V VCC2 - 2.4V V 

VCC - 3.2 10 VCC -1.2 V 

0.2 0.7 V 

0.5 V 

2.4 V 

VPIN8- 0.2 VPIN8- 0.1 VPIN8 V 

16 25 mA 

1 2 mA 

8 16 mA 

FUNCTIONAL DESCRIPTION 

The ML4420 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a 
VCO, Integrating Back-EMF Sampling error amplifier 
and sequencer form a phase-locked loop, locking the 
VCo to the back-EMF of the motor. The IC also contains 
circuitry to control motor current with either constant 
frequency or constant off-time PWM modes. Braking and 
power fail detection functions are also provided on chip. 
The ML4420 is designed to drive external power 
transistors (N-channel sinking transistors and P-Channel 
sourcing transistors) directly. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal, phased-locked to the commutation 
frequency of the monitor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4420 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2 below) to determine whether to increase 
or decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 to discharge. Analog speed 
control loops can use Pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 5kn 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed Vce. 
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Figure 1. Back-EMF sensing block diagram 
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Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fveo at Vveo = 6V) is: 

2.42x 1 0-6 
KVeO(MIN) = =':'::C"-'-'-"--

veo 

Assuming that the VVeO(MAX) = 8.0V, then 

or 

" ;; 
>-u 
~ 
;;;, 
g 
if 

C _ 8.0x2.42xl0-6 
veo- FMAX 

C - 436 F 
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Figure 3. VCO Output Frequency vs. Vvco (pin 20) 

'Micro Linear 5-161 

-



ML4420 
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Figure 4. Back EMF Phase Lock Loop Components 

Figure 4 above shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Gm amplifier with the loop 
filtered formed by R, CI, and C2. 

The impedance of the loop filter is 

ZRctS) = 1 (5+ OOLEAO) 
CIS (s + OOLAG) 

Where the lead and lag frequencies are set by: 

OOLEAO =_1_ 
RC2 

START-UP SEQUENCING 

Whell the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained. The following steps are a typical 
procedure for starting a motor which is at rest. It is 
possible to determine if the motor is running by 
polling the TACH OUT pin 16 with power disabled 
(Pin 27 = low). 

STEP 1 The IC is held in reset state until the platters are 
steady by setting pin 17 and pin 19 to a '1', with 
full power applied to the winding (see figure 5). 
This aligns the rotor to a position which is 300 

(electrical) before the center of the first 
commutation state. Pin 20 is held at 0.5V 
internally. Microprocessor needs to measure 
VCO frequency by setting pin 27 to a '1' and 
then store it. 

STEP 2 Setting pin 17 to a '0' and pin 19 to a '1' holds 
the IC in a ramping state. Microprocessor sends 
starting commutation clock to pin 13 which is 
an input pin in this state. This clock frequency is 
gradually increasing until it reaches the VCO 
frequency previously stored in Step 1 . 

STEP 3 As soon as commutation clock reaches the VCO 
frequency of Step 1, pin 19 is switched to "0" 
while pin 17 remains '0'. Now the PLL is closed 
and the VCO is locked to the Back EMF. Pin 13 
becomes an output pin. Thus the commutation 
clock from the microprocessor should be held in 
tri-state. 
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Table 1 Commutation, Braking and PLL States 

OUTPUTS INPUT 
STATE N1 N2 N3 P1 P2 P3 SAMPLING 

RORO OFF ON OFF ON OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 

B OFF OFF ON OFF ON OFF PHl 

C ON OFF OFF OFF ON OFF PH3 

D ON OFF OFF OFF OFF ON PH2 

E OFF ON OFF OFF OFF ON PHl 

F OFF ON OFF ON OFF OFF PH3 

Table 2 Start-up Sequence 

STATE ENABLE RESET PIN20 (RC) VCO COMMUTATOR 
PIN 19 PIN 17 

RESET 1 1 O.SV RUNNING IN RESET STATE 
PER VPIN20 

RAMP 1 0 O.SV PRESET CLOCKED FROM 
COMMUTATION CLOCK 

RUN 0 0 DRIVEN BY RUNNING SEQUENCED BY 
PLL PER VP1 N20 VCO 

BRAKE 0 1 X X X 

~ 
I!-�----~~ 

-~-----------1!l----1r~ 

: ~'-------
I I 

I [ 51 : 
----_~ ... : .. .,:----KAMP---.... ~ ... I .. _-RUN-

I 
--------i~~:: ..... f.__---ANY STATE A THROUGH F ~ 

Figure 5. Start up sequencing (from stop) 
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I 
I 
I 

------------r------------

CLOSED LOOP 

I 
. - _.- -'- T' - _. -_.-

I 
I 

Figure 6. Typical Start-up Sequence 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 450 reverse 
rotation is possible. 

PWM CURRENT CONTROL 

To facilitate speed control, the ML4420 has a PWM input 
pin to receive a constant frequency PWM signal generated 
from an external speed control loop. 

The ML4420 also includes a current mode constant off
time PWM circuit. When motor current builds to the 
threshold set on I(LlMIT) input (pin 21), a one-shot is fired 
whose timing is set by Cos and Ros where 

tOFF = 1 .3 x Ros x Cos 

The I(SENSE) input pin should be kept below 1 V. If 
I(SENSE) goes above 1 V, a bias current of about -300J.IA 
will flow out of pin 1 and the N outputs will be inhibited. 
Bringing I(SENSE) below O.7V returns the bias current to 
its normal level For this reason, the noise filter resistor on 
the I(SENSE) pin (1 kQ on Figure 8) should be less than 
1.5kQ. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
I(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (P1 thru P3) arc NPN emitter 
followers. N3 is inhibited until P3 is within 3V (typ) of 
VCC2. Drivers N1 through N3 are totem-pole outputs 
capable of sinking 10mA. Switching noise in the external 
MOSFETs is reduced by an internal 4K.Q resistor in series 
with the sourcing NPN to form an RC time constant with 
the N-Channel gate capacitance. 

BRAKING 

As shown in Figure 7 the braking circuit pulls the N
channel MOSFET Gates high when the BRAKE pin falls 
below a 2 x Vbe threshold (Vth). After a power failure, 
C(DLY) is discharged slowly through R(DLY) providing a 
delay for retract to occur before the braking circuit is 
activated. The P-channel MOSFETs are turned off well 
before braking occurs. As soon as the vth threshold is 
reached, the braking comparator with hysteresis will 
accelerate the transition and tri-state the N-channel buffer 
(B 1, refer figure 7) before C(BRK) dump charges into the 
N-channel Gates. This is to ensure that no charge from 
C(BRK) is lost through the pull-down transistors in B1, 
(figure 7). The C(BRK) will continue charging the N
channel Gates, to ensure braking, even when VCC2 
(motor BEMF rectified through the MOSFET body diode), 
drops due to the braking process. An external signal could 
be used to brake the motor. To accomplish this set pin 17 
= '1', pin 19 = '0'. This will pull pin 26 below the 
threshold to activate the braking circuit. 
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VCC2-3V 

27 DiSPWii 

POWER FAIL> 

12 PWM 

Res 

Cos 26 

Figure 7. PWM Current Control, Gate Drive and Braking Circuits 

APPLICATIONS 
Figure 8 shows a typical application of the ML4420 in a 
hard disk drive spindle control. The timing needed to start 
the motor in most applications would be generated by a 
microcontroller. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontroller and adjusting the duty cycle of PWM 
signal sending into PWM pin. 

2. Using analog circuitry for speed control. (Fig. 9) 

OUTPUT STAGE HINTS 

In the circuit in Figure 8, Q1, Q2 and Q3 are IRFR9024 or 
equivalent. Q4, Q5 and Q6 are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 

packages, however have much lower thermal inertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross conduction is the condition where an N-FET 
and P-FET in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see Figure 10): 

1. When transitioning from mode 0 to mode A (see 
table 1) P3 goes from on to off at the same time N3 
goes from off to on. If P3 turns off slowly and N3 turns 
on quickly, cross conduction may occur. This 
condition has been prevented inside the IC on the 
ML4420 through the addition of comparator A6 on 
the P3 output (Fig. 7). 
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ML4420 
2. When the MOSFET in the same phase switches on 

gate current flows due to capacative coupling of 
current through the MOSFET's drain to gate 
capacitance. This could cause the MOSFET that was 
off to be turned on. 

3. In condition 2 above, the P-channel MOSFET is 
pulled up inside the Ml4420 by a NPN follower with 
base pulled up to VCC2 via 16Kn. If the current 
through Cdgp is greater than the VthpMos!16Kn!Beta 
NPN, when the N-FET turns ON, the P-FET could be 
turned ON simultaneously, causing cross-conduction. 
The same mechanism can be applied to N-FET when 

lN5819 

P-FET is turned ON. The Ml4420 is designed to 
take care of both the cases through slow turn-on, fast 
tUiIi-off schemes ie P-FET Gate i~ pulled down by an 
80011A current source and the N-FET Gate is charged 
up by an emitter follower in series with 4Kn. ' 

Figure 10 shows the output stages and the potential causes 
of cross-conduction. The diode Dl shown, may be 
needed for high power applications to limit the negative 
current pulled (through Cdgn) out of the substrate diode in 
the Ml4420 when P-FET turns off. 

VCC2 
+12Vr-~--~~--~~r-------~--------------------~----~~~-------. 

TOVCC 

liP >X~---1-f++----l 

Ros 

5~166 

Q2 

Q5 

os 
5K 

~0.22 

~-----I 

I I 

I : 

PWRFAIL 

510K:ijl I I 

r---~r--4--~: : 
: -: 

Figure 8. ML4420 Typical Application 
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Figure 9. Voltage Controller PWM Generator Figure 10. Causes of Cross-conduction 
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Figure 11. ML4420 Unipolar Drive Application 
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ML4420 
UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors 
to drive the motor. The ML4420 will operate in unipolar 
mode (Figure 11) provided the following precautions are 
taken: 

1. The IC supplies should not exceed 12V + 10%. 

2. The phase pins on the IC should not exceed the 
supply voltage. 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

VCI>(MAX) = VSUPPlY (MAX) + VEMF (MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to VSUPPlY' This energy must be clamped, 
however, to avoid an over-voltage condition on the 
MOSFE:s and other components. Typically, a V(CLAMP) 
~oltag~ IS created to provide the clamping voltage. The 
inductive energy may either be dissipated (Figure 12) or 
alternately efficiently regenerated back to the system 
supply (Figure 13). 

The circuit in Figure 11 is designed to minimize the 
external components necessary, at some compromise to 
performance. The 3 resistors from the motor phase 

Figure 12. Dissipative Clamping Technique 

windings to the PH inputs work with the ML4420's 51<0 
internal resistance to ground to divide the motor's phase 
voltage down, providing input signals that do not exceed 
12V. This circuit uses analog speed regulation. The "one 
shot" circuitry to time the reset is replaced by a diode and 
RC delay from the rising edge or the POWERFAIL signal. 
The error amplifier is left enabled continuously since at 
low speeds its current contribution is negligible. The 
current injected into the loop filter must be greater than 
the leakage current from the phase detector ampl ifier for 
the motor to start reliably. 

HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4420 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figures 14-16 
provide several methods of translating the ML4420's P 
outputs to drive a higher voltage. 

V(CLAMP) = +24V 

50% g,~~~ »~ ___ ...J 

BATT~~~ 1----...---*---. 

Figure 13. Non-Dissipative Clamping Technique 
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Figure 14. High Voltage Translation using PNP 
Power Transistor 

Figure 15. High Voltage Translation using "Composite" 
PNP Power Transistor 
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Figure 16. High Voltage Translation with NPN 
Darlingtion 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE 

ML4420CS 
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AOVANCE INFORMATION 

ML4425/ML4426 

Sensorless BLDC PWM Motor Controller 
GENERAL DESCRIPTION 
The Ml4425/Ml4426 PWM motor controllers provide all of 
the functions necessary for starting and controlling the speed 
of delta or wye wound Brushless DC Motors (BlDC) without 
Hall Effect Sensors. 

Back EMF voltage is sensed from the motor windings to 
determine the proper commutation phase sequence using 
Pll techniques. The patented Back-EMF sensing technique 
used will commutate virtually any 3-Phase BLOC motor and 
is insensitive to PWM noise and motor snubbing circuitry. 

The Ml4425/Ml4426 limits the motor current with a 
constant off-time PWM controlled current. The velocity 
loop is controlled with an on-board amplifier. An 
accurate, jitter-free, VCO output is provided equal to the 
commutation frequency of the motor. The Ml4425/ 
Ml4426 switches the gates of external N-channel power 
MOSFETs to regulate the motor current and directly drives 

BLOCK DIAGRAM/fYPICAL APPLICATION 

PWM 

C~~~~L~+------------+----~ 

ML4425/ML4426 

FEATURES 

• Stand-alone operation 

• Forward and reverse operation: Ml4426 

• Current limit input: Ml4425 

• Motor starts and stops with power to IC 

• On-board start sequence: Align ~ Ramp ~ Set Speed 

• Patented Back-EMF commutation technique provides 
jitterless torque for minimum "spin-up" time 

• Simple variable speed control 

• On-board voltage reference: 6.9V 

• Single External Resistor Sets all Critical Currents 

• On-board speed control loop 

BACK EMF 
SAMPLER 

HIGH SIDE 
GATE DRIVE 

LOW SIDE 
G:'TEDRIVE 

*OPTIONAL 

I 

1 I!E~! _____ ~~~!? _____ J 
1 K .". O.5V THRESHOLD 

POWER 

L-t--==j---,DRIVERs 

RUMIT 
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GENERAL DESCRIPTION (Continued) 

the P-channel MOSFETs for 12V motors. Higher voltage 
motors are driven using buffer transistors or standard 
"High side" drivers. 

The ML4425/ML4426 has a blanker circuit to prevent false 
retriggering of the one shot during a motor current spike 
and circuitry to ensure that there is no shoot through in 
any state of the power drive FETs. 

The timing of the start-up sequence is determined with 
one current setting resistor and two timing capacitors thus 
allowing for simple optimization for a wide range of 
motors and loads. 

PIN CONFIGURATION 

ML4425 
28-Pin SOIC (S28W) 

28·Pin Molded Narrow DIP (P28N) 

'SENSE GND 

P1 RREF 

P2 Cos 

P3 BRAKE 

RCPWM PH3 

Cosc PH2 

VREF 7 PH1 

VSPEED 8 21 CRAMP 

N1 9 RCYeo 

N2 10 CEN 

N3 11 VFLT 

ILiMIT 12 CRST 

VCO 13 Rveo 

vee 14 15 cYeo 

TOP VIEW 

ML4425/ML4426 

FEATURES (Continued) 

• PLL used for commutation provides noise immunity 
from PWM spikes, compared to noise sensitive zero 
crossing technique 

• PWM control for maximum efficiency 

• Under-voltage fault output 

• 12 volt operation 

• Direct FET drive for 12V motors 

• Drives high voltage motors with IC buffers from IR, 
IXYS, Harris, Power Integration, Holt, Silicon ix, etc. 

• Industrial temperature range -40°C to +85°C is 
available 

• Available in 28-pin DIP and SOIC packages 

ML4426 
28·Pin SOIC (S28W) 

28·Pin Molded Narrow DIP (P28N) 

'SENSE GND 

P1 RREF 

P2 Cos 

P3 4 BRAKE 

RCPWM PH3 

Case 6 PH2 

VREF PH1 

VSPEED 8 21 CRAMP 

N1 9 RCYeo 

N2 10 CEN 

N3 11 VFLT 

FJR 12 CRST 

VCO 13 RYeo 

vee cYeo 

TOP VIEW 
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ML4425/ML4426 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

ISENSE Motor current sense input. IliMIT 15 Cyeo Timing capacitor for VCO 
occurs when this pin is approximately 

16 Ryeo The resistor on this pin sets a process 0.5V. 
independent current to generate a 

2 P1 Drives the external P-channel repeatable VCO frequency. 
transistor driving motor PH 1. 

17 CRST A 0.75jJA current from this pin will 
3 P2 Drives the external P-channel charge a capacitor to 1.5V. This is the 

transistor driving motor PH2. time the device will remain in reset 

4 P3 Drives the external P-channel 
mode. Connecting this pin to ground 

transistor driving motor PH3. 
forces the chip to the reset state. 

5 RCPWM The resistor/capacitor combination on 
18 VFT A logic "0" indicates the power supply 

this gm amplifier sets the pole-zero of 
is under-voltage. A logic "1" is> 3.5V. 

the speed loop in conjunction with a 19 CEN After CRST has timed out a 0.75jJA 
gm of 0.385mmho. current from this pin will charge a 

6 Cosc This capacitor sets the PWM oscillator 
capacitor to 1.5V. This is the time the 

frequency. A 1 nF capacitor will set the 
device will remain in the ramp mode. 

frequency to approximately 25KHz. 20 RCYeo VCO loop filter components. A 0.5jJA 

7 VREF This voltage reference output can be 
current from this pin will ramp the 

used to set the speed reference voltage. 
VCO after CRST has timed out. 

8 VSPEED This input to the amplifier in the speed 
21 CRAMP This capacitor can be used if necessary 

to reduce the ramp speed to enhance 
loop controls the speed target of the start-up in high RPM applications. It is 
motor. logic low until CEN times out. 

9-11 N1, N2, N3 Drives the external N-channel 22 PH1 Motor Terminal 1 
MOSFETs for PH1, PH2, PH3. 

12 FIR For the ML4426, the forward/reverse 
23 PH2 Motor Terminal 2 

pin controls the sequence of the 24 PH3 Motor Terminal 3 
commutation states and thus the 

25 BRAKE A "0" activates the braking circuit direction of motor rotation. 

12 IliMIT For the ML4425, this pin is internally 26 Cos A 30jJA current from this pin will 

set to 2.5V which sets the ISENSE 
charge a timing capacitor to GND for 

threshold to 0.5V. This voltage can be fixed off-time PWM current control 

lowered externally to reduce the ISENSE 27 RREF This resistor sets constant currents on 
threshold. the device to reduce process 

13 VCO This logic output indicates the dependence and external components. 

commutation frequency of the motor. The 137K resistor sets the previously 
mentioned current levels. 

14 Vee 12V power supply. 
28 GND Signal and Power Ground 
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ML4425/ML4426 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Temperature Range 
ML4425CS/ML4426CS/ 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

ML4425CP/ML4426CP .............................. O°C to 70°C 
ML4425IS/ML4426IS/ 

Supply Voltage (pin 14) ............................................. 14V ML44251P/ML44261P ............................. -40°C to 85°C 

Output Current (pins 2, 3,4,9,10,11) ................... ±50mA VCC Voltage + 12V (pin 14) ............................ 1 2V ± 10% 

Logic Inputs (pins 17, 19,25) .......................... -0.3 to 7V 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ..................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) .................... 150°C 
Thermal Resistance (SIA) ...................................... 60°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, T A = Operating Temperature Range, Vee = 12V, RSENSE = 1 Q, Cyeo = O.OlIlF, Cos = 100pF, 
RREF = 137kQ 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (VCO) Section (VPIN16 = 5V) 

Frequency vs. VPIN 20 1V:S; VPIN20:S; 7V HzN 

Frequency Vvco = 6V Hz 

Sampling Amplifier (Note 1) 

VRC State R 125 250 mV 

IRC Ramp 0.5 f.lA 
VPIN19 = 5V, State A, VPH2 = 4V 30 50 70 f.lA 
VPIN19 = 5V, State A, VPH2 = 6V -13 2 13 f.lA 
VPIN19 = 5V, State A, VPH2 = BV -30 -50 -70 !LA 

Motor Current Control Section 

I(SENSE) Gain VPIN12:S; 2.5V VN 
One Shot Off Time 

Power Fail Detection Circuit 

12V Threshold v 
Hysteresis mV 

Logic Inputs 

Voltage High (VIH) 2 V 

Voltage Low (VIL! O.B V 

Current High (lIH) VIN = 2.7V -300 1 300 f.lA 
Current Low (IlL) VIN = O.4V -150 150 f.lA 

Braking Circuit 

Pin 25 Bias Current I VPIN25 = OV -10 0.3 10 
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ML4425/ML4426 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Outputs (lCMD = IliMIT = 2.5V) 

Iplow iMl4425 Vp= 2V 0.5 1.2 mA 

iMl4426 Vp= 2V 4.0 7.0 mA 

Vp High Ip = -101lA VcC-l V 

P3 Comparator Threshold Vcc - 3.6 Vcc - 2.4 V 

VN High VPIN12 = OV Vcc - 3.2 10 Vcc- 1.2 V 

VN low IN= lmA 0.2 0.7 V 

lOGIC low (VOL) lOUT = O.4mA 0.5 V 

VCONOH lOUT = -1001lA 2.4 V 

POWER FAil VOH lOUT = -1 01lA 3.5 6.5 V 

Speed Control 

FPWM (Pin 6) Cosc = lnF 28 kHz 

gm Current (Pin 5) ±1O ±15 IlA 
VREF 6.9 V 

Start-Up 

ICRST 0.75 IlA 
VTH CRST 1.5 V 

ICEN 0.75 IlA 
VTHCEN 1.5 V 

Supply Current 

VCC Current 32 50 mA 

Note 1. For explanation of states, see Figure 5 and Table 1. 
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FUNCTIONAL DESCRIPTION 

The ML4425/ML4426 provides closed-loop commutation 
for 3-phase brushless motors. To accomplish this task, a 
YCO, integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the YCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor speed in PWM mode. Braking and power 
fail detection functions are also provided on chip. The 
ML4425/ML4426 is designed to drive external power 
transistors (N-channel sinking transistors and P-channel 
sourcing transistors) directly. 

Start-up timing sequence is accomplished by means of 2 
timing capacitors charged by currents sources on the 
device. CRST determines the time the motor stays in align 
mode and CEN determines the time the motor will ramp 
before the speed set loop closes. Once the speed loop 
closes the N-channels are in a PWM mode to control the 
motor current. The voltage set on YSPEED will force the 
same voltage on RCveo to control speed. 

Speed sensing is accomplished by monitoring the output 
of the YCO, which will be a signal which is phased
locked to the commutation frequency of the motor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4425/ML4426 contains a patented back-EMF 
sensing circuit which samples the phase which is not 
energized (Shaded area in figure 2) to determine whether 
to increase or decrease the commutator (YCO) frequency. 
A late commutation causes the error amplifier to charge 
the filter (RC) on pin 20, increasing the YCO input while 

8K 

8K 

NEUTRAL 
SIMULATOR 

<l>A + <1>8 + <I>C 
6 

MULTIPLEXER 

ML4425/ML4426 

early commutation causes pin 20 discharge. The analog 
speed control loop uses pin 20 as a speed feedback 
voltage. 

The input impedance of the three PH inputs is about 8kn 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed Yee. 

o 60 120 180 240 300 o 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

+ 

Figure 1. Back EMF Sensing Block Diagram 
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ML4425/ML4426 
COMPONENT SELECTION GUIDE 

In order to properly select the critical components for the 
Ml442S/ML4426 you should know the following things: 

1. The motor operating voltage. 

2. The maximum operating current for the motor. 

3. The number of poles the motor has. 

4. The back EMF constant of the motor. 

5. The torque constant of the motor. (This is the same 
as the back EMF constant, only in different units.) 

6. The desired speed of operation. 

7. The moment of inertia of the motor and its load. 

8. The coefficient of viscous friction. 

If you do not know one or more of the above values, it is 
still possible to pick components for the ML442S/ML4426, 
but some experimentation may be necessary to determine 
the optimal value. All quantities are in SI units unless 
other wise specified. The formulas in the following section 
are based on linear system models. Since Coulomb 
friction is not a linear phenomenon, large amounts of 
friction in a system may require values different from 
those given below. The following formulas should be 
considered a starting point from which you can optimize 
your application. 

RSENSE 

The function of RSENSE is to provide a voltage proportional 
to the motor current, for current limit/feedback purposes. 
The trip voltage across RSENSE is O.SV so: 

RSENSE =-M.. 
IMAX 

IMAX is the maximum motor current. 

The power dissipation is obviously IMAX squared times 
RSENSE, so the resistor should be sized appropriately. For 
very high current motors, a smaller resistor can be used, 
with an op-amp to increase the gain, so that power 
dissipation in the sense resistor is minimized. 

In the ML442S, the trip voltage across RSENSE can be 
modified with a voltage applied to the IUMIT pin, pin 12. 
There is a gain of 5 in the ISENSE path so that 2.SV on pin 
12 corresponds to a O.SV trip voltage across RSENSE. liN 
on the ILiMIT pin is'" 6ill. 

ISENSE FILTER 

The ISENSE filter consists of an RC lowpass filter in series with 
the current sense signal. The purpose of this filter is to filter 
out noise spikes on the current, which may cause false 
triggering of the one shot circuit. It is important that this filter 
not slow down the current feedback loop, or destruction of 
the output stage may result. The recommended values for 
this circuit are R = 1 KQ and C= 300pF. This gives a time 
constant of 300ns, and will filter out spikes of shorter 
duration. These values should suffice for most applications. 
If excessive noise is present on the ISENSE pin, the capacitor 
may be increased at the expense of speed of current loop 
response. The filter time constant should not exceed SOOns 
or it will have a significant impact on the response speed of 
the one shot current limit. 

Cos 

The one shot capacitor determines the off time after the 
current limit is activated, i.e. the voltage on the ISENSE pin 
exceeded O.SV. The following formula ensures that the 
motor current is stable in current limit: 

C _ 1.11 x10-6 x VMOTOR -5 x 1 0-6 

as - 947.4 

Cos is in Farads 

This is the maximum value that Cos should be. Higher 
average torque during the current limit cycle can be 
achieved by reducing this value experimentally, while 
monitoring the motor current carefully, to be sure that a 
runaway condition does not occur. This runaway 
condition occurs when the current gained during the on 
time exceeds the current lost during the off time, causing 
the motor current to increase until damage occurs. For 
most motors this will not occur, as it is usually a self 
limiting phenomenon. 

Cvco 

As given in the section on the VCO and phase detector: 

C _ 31SxlO-6 

veo - NxRPM 

Where N is the number of poles in the motor, and RPM is 
the motor's maximum operating speed in revolutions per 
minute. 

RESET CAPACITOR 

The function of the reset capacitor is to provide a time 
delay, during which the ML442S/ML4426 will align the 
rotor to a known position. During this time period the 
ML442S/ML4426 turns on two of the upper and one of the 
lower output drivers. This results in a fixed current in the 
windings, a stationary magnetic field, and a locked rotor. 
If the position is not at a torque null during the reset 
period, it will require some time to move to the locked 

. position, and settle. This time period is dependent on the 
motor, the load, the friction and eddy current losses, and 
current limit setting. A good starting point for a value for 
the reset capacitor is: 

C 
/)x NxKx'txIMAX 

1t X J 

The /) factor is known as the damping factor, and can 
range from 0.1 in a motor with very little damping to 0.9 
in a heavily damped motor. K't is the torque constant in 
N x M/Amp, Imax is the motor current in current limit, 
and J is the moment of inertia of the motor and the load. 
If you don't know the damping factor, try a value of 0.3 
initially. If you don't know the moment of inertia, start 
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with a l!!F capacitor. In any case, if the motor has come 
to a full stop well before the ramp up period, you can 
decrease this value. If the motor does not stop before 
ramp up, you must increase this value until it does. 
Motors with very little friction or damping and a large 
inertial load tend to require larger values of capacitance 
here. 

ENABLE CAPACITOR 

This capacitor provides a time delay after the reset period 
for the motor to ramp up to speed. The following equation 
gives an approximate starting value for this capacitor. If 
starting is not reliable, this capacitor may be increased 
until it is. If starting is reliable and minimum spin up time 
is important, this value can be decreased experimentally 
to find the minimum practical value. Motors with a large 
amount of friction or a large inertia will tend to need 
larger capacitors. 

C - 55.85xNx(C1+C2) 
EN - Kv 

Where N is the number of poles in the motor, C 1 and C2 
are the VCO loop filter components on pin 20, and Kv is 
the VCO Pain (See the section on the vco and phase 
detector.) 

RAMP CAPACITOR 

The ML4425/ML4426 outputs a fixed 0.5!lA current on 
pin 20 during ramp up. This is the input to the VCO. 
Therefore, the rotor's acceleration is a function of the 
current, VCO gain and the loop filter components only. In 
some cases, where the VCO capacitor is small due to a 
high running speed, and the motor inertia is large, the 
rotor may not be able to follow the VCO during ramp up. 
In these cases, it is necessary to add a capacitor from pin 
21 to ground. This capacitor is switched in during ramp 
only, and allows the rate of acceleration during ramp up 
to be lowered. An approximate starting point for this 
capacitor is given by the equation below: 

C JxO.5x10-6 X Kvx2X1t (C1+ C2) 
RAMP = IMAX X Kt 3 x N 

Where J is the inertia of the motor plus load, Kv is the 
VCO gain, N is the number of poles, Imax is the 
maximum motor current, Kt is the torque constant, and C1 
and C2 are the loop filter components on pin 20. 
Normally, the result of the preceding equation will be a 
negative number, meaning that no ramp capacitor is 
necessary. If the result of this equation is greater than zero, 
then the ramp capacitor should be included. 

Cosc 

This capacitor sets the PWM ramp oscillator frequency. 
This is the PWM "switching frequency". If this value is too 
low, <20kHz, then magnetostriction effects in the motor 
may cause audible noise. If this frequency is too high, 
>30kHz, then the switching losses in the output drivers 
may become a problem. 25kHz should be a good 
compromise for this value, which can be obtained by 
using a 1 nF capacitor. 

ML4425/ML4426 
Rvco AND RREF 

Rvco should be 80K and RREF should be 137K for normal 
operation. 

RCpwM 

This pin is the output of a transconductance amplifier. A 
resistor and a capacitor in series with this pin and 
connected to ground form the speed loop compensation. 
The motor will have a mechanical time constant, given 
approximately by: 

'tm = JxRw 
Ke2 

Where J is the moment of inertia of the rotor plus the load, 
Rw is the winding resistance, and Ke is the back-E.M.F. 
constant This pole occurs at a relatively low frequency, 
and will limit the frequency of response of the servo loop. 
In order to get better response, the RC combination on the 
RCPWM pin can be used to provide phase lead for the 
speed loop. This combination also sets the open loop gain 
characteristics, and therefore the accuracy of the speed 
loop. In order to pick components for this loop, it is 
necessary to decide on a desired closed loop bandwidth. 
The chosen closed loop bandwidth should be 
substantially lower than the bandwidth of the phase 
locked loop used for commutation, in order to preserve 
acceptable phase margin. This is usually not a problem, as 
the mechanical time constant of the motor is necessarily 
much lower than the commutation loop response. 
Depending on the motor and its load, a bandwidth in the 
1-1 OHz range is easily achievable. The frequency of the 
compensating zero should be set to be a decade below 
the unity gain crossover frequency, so that its contribution 
to the phase lead will be maximum at the crossover. The 
following formula gives the value of C necessary for these 
conditions: 

CC = 482.314xNx Vce xCvco 

[freq{ Ke( ~2.5 + 98.696 x 'tm 2 X freq.2 )]] 

Where freq. is the desired unity gain crossover frequenc~ 
Vee is the supply voltage, Cveo is the VCO capacitor on \ 
pin 15, N is the number of poles in the motor, and the \ 
other quantities are defined above. Then, the value of R \ 
should be ' 

R = __ ...:.1~0-...,_ 
2 x 1t X CCx freq. 

If the speed loop is unstable, it is possible that the desired 
bandwidth is too high, and reducing the value of freq. 
should solve the problem. 

VCO FILTER 

See the section on the VCO and Phase detector for 
information on these components. 
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ML4425/ML4426 
VCO AND PHASE DETECTOR CALCULATIONS 

The veo should be set so that at the maximum frequency 
of operation (the running speed of the motor) the veo 
control voltage will be no higher than VREF, or 6.9V. The 
veo maximum frequency will be: 

FMAX = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum veo gain derived from the specification 
table (using the minimum Fveo at Vveo = 6V) is: 

" ~ 
t:i z 
~ 
g 
fl: 

2500 

2000 

1500 

1000 

500 

~ o 
o 

v: 
'" 

1 1 
CY~O = o.olliF 

L '" ,/ ~ CYeo = 0.0211F 

V 

4 6 10 12 

vYCO (VOLTS) 

2.42xlO-6 
Kveo(MIN) = e 

veo 

Assuming that the VVeO(MAX) = 6.5V, then 

eveo 
6.5 x 2.42x 10-6 

FMAX 

Figure 3. VCO Output Frequency vs. Vvco (Pin 20) 

Figure 4 shows the linearized transfer function of the 
Phase Locked Loop with the phase detector formed from 
the sampled phase through the Gm amplifier with the 
loop filtered formed by R, e 1, and e 2 . The Phase detector 
gain is: 

or 

5-178 

e - 315 F 
veo - POLES x RPM Ii 

Kex roxAtten x1.25x1 0-14A/Radian 
27t 

ROTOR 
PHASE 

SAMPLED 
PHASE 

Gm = 1.25 x 10-4 

Where Ke is the motor back-E.M.F. constant in V/Radian/ 
sec, ro is the rotor speed in r/s, and Atten is the back
E.M.F. resistive attenuator, nominally 0.5. 
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1 
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1 

1 1 
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Figure 4. Back-EMF Phase Locked Loop Components. 
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The simplified impedance of the loop filter is 

ZRC(S) = -.L (S + WLEAD) 
C 1S (S + WLAcl 

Where the lead and lag frequencies are set by: 

WLEAD =_1_ 
RC2 

C1 +C2 wLAG=---
RC1C2 

Requiring the loop to settle in 20 PLL cycles with 
WLAG = 10 X WLEAD produces the following calculations 
for R, C1 and C2 : 

C1 ~ 4.07x10-11 xKe xRPM 

Cvco X Fvco2 

C2 = 9 X C1 

R = 9.02 
C2 xFvco 

where Ke is the back-EMF constant in volts per radian per 
second, and RPM is the rotor speed. See Micro Linear 
application note 35 for derivation of the above formulas. 

START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Align: The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. This time is 

t = (1.5V) CRST 

0.751lA 

Ramp: Align is released, and a fixed 0.5!lA current is input 
to pin 20, and will ramp the VCO input voltage, 
accelerating the motor at a fixed rate. This time is 

t = (1 .5V) CEN 
0.751lA 

Run: When the motor speed reaches about 100 RPM, the 
back-EMF loop can be used in closed loop speed control 
and the voltage on the RCvco pin will ramp to the same 
voltage applied to VSPEED• This allows speed selection 
referring to figure 3. 

ML4425/ML4426 

RESETI 
ALIGN 

I 
I 
I 

Pl, P3, N2 ON I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OPEN-LOOP 
(STEPPING) 

RAMP 

------------~------------

CLOSED LOOP 
RUN 

o ~-----....;'-.. -.... --.-~--:-:-:-~-~-:_:r+ -- - -

ENABLE E/A 

I 
I 
I 

Figure 6. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

MODE PIN 17 PIN 19 I LIMIT 

Align 0 0 IMAX 

Ramp 1 0 IMAX 

Run 1 1 IMAX 

Table 2. Start-up Sequence. 

ALIGN: The IC is held in reset (state R). 

RAMP: After the reset pin has reached 1.5V the CEN pin 
begins to charge. During this time the RCvco components 
are charged with O.5!lA and the VCO begins to ramp up in 
frequency. This continues until the CEN pin reaches 1.5V 
and times out. The motor must be able to keep up with 
the VCO ramp rate. 

RUN: After CEN has timed out the device begins closed 
loop operation using the BEMF of the motor. 

DIRECTION: The direction of motor rotation is controlled 
by the commutation states as given in Table 1. The state 
sequence is controlled by the FIR (pin 12). 
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DIRECTION OUTPUTS INPUT SAMPLES 

CTATt n .... 'r .... L"r N3 N2 Nl P3 P2 P1 ~.,",IL I\.CVCI\.3C 

FORWARD N1 N2 N3 P1 P2 P3 FORWARD REVERSE 

RORO OFF ON OFF ON OFF ON N/A N/A 

A OFF OFF ON ON OFF OFF PH2 PH2 

B OFF OFF ON OFF ON OFF PHl PH3 

C ON OFF OFF OFF ON OFF PH3 PHl 

D ON OFF OFF OFF OFF ON PH2 PH2 

E OFF ON OFF OFF OFF ON PHl PH3 

F OFF ON OFF ON OFF OFF PH3 PHl 

Table 1. Commutation States. 

RESET ~ 

veo OUT ------, 

STATE I R I A e D A 

Figure 5. Commutation Timing and Sequencing . 
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ADJUSTING OPEN LOOP STEP RATE (RAMP) 

Align 

Motor alignment occurs when power is first applied and 
CRST (pin 17) and CEN (pin 19) are low. The device will 
stay in the align mode until the O.7S~ current out of CRST 
charges the external capacitor to 1.SV at which time ramp 
mode is enabled. 

During align P-channels P1 and P3 will be driven on and 
N-channel N2 will be on to provide high torque to 
position rotor on pole. 

Motor loads with larger inertia will require longer 
alignment periods or larger values of CRST for possibly 
higher currents (lLlMIT)' 

Maximum current limit can be set by the RLiMIT from the 
ISENSE pin (1). The threshold on this pin is approximately 
O.SV thus 

ILiMIT = O.5V 
RLiMIT 

ILiMIT is also under PWM control with toFF set by a 
capacitor connected to Cos (pin 26) and given by 

Ramp 

tOFF = Cos 2.5V 
2SIlA 

Motor ramping begins when CRST has exceeded 1.SV at 
which time the capacitor connected to CEN (pin 19) which 
had been held at ground will begin to charge with 0.751lA 
from the pin. When CEN reaches 1.SV the device will 
enter run mode. 

During ramp mode a O.S~ current from the RCYeo pin 
(20) will charge the filter components and begin to ramp 
the VCO frequency and begin commutating states A 
through F of the motor in an open loop fashion. CRAMP is 
shorted to ground during ramp allowing additional 
flexibility in starting high speed motors. 

CRAMP should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VPIN 20) ramp rate is given by: 

since 

dVyco O.SIlA 
-d-t-~ Cl+C2+CRAMP 

Fveo = Kyeo x Vyeo 

4x10-6 
KVCO{MAX) = --

Cyeo 

ML4425/ML4426 
then combining the 3 equations CRAMP can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 

0.51lA < dFveo CYCO x (Cl + C2 + CRAMP) 
dt 4x 10-6 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor during the open loop modes. 

The tolerance of the open loop step VCO acceleration 

(d~~o )depends on the tolerances of KYeo, CRAMP, Cl , 

C2, and Cyeo. 

Larger motors and loads will require longer ramp periods 
or larger values of CEN. 

Run 

When the CEN pin exceeds 1.SV the device will enter run 
mode. At this time the motor speed should be high 
enough to generate a detectable BEMF and allow closed 
loop operation to begin. The commutation position 
compensation has been previously discussed. 

The motor will continue to accelerate as long as the 
voltage on the RCYeo pin (20) is less than the voltage on 
VSPEED (pin 8). During this time the motor will receive full 
N-channel drive limited only by ILiMIT. As the voltage on 
pin 20 approaches that of pin 8 the CPWM capacitor will 
charge and begin to control the gate drive to the N
channel transistor by setting a level for comparison on the 
25kHz PWM saw tooth waveform generated on Cose (pin 
6). The compensation of the speed loop is accomplished 
on CPWM (pin 5) which is the output of a 
transconductance ampl ifier with a gm = 3.85 x 1 0-4~. 

OUTPUT DRIVERS 

The P-channel drivers are emitter follower type with SmA 
pull down currents. This allows for fast turn off to prevent 
cross conduction. The N-channel drivers are totem pole 
with a 750Q resistor in series with the pull up device 
again reducing cross conduction. 
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ML4425/ML4426 
vco RYeo CYeo CRAMP RCYeo 

@I I!!I @] §] 20 

6 

VREF 

2.5V 

Vee GND RCPWM 

BEMF 
SAMPLER 

COMM. 
OUTPUT 

ISENSE 

PH1 

PH2 

PH3 

Figure 8. Block Diagram. 

BRAKING 

When BRAKE pin (25) is pulled low all 3 P-channel 
drivers will be turned off and all 3 N-channel drivers will 
be turned on. 

60 

50 v 
..... V 

/' 

40 

~ 
~ 30 
;§ 

V , 
20 

10 

o 
o 100 200 300 400 500 

C(OS) (pf) 

Figure 7. ILIMIT Output Off-Time vs. Cos. 

HIGHER VOLTAGE MOTOR DRIVE 

The Ml4425/Ml4426 can be used to drive higher voltage 
motors by means of level shifters to the high side drive 
transistors. This can be accomplished by using dedicated 
high side drivers for applications greater than 60V or a 
simple NPN level shift as shown in figure 9 for 
applications below 60V. Figure 10 shows how to interface 
to the IR211O, a 3-phase bridge driverfrom I.R. This 
allows driving motors up to 600V. 
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ML4425/ML4426 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Ml4425CS O°C to +70°C 28-Pin SOIC (S28W) 
Ml4425CP O°C to +70°C 28-Pin DIP (P28N) 

Ml44251S -40°C to +85°C 28-Pin SOIC (S28W) 
Ml44251P -40°C to +85°C 28-Pin DIP (P28N 

Ml4426CS O°C to +70°C 28-Pin SOIC (S28W) 
Ml4426CP O°C to +70°C 28-Pin DIP (P28N) 

Ml44261S -40°C to +85°C 28-Pin SOIC (S28W) 
Ml44261P -40°C to +85°C 28-Pin DIP (P28N) 

-
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GENERAL DESCRIPTION 
The ML4431 provides all of the analog circuitry 
necessary for the demodulation of di-bit servo signal 
information in Winchester disk drives. It interfaces to 
the servo head preamp and provides quadrature 
position signal outputs for the servo controller 
circuitry. 

The ML4431 includes a high-performance 592-type 
input amplifier and differential AGC circuit. External 
logic is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output provides servo channel timing 
information for the logic. 

The ML4431 has an ECL-type VCO, with an internal 
EeL-to-TIL converter for simplified interfacing. 

The ML4431, when combined with the ML4402 Servo 
Driver, the ML4403, ML4413 Servo Controller and the 
ML4404 Trajectory Generator, provides a flexible 
closed-loop servo control system. 

BLOCK DIAGRAM 

May 1992 
PRELIMINARY 

ML4431 

Servo Demodulator 

FEATURES 
• Combines all analog di-bit demodulation circuitry 
• logic track-type switching can be used to minimize 

demodulator offset 
• Exponential AGC characteristics makes AGC settling 

independent of input step size 
• External loop compensation of analog blocks 
• External digital circuitry allows flexible pattern 

format 
• On-chip band gap voltage reference eliminates 

external referencing 
• Operates from 5V and 12V power supplies 
• Programmable Peak Detector Discharge Current 
• Digitally-controlled AGC set point 
• TIL output VCO 
• AGC Sense switchable to "POSA only" or both 

"POSA and POSB" 
• Compatible with Micro linear's Ml4403, ML4413 

Servo Controller, ML4402 Servo Driver and ML4404 
Trajectory Generator 

32 

CDC TESTr------l 

5-186 

12 VAGC 

11 PWM 

14 GAINI 
15 INX 

16 INY 

17 GAlN2 

4 FLTR 

5 +5V 

6 VCOI 

7 VCOP' I 
I 

8 VCON I 
L ________ :J 

POINT I I 
IV"" I 

: I 
I SYNC SEPARATOR: 

I I 
I I 
I SYNC 10 

PKDECAY 

FOUR PEAK DETECTORS 1--+-+---1 

VREf 29 

27 23 24 25 26 19 20 21 22 
Gl G2 G3G4 Cl C2 C3 C4 
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PIN CONNECfIONS 
ML4431 32-Pin pce 

FiNe TP POSB 
FlJR I FDEC I CDC I POSA 

3 2 1 32 31 30 

VREF 

+12V 

PKDECAY 

VCON ML4431CQ GATE4 
PLCC·32 GATE3 

SYNC Gm2 

PWM GATEI 

VAGC CAP4 

CAGC 21 CAP3 

14 15 16 17 18 19 20 

I INX I GAlN2 I CAPI I 
GAINI INY AGCSW CAP2 

PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

TP Composite test point, normally left 18 AGCSW Selects between "POSA only" or 
unconnected. "POSA and POSB" AGC sense 

2 FDEC Charge pump frequency operation. logic "0" selects "POSA 

decrement input. only" operation. logic "1" selects -3 FINC Charge pump frequency 
"POSA and POSB" operation. 

increment input. 19 CAP1 Peak detector 1 capacitor. 

4 FLTR Pll loop compensation terminal. 20 CAP2 Peak detector 2 capacitor. 

5 +5V +5V supply. 21 CAP3 Peak detector 3 capacitor. 

6 VCOI VCO input. 22 CAP4 Peak detector 4 capacitor. 

7 VCOP VCO positive output, for 23 GATE1 Peak detector 1 gate input (TTL) 

capacitive feedback to VCOI. logic "1" enabled, "0" disabled. 

8 VCON VCO negative output, drives 24 GATE2 Peak detector 2 gate input (TTL) 

resistive feedback to VCOL logic "1" enabled, "0" disabled. 

9 GND Ground. 25 GATB Peak detector 3 gate input (TTL) 

10 SYNC SYNC pulse output. 
logic "1" enabled, "0" disabled. 

11 PWM PWM DAC input to adjust AGC 
26 GATE4 Peak detector 4 gate input (TTL) 

set point. 
logic "1" enabled, "0" disabled. 

12 VAGC AGC gain reference voltage input. 
27 PKDECAY Sets peak detector discharge 

current. 
13 CAGC External capacitor to set AGC 28 +12V +12V supply. 

response. 

14 GAIN1 Input amplifier gain adjusting RC 
29 VREF Voltage reference output. 

terminal 1 30 POSA Position output A. 
POSA = Peak Detector 1 - Peak 

15 INX X input into input amplifier. Detector 2 
16 INY Y input into input amplifier. 31 POSB Position output B. 
17 GAIN2 Input amplifier gain adjusting RC POSA = Peak Detector 3 - Peak 

terminal 2. Detector 4 

32 CDC External capacitor terminal to set 
DC restore response. 

'Micro Linear 5-187 

---------------



ML4431 

ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently darnaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Power Supply Voltage Range, Vcc ....................... 14V 
Input Voltages: 

GAIN1, GAIN2 .................................. -0.3 to 8V 
CAGC .......................................... -0.3 to 7.0V 
V AGO PWM, VCOI ............................ -0.3 to 5.3V 
CAP1, CAP2, CAP3, CAP4 ..................... -0.3 to 10V 
GATE1, GATE2, GATE3, GATE4, VCOP .......... -0.3 to 7.5V 
INX, INY, VCON, FINC, FDEC, CDO CAGO FLTR 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... -0.3 to V cc +O.3V 

8JA for PlCC-32 ...... . . .. . . . . . .. . . . . . . . . . . .. .. .. =60°c/Watt 
Storage Temperature Range ................ -65°C to +150°C 
Junction Temperature (TJMAX) .......................... 150°C 
Lead Temperature (Soldering, 10 sec) .................. 260°C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 
Temperature Range .............................. ooe to 700 e 
Supply Voltage V(+12V) ......................... 12VDc ± 10% 
Supply Voltage V(+5V) ........................... SVDC ± 10% 
Input Coupling Capacitance (q ....................... O.01pF 
Input Amp Gain Capacitance (Cd ................... 0.047pF 
Input Amp Gain Resistance (Rd ......................... 11<0 
AGC Response Compensation Capacitance (CA) ...... O.018pF 
Composite DC Restore Capacitance (CD) ............. O.Ol8pF 
Pll Compensation Components: 

CCPl ................................................. O.lpF 
CCP2 .................................................. lpF 
Rcp .................................................. 9100 

VCO Components: 
Cv ................................................... 39pF 
Rv .................................................. 15000 
Rl ................................................... 6800 

Peak Detector Capacitance (CAPl thru CAP4) ......... 270pF 
On track Base-to-Peak Voltage at pin TP ............... 1.75V 
VGA Gain Control Voltage (at pin CAGd ............... =2.4V 
RSET .................................................. 330KO 

The following specifications apply over the recommended operating conditions of T A = ooe to 70oe, 
V(+12V) = 10.8 to 13.2V, V(+5V) = 4.5 to 5.5V, VVAGC = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply 

Supply Current V+12 = 12Y, V+5 = 5V mA 

1+5 Supply Current V+12 = 12Y, V+5 = 5V mA 

TTL Inpuls FINC, FDEC, GATEl, GATE2, GATE3, GATE4, PWM, M:;CSW 

VIH High Level Input Voltage 2.0 V 

Vil low level Input Voltage 0.8 V 

IIH High Level Input Current VIH = 2.4V -1 30 pA 

III low Level Input Current Vil = O.4V -20 1 pA 

SYNC Output 

VOL low level Output Voltage 10l = 1.6mA 0 0.35 0.5 V 

VTHR Positive going input threshold VREF +0.9 V 

VTHF Negative going input threshold VREF V 

tpD± Propagation Delay Rising, Falling RL = 2k, Cl = 15pF 50 ns 

VCON Output 

High Level Output Voltage IOH = 50pA V 

VOL low level Output Voltage 10l = 1.6mA V 

VCO and Charge Pump Section 

IBIAS VCOI Input Bias Current 0 20 50 pA 

ICH,IDIS FLTR Charge and Discharge Current 330 450 590 pA 

ICH/IDis FLTR Charge/Discharge Ratio 0.95 1.00 1.05 pA/pA 

IOFF FlTR OFF State Current FINC = 2.0, FDEC = 0.8 0 25 50 nA 

FMAX MAX VCO Frequency to Maintain 20 MHz 
+ and - 5% Control Range (Note 3) 

VQH (FLTR) Charge Pump Maximum Voltage V(+12V)-12V V 

VQl (FLTR) Charge Pump Minimum Voltage 1.0 V 
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ML4431 

ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of T A = O·C to 70·C, 
V(+12V) = 10.8 to n.2v, V(+5V) = 4.5 to 5.5V, V K;C = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX 

VCO and Charge Pump Section (Continued) 

Fvco VCO Frequency Range (Note 3) TA = 25·C, V's = 5V, 9.7 10.0 10.3 
VFlTR = 6Y, Cv = 30pF, 
Rv = 3.74KQ, see figu re 1 

Kvco VCO Voltage to Frequency Factor 2 

Input AMP, N:.C AMP, and DC Restore 

RIN INX, INY Differential Input Resistance 7 10 14 

IGAIN1,2 GAIN1, GAIN2 Bias Current 0.66 1.0 1.20 

RINAGC V AGC Input Resistance 7 10 13 

GMAGc AGC Transconductance at CAGC 370 

RAGC Control Range of AGC Loop to Regulate 7/1 
Composite Amplitude to within 2% 
of Nominal 

BW Bandwidth from INX, INY to Composite 10 15 
(Note 4) 

GMDCR DC Restore Transconductance 500 

Peak Detectors 

Charge Current 

Discharge Current T A = 25°C, RSET = 330K 

Voltage Reference 

VREF Reference Voltage TA = 25°C 4.75 5.00 5.25 

TC Tempco 50 

RoUT Load Regu lation 2 

PSRR Line Regulation 10 

ISINK Maximum SINK Current 0.8 

Output Amplifiers (POSA, POSB) 

VOS Input Offset VCAPl-4 = 6V -10 0 10 

Av Gain 1.15 1.20 1.25 

AVA/AVB Gain Tracking -3 0 +3 

VOUT Output Voltage Range 1.0 9.5 

IsRc Output Sou rce Cu rrent 3 

ISNK Output Sink Current 2 

SR Slew Rate 2.5 

BW 3dB Gain Bandwidth 3 

UNITS 

MHz 

%IV 

ill 

mA 

ill 

pMHOS 

VIV 

MHz 

pMHOS 

mA 

pA 

V 

ppm/DC 

mVimA 

mVIV 

mA 

mV 

VIV 

% 

V 

mA 

mA 

Vips 

MHz 

Note 1: O°C to 70·C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C. 
Note 3: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 
APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 
1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin V AGC (approximately 4.7 volts). The composite signal should 

be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 
2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin CAGe; it should be approximately 0.9 volts. 

CAGC voltage will vary approximately ±0.5 volts over the K;C range. 
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FUNCTIONAL DESCRIPTION 
INPUT AMPLIFIER 

The input amplifier is equivalent to a wide-band 592 
type video amplifier and provides amplification and 
buffering to the AGC circuitry. The Inputs INX and INY, 
which must be AC coupled, accept the composite 
analog signal from the servo head differential 
preamplifier. Internal input termination resistors 
eliminate the need for external bias resistors. 
Prefiltering of the signal is normally desired to eliminate 
unwanted components. External components RG and 
CG determine the input amplifier's low frequency cutoff 
and gain as follows: 

1 
FC = 21T(Rc + 600)CG 

1700 
Ay = Rc + 600 

Where: CG = External series capacitance between pins 
GAIN1 and GAIN2 

RG = External series resistance between pins 
GAIN1 and GAIN2 

AUTOMATIC GAIN CONTROL (AGO 

The purpose of the AGC loop is to maintain a constant 
peak output voltage level at outputs POSA and POSB. 
This peak level is established by the reference voltage 
applied to pin V N:JC. 

Vp_p (Composite Position Pulses) = K1 x V AGC + K2 

Where: K1 = 0.65 
K2 = .13 * VREF 

In this closed-loop system, the peak detector output 
voltages are fed back and combined with the V AGC 
voltage to provide a gain control current. The current 
controls the variable gain amplifier (VGA) and is 
compensated at pin CAGC to provide control of AGC 
bandwidth. The bandwidth of the entire AGC loop is 
determined by: 

Where: K = 2.8 x 10-4 
VYN:JC = External reference voltage at pin V AGC 
CA = External capacitance at pin CAGC 

PWM CONTROL OF AGC SET POINT 

The PWM input (pin 10) accepts a variable duty-cycle 
input to control the AGC set point. The relationship 
between duty-cycle and set point is: 

100% duty-cycle ........ AGC set point is equal to VREF. 

0% duty-cycle ...... AGC set point equal to 0.6 x VREF. 

A filter capacitor from pin 11 to ground is required to 
filter the PWM signal. This capacitor should be 
sufficiently large relative to the 10KO nominal internal 
termination resistance at pin 11. 

The AGC set point may be set manually via direct 
voltage control of pin 12 if desired. Pin 11 should be 
grounded in this case. 

SW!TCH!NG THE A£C SENSE RES!STORS 

The AGCSW input (pin 17) allows selection of the AGC 
sense. The choices are: 

AGCSW low ................... AGC senses POS A peak 
detector outputs only. 

AGCSW high ........... AGC senses POS A and POS B 
peak detector outputs. 

COMPOSITE AMPLIFIER 

The input amplifier and AGC circuit of the ML4431 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
composite amplifier converts the differential signal into 
a buffered single-ended signal for the peak detector 
circuitry. The DC base line of the composite Signal is 
equal to VREF• The bandwidth of the DC restore 
function is controlled by capacitor CD at pin CDC with 
the following relationship: 

1 
Where: gm = 2KO 

BW=~ 
21T CD 

CD = External capacitance at pin CDC 

The composite signal is available at pin TP and is 
normally left unconnected. For short circuit protection 
a 7500 resistor is connected in series with pin TP 
internally. 

SYNCHRONIZATION PULSE SEPARATOR 

The SYNC pulse separator is a threshold comparator 
with hysteresis which passes pulses from the composite 
amplifier above a set threshold. It provides a buffered 
TTL output. The SYNC output, when gated through an 
external one-shot, is used to control the external gate 
timing and PLL logiC. Active pull-up differs from ML4401 
SYNC. 

PEAK DETECTOR 

The peak detector circuit captures the peak signal 
amplitude of the di-bit pulses. The gates are controlled 
by inputs GATE1 through GATE4. Timing is established 
by the external logic circuitry. The external peak 
detector capacitors are connected from pins CAP1 
through CAP4 to ground. The peak detector discharge 
rate (set by CAP1-CAP4 and current out of PKDECAY) 
determines the maximum track crossing rate during an 
access operation. The peak detector outputs are fed 
into internal differential amplifiers that calculate the 
track error signals and provide buffered outputs POSA 
and POSB as follows: 

POSA = 1.20 (CAP1 - CAP2) + VREF 
POSB = 1.20 (CAP3 - CAP4) + VREF 
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PEAK DETECTOR DECAY RATE CONTROL 

The decay rate of the peak detector can be 
programmed by changing the external resistor RSET (pin 
26, see connection diagram). The decay rate is 
determined by the discharge current for the hold 
capacitors C1 - C4. The relationship between the 
discharge current and RSET is: 

VREF 
IDISCHARGE = -R 

SET 

VOIJAGE CONTROLLED OSCILlATOR AND 
CHARGE PUMP 

The VCO and external phase compare logic provide a 
time base for peak detector gate synchronization. 
Inputs FINC and FDEC provide increment and 
decrement signals to the charge pump for changing the 
oscillator frequency. The FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cv and Rv at pins 
VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Rv should be greater than 10000, Too low of a value 
will result in excessive power dissipation. RL should be 
about 6800. 

ML4431 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor CCPl is connected from pin 
FLTR to ground. Components Rcp and CCP2 are also 
connected in series from pin FLTR to ground to provide 
VCO loop compensation. 

INTERNAL VOLTAGE REFERENCE 

VREF is an internal band-gap voltage reference. It is 
buffered and available at pin VREF and is used by the 
ML4402, ML4403, ML4404 and other chips requiring a 5 
volt reference. 

EXTERNAL LOGIC 

The external logic provided by the user typically has a 
complexity of about 150 to 300 equivalent gates. 
Complexity and architecture depends on the users di
bit pattern and control function. 

Note: Stray capacitance should be considered in applying the above 
relationships when low capacitor values are used. Stray 
capacitance of the integrated circuit terminal is typically about 
2 to 3pF. 
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ML4431 

TYPICAL PERFORMANCE CHARACTERISTICS 
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ML4431 

ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

Ml4431CQ o'e to +70'e MOlDED pee (Q32) 

-
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GENERAL DESCRIPTION 

The ML4451 is a bipolar monolithic read/write circuit 
designed for use with center-tapped ferrite recording 
heads in tape drive systems. Single ended head drive is 
also possible by connecting one input to center tap and 
the other to the head which also returns to center tap. 

The ML4451 provides two separate multiplexed read and 
write data channels. These circuits exhibit features like 
reduced input bias current and higher read channel 
voltage gain, which provide a low noise read data path. 
It also provides improved write current stability and 
eliminates write current "glitches" during power-up. 
The control signals to this chip are TTL compatible. 
The ML4451 is available in a 24-pin sOle package. 

BLOCK DIAGRAM 

vee Vool GNO Voo2 

1 -1-

R/W 

MODE 
SELECT 

Cs 

ROX 

ROY 

WOI 

HSO 
HSl 

February 1993 
nnrl .... AIIo.IA"'\' r I'\.I:LIIVIII "'tf"U\' I 

ML4451 

2-Channel 
Preamplifier for Tape Drives 

FEATURES 

• Enhanced write current stability 

• Designed for center-tapped ferrite heads in tape drives 

• Provides lower current noise 
Min Av> 150, Max IB < 151!A 

• Easily multiplexed for larger systems 

• Power supply fault protection 

• 1.5nV/-{RZ maximum input noise voltage 

• Programmable write current source 

• Includes write unsafe detection 

• +5V, + 12V power suppl ies 

Vcr WUS 

H2X 

H2Y .... 
!:: .. H3X :: 

H3Y 

HOX 

HOY 

HIX 

H1Y 

Q 

;:5 .. 

we 
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ML4451 

PIN CONNECTION 

ML4451 
24-Pin sOle 

GNO NC 

NC Cs 

HOX R/W 
HOY WC 

HIX ROY 

H1Y ROX 

H2X HSO 

H2Y HSI 

H3X Vee 

H3Y WOI 

Vcr wus 

Voo2 Vool 

TOP VIEW 

PIN DESCRIPTION 

NAME FUNCTION NAME FUNCTION 

HSO-HS1 Head Select (four heads) RDX,RDY X, Y Read Data (differential read 

CS Chip Select (low level enables chip) 

R/VV ReadM'rite (high level selects 
Read Mode) 

signal out) 

WC Write Current (used to set the write l1li current magnitude) 

WUS Write Unsafe, open collector output 
(high level indicates an unsafe 

VCT Voltage Center Tap (center tap 
voltage sou rce) 

writing condition) VCC +5 volts 

WDI Write Data In (negative transition VOD1 + 12 volts 
toggles head current direction) 

Voo2 Positive supply for center tap 
HOX,H1X Read head X connections 

GND Ground 
H2X,H3X Write head X connections 

HOY, H1Y Read head Y connections 

H2Y, H3Y Write head Y connections 
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ML4451 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage Range 
VDD1 .. :.: .............. ~ ......... :. ......................... -0.3 to 14VDC 
VDD2 ........................................................ -0.3 to 14VDC 
Vcc ............................................................................ -0.3 to 6VDC 

Input Voltage RaJ:!ge _ 
Digital Inputs (CS, R/W, HS, WDI) .. -0.3 to Vcc +O.3VDC 
Head Ports (HOX-H7X, HOY-H7) .-0.3 to VDD1 +O.3VDC 
Write Unsafe (WUS) .................................. -0.3 to 14VDC 

Write Current (lw) .................................................... 60mA 

Output Current 
Read Data (RDX, RDY) ......................................... -10mA 
Center Tap Current (lCT) ....................................... -60mA 
Write Unsafe (WUS) ............................................... 12mA 

Storage Temperature ................................. -65°C to 150°C 

Junction Temperature (T) ......................................... 135°C 

Lead Temperature (Soldering 10 sec.) ...................... 300°C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 

Supply Voltage 
VDD1 .............................................................. 12V±10% 
Vcc ................................................................................... 5V±10% 

Head Inductance 
LH .................................................................................... 5 to 151lH 

Damping Resistor (RD) ................................. 500 to 2000n 

RCT Resistor (1/4 Watt) ....................................... 12n ±5% 

Write Current (lw) ........................................... 1 0 to 40mA 

Unless otherwise specified VDD 1 = VDD2 = 12V ±1 0%, Vcc = 5V ±1 0%, RCT = 120n ±5%, 
Iw = 40mA, O°C:,> TA :'> 70°C (Notes 2 and 3) 

SYMBOL I PARAMETER I CONDITIONS MIN TYP. MAX UNITS 

DC OPERATING CHARACTERISTICS 

Icc Vcc Supply Current Read or Idle Mode 35 mA 
Write Mode 30 mA 

IDD VDD Supply Current Read Mode 35 mA 
Write Mode 20+ Iw mA 
Idle Mode 20 mA 

PD Power Dissipation Read Mode 655 mW 
Write Mode Iw = 40mA, RCT = on 960 mW 
Idle Mode 455 mW 

- -
DIGITAL INPUTS (CS, R/W, HS, WDI) 

VIH High Voltage 2 VDC 

VIL Low Voltage O.B VDC 

IIH High Current VIH = 2.0V 100 IlA 
IlL Low Current VIL = O.BV -0.4 mA 

WUSOUTPUT 

VOL Output Low Voltage IOL = 8mA (Safe) VDC 

IOH Output High Current VOH = 5V (Unsafe) IlA 
CENTER TAP VOLTAGES 

VCT Read Mode Read Mode VDC 

VCT Write Mode Write Mode VDC 
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ML4451 

ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VDDl = 12V±10%, Vcc= 5V±10%, RCT = 1200±5%, Iw~35mA, LH = lOIlH, RD = 7500 

fDATA = 5MHz, CL(RDX, RDY) $; 20pF, O°C $; TA$; 70°C 

(Notes 2 and 3) (VIN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I PARAMETER I CONDITIONS MIN TYP. MAX UNITS 

WRITE MODE CHARACTERISTICS 

IHCW Head Current (per Side) Write Mode -200 200 IlA 
o $; Vcc $; 3.7V 
o $; VDD 1 $; 8.7V 

IWR Write Current Range Iw= K/Rwc 10 40 mA 

K Write Current Constant 2.375 2.625 

VHD Differential Head Voltage Swing 7.0 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 15 pF 

ROD Differential Output Resistance 10k 0 

fWDI WDI Transition Frequency WUS= Low 250 kHz 

AI IWC to Head Current Gain 0.99 mA/mA 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 IlA 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN = 1 mVp.p@ 300kHz 150 180 205 V!V 
RL (RDX, RDY) = 1 kO 

DR Dynamic Range DC Input Voltage (VI) -3 +3 mV 
Where Gain Falls 10% 
VIN = VI + 0.5mVp.p @ 300kHz 

BW Bandwidth (-3dB) Izs I < 50, VIN = 1 mVp_p 30 MHz 

elN Input Noise Voltage BW = 15M Hz, LH = 0, RH = 0 1.5 nV/-{RZ 

CIN Differential Input Capacitance f= 5MHz 20 pF 

RIN Differential Input Resistance f = 5MHz, TJ = 2)oC 2k 0 

IHCR Head Current (per side) Read or Idle Mode -200 200 IlA 
o $; Vcc $; 5.5V 
o $; VDD 1 $; 13.2V 

IN Input Bias Current (1 side) 15 IlA 

CMRR Common-Mode Rejection Ratio VCM = VCT + 1 OOmVp_p@ f = 5MHz 50 dB 

PSRR Power Supply Rejection Ratio 1 OOmVp_p @ %MHz on 45 dB 
VDD1, VDD1, VDD2,orVcc 

CS Channel Separation Unselected Channels: 45 dB 
VIN = 100mVp_p@ 5MHz 
and Selected Channel: 
VIN = OVp_p 

Vos Output Offset Voltage Read Mode -460 +460 mV 
Write or Idle Mode -20 +20 mV 

ROUT Single-Ended Output Resistance f= 5MHz 30 0 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VDD1 = 12V±10%, Vee = 5V ±10%, ReT = 1200 ±5%, Iw= 35mA, LH = lO!lH, RD = 7500 
fDATA = 5MHz, CdRDX, RDY) ~ 20pF, O°C ~ TA~ 70°C 

(Notes 2 and 3) (VIN is referenced to VCT for Read Mode Characteristics). 

SYMBOL I PARAMETER I CONDITIONS MIN TYP. MAX UNITS 

READ MODE CHARACTERISTICS (Continued) 

Il leakage Current, RDX, RDY (RDX, RDY) = 6V Write or Idle Mode -100 100 j.tA 

10 Output Current AC Coupled load, RDX to RDY ±2.1 mA 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output 1 J.lS 

tWR R/W to Read Switching Delay To 90% of 100mV, 10MHz Read 1 J.lS 
Signal Envelope or to 90% Decay of 
Write Current 

tlwor CS to Select Switching Delay To 90% of Write Current or to 90% of 1 Ils 
tRI 100mV, 10MHz Read Signal Envelope 

tWlor CS to Unselect Switching Delay To 90% Decay of 200mV, 10MHz 1 J.lS 
tRI Read Signal Envelope or to 90% 

Decay of Write Current 

tHs Head Select Switching Delay To 90% of 100MHz Read Signal 1 Ils 
Envelope 

tD1 Safe to Unsafe Iw= 35mA 1.6 8 J.lS 
Write Unsafe Delay 

tD2 Safe to Unsafe Iw=35mA 1 Ils 
Write Unsafe Delay 

tD3 Prop. Delay Head Current lH = 0, RH = 0 From 50% points 25 ns 

Asymmetry Head Current WDI has 50% Duty Cycle and 1 ns 2 ns 
RiselFall Time 

Rise/Fall Head Current 10% and 90% Points 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated cirCUit may be Impaired. All voltages unless otherwIse specified are measured with 
respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Maximum junction temperature (TJ) should not exceed 135°C. 

TIMING DIAGRAM 

WDI 

wus 

HEAD 
CURRENT 

IX,IV 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML4451 functions as a read 
amplifier when in Read mode, or as a write amplifier 
when in the Write mode. Pins HSO and HSl determine 
head selection while pin R/W controls the Read/Write 
mode. A detected "write-unsafe" condition is indicated by 
pinWUS. 

READ MODE 

When the ML4451 is in the Read Mode, it operates as a 
low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the 
write unsafe detector and the write current source are 
deactivated. The center tap voltage is also lowered. Pins 
RDX and RDY provide differential emitter follower outputs 
which are in phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making external 
write current gating unnecessary. 

WRITE MODE 

The ML4451 operates as a write-current switch when in 
the Write mode. Write current rnagnitude is determined by 
the following relationship: 

IK = K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin 
WCand GND 

The head current is toggled between the X and Y side of 
the selected head by a negative transition on WDI (Write 
Data Input). When switching the ML4451 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 

The ML4451 exhibits enhanced write current stability 
which reduces the problem of oscillation. This is due to 
increased internal write current compensation. Also write 
current "glitches" during power-up are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output 
that gives a logic high level for any of the following unsafe 
write conditions: 

-Open head 

- Open head center-tap 

- Too low WDI frequency 

- Read mode selected 

- Device not selected 

- No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML4451 also offers a voltage fault detection circuit 
that prevents write current during power-loss or power-up. 

Table 1. 

HEAD SELECT 

HSl 

0 

0 

1 

1 

0 

0 

1 

1 

Notes: 0 = LogiC level Low 
1 = logiC level High 
X = Don't Care 

Table 2. 

CS 

0 

0 

1 

Notes: 0 = logiC level low 
1 = logic Level High 
X = Don't Care 
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HSO HEAD 

0 0 

1 1 

0 2 

1 3 

0 4 

1 5 

0 6 

1 7 

R/W MODE 

0 Write 

1 Read 

X Idle -
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TYPICAL APPLICATION 

+5V +12V 

2K Jtcr(1) r-----, 

Vee VDDI VDD2 

MICROPROCESSOR~-~-tWUS 
AND R/W 

CONTROL LOCIC CS 

L------i~ HSO 
L------~HSI 

WRITE DATA INI'UT------+i WDI 

READ DATA OUTPUT 
..... -.......-1 

ML4451 

CND 

I-~+-" 

I-~+-' 

1-1:-+-" 

I-_-+.J 

Note 1: ReT IS optional and IS used to limit internal power dissipations (Otherwise connect Voo 1 to Voo2). 
RO (1/2 Walt) = 120 (4OIIw) ohms, where Iw = Write Curren~ in mAo 

(2) 

HO} 
HI 

H2 } 

H3 

Nole 2: Ferrite bead optional: used to suppress write current overshoot and ringing. Recommend Ferroxcube 3659065/4A6. 
Note 3: ROX and ROY load capacitance 20pF maximum. ROX and ROY output current must be limited to 100mA. 
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ORDERING INFORMATION 

PART NUMBER PACKAGE 

ML4451 20-Lead SOIC (524) 

THERMAL CHARACTERISTICS 

PIN COUNT PACKAGE 

24-Lead sOle 

l1li 
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PRELIMINARY 

ML4452 

MR Head Preamplifier for Tape Drives 
2-CH Read and 1-CH Write with Readback 

GENERAL DESCRIPTION 

The ML4452 is a bipoloar monolithic read preamp circuit 
designed for use with two-terminal thin-film or MR 
recording heads for tape drives. It provides two dedicated 
low noise read channels and a separate write channel 
with read back capability for use with the servo head. 
The write channel in the ML4452 incorporates an intemal 
700n damping resistor which dampens the write signals 
to the head. Additionally write current control and data 
protection circuitry are also provided. Because the read 
channels are independent there is no voltage drift, which 
is a problem with normal preamps when switching from 
the write to read mode. Power supply fault protection is 
provided by disabling the write current generator during 
power sequencing. 

BLOCK DIAGRAM 

VCCI CND 

FEATURES 

• Architecturally Compatible to SSl's 32R461 OAR 

• Single +5 Volt Operation, PMAX < 200mW 

• Read Mode Gain = 125 VN 

• Dedicated Read Channels for Greater Noise Immunity 

• Write Channel also Provides Servo Readback Capability 

• 700 Ohm Damping Resistor in the Write Channel 

• Input Noise = 0.85nV/-JHZ max 

• Input Capacitance = 45pF max 

• Write Current Range = 10-35mA 

• Enhanced System Write to Read Recovery Time 

• Power Supply Fault Protection 

• No Write Current Glitching on Power-up 

• 20-pin SSOP Package 

VCC2 

REFERENCE VOL TACE 
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ML4452 

PIN CONNECTION 

ML4452 
20-Pin SSOP (R20) 

GNO 

RWHOX 

RWHOY 

RHIX 

RH1Y 

RH2X 

RH2Y 

NC 

NC 

VCC2 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

HSO, HSl 

WDI 

RH1X,RH2X 
RH1Y, RH2Y 

RWHOX I/O 
RWHOY 

Head Select: Selects one of three 
heads 

ReacJMIrite: A high selects read mode 
and a low selects write mode 

Write Data In: Changes the direction 
of the current in the head 

X, Y Head Connectors for MR Read 
only 

X, Y Head Connectors for Servo 
MR read and inductive write 

NC 

R/W 
WC 

ROY 

ROX 

15 HSO 

HSI 

VCCI 

WOI 

11 NC 

TOP VIEW 

NAME TYPE FUNCTION 

RDX, RDY a X, Y Read Data: Differential read data 
output 

WC 

VCCl 

VCC2 

GND 

Write Current: Used to set the 
magnitude of the write current 

+5 volt supply 

+5 volt supply for write current drivers 

Ground 
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ML4452 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
DC Supply Voltage (Vee 1) ......................... -0.3 to +7VDC DC Supply Voltage (Vee1) .............................. 5 ±5% VDC 
DC Supply Voltage (Vee2) ......................... -0.3 to +7VDC DC Supply Voltage (Vee2) .............................. 5 ±5% VDC 
Write Current (lw) .......................................•..•........ BOmA Operating Junction Temperature (TJ) ••••••••• +25° to + 110°C 
Digital Input Voltage (VIN) ........... -0.3 to VCC1 + 0.3VDC 
Head Port Voltage (VH) ................ -0.3 to VCC1 + O.3VDC 
Output Current: RDX, ROY (10) ••••..••••.•••••••••••••••••.• -10mA 
Storage Temperature T STC ..•.......•................•...•• -65 to + 150°C 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

VCCl Supply Current Read Mode 
Write Mode 

VCC2 Supply Current Read Mode 
Write Mode 

Power Dissipation Read Mode 
Write Mode 

Digital Inputs 

Input low Voltage (VIL) 

Input High Voltage (VIH) 

Input low Current VIL =0.8V 

Input High Current VIH = 2.0V 

VCCl Fault Voltage Iw < 0.2 rnA 

Write Characteristics 

Write Current Constant "K" 

Write Current Voltage (VWC) 

Differential Head Voltage Swing 

Unselected Head Current 

Head Differential load Capacitance 

Head Differential load Resistance RD 

Write Current Range (Iw) 

Read Characteristics CL (RDX, RDY) < 20pF, RL (RDX, RDY) = 1 KQ 

Differential Voltage Gain VIN = 1 mVpp@ lMHz 

Voltage BW -ldB I Zsl < 5 ohm, VIN = lmVpp 

-3dB 

Input Noise Voltage BW = 15MHz, lH = 0, RH = 0 

Differential Input Capacitance VIN = 1 mVpp, f = 5MHz 

Differential Input Resistance VIN = 1 mVpp, f = 5MHz 
Read/Write head #0 
Read heads #1 & #2 

Dynamic Range AC input voltage where gain falls to 
90% of its small signal gain value. 
@f=5MHz 

5-204 'Micro Unear 

MIN 

2.0 

-0.4 

3.7 

1.15 

3.4 

500 

10 

100 

20 

35 

360 
900 

3 

TYP MAX UNITS 

33 mA 
27 

11 mA 
10+lw 

230 mW 
190+41w 

0.8 VDC 

VDC 

rnA 

100 J.IA 
4.0 4.2 VDC 

0.99 

1.25 1.35 V 

6 Vpp 

1 rnA (pk) 

25 pF 

700 950 ohms 

45 rnA 

125 150 VN 

MHz 

MHz 

0.6 0.85 nV,A!Hz 

27 35 pF 

ohms 
ohms 

mVpp 



ML4452 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Read Characteristics CL (ROX, ROY) < 20pF, RL (ROX, ROY) = 1 KO (Continued) 

Common Mode Rejection Ratio VIN = OVOC + 1 OOmVpp @ SMHz 4S dB 

Power Supply Rejection Ratio 100mVpp@SMHzonVee 40 dBChannel 
Separation Unselected channels driven with 4S dB 

VIN = OVOC + 100mVpp 

Output Offset Voltage -200 +200 mV 

Single-ended Output Resistance f= SMHz 40 Ohms 

Output Current AC Coupled load, ROX to ROY 1.4 mA 

ROX, ROY Common Mode Output 2.0 2.8 3.S VOC 

Switching Characteristics Iw = 20mA, RH = 30 Ohm, lH = 1 !1H, fDATA = SMHz 

R/W Read to Write R/W to 90% of write current 0.1 1.0 !1S 

R/W Write to Read R/W to 90% of 100mV O.S 1.0 !1S 
Read signal envelope 

HS 0, 1 to any head To 90% of 100 mV 10 MHz 0.2 1.0 !1S 
Read signal envelope 

Head Current lH = 0, RH = 0 
WOI to Ix-Iy (T03) From SO% points 32 ns 
Asymmetry WOI has 1 ns rise/fall time 1.0 ns 
Rise/Fall Time 10% to 90% points 12 ns 

TIMING DIAGRAM 

MODE AND HEAD SELECT 

R/W HS1 HSO HEAD MODE 

0 0 0 RWHO Write 

1 0 0 RWHO Read 

1 0 1 RHl Read 

1 1 0 RH2 Read 

1 1 1 RESERVED 

Figure 1. Write Mode. Note: The TTL input R/W has an Internal pull-up resistor to prevent an 
accidental write condition The TTL tnputs HSO and HSl have internal 
pull-downs. 

'Micro Linear 5-205 
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ML4452 

FUNCTIONAL DESCRIPTION 

The ML4452 has the ability to address up to 4 two
terminal thin-film heads and provide write drive or read 
amplification. Head selection and mode control are 
described in the tables below. The TTL inputs R/W and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HSl have internal pull-downs. 
Internal clamp circuitry will protect the ML461 OR/4611 R 
from a head short to ground condition in any mode. The 
damping resistors are switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML461 OR/4611 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. Head 
current is toggled between the X and Y side of the selected 
head on each high to low transition of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes the Write Data Flip-Flop to pass write current 
through the "X" side of the head. The current calculations 
are shown below: 

Write current (peak) is given by: 

where 

Iw KxVWC 
RWC 

RWC is connected from pin WC to GND 

Actual head current is given by: 

where 

I 
IXY=~ 
, 1.&:t. 

+RD 

RH = head + external wire resistance 
RD = damping resistance 

ORDERING INFORMATION 

VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under the 
conditions given below. After the fault condition is 
removed, a negative transition on WDI is required to clear 
WUS. 

- Write Data Input frequency too low 

- Device in Read Mode 

- Chip is disabled or head is open 

- No write current 

READ MODE OPERATION 

The Read mode configures the ML4452 as a low noise 
differential amplifier and deactivates the write current 
generator. The RDX and RDY output are driven by emitter 
followers. They should be AC coupled to the load. The 
(X, Y) inputs are non-inverting to the (X, Y) outputs. In the 
Idle or Write mode, the read amplifier is deactivated and 
RDX, RDY outputs become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML4452 supports the feature by which the internal 
damping resistors are switched out in the read mode, 
which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than 50mW. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4452CR 20-Pin SSOP (R20) 
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PRELIMINARY 

ML4506 

5V Disk Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4506 is a voice coil power driver intended for use 
in 5V Hard Disk servo systems. The ML4506 contains all 
power and control circuitry necessary to drive the voice 
coils of most small form factor drives. In addition, power 
fail detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input at 
1/4 AN and 1/24 AN respectively, using a 10 sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop by eliminating the need for a blocking 
diode. 

BLOCK DIAGRAM 
3375 1600 

r-----------~ 
I POWER FAIL DETECT : 
I I 

~~~--+TI, : 
I 
I 
I 

1.5V I 
I 
I 

: : 
L _________ =_J 

32K 

The power fail detection circuit includes a precision 1.5V 
bandgap reference. 

The ML4506 is implemented using Micro Linear's bipolar 
array technology. This allows for easy customizing of the 
Ie for a user's specific application. 

FEATURES 
• 500mA power output with 1.3V total forward drop 

• Low offsets, cross-over distortion and quiescent current 

• Pin-programmable transconductance settings 

• Retraction circuitry with programmable retract current, 
voltage limiting, and separate supply pin. 

• On-chip precision power fail detect circuitry 

• Over-temperature protection with flag output 

• Logic input available for disabling outputs 

'Micro Unear 5-207 
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ML4506 

PIN CONNECTION 
ML4506 

20-PIN SOIC (S20W) OR 20-PIN SSOP (R20W) 

Vee 20 RETRACT 

DISABLE 19 RETROUT 

RET SET 18 POWER FAIL 

HIGH/lOW 17 5VCOMP 

GND 16 REF 

VRET IS CONTROL+ 

RSENSE 14 CONTROL-

PWRGNDA 13 PWRGNDB 

OUTPUT+ 12 OUTPUT-

OUT+ SENSE 11 PWRVC 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

1 Vee Positive Power supply for the IC 12 OUTPUT- Negative Output terminal for bridge 
Normally connected to +5V. amplifier. 

2 DISABLE A.logic "1" turns off the main 13 PWRGND B Ground Terminal for power 
outputs. amplifier. 

3 RET SET A Current into this sets up the 14 CONTROL- Negative input for current 
voltage limit for the internal retract command. 
sourcing circuit 

15 CONTROL+ Positive input for current command. 
4 HIGH/LOW A logic "1" sets the 

16 REF Reference input to the Power Fail transconductance gain to 1/4 while 
a logic "0" sets the gain to 1/24. comparator. Leave open to use 

Transconductance gain is defined internal 2.5V reference. 

as: 17 5VCOMP Input to the Power Fail Comparator. 

VRm:JSE 
Can be connected to a bypass 
capacitor for noise immunity. 

(CONTROL +)-(CONTROL-) 
18 POWER FAIL Open collector output drives low if 

5 GND Analog Signal Ground pin 17 or pin 18 are below pin 16. 

6 VRET Power supply for the retract circuit. Normally tied to pin 20. 

7 RSENSE Current sensing resistor terminal. 19 RETR OUT Open collector output pulls low to 
drive external PNP for retract if Vee 

8 PWRGNDA Ground Terminal for power is less than 3.5V and pin 20 is low. 
amplifier A. 

20 RETRACT A logic "0" input causes the main 
9 OUTPUT+ Positive Output terminal for bridge outputs to tri-state and the 

amplifier. retraction circuit to activate. This 

10 OUT+ SENSE Positive Amplifier Kelvin sense input also functions as a flag output 

terminal. Tie to OUTPUT +. and will go low in the event of an 
over-temperature condition. 

11 PWRVC +5V supply for bridge amplifier 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 1,6,11) .......................................... 7V 
Voltage Pins 2,4, lB, 19,20 ............................. -0.3V to +7V 

Pins 14, 15 ................................................ -0.3 to +Vee 
Output Current .................................................... ±7SOmA 
Retraction Current .................................................... BOmA 
Retract set current (pin 3) ........................................... 3mA 

ELECTRICAL CHARACTERISTICS 

ML4506 
Junction Temperature ............................................... 150°C 
Storage Temperature Range ....................... -6soC to 150°C 
Lead Temperature (Soldering 10 sec.) ...................... ls0°C 
Thermal Resistance (SIA) 

SOIC Package (S) ............................................... ssoC/W 
SSOP Package (R) .............................................. 6s oC/W 

OPERATING CONDITIONS 
Temperature Range ......................................... O°C to 70°C 
Supply Voltage (pins 1,11) ................................. sv ± 10% 
VRET (pin 6) ........................................................ 1 V to Vee 

Unless otherwise specified, TA = Operating Temperature Range, Vee = sv ± 10%, RSENSE = 10, 
CONTROL- (pin 15) = 2.SV, RSET (pin 3) = 3.7kO, Load = 100. 

PARAMETER I CONDITION MIN TYP MAX UNITS 

AMPLIFIER 

Control Common Mode Range 0.5 Vcc- 1 V 

Offset ±10 mV 

Transconductance Gain pin 4 =; 2V 238 250 263 mA/V 
pin 4 = 0.8V 39.6 41.7 43.8 mA/V 

Bandwidth 100 kHz 

Sinking saturation IOUT= 100mA 0.5 V 
lOUT = 300mA 0.6 V 
lOUT = 500mA 0.8 V 

Sourcing saturation lOUT = 100mA 1.1 V 
lOUT = 300mA 1.2 V 
lOUT = 500mA 1.3 V 

RETRACTION CIRCUIT VPIN20 = O.8V, VRET = 2.5V 

IRET SET 0.75 V 

Turn on time 300 ns 

Turn off time 8 JlS 

Sink current (lplNd VPIN12 = OAV 34 50 150 mA 

Source Voltage (VpIN7) IpIN7 = -SOmA 0.3 0.5 0.7 V 

POWER FAIL DETECTION CIRCUIT 

Reference Voltage 1.35 1.50 1.65 V 

Reference Source Impedance 2.25 kQ 

5V Threshold 4040 4.575 4.75 V 
Hysteresis 30 mV 

LOGIC INPUTS 

Voltage High (VIH) 2 1.4 V 

Voltage Low (VIL) 104 0.8 V 

Current High (lIH) VIN= 5V ±10 mA 

Current Low (IlL) VIN = OV, except pin 20 -40 -10 mA 
VIN = OV, pin 20 only -250 -160 mA 

CURRENT CONSUMPTION 

Pin 1 + Pin 11 VPIN14 = VPIN15 = 2.5V mA 

Pin 6 VPIN14 = 2.5V mA 
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FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4S06 power amplifier circuit is set up as a 
Howland Current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 4 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE' For example at a 1/4 
gain setting, with VH input at 2.SV and the V(+) input at 
3.SV, +S~OmA would flow through the coil using a O.SQ 
sense resistor. Under the same conditions with pin 4 low, 
the curr~nt wo.uld be 83mA. The ability to change from 
low to high gam allows more complete utilization of DAC 
resolution when in the track follow mode. 

The output stage (figure 2) is designed to provide minimal 
saturation losses and employs a "composite PNP" for the 
sourcing drive and a saturable NPN to sink current. 
Sourcing saturation drop is typically 0.9V while sinking 
saturation drop is typically O.4V. 

Rl 

Figure 1. Power Amplifier Topology. 

POWER FAIL DETECT 

The ML4S06 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and a 
comparator with an effective hysteresis of 30mV. The 
output at pin 18 is open-collector and is normally tied to 
pin 1 which is internally pulled-up to SV. 

RETRACT 

The re~ract circuit features provision for very low voltage 
operation as well as voltage limiting when a "live" retract 
~ith SV on VRET isperformed. When pin 20 goes low, the 
m~ernal NPN transistor will s.aturate, pulling SINK B 
(pm 11) low. A RETR OUT signal (open collector) 
saturates to drive an external PNP source transistor when 
pin 20 is low and when VRET (pin 6) is below 3.SV. This 
portion of the circuit will function with less than 1 Von 
VRET· 

An .internal voltage limited pull-up circuit is provided 
which sources current on pin 7 to the VCM. This limit is 
set by an external resistor (see fig. 7) This circuit will 
operated reliably down to a VRET voltage of around 2.SV. 
Pin 20 (Retract input) also serves as a flag to indicate an 
over-~emperature condition on the die and goes low when 
the die temperature exceeds a safe operating limit (about 
160°C). 

Figure 2. Power Output Stage. 
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OUTPUT CURRENT (rnA) 

Figure 3. Output Saturation Voltage vs. Output Current. 
(Vee = PWR VC = 5V) 

~Stopped: 5 Acquisitions 
!·r 

. m "v • ms 

",, 

Figure 4. Output Current: 
VIN = 100Hz Sine Wave, 100mAp.p 

Low Gain Mode (VPIN 5 = 0), RSENSE = 0.5Q, RL = 10Q. 

~Stopped: 32 Acquisitions 
r 

. m }.IS 

Figure 5. Output Current: 
VIN = 1kHz Sine Wave, 100mAp.p 

Low Gain Mode (VPIN 5 = 0), RSENSE = 0.5Q, RL = 10Q. 
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~ 
~ 
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ML4506 

,.----HIGH GAIN/ 

~ --~ / .-"" 

/ 
V V 

,.-.......... LOWGAIN 

/ /~ 
'l 

FREQUENCY (kHz) 

Figure 6. Total Harmonic Distortion vs. Frequency. 
Low Gain Setting (VPIN5 = 0), RSENSE = lQ, VIN = 2.4Vp.p 
High Gain Setting (VPIN5 = 0), RSENSE = lQ, VIN = O.4Vp.P 

l\ 
!~ 
.~ 

" VRET = 2.5V 

~ 
VRET= 2.0V ~ ~ 

~ 

0.1 

RSET (kil) 

Figure 7. RSET vs. Retract Source Voltage Limit. 

'-Micro Linear 5-211 

l1li 



ML4506 

APPLICATIONS 

COMPENSATION 

Figure 8 shows the equivalent AC circuit for the 
transconductance amplifier. 

VCM 

IC IVCM 

COUT 

Is 

Cs 

RS 

Figure 8. AC Equivalent Circuit for Current Amplifier, 
Yo ice Coil Motor (YCM) and Snubber. 

The amplifier's current bandwidth is limited by COUT 
wh ich varies with the val ue chosen for RSENSE 

COUT = 25nF 
RSENSE 

+5V 

XFER 
15 T 

Vee 
2 

ML2341 

.1~F~ 

With no snubber (RS and CS) the bandwidth is limited to: 

F - 1 I 2.414 
-3dB - 27t 'IJ L(M) C(OUT) 

Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 

R(S) = l(VCM) 
C(OUT) 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of R(5) 
will result in more ringing and more bandwidth. Smaller 
values of R(5) will result in more ringing and less 
bandwidth. R(5) should not exceed 300n. 

C(5) (snubber capacitor) values of between 200nF and 1l!F 
are usually necessary to acheive the desired reduction of 
ringing in the step response. At optimum value of R(S) 
larger values of C(5) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be best done 
simulating the network in figure 8 with a computer 
simulator (such as SPICE). 

1 Vce l1-J +5 1 
PWRVC 

17 5VCOMP 
ML4506 ~ FROM 

6 .... MOTOR 16 WR VRET 
':;' 16 

.1~Fr 
REF ~ WINDINGS 17 Cs 

VREFOUT ~ .... 
MICROCONTROLLER 

I > ~ VREF IN ~ RETROUT 19 
DBO- DB7 

4 15 
CONTROL+ 

~ 18 GAIN 0 
VZS OUT+ SENSE 

19 GAIN 1 VOUT 
3 14 

CONTROL- OUTPUT+ 

5 5 GND PWRGNDA ~ AGND 

P DISABLE 7 
RSENSE 

! • 18 SERVO ~ 

~ 
POWER FAIL COIL 

OUTPUT-
12 

RETRACT 

4 HIGH/LOW 
PWRGND B ~ 

RET SET 3 
RRET 

J. 

Figure 9. Typical Application: ML4506 used with ML2341 8·bit DAC provides up to 12·bit effective resolution. 
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ORDERING INFORMATION 

PART NUMBER 

ML4506CS 
ML4506CR 

TEMPERATURE RANGE 

O°C to 70°C 
O°C to 70°C 

'Micro Linear 

PACKAGE 

20-Pin SOIC (S20W) 
20-Pin SSOP (R20) 

ML4506 

-
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PRELIMINARY 

ML4508 

Low Voltage Drop Voice Coil Servo Driver 

GENERAL DESCRIPTION 

The ML4S08 is a voice coil power driver intended for use 
in High Performance SV Hard Disk servo systems. The 
ML4S08 contains all control circuitry necessary to drive 
the voice coils of most small drives. To maximize 
compliance voltage, the ML4S08 includes two 1-Amp 
(typical) NPN drivers and provides drivers for extemal 
PNP transistors. In addition, power fail detection and a 
low voltage head retraction functions are provided for 
orderly shut-down of the drive. 

The transconductance is programmed by a logic input at 
1/4 AN and 1/24AV respectively, when using a 1 Q sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. Retract 
allows the use of an extemal PNP retraction with as little 
as 1 V of back EMF from the spindle. 

BLOCK DIAGRAM 

The power fail detection circuit includes a precision 1.SV 
bandgap reference and a power fail comparator. 

The ML4S08 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the IC 
for a user's specific application. 

FEATURES 

• Low saturation voltage «1 Vat 1 A typically) 

• No cross-over distortion with low quiescent current 

• Pin-programmable transconductance settings 

• Retraction circuitry with programmable retract voltage 
and separate power pin 

• On-chip precision power fail detect circuitry 

• Over-temperature protection with flag output 

r ~;E;-F~L- - - ------ - - -- - - - --- -- -- - - - ---1 
,-------i12 I 

+5V 
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PIN CONNECTION 
ML4508 

24-Pin SOIC 

Vee 

DISABLE (PWR DOWN) 

HIGH/LOW 

RETR OUT 

RET SET 

GND 

R(SENSE) 

V(RET) 

SOURCE B 

PWR GND B 

SINK B 

SOURCE A 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# 

Vee Supply input to power amplifiers. 12 

2 DISABLE A Logic "1" puts the IC into a low 
(PWRDOWN) power state and disables the power 13 

ampl ifiers. 

3 HIGH/LOW A logic "1" sets the 14 
transconductance gain to 1/4 while 
a logic "0" sets the gain to 1/24. 
Transconductance gain is the 

15 
VRSENSE + VCONTROL. 

4 RETR OUT Open collector ouput which pulls 
low during retract. Used to drive 

16 external power transistor to source 
retract cu rrent to the coi I and can 17 
provide a braking signal to spindle. 

5 RET SET External set resistor to establish a 18 
voltage limit for the internal retract 
driver. 

19 
6 GND Analog signal ground. 

7 R(SENSE) Current sense resistor terminal. 20 

8 V(RET) Supply pin for retract circuits. 

9 SOURCE B PNP Base drive ouput for inverting 21 

power amplifier. 

10 PWRGND B Power return pin for inverting 22 

power amplifier. Normally used for 
current sensing. 23 

11 SINK B Current sinking ouput for inverting 
power amplifier. Connects to voice 
coil (-) terminal. 24 

+5V 

RETRACT 

POWER FAIL 

+5V 

5V SENSE 

COMP 2 

COMPI 

CONTROL-

CONTROL+ 

PWR GND A 

SINK A 

SINK A REF 

NAME 

SOURCE A 

SINK A REF 

SINKA 

PWRGNDA 

CONTROL+ 

CONTROL-

CaMP 1 

CaMP 2 

5V SENSE 

+5V 

POWER FAIL 

RETRACT 

+5V 

'Micro Linear 

Ml4508 

FUNCTION 

PNP Base drive output for non-
inverting power amplifier. 

Kelvin sensing point for power 
amplifier. Connect to SINK A. 

IBI Current sinking output for non-
inverting power amplifier. Connects 
to voice coil (+) terminal. 

Power return pin for non-inverting 
power amplifier. Normally used for 
current sensing. 

Positive input for current comand. 

Negative input for current 
command. 

Pin for external compensation 
capacitor. 

Pin for external compensation 
capacitor. 

Center node of a resistor divider 
from +5V. 

Input for +5V for power fail 
detection and logic power supply. 

Open Collector output drives low 
for low voltage conditions. 

A logic "0" initiates retract. Also 
used as an open-collector over 
temperature output flag. 

For power fail comparator. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 1,8) .............................................. 7V 
Voltage Pins 2,3,23 ...................................... -O.3V to +7V 

Pins 4,7,9,11,12,13,14,16,17,22 ...... -0.3 to +Vee 
Output Sink Current ................................................... ±lA 
Retraction Current ................................................... 80mA 
Retract Set current (pin 5) .......................................... 3mA 

ELECTRICAL CHARACTERISTICS 

Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ...................... 150°C 
Thermal Resistance (eIA) ....................................... 60°C/W 

OPERATING CONDITIONS 
Temperature Range ....................................... O°C to +70°C 
Vee Supply Voltage ......................................... 4.5 to 5.5V 
+5V (pin 21) Supply Voltage ............................ 4.5 to 5.5V 
VRET (pin 8) Supply Voltage ....................................... 2.5V 
Control + Voltage Range (pin 15 = 5V) .............. ov to Vee 
Control - Voltage Range .......................... 2V to Vee - 1.5V 

Unless otherwise specified, T A = Operating Temperature Range, Vee = Operating Range, RSENSE = 1 Q, ReOIL = 15Q, 
CONTROL- (pin 17) = Vee/2, C1 = 30pF, Q1, Q2 = MJE21 0, RSET = 3.7kQ 

PARAMETER I CONDITIONS MIN TYP MAX UNIT 

AMPLIFIER 

Offset ±1O mA 

Gain Pin 5 = 2V 238 250 263 mA/V 

Pin 5 = 0.8V 39.6 41.7 43.8 mA/V 

Bandwidth 100 KHz 

Sinking Saturation lOUT = 100mA 0.1 0.6 V 

lOUT = 300mA 0.2 0.8 V 

lOUT = 500mA 0.3 1.0 V 

Sourcing Saturation lOUT = 100mA .1 V 

lOUT = 300mA .2 V 

lOUT = 500mA .3 V 

Source NB Base Drive 10 50 mA 

Ql/Q2 Standby Current VPIN 16 = 5V 4 mA 

RETRACTION CIRCUIT V 

I(RET) SET .75 V 

Turn On Time 800 ns 

Turn Off Time 8 J,!s 

Source Voltage VPIN 23 = 0.8V, VPIN 8 = 3V, 0.95 1.2 1.5 V 

IplN 7 = 50mA 

Sink Current VPIN 23 = 0.8V, VPIN 8 = 1.2V, 10 37 1000 mV 

force 50mA into pin 11 

RETR OUT VOL VPIN 23 = 0.8V, IplN 4 = 1 mA 0.1 0.4 V 

POWER FAIL DETECTION CIRCUIT 

5V Threshold V 

Hysteresis - 5V Sense mV 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = Operating Range, RSENSE = 1 Q, ReOIL = 1 SO, 
CONTROL- (pin 17) = VeC12, C1 = 30pF, Q1, q2 = MJE21 0, RSET = 3.7kO 

PARAMETER I CONDITION MIN TYP MAX UNITS 

LOGIC INPUTS AND OUTPUTS 

Voltage High (VIH) 2 1.4 V 

Voltage Low (VILl 1.4 0.8 V 

Current High (lIH) VIN= 5V ±10 IlA 

Current Low (IlL) VIN = OV, except pin 23 -40 -10 IlA 
VIN = OV, pin 23 only -250 -160 IlA 

Voltage Low (pins 22, 23) IOL = lmA .4 V 

OVER-TEMPERATURE DETECTION 

TJ Threshhold 160 

Hysteresis 30 

CURRENT CONSUMPTION 

Pin 21 Pin 21 = 5.5V 5 7 mA 

Pin 1 Vcc = 5.5V, VPIN 16 = VC(J2 5 10 mA 

Pin 8 VPIN 8 = 5.5V, VPIN 23 = 5V 3.5 5 mA 

FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4S08 power amplifier circuit (figure 1) is set up as 
a Howland Current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 3 high or low respectively). This 
architecture yields minimal crossover distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the output 
voltage seen across RSENSE. For example, at a 1/4 gain 
setting, with V(-) input at 2.SV and the V(+) input at 4.SV, 
+SOOmA would flow through the coil using a 10 sense 
resistor. Under the same conditions with pin 3 low, the 
current would be 83mA. If lower input voltage swings and 
higher currents are desired, the overall transconductance 
gain may be increased by using a lower value of sense 
resistor, however offset current will increase 
proportionally. The ability to change from low to high gain 
allows more complete utilization of DAC resolution when 
in the track follow mode. 

The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. Sinking saturation drop is typically under O.4V. 
Sourcing saturation drop depends on the external 
transistors used. 

Care should be taken to avoid drawing substrate currents 
due to negative excursions on any pin of the ML4S08. 
Schoktty diodes should be included on both sides of the 
VCM to prevent negative excursions from forward biasing 
the substrate diodes on the Ie. 

r------, 
ls 1 VCM 

1 
1 1 

1 IVCM 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

COUT 
1 LM 1 

Cs 1 1 
1 1 
1 1 
1 CM 1 RS 
1 1 
1_-

___ J 

Figure 1. Simplified Power Amplifier Schematic 
(High Gain Mode) 

Two areas should be considered to avoid high frequency 
oscillation in the output stage: 

1. Choose external PNP transistors with a FT of at least 
SOMHz. 

2. An RC compensation network should be used to 
cancel the zero presented to the output by the UR of 
the voice coil motor as shown in figure 2. 

COMPENSATION 

Figure 2 shows the equivalent AC circuit for the current 
amplifier. 
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COMP 1 COMP 2 

R(SENSEI VCCI2 

Figure 2. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by COUT 
which varies with the value chosen for RSENSE 

C 1200x(CCOMP +12.8pF) 
OUT"" RSENSE 

Where CCOMP is C1 between pins 18 and 19. With no 
snubber (Rs and Cs) the bandwidth is limited to 

F-3dB=~ /1 211:~LC 
Since this is a second order system with L(M) and ClOUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 

R(S) = 

-0.1)05 2 ..... ')O'!! 

Figure 3. Output Current: VIN = 100 Hz Sine Wave, 
lVp-p Low Gain Mode (VPIN 3 = 0), RSENSE = 10 

N 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of R(S) 
will result in more ringing and more bandwidth. Smaller 
values of R(S) will result in more ringing and less 
bandwidth. C(S) (snubber capacitor) values of between 
200nF and 1 mF are usually necessary to achieve the 
desired reduction of ringing in the step response. At the 
optimum value of R(S) larger values of C(S) further reduce 
the ringing but do not affect the bandwidth. 

Timing the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 

POWER FAIL DETECT CIRCUIT 

The ML4S08 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function" 
comparator with hysteresis. The output (open collector) of 
this circuit appears on pin 22. When either comparator 
input (pins 20 and 24) falls below the 1.SV reference, pin 
22 pulls low. 

RETRACT CIRCUITS 

When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will function with less than 1 V 
on V(RET). An internal voltage limited pull·up transistor is 
provided which sources current on pin 7 to the VCM. This 
circuit will be operated reliably down to a V(RET) voltage 
of around 2.SV. 

Figure 4. Output Current: VIN = 1 KHz Sine Wave, 
1 Vp.p Low Gain Mode (VPIN 3 = 0), RSENSE = 10 
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2 DISABLE (PWR DOWN) RETRACT 

3 HIGH/LOW POWER FAIL 

4 RETR OUT +SV 21 

S RET SET SV SENSE 

6 GND Ml450S COMP2 

7 R(SENSE) COMPI 

8 V(REn CONTROL-

9 SOURCE B CONTROL+ 

10 PWR GND B PWRGNDA 

11 SINK B SINK A 

12 SOURCE A SINK A REF 

Figure 9. Typical12V Application 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Ml4508CS O°C to +70°C S20W 
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ML451 0 

5V Sensorless Spindle Motor Controller 
GENERAL DESCRIPTION 
The ML4510 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLOC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4510 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4510 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4510. Braking and Power Fail are also 
included in the ML4510. 

Since the timing of the start-up sequencing is 
determined by external circuitry, the system can be 
optimized for a wide range of motors and inertial 
loads. 

BLOCK DIAGRAM 

The ML4510 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 
• Back-EMF Commutation Provides Maximum Torque 

for Minimum "Spin-Up" Time for Spindle Motors 
• Accurate, Jitter-Free Phase Locked Motor Speed 

Feedback Output 
• Operates on Single 5V Power Supply 
• Linear or PWM Motor Current Control 
• Easy Microcontroller Interface for Optimized Start

Up Sequencing and Speed Control 
• Power Fail Detect Circuit 
• Drives External N-Channel FETs and PNP's or 

P-Channel FETs 

:- - - - - - - - - - -M~4;;; - - - - - - - - - - - "1 

I RC 

VCO OUT 

RESET 

I(RAMP) 

ENABLE EIA 

LOGIC 
AND 

CONTROL 
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PIN CONFIGURATION 

ML451 0 
28-Pin sOle (S28W) 

GND 28 I(CMD) 

PNPI 27 I(LlMIT) 

PNP2 26 BRAKE 

Ven 25 Vee 

PNP3 24 PH3 

CorA 23 PH2 

OTA OUT 22 PHI 

OTAIN 21 I(RAMP) 

Nl 20 RC 

N2 10 19 NC 

N3 11 18 ENABLE E/A 

I(SENSE) 12 17 PWR fAIL 

Cos 13 16 Rfill 

CVCQ 14 15 VCOOUT 

PIN DESCRIPTION 
PIN # NAME FUNCfION PIN # NAME FUNCfION 

1 GND Signal and Power Ground. 16 RESff Input which holds the VCO off 

2 PNP1 Drives the external PNP power and sets the ML4510 to the 

transistor driving motor PH1. RESET condition. 

3 PNP2 Drives the external PNP power 17 PWR FAIL A "0" output indicates 5V is 

transistor driving motor PH2. under-voltage. 

4 VCC2 5V power. 18 ENABLE E/A A "1" logic input enables the 
error amplifier and closes the 

5 PNP3 Drives the external PNP power back-EMF feedback loop. 
transistor driving motor PH3. 

19 NC No Electrical Connection. 
6 COlA Compensation capacitor for 

20 RC VCO loop filter components. linear motor current amplifier 
loop. 21 I(RAMP) Current into this pin sets the 

7 OTA OUT Output of motor current error initial acceleration rate of the 

amplifier, normally connected to VCO during start-up. 

OTA IN or to external MOSFff 22 PH1 Motor Terminal 1. 
gate. 23 PH2 Motor Terminal 2. 

8 OTAIN Driving voltage for N1-N3. 24 PH3 Motor Terminal 3. 
Normally tied to OTA OUT. 

25 VCC 5V power supply. Terminal which 
9-11 N1, N2, N3 Drives the external N-channel is sensed for power fail. 

MOSFffs for PH1, PH2, PH3. 
26 BRAKE A "0" activates the braking 

12 I(SENSE) Motor current sense input. circuit. 
13 Cos Timing capacitor for fixed off- 27 l(lIMIT) Sets the threshold for the PWM 

time PWM current control. comparator. 
14 Cvco Timing capacitor for VCO. 28 I(CMD) Current Command for Linear 
15 VCO OUT Logic output from VCO. Current amplifier. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 4, 25) ................................ 7V 
Output Current (pins 2, 3, 5, 9, 10, 11) .............. ±150mA 
logic Inputs (pins 16, 18, 26) ....................... -0.3 to 7V 
I(SENSE) Voltage (pin 12) ................................ 0.9V 
Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 
lead Temperature (Soldering 10 sec) ................... 150°C 
Thermal Resistance (8]A) ............................. 60°C/W 

ELECTRICAL CHARACTERISTICS 

ML451 0 

OPERATING CONDITIONS 
Temperature Range ............................. O°C to +70°C 
Vcc Voltage (pins 4, 25) ........................... 5V ± 10% 
I(RAMP) Current (pin 21) .......................... 0 to 100JlA 
I Control Voltage Range (pins 27; 28) .............•. OV to 3V 

Unless otherwise specified, TA = Operating Temperature Range, Vee = Vee2 = 5\1, RSENSE = 10, COlA = Cveo = .00pF, 
Cos = .02pF 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. VPIN 20 1V :S VPIN 20 :S 3.5V 670 HzIV 

Frequency Vvco = 2.5V 830 1675 2500 Hz 

Vvco = .5V 120 245 350 Hz 

Reset Voltage at Cvco Mode = 0 125 250 mV 

Sampling Amplifier 

VRC Mode 0 125 250 mV 

IRC Mode 1, RRAMP = 39KO 16 33 50 JlA 

Mode 2A, V PH2 = O.5V 30 60 90 JlA 

Mode 2A, VPH2 = 2.5V -6 2 6 JlA 

Mode 2A, VpH2 = 4.5V -30 -60 -90 JlA 

Motor Current Control Section 

I(SENSE) Gain VplN 27 = 5\1, OV :S VplN 28 :S 2.5V 4 5 6 VIV 

One Shot Off Time 12 25 33 f.lS 

I(CMD) Transconductance Gain .19 mmho 

Power Fail Detection Circuit 

5V Threshold V 

Hysteresis mV 

logic Inputs 

Voltage High (VIH) 2 V 

Voltage low (VIL) .8 V 

Current High (IIH) VIN = 2.7V -10 1 10 JlA 
Current low (IlL) VIN = O.4V -250 -120 -60 JlA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = Vee2 = 5V, RSENSE = ln, COTA = Cyeo = .00pF, 
Cos = .02pF 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Outputs I(CMD) = I(UMIT) = 2.5Y 

IpNP low 50 75 100 mA 

IpNP High Off State -100 100 IlA 

YN High VPIN 8 = O.5V 2.4 3.1 3.8 V 

VN low .2 .7 V 

Av Pin 8 to VN VPIN 8 = O.5V -3.0 -3.75 -4.5 YIV 

lOGIC Low lOUT = O.5mA .4 V 

LOGIC lOUT High 5 IlA 

Supply Currents (N and PNP Outputs Open) 'LMT = 2.5Y ICMD = OV 

V CC Current (Pin 25) 

V CC2 Current (Pin 4) 

FUNCTIONAL DESCRIPTION 

The ML451 0 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the veo to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML451 0 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

VCOOUT 

NEUTRAL 
SIMULATOR 

<l>A + <1>8 + <I>C 
6 

28 40 mA 

2 5 mA 

BACK-EMF SENSING AND COMMUTATOR 

The ML451 0 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VeO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(Re) on pin 20, increasing the veo input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8Kn 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed vee. 
See ML4411 data sheet for applications. 

VCO AND PHASE DETECTOR CALCULATIONS 

The veo should be set so that at the maximum frequency 
of operation (the running speed of the motor) the veo 

+ 

: ~OO-;' ~~ ;Ei 1 
I 
I 

I R : :c1{: 1 I 
I C21 
I I 
I I 
I _ I 
, _____ :. __ 1 

Figure 1. Back EMF Sensing Block Diagram. 
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Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX =0.05xPOLESxRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fveo at Vveo = 2.5V) is: 

KVeO(MIN) = 3.3~X10-6 
veo 

Assuming that the VVeO(MAX) = 3.2V, then 

Cveo = 3.2x3.32x10-6 
FMAX 

or 

C 212 F 
veo POLES x RPM Ii 

Figure 3 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R, C" and C2. 

The impedance of the loop filter is 

ZRc(S) = _1_ (s + OOLEAD) 
CIS (S+OOLAG) 

Gm = 1.25 x 10-4 

p------- .. 
SAMPLED 

PHASE 

FOuT .... -~veo 

KVCO(HZ/V) 

, , , , 
I R : 

'4' 'Cl ' , , 
I e21 , , , , , -, 1 _____ :.. __ 1 

Figure 3. Back EMF Phase Lock Loop Components. 
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Figure 4. VCO Output Frequency vs. Vvco (Pin 20) 

Where the lead and lag frequencies are set by: 

OOLEAD =_1_ 
RC2 

Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between OOLEAD = lOx ooLAG produces the following 
calculations for R, Cl and C2: 

C, ~ 1.97x10-9 

Cveo x FZ;eo 

R= 12.65 
C2 xFveo 

START-UP SEQUENCING 

When the motor is intitially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). 

Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the reset 
(mode R) state by holding pin 16 low and providing full 
current to the motor (figure 5). 

Pin Pin Pin I(LlMm 
Step 16 18 21 I(CMD) 

1 0 0 Fixed IMAX 

2 1 0 Fixed 'MAX 

3 1 1 0 IMAX 

Figure 5. Minimum Time Start-Up Sequence. 
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ML4510 
Step 1: The IC is held in reset (mode R) with full power 
applied to the windings (see figure 7). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the fi rst commutation state. 

Step 2: A fixed current is input to pin 21 and appears as 
a current on pin 20, and will accelerate the motor at a 
fixed rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back-EMF loop can be closed by pulling pin 18 low. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

OUTPUTS INPUT 
STATE Nl N2 N3 PNPl PNP2 PNP3 SAMPLING 

R or 0 OFF ON OFF ON OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 

B OFF OFF ON OFF ON OFF PHl 

C ON OFF OFF OFF ON OFF PH3 

D ON OFF OFF OFF OFF ON PH2 

E OFF ON OFF OFF OFF ON PHl 

F OFF ON OFF ON OFF OFF PH3 

Figure 6. Commutation State Table. 

RESET -.-J 

VCOOUT 

o 

Figure 7. Start-Up Timing and Mode Sequencing. 
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SPEED CONTROL - CURRENT LOOP 

To facilitate speed control, the ML451 a includes two 
current control loops - linear and PWM (figure 8). The 
linear control loop senses the motor current on the 
I(SENSE) terminal through RSENSE' An internal current 
sense amplifier's output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control current. 

The ML451 a also includes a current mode constant off
time PWM circuit. When motor current builds to the 
threshold set on I(LlMIT) input (pin 27), a one-shot is fired 
whose timing is set by Cos. The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 

ML4510 
OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal 8Kn pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML451 a sets the 
current to PNP1, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers Nl through N3 are totem-pole outputs capable of 
sourcing and sinking lamA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a logic a on pin 26 activates the braking circuit. 
The brake circuit turns on PNPl through PNP3 and turns 
off NPNl through NPN3. 

VCC2I--'V'I/'v---_.-----i 

60 

50 

40 

20 

10 ,. 
o 

o 

I(CMD) 
281---4-----\----, 

OTA OUT 

m 
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Figure 8. Current Control and Output Drive. 
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APPLICATIONS 

Figure 11 shows a typical application of the Ml451 0 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontrolier, Figure 12 shows a simple 
"one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontrolier and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 

+5V 

,llJ.1Fp "pF 

50 

roVce 

470 Q4 

Ul 
lK Ml4510 

l000pF 

Vea 

2. Using analog circuitry for speed control (Figure 13). 

Q1, Q2, and Q3 are MJE21 0 or equivalent. Q4, Q5, and 
Q6 are IRFU01 0 or equivalent. Base resistors (SOn) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 470n gate resistors on 
Q4-Q6. 

50 
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Figure 11. ML451 0 Typical Application. 
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Rl 

Figure 12. Analog Start-up Cir<':lit. 

ORDERING INFORMATION 

PART NUMBER 

ML4510CS 

TO ML4410 
PIN 1& 

TO ML4410 
PIN 18 

Symbol 

A1 

Q1 

D1, D2 

R1 

R2 

R3 

TEMPERATURE RANGE 

'Micro Linear 

Ml4510 

+5V C3 

R5 
R4 

R&~------I 

value Symbol Value 
LM358 R4 100Kn 

74HC14 R5 50Kn 

1N4148 R6 50Kn 

1Mn C1 3.3pF 

1Mn C2 3.3pF 

100Kn C3 .47pF 

Figure 13. Analog Speed Control. 

IIJI 

PACKAGE 

28-Pin SOIC (S28W) 
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'Micro Linear ML4532, ML4533, ML4536 

GENERAL DESCRIPTION 
The ML4532 and Ml4533 Area Detectors are designed 
to minimize the pipeline transport delay while 
accurately quantizing the area of servo bursts in high
speed embedded servo systems. Combined with the 
ML2261 or Ml2264 High Speed AID Converters, the 
Ml4532 and Ml4533 are designed to capture back-to
back servo bursts in a 700ns or larger window. Power 
dissipation is minimized by the use of a digital power 
down pin which allows the area detector to be 
powered down between the servo sectors. The ML4536 
is the ML4533 with different reference voltage levels. 

The ML4532 includes a PWM D/A for microprocessor 
control of the actuator driver, changing the REF AGe pin 
voltage during head change, or other system control 
functions. 

FEATURES Ml4532 Ml4533 Ml4536 

Package Options 20-Pin pee l6-Pin l6-Pin 
or SSOP sOle sOle 

Zero-Scale Ref. Output Vohage 1.25V 1.25V 1.0V 
Full-Scale Ref. Output Voltage 3.75V 3.75V 3AV 
Reference Output Voltage 2.5V 2.5V 2.2V 
PWM D/A Onboard Yes No No 

TYPICAL APPLICATION 
CAGC 

FROM] READ 
DATA 

PROCESSOR IN+ 

PON 

Servo Burst Area Detector 

FEATURES 
• Allows for Area Detection of 1ps back-to-back 

bursts 
• AGe amplifier for maintaining accuracy 
• 0.2% nonlinearity between 25% and 75% of input 

signal range 
• 2% nonlinearity over the input signal range 
• Provides zero- and full-scale outputs for AID 

converter 
• 5V supply; at 29mA for Ml4533/Ml4536, 35mA for 

Ml4532 
• Digitally controlled power down for minimizing 

power between sectors 
• Bandgap Reference output 
• Ml4532 includes PWM D/A for controlling voice 

coil driver or AGe during head change 
• Ml4533/Ml4536 available in 16-pin sale package 

Ml4532 available in 20-pin pee or SSOP package 
• Reference outputs defining the minimum and 

maximum demodulation output values 

(5V) Vcc 

I 3.75VREF 

I---~- ------ -----( 

VREF+! I 

IDEMOD 
I OUT C'I 

I 1.25VREF -= 
I VREF-

I 
I 
I OFL 

DB7 
DB6 
DB5 

-::::-1 __ ...,1 

I DB4 
DB3 
DB2 
DBI 
DBO 

TOJ I VOICE COIL DIA OUT 
DRIVER I 

'---- --

I 
I 
I 
I 
I 
I 

----1--: 

VREF- I 
I 

5100 I ML2261 

I I 

I 1 I _____________ - __ I 

CPWM MSBpwM LSBpwM t RESET GND GND SHim MODE 
GATE ZERO X 

Typical HDD Digital Servo Application 
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ML4532 BLOCK DIAGRAM AND PIN CONNECTION 

CAGC HAGC 

CPWM 

RESET 

DEMODOUT 

IN. 
CAGe 
GATE 

VREF-

(5) b(15) 

GND 

MSBpwM 

20-Pin Pee 

D/Aour REFAGC 

2.5OVREF h.25VREFII5BPWM 

3 2 1 2G 
4 

6 

15 

8 
9 10 11 12 

TPAGC I IN- I Vee 
HAGC IN. 

TOP VIEW 

20·Pin SSOP 

3.75VREF 

PON 

MSBPWM 

GND 

ZERO X 

REFAGC 
I5BPWM 
3.75VREF 
PON 

~?r-
ZERO X 
Vee 
IN. 
IN-

ML4533/ML4536 BLOCK DIAGRAM AND PIN CONNECTION 

IN-

11>1+ 

ML4533/ML4536 

(15) 
3.75VREF/3.4VRfF 
VREf+ 

t-!==+=~ ~!'~~i·2VREF 
..-+-----,=,'O DEMOD 

(6) (3) g13) 

GATE RESET GND 
ZERO X (12) 

OUT 

(1) 1.25VREF/l.OVREF 
VREf" 

16-Pin sole (ML4533) 

1.25VREF REFAGC 
2.5OVREF 3.75VREF 

RESET !'oN 
DEMODOUT GND 

CAGc ZERO X 
GATE Vee 

TPAGC IN. 
HAGC IN-

TOP VIEW 

16·Pin sOle (ML4536) 

l.DVREF 

2.2VREF 

RESET 

DEMODOUT 

CAGe 

TOP VIEW 

REFAGC 
3.4VREF 

PON 

GND 

ZERO X 
Vee 

IN. 
IN-
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PIN DESCRIPTION 
ML45331 

ML4532 ML4536 
PIN # PIN # NAME DESCRIPTION 

.1.25VREFI Z~ro scale reference 
1.00VREF output. 

2 D/AouT Analog output of PWM 
D/A. 

3 2 2.50VREF 2.50 voltage reference 
2.20VREF output. 

4 CPWM PWM D/A smoothing 
capacitor. 

5 3 RESET Reset, active high. 

6 4 DEMOD Area detector output. 
OUT 

7 5 CAGC AGe capacitor. 

8 6 GATE Defines area detect 
window, active high. 

9 7 TPAGc Output test point for 
AGe. 

10 8 HAGC AGe hold input, AGe 
active when high; AGe 
constant when low. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage, Vee ............................... 8V 
Input Voltage ................................... -O.3V to +8V 
Storage Temperature ....................... -65°e to +150oe 
Package Dissipation at T A = 25°e (Board Mount) 

20-Pin pee .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875mW 
20-Pin SSOP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 750mW 
16-Pin sOle ....................................... 750mW 

Package lead Temperature 
Soldering (10 sec) ................................... 2600 e 
Vapor Phase (60 sec) ................................ 215°e 
Infrared (15 sec) ..................................... 2200 e 

ML45331 
ML4532 ML4536 
PIN # PIN # NAME DESCRIPTION 

11 9 IN- Negative input. 

12 10 IN+ Positive input. 

13 11 Vcc 5V power supply. 

14 12 ZERO X Zero detector crossing 
output. 

15 13 GND Ground. 

16 MSBpwM PWM D/A most significant 
bit input. 

17 14 PDN Power down control, 
reduces power if logic 
high. 

18 15 3.75VREF Full scale reference 
3.40VREF output. 

19 LSBpwM PWM D/A least significant 
bit input. 

20 16 REFAGC AGe voltage reference. 

OPERATING CONDITIONS 
Temperature Range ............................... 0 to +70oe 
Supply Voltage (Vce! ............................... 5V ± 5% 
(IIN+) - (lINJ ..•••..•••...•...........•.•..•..•......•.• 1Vp_p 
CAGe .................................................. 100pF 
REF AGe ................................................. 2.5V 
CPWM ..••..••.....•••.....••...•............•........... 001lF 
CH at DEMOD OUT ................................... 100pF 
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ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions of TA = 0 to +70°C, Vee = 4.75 to 
5.2SV, and external component values as recommended above, unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

DEMODUlATOR 

Differential Input Range 3 For Full Scale Output .25 2 Vp_p 

Differential f'C,C Range 3 0.8 1.5 VN 

Differential Input Resistance 4 kn 

Differential Input Capacitance 5 pF 

Common Mode Input Resistance 2 kn 

Power Supply RR 40 dB 

Differential Nonlinearity 5,3 25% to 75% of Full Scale .2 2 % 
5,4 Zero to Full Scale 2 5 % 

DEMOD OUT Offset Current Y'N = ±500mV 20 pA 

Maximum DEMOD OUT Charge Current 3 GATE = High 500 pA 

DEMOD OUT Leakage Current 3 GATE = Low +5 p.A 

DEMOD OUT Reset Voltage (ML4532/33) 1.15 1.25 1.35 V 
(ML4536) 0.9 1.0 1.1 V 

DEMOD OUT Reset Current Discharge, RE5ET = High 2.0 rnA 

AUTOMATIC GAIN CONTROL 

f'C,C Dynamic Range 3 2.5 VN 

AGC Output Swing 3 1 V 

CAGC Charging Current 3 150 250 pA 

CAGC Discharging Current 3 150 250 p.A 

CAGC Leakage Current 3 5 pA 

VOLTAGE REFERENCES 

1.25VREF Output Voltage (ML4532/33) 3 TA = 25°C 1.20 1.25 1.30 V 

3.75VREF Output Voltage (ML4532/33) 3 TA = 25°C 3.60 3.75 3.90 V 

2.50VREF Output Voltage (ML4532/33) 3 TA = 250C 2.40 2.50 2.60 V 

1.0VREF Output Voltage (ML4536) 3 TA = 25°C 0.95 1.0 1.05 V 

3.4VREF Output Voltage (ML4536) 3 TA = 25°C 3.2 3.4 3.6 V 

2.2VREF Output Voltage (ML4536) 3 TA = 25°C 2.05 2.2 2.35 V 

Load Regulation 3 OmA :5 lOUT :5 5mA -5 +5 mV/mA 

Line Regulation -30 +30 mVN 

DIGITAL AND DC 

Logical "0" Input Voltage 3 .8 V 

Logical "1" Input Voltage 3 2.0 V 

Logical "0" Input Current 3 Y'N - 0.4V -1.5 rnA 

Logical "1" Input Current 3 Y'N - 2.5V +100 pA 

Logical "0" Output Voltage 3 ZERO X, IOIlT = 1 rnA .5 V 

Logical "1" Output Voltage 3 lOUT = -lmA 3.0 V 

Supply Current ML4532 3 PON = Low 45 rnA 
3 PON = High 11 15 rnA 

ML4533/ML4536 3 PON = Low 38 rnA 
3 PON = High 5 12 rnA 

Monotonicity 4 9 10 Bits 

LSB to MSB Ratio 3 16.0 16.5 18.0 VN 
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ELEORICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of TA - 0 to +70°C, Vee - 4.7S to 
S.2SV, and external component values as recommended above, unless otherwise specified. 

PARAMmR CONDITIONS 

D/A CONVEKrER (ML4532 Only) 

Output Voltage Swing 3 RL = 5K 1.25 3.75 V 

Logical "0" Input Voltage 3 .8 V 

Logical "1" Input Voltage 3 2.0 V 

Logical "0" Input Current 3 VIL = .4V -1 mA 

Logical "1" Input Current 3 VIH - 2.SV 300 pA 

DYNAMIC AND /IC. PARAMmRS (F'I8Ure5 1 and 2) 

to. Burst Input Frequency 4 1 10 MHz 

tGs, Gate Edge Setup Prior to 4,6 30 ns 
Burst I Zero Crossing 

tRESET, Reset Pulse Width 4,6 CH :5 200pF 300 ns 

tszx, Burst Zero Crossing to 4,6 CL = 50pF 25 ns 
ZERO X Output 

tpo Power Down I to Gate I 4,5 200 400 ns 

Note 1: Absolute Maximum Ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Typicals are parametric norm at 25°C. 
Note 3: Parameter guaranteed and 100% production tested. 
Note 4: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 5: Linearity measured as a percentage of the midpoint between 25% to 75% of full scale. 
Note 6: Timing measured at 1.4V. 
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Figure 1. AC.C Burst Timing 
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I+--BURSTA--+j f---BURSTB--

ZEROX 

GATE 

RESET 

DfMOD ~~~~~ 
OUT 1.25V/l.ov 

Figure 2. Burst Area Detect Timing 

TYPICAL PERFORMANCE CURVES 
600r----r----~---._--__. 

500 

TA·25°C 
CH - l00pF 

400~---~---+_--__ ~--~ 

200~---~-~L-+_------+_----~ 

100 

+1 

TA;; 25°( 
CH ~ 100pF 

-1 / 
V 

-2 

-3 

-4 

-5 

'\ 

\ 
\ 

°0C---.2~5---.5LO--_j~5---1L.O---l+.25---1~.5-0--1~.75--~2.0 o .25 .50 .75 1.0 1.25 1.50 1.75 2.0 
DIFFERENTIAl INPUT VOIJAGE (VI DIFFERENTiAl INPUT VOIJAGE (V) 

f"lgUre 3. DEMOD Output Current vs. Input Figure 4. Linearity vs. Input 
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1.0 FUNCTIONAL DESCRIPTION 
The Ml4532, Ml4533 and Ml4536 are composed of an 
AGC amplifier, an area detector, and a band-gap 
reference with three buffered outputs. In addition the 
Ml4532 (see Figure 5) includes a pulse width 
modulation D/A. The Ml4536 is essentially the Ml4533 
with a different set of reference voltages. 

1.1 INPUT AMPLIFIER AND AUTOMATIC GAIN CONTROL 

The inputs of the Ml4532, Ml4533 and Ml4536 are 
intended for use at the output of the read channel 
filter, accepting a 0.25Vp_p to 2Vp_p signal range. The 
input amplifier and AGC circuit of these area detectors 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale 
(1.25VREFI1.0VREF) and full scale (3.75VREF/3.4VREF) output 
values based upon the minimum and maximum burst 
value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area 
of burst rather than the signal level of the burst. The 
AGC is intended to be updated at every sector of servo 
position bursts such that the signal variances due to 
platter radius and differences in read channel data 
frequencies can be corrected. The initial gain of the 
AGC circuit is established by the voltage applied to the 
REFAGC input. 

In this closed-loop system, the area detected output 
voltage is fed back and compared with the REF AGC 
voltage in the GM amplifier with a GM of 1/4000 ohms, 
to provide a gain control current, charging and 
discharging CAGC. 

The AGC value is held constant by the hold function 
and is controlled by HAGC pin. When HAGC is at a logic 
high the level of gain can change up or down and is 
held at a constant gain with a logic low input. 

A capacitor from ground to the CAGC pin holds the 
gain setting when HAGC is at a logic low level and the 
area detector output does not affect the gain setting in 
this mode. See figure 1 for the AGC burst timing. 

1.2 AREA DETECTOR 

The area detector provides a measurement of servo 
burst area during a time window beginning at the first 
falling zero crossing edge after the GATE input is placed 
in a logic high state and ends at the first falling zero 
crossing edge after the GATE input is placed in a logic 
low state. The Zero crossing output enables the user to 
time the gate pulse by counting zero crossings. The 
analog input should be without open baseline by either 
keeping burst pulse spacing sufficiently close to avoid it 
or band limiting the signal. In most cases, both are 
necessary. 

a. May clock anywhere and give multiple transitions, 
not acceptable. 

b. Proper spacing. 

c. Band limiting. 

The value of the area measurement is held on the 
output hold capacitor (CH) until the RESET line is 
asserted. The RESET pin when placed in a logic high 
state for at least 300ns resets the area detector output 
to 1.25V whkh is the zero scale reference point and 
equals the voltage value on the 1.25VREF pin. See 
Figure 2 for position area burst detection timing. 

ZERO X Detector Output 

The output of the zero crossing detector (comparator) 
is provided for system synchronization. This signal is 
internally generated in ECl, but an internal ECl to TIL 
converter is provided to simplify external interfacing to 
this signal. 

1.3 BANDGAP REFERENCE 

A 2.5V bandgap reference is included on the Ml4532 
and Ml4533 and a 2.2V one in the Ml4536, to set up 
internal biasing and establish the on-track reference 
level. This is also a buffered output. Full-scale (VREF+) 
and zero scale (VREFJ outputs are derived and buffered 
from the bandgap to simplify the interface to AID 
converters, such as the Ml2261 or Ml2264. The 1.25VREF 
pin is tied directly to the VREF- pin of the AID 
converter and with a 5100 resistor to ground. The 
3.75VREF pin is tied directly to the VREF+ pin of the high 
speed AID converter. The Ml4536 offers a 1.0VREF and 
3.4VREF for interface with the AID converter on the 
Zilog type microcontroller devices. 
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1.4 PWM D/A OF THE ML4532 

A D/A is included on the ML4532 for driving the VCM 
driver to position the head or for any other desired 
system error compensation, s~ch as processor- .. 
controlled AGC set point dunng head change. ThiS IS a 
PWM D/A and requires a pulse width modulation logic 
signal from the microcontroller signal to be applied to 
the MSBpwM and LSBpwM pins. The buffered and 
filtered output appears at the (D/A OUT) pin. This . 
output voltage swing is centered around the 2.5yREF pm 
(2.5V). The end-points of the D/A output are defined by: 

PWM DAC Output Description: 

Duty Cycle at Voltage 
Range Point MSBpwM LSBpwM Output 

"Negative" Full-Scale: 0% 0% 1.094V 
0% 100% 1.250V 

100% 0% 3.594V 
"Positive" Full Scale: 100% 100% 3.750V 

-OEMOD SIGNAl. 

+OEMOD SIGNAL 
GATE O--------__ -:--H---, 

IN+o----t-i 
2K 

2.3V 

2K 
IN- 0----+-1 

HAlX 0-----1 

~co----;_~~~ 

J.. 

* O/A CONVEIUER 

MSBPWM o----l PULSE 
WIDTH 

MOOUlATION 
LSBpwM O----l LOGIC 

PDNo-{]--

ZERO 
CROSSING 
OETEOOR 

ML4532, ML4533, ML4536 

The D/A is designed for 8-bit binary coding with the 
MSB weighted 16 times the LSB. The MSBpwM and 
LSBpwM inputs are negative true in that if these inputs 
are in a low state for 100% of the time the D/A output 
will be 1.094 volts and if are held in a high state for 
100% of the time the output will be at 3.75 volts. The 
D/A output voltage is 1.25 volts if the MSBpwM input 
pulse width has a 1/16 or 6.25% positive ?uty cycle and 
the LSBpwM is in a constant low state or If t~e MS~PWM 
input is held in a low state and the LSBpwM mput IS 
held in a high state. The output voltage range that is 
controlled by the MSBpwM input is 2.5 volts and the 
LSBpwM input controls 156m\/. The time constant for 
the PWM smoothing filter is approximately 3k!l x 
CpwM. The external capacitor (CPWM) shoul.d be made 
sufficiently large to smooth out the PWM npple. 

"O"TYPE 
FLIP 

P 

AREA 
OETEClOR 

FULLWAVE 

~~ER I---.,--Q g~8r 
8m AMPLIFIER 

o Q 1---"'==-..1 
C 
C QI-----..... 

ECL 
10 
m 

LOGIC 
CONVEIUER 

ZERO X 

REFAlX 1.25VREF 2.5OVREF 3.75VREF 

Figure 5. ML4532 Functional Block Diagram 
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K;C K;C 
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Figure 6. lYPical Application ML4533/ML4536 
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ML4532 GMEI ...... : .,..-____ ., I 
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Figure 7. ML4532 Application Timing with ML2261 AID Converter 
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ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

ML4532CQ O°C to +70°C MOLDED PCC (Q20) 
ML4532CR OOC to +70°C MOLDED SSOP (R20) 

ML4533CS O°C to +70°C MOLDED SOIC (516) 
ML4536CS O°C to +70°C MOLDED SOIC (516) 
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PRELIMINARY 

ML4534 

Area Detector Based 
Embedded Servo Demodulator 

GENERAL DESCRIPTION 

The ML4534 Embedded Servo Demodulator IC is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in NB 
differential burst format, with a AGC field preceding the 
burst information. The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once establ ished are held fixed for the duration of the 
servo burst. The demodulator measures burst amplitude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A+B), to permit 
position error normalization with on-chip synchronization 
and reset functions. Using the SEL and CARR inputs the 
on-chip multiplexer allows selection of either (A-B) or 
(A+B) as the output. The multiplexer and area detection 
capacitors operate in concert to provide a hold capability 
for both the (A-B) and (A+B) outputs. Also included is an 
uncommitted operational amplifier which could be used 
for voice-coil motor current sensing. 

BLOCK DIAGRAM 

VREF 

OPINN 
16 

VAGC -+----, 

VAGCTP -2-1----I--....... ----l + AREA 

- DETECTOR 

FEATURES 

• Allows for Area Detection of back-to-back bursts 

• 2% nonlinearity over input signal range 

• Reset forces voltage on the Area Detecting capacitors 
CADD to VREF & CADS to VREF/2 

• Separate Reset provided for Resync Flip-Flop 

• Muxed/Selectable (A-B) & (A+B) demodulator output 

• General purpose operational amplifier, applicable for 
use in voice coil motor current sensing 

• 5V supply, 20-pin, J-Ieaded, PLCC package 

CHDIFF 

CADD 

o I------<~--, 

G (DIFF) C 
VGAINP 19 

VGAINN 
20 

R 

H-+-+-l + AREA 

HYBOUT 
4 

- DETECTOR Ol-+_-+ __ ---<-! _______ !-'C:.;.H"'S.:::;UM 

G (SUM) 8 CADS 
+---IR 

vcc 

GNDl 

GND2 

c 

'-----t1='-1 SEL 

'------;17:.2 CARR 

18 
~------------~3~--------r.l~3-------+1~4---!~1~0--------------~ 

RESET ZEROX GA IE RESETFF 
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ML4534 

PIN CONNECTION ... z .. 
t:; ti u z z 

'"' '"' 
:;;; :;;; 

~ ~ ~ ~ ~ 

2 1 20 
HYBOUT 4 GN02 

OPINP 
ML4534 

20-Pin PCC OPINN 

OPOUT 

GATE 

Q 
... '" )( 
~ '" ~ Z '" .. 

'"' 
u 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME FUNCTION 

VAGC Gain Control input on the VGA 12 (Cont.) area detector integrates the B bu rst in 

2 VAGCTP Test point connected through an 
a direction opposite to that in which 
the A burst is integrated, thus realizing 

isolation resistor to the output of the the (A-B) differencing operation. 
VGA Carrier polarity in the (A+B) Area 

3 RESET Asserti ng th is input pi n resets the area Detector is not affected by the state of 
detector (DIFF) to VREF (+2.5V) and the CARR pin. CARR pin in 
the area detector (SUM) to VREF/2 conjunction with the SEL pin, selects 

4 HYBOUT Output of the multiplexing amplifier, 
the multiplexer output. 

with VREF, (A-B) or (A+B) area detector 13 ZEROX This is the output of the Carrier 
output, depending on the state of the Comparator. +ZEROX is a nominally 
SEL & CARR pins. square wave having transitions 

5 VREF +2.5V reference voltage input. 
coinciding with zero crossings of the 
output VGA. 

8 CHSUM The (A+B) area detector integrating 14 GATE Asserting this line enables the (A+B) 
capacitor is connected between this and (A-B) area detectors to measure 
pin and the ground. area of the output signal of the VGA. 

7 Vee +5 Volt supply This signal is re-synchronized to the 

6 CHDIFF The (A-B) area detector integrating 
area detector carrier internally before 

capacitor is connected between this 
application to the area detectors. 

pin and the ground. 15 OPOUT Optional operational amplifier (short 

9 GND Ground 
ci rcu it protected) output. 

Active high signal resets the resynch 
16 OPINN Optional operational amplifier 

10 RESETFF inverting input. 
flip-flop 

17 OPINP Optional operational amplifier non-
11 SEL This pin in conjunction with the CARR inverting input. 

pin, governs the multiplexer channel 
selection as follows: 18 GND Ground 
SEL CARR Mux Channel 19 VGAINP VGA non-inverting input. Inputs 
0 X VREF should be AC coupled 
1 0 (A-B) 
1 1 (A+B) 20 VGAINN VGA inverting input. Inputs should be 

12 CARR Asserting this pin high inverts the 
AC coupled 

carrier input of the (A-B) area detector. NOTE: The value of the CHSUM capacitor should be 
CARR should be asserted throughout roughly twice that of the CHDIFF capacitor. It is also 
the B burst of the NB burst pair. While advisable to include a small resistor in series with the 
the CARR pin is asserted, the (A-B) capacitor on the CHSUM pin and also the CHDIFF pin, to 

improve settling time. 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (Vecl ......................... -0.3 to + 7 VDC 

RECOMMENDED OPERATING 
CONDITIONS 

Storage Temperature (TsTd ......................... -65 to + 150°C 
Package Dissipation 

DC Supply Voltage Range (Vecl .................... 5 ± 5% VDC 

TA = 25°C (Board Mount) .................................. 875mW 
Temperature Range ........................................... 0 to +70°C 

Package Lead Temperature: 
Operating Junction Temperature (T)) ........... +25 to + 125°C 

Soldering (10 sec) ................................................ 260°C 
Vapor Phase (60 sec) ............................................ 215°C 
Infrared (15 sec) ................................................... 220°C 

ELECTRICAL CHARCTERISTICS 
The following specifications apply over the recommended operating conditions of TA = 0 to +70°C, Vee = 4.75 to 5.25V, 
and external component values as recommended, unless otherwise stated. 

PARAMETER CONDITIONS MIN TYP MAX UNIT 

Icc VAGC = 4.0V, VREF = 2.5V 20 40 60 mA 

IVREF VREF = 2.5 V -50 25 200 J.1A 
GATE, CARR, SEL, For all signals in test program VIH 2.0 V 
RESET, RESETFF VIL 0.8 V 

GATE, CARR, SEL, For VIH = 2AV IIH -250 -10 J.1A 
RESET, RESETFF and VIL = O.BV IlL -400 40 J.1A 
VGAINPDC (VINP) VGAINP, VGAINN open 2.3 2.5 2.7 V 

VGAINNDC (VINN) VGAINP, VGAINN open 2.3 2.5 2.7 V 

VoHZEROX VGAINP = 3.5, IOH = -0.4mA 
VGAINN = 1.SV 2.7 5.0 V 

VmZEROX VGAINN = 3.5, 1m = 2.0mA 
VGAINP = 1.SV 0 0.5 V 

OPERATIONAL AMPLIFIER USED FOR MOTOR CURRENT SENSING 

I B lAS Offset OPINN = OPINP = 1.0V -200 200 nA 

Vas - MCS Av = 2.0, VIN = a -15 +15 mV 

VOH - MCS Av = 2.0, VIN =-1 .0, ISRC = -1 .5mA 3.8 5.0 V 

VOl - MCS Av = 2.0, VIN =1.0, ISINK= 1.5mA 0 1.0 V 

ISINK - MCS Open loop, OPINP = O.OV 
OPINN = 1.0, OPOUT = Vcc 1.5 10 mV 

IBIAS - MCS OPINN = 1.0, OPINP = 1.0 
(lOPINN + IOPINP)/2 -2.0 0.0 J.1A 

Amplifier Settling Time (tSMCS) ROUT = 6040, COUT = 36pF 0.4 1.0 lIS 

Amplifier Bandwidth 4 8 MHz 

Amplifier Gain (Av) Open Loop 58 63 dB 

AGC 

Ay-VGAMIN Minimum Gain of AGC with 
400mV input 0 1.1 VN 

Ay- VGAMAX Maximum Gain of AGC with 
100mV input 6.6 20 VN 

VAGCBIAS VAGC = 1.0 a 200 J.1A 
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ELECTRICAL CHARCTERISTICS (Continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNIT 

RESET CIRCUITRY 

IRESET SUM, DIFF RESET = V1H 80 400 J.lA 
IOFF SUM, DIFF RESET = VIL -10 10 nA 

VCH SUM RESET = V1H 1.245 1.260 1.275 V 

VCH DIFF RESET = VIH 2.490 2.5 2.510 V 

I SUM, DIFF UNBAL GATE = VIH, CLOCK, 1 V swing VAGC 
1 X, Measure Current with VGAINP = 
VINP + 0.2 and VGAINN = 
VINN - 0.2, then do VGAINP = 
VINP - 0.2 and VGAINN = 
VINN + 0.2, Subtract --40 40 J.lA 

I DIFF UNBALXOR CARR = VIH --40 +40 flA 

I PEAK SUM VGAINP = VINP + 1.0 

VAGC= 1.0 -540 --400 -265 J.lA 
I PEAK DIFF P VGAINP = VINP + 1.0 

VGAINN = VINN - 1.0 
VAGC = 1.0, CARR = VIL -540 --400 -265 J.lA 

I PEAK DIFF ON VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 
VAGC = 1.0, CARR = VIH 265 400 540 flA 

VOHSUM VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 3.9 5.0 V 

VOH DIFF VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 
CARR = VIL 3.9 5.0 V 

VOL DIFF VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 
CARR = VIH 0.0 1.0 V 

IGATE GATE = VIH, CLOCK, 
VAGC 1 X, VSWING = 1.0 -10 10 nA 

IRESETFF RESETFF = VIH -10 10 nA 
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ELECTRICAL CHARCTERISTICS (Continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNIT 

MUX AMPLIFIER 

VHYBOUT CARR = VIL, SEL = VIL 2.4 2.6 V 

VOSMUXSUM CARR = SEl = VIH, 
CHSUM = 2.5 -8 8 mV 

VOSMUX DIFF CARR = VIL, SEl = VIH, 
CHDIFF = 2.5 -8 8 mV 

IBIASSUM CARR = SEL = VIH, 
CHSUM=2.5 0 300 nA 

IBIASDIFF CARR = Vll, SEl = VIH, 
CHSUM = 2.5 0 300 nA 

VOHMUX CARR = SEL = VIH 
CHSUM = 3.95, ISRC = 1.5mA 3.8 5.0 V 

VOlMUX CARR = VIL, SEL = VIH 
CHDIFF = 0.95, ISINK = 1.5mA 0 1.0 V 

ISINKMUX CARR = VIL, CHDIFF = 0.95 
SEl = VIH, VHYBOUT = VCC 1.5 10 mA 

Amplifier settling time (tSMUX) RoUT = 6040, CaUT = 36pF 0.4 1 Its 

ILEAKAGE 10 nA 

linearity o to 1 VINPUT, with VAGC such 
that Av VAGC = 1.0 -5 5 %F.S 

-
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FUNCTIONAL DESCRIPTION 

The ML4534, +5V Embedded Servo Demodulator IC is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in NB 
differential burst format, with an AGC field preceding the 
burst information. The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst ampl itude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A+B), to permit 
position error normalization. Using the SEL and CARR 
inputs, the on-chip multiplexer allows selection of either 
(A-B) or (A+B) on the output. The multiplexer and area 
detection capacitors operate in concert to provide a hold 
capability for both the (A-B) and (A+B) outputs. The area 
detectors are designed to minimize the pipeline transport 
delay while accurately quantizing the area of servo bursts 
in high speed hybrid servo systems. The major functional 
blocks of the ML4534 are briefly discussed below. 

VARIABLE GAIN AMPLIFIER 

Hybrid servo burst data from the disk read channel are 
capacitively coupled into the VGA through the differential 
input pins (VGAINP, VGAINN). VGA gain is controlled by 
the voltage on the VAGC pin, and the gain is varied in 
order to secure constant area of the output signal and 
counteract the amplitude regulating operation of the read 
channel AGC loop. 

VGABUF COMPARATOR 

The VGABUF comparator detects zero crossings of the 
composite signal delivered by the VGA. The output of this 
comparator controls the synchronous rectification of the 
composite VGA output, in the area detectors. 

The comparator output is pio'vided at a TTL level on the 
ZEROX pin. Control logic in the servo channel employs 
the ZEROX signal to produce an area detector enabling 
gate, which spans a fixed number of cycles of the 
composite signal. 

AREA DETECTORS (SUM AND DIFF) 

The area detectors detect A and B burst levels by area 
detection. Two area detectors are provided - one to 
measure the sum of A and B bursts (A+B), and a second 
one to measure the difference (A-B). Each area detector is 

implemented as a gated current - output synchronous 
rectifier driving an external charge accumulating 
integrating capacitor. Area detection occurs only while the 
area detector is enabled under control of the GATE pin. 
When the detector is disabled, the integrating capacitor is 
effectively floated. An on-chip binary (FF) re-synchronizes 
the gating signal to remove any phase shifts due to logic 
delays in the external gate control logic. Initial conditions 
on the integrating capacitors are established prior to an 
area detecting operation by a reset circuit controlled by 
the RESET pin. A reset operation forces the voltage on the 
area detecting capacitors to equal the 2.5 volts applied on 
the VREF pin. Determination of the burst difference (A-B) 
is accomplished under control of the CARR pin, by 
inverting the phase of the carrier input to the second area 
detector, while the burst B is being detected. The inversion 
is performed by an XOR gate. Accordingly (A-B) is bipolar 
relative to VREF, while (A+B) is unipolar. 

MULTIPLEXER AMPLIFIER 

The multiplexer amplifier drives the HYBOUT pin and 
allows sequential interrogation of the (A-B) and (A+B) 
measurements, the results of which are stored on the 
external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the HYBOUT pin. The SEL and CARR pins 
govern multiplexer channel selection through a decoding 
network. 

Figure 1 shows a typical hybrid servo system application 
diagram for the ML4534 and also illustrates waveforms 
characteristic of a hybrid demodulator in a typical 
applir~tion 

OPERATIONAL AMPLIFIER 
USED FOR MOTOR CURRENT SENSE 

This general purpose operational amplifier is intended for 
use as a differential to single-ended convertor and level 
shift stage. It performs voice coil motor current sensing by 
monitoring the voltage developed differentially across 
current sense resistors, on the ground side of the voice 
coil power driver bridge. 
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Figure 1. A Typical Servo System Application with the ML4534. 

HYBRID DATA SURFACE 

DATA~~~ -i AGC I A I B t---t!~t ------

GATE~~t-----
I I I I 
I I 

CARR ___ +I--;I-! 

SEL I I I I 

RESET ----'!-i .: --"+~oI---uu--.a..: ---< ...... : ......... :-!r 
I: : I : : ::: : 
I I I I I I I I I I I 

-TIMINGINp. !112.511!112.5! -15p' 11 11.51 1 111 

Figure 2. Illustrative Waveforms 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4534CQ O°C to+70°C 20-Pin Molded PLCC (Q20) 
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ML4535 

Area Detection Based Hybrid Servo Demodulator 

GENERAL DESCRIPTION 

The ML4535 is a bipolar monolithic hybrid servo circuit 
that provides area measurement demodulation of both the 
continuous servo surface ( dedicated servo) and the 
sectored servo data (embedded servo) information in a 
high end disk drive. It operates on a single +5V supply 
and is intended to interface to a moderate speed, 
successive approximation ADC, with multiplexed inputs 
and sample and holds, like the ML2377 family. 

The area detectors are designed to minimize the pipeline 
transport delay while accurately quantizing the area of 
servo bursts in high speed servo systems. The data surface 
(embedded) servo demodulator section consists of Sum 
and Difference area detectors along with an AGC control 
loop. The continuous (dedicated) servo demodulator 
section consists of a variable gain amplifier, variable 
frequency oscillator and four synchronous area detectors. 

The ML4535 provides a high level of integration for 
designing the complex Hybrid Servo systems becoming 
popular in disk drives requiring very high bit and track 
densities, in excess of 3500 TPI. 

BLOCK DIAGRAM 

FEATURES 

• Allows for area detection of back-to-back bursts 

• 2% non-linearity over the input signal range 

• Single +5 volt operation 

• Internal 2.5V bandgap reference with reference output 

• Separate AGC control loop for data surface and servo 
surface demodulator sections. 

• Data surface amplitude control self contained on chip 

• Data surface demodulator has muxed/selectable (A-B) 
and (A+B) outputs. 

• Four synchronous area detectors onboard for 
implementing the continuous servo demodulator. 

• Threshold based Sync detector 

• Servo surface area detectors (1 & 2) have current 
output and can be individually selected using the 
SEL# pins. 

• Available in 44-pin TQFP package 

i-"/1---IIi1==t::;:::===;-l rlr======;~===~=t= VCOIN DCRCAP ------lft--:7" I VCOOUT 
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r-------!-- RT 
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'----------~ vcovcc 
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"'----------+_ SYNCADJ 
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: DEDICATED SERVO SECTION r-----------------------------------------------------------1 , 1 

DSDIFFI 

, AREA 1 
DETECTOR VAGCCAP RDSUM 
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PIN CONNECTION 

ML4535 

44-Pin TQFP 
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0 ... 

::> z < 0 0 z .. 
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PIN DESCRIPTION 

PIN# NAME 

1 CT 
44 RT 

2 NC 
4 
15 
43 
33 

3 VCOVCC 

5 VCOOUT 

6 CLK1 

7 SEll 

8 SEL2 

FUNCTION 

Pins to connect a resistor/capacitor 
network for setti ng the center 
frequency of the internal VCO; R 
from RT to CT, C from CT to 
VCOVCC 

No connects. It is recommended to 
Connect these to GND 

+ 5V supply for PLL 

VCO clock output 

Clock for Area Detector 3 (AGC) 

Active high select signal for area 
detector 1 

Active high select signal for area 
detector 2 

PIN# NAME 

9 VCC 

10 RESET 

11 GATE 

12 ZEROX 

'Micro Unear 

---- ---- ---

ML4535 

NC 

DeRCAP 

DSSUM 

DSDIFF2 

DSDIFFl 

MUXOUT 

GND 

REXT 

VREF 

RDDIFF 

RDSUM 

FUNCTION 

+ 5V supply (± 5%) 

Asserting this input pin resets the 
Area Detector (DIFF) to VREF and 
the Area Detector (SUM) to VREF/2 
(active low) 

Asserting this pin defines the SUM 
and DIFF area detect windows, to 
measure the area under the curve of 
the VGA output. This signal is 
resynchronized internally to ZEROX 
before application to the area 
detectors. 

This is the logic signal output of the 
carrier comparator, nominally a 
square wave having transitions 
coinciding with zero crossings of 
the VGA output. 
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PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

13 MUXSEL Asserting this pin inverts the carrier 23 RDSUM The SUM area detector integrating 
input of the Difference (A-B) area capacitor is connected here. 
detector. MUXSEl should be 

24 RDDIFF The DIFF area detector integrating asserted throughout the B burst of 
the AlB burst pair, to implement capacitor is connected here. 

(A-B). While this pin is asserted, the 25 VREF 2.5V Bandgap reference output 
Difference (A-B) area detector 

26 REXT A 15.8k (1 %) resistor to GND sets integrates the B burst in a direction 
opposite to that in which A is the transconductance of all Area 

integrated, thus realizing the (A-B) Detectors cu rrent outputs 

operation. Carrier polarity in the 27 GND Ground pin 
(A+B) area detector is not affected 
by the state of the MUXEN pin. This 28 MUXOUT Output of the multiplexer with DIFF 
pin along with the MUXEN pin, or SUM output 
also selects the multiplexer output. 29 DSDIFF1 Area Detector #1 (A,B) or the 

14 MUXEN This pin in conjunction with the Normal output 
MUXSEl pin governs the 30 DSDIFF2 Area Detector #2 (C,D) or the Quad 
multiplexer channel selection as output 
follows: 

MUXSEL MUXEN MUXOUT 31 DSSUM Pin for connecting the filter for the 
AGC loop (Dedicated surface) 

X 0 VREF 32 DCRCAP DC Restore capacitor 
0 1 Difference (A-B) 
1 1 Sum (A+B) 34 DSINP Differential signal input from 

35 DSINN Continuous (dedicated) servo 
16 VAGCREF AGC voltage reference surface. Inputs must be AC coupled 

17 VAGCCAP AGC loop Filter/Hold Capacitor 36 AGCOUTN Test points connected through 

18 RDINN Differential input to VGA from Data 37 AGCOUTP isolation resistors to differential 

19 RDINP surface (embedded servo). Inputs output of servo surface AGe. 

must be AC coupled. 38 SYNCADJ External adjustment of sync 

20 VAGCTPN Test points connected through threshold below or above the 

21 VAGCTPP isolation resistors to the output of internal setting. 

the VGA. Max 2Vf\1> differential. 39 SYNC Servo frame sync signal output 
Typically around V. 

40 ClK2 Clock for Area Detector 4, (Pll) 
22 AGCEN AGC enable pin, defines area detect 

window (active low signal) 41 ClK3 Clock for Area Detectors 1 & 2 
(POS) 

42 VCOIN Pin for connecting the loop filter for 
the PLL or external drive 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
DC Supply Voltage (VCC) ......................... -0.3 to +7 VDC DC Supply Voltage (VCC) ............................. 5+/-5% VDC 
Package Dimension, TA = 25°C Temperature Range ........................................... 0 to +70°C 

(board mount) ................................................ TBD mW Operating Junction Temperature (Tj) ......... +25 to + 125°C 
Package Lead Temperature 

Soldering (10 sec) ............................................... 260°C 
Vapor Phase (60 sec) ........................................... 215°C 
Infrared (15 sec) .................................................. 220°C 

Storage Temperature (tstg) ........................... -65 to + 150°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

DC CHARACTERISTICS 

ICC Supply Current VAGCCAP = 4.0V 60 89 110 mA 

Bandgap Reference voltage, VREF 2.4 2.52 2.60 V 

VIH ForCLK1, CLK2, CLK3 
GATE, MUXEN, 
MUXSEL, AGCEN, SELl, SEL2 2.0 V 

VIL ForCLK1,CLK2,CLK3 
GATE, MUXEN, 
MUXSEL, AGCEN, SELl, SEL2 0.8 V 

IIH ForCLK1,CLK2,CLK3 
GATE, MUXEN, RESET 
MUXSEL, AGCEN, SEL 1, SEL2 -40 -0.2 +40 IlA 

ilL ForCLK1,CLK2,CLK3 l1li 
GATE, MUXEN, RESET 
MUXSEL, AGCEN, SELl, SEL2 -400 -2 10 IlA 

AGC ( for dedicated servo) 

DSINPDC, DSINNDC open 2.4 2.5 2.6 V 

AvAGCmin DSSUM = 4.0V, 
Voltage gain from input to test point Measure DSDIFFl 0.2 0.4 VN 

DSINP - DSINN = 0.5V 

AvAGC max DSSUM= 1.0V 
DSINP - DSINN = 20mV 75 120 VN 

DCRHIGH DSSUM = 1.0V 
(DCR CAP VOLTAGE) DSINP - DSINN = 20mV 3.0 3.9 V 

DCRLOW DSSUM = 1.0V 
(DCR CAP VOLTAGE) DSINN - DSINP = 20mV 2.3 2.5 2.7 V 

DSOFFSET DSINP - DSINN = 0 -1 0.0001 +1 V 

AREA DETECTOR 1 and 2 

DSDIFF Hll SEL 1, SEL2 = VIH VCC -1.0 VCC-O.S VCC V 

DSDIFF LO 2 DSINP- DSINN = 0.1 
DSSUM = 1 V, CLK3=VIH 0.2 1.0 V 

DSDIFF LO 1 CLK3 = VIL 0.2 1.0 V 

DSDIFF HI2 VCC-l.O VCC-O.S VCC V 
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ELECTRICAL CHARACTERISTICS (Continued) . 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

AREA DETECTOR 1 and 2 (continued) 

DSDIFF HI Rl DSINN - DSINP = 0.1 VCC-1.0 VCC-0.5 VCC V 

DSDIFF La R2 ClK3 = VIL 0.2 1.0 V 

DSDIFF La Rl DSINN - DSINP = 0.1 0.2 1.0 V 

DSDIFF HI R2 ClK3 =VIH VCC-l.0 VCC -0.5 VCC V 

IDSDIFF HI DSINP - DSINN = 0.1 -200 -133 -100 iJA 
IDSDIFF La DSINP - DSINN = -0.1 100 133 200 iJA 

IDSDIFFl SEll = VIL -1 -0.005 1 iJA 
IDSOFF2 SEl2 = VIL 1 0.001 -1 iJA 

AREA DETECTOR 3 

SYNC La ClKl = VIH, IlL = 1.6 rnA 
DSSUM= 1.0V 0.35 0.5 V 
DSINN - DSINP = 0.1 

SYNC HI ClKl = VIH, IIH= -0.4 rnA VCC -2.1 VCC-0.8 VCC V 
DSSUM= 1.0V 
DSINN - DSINP = 0.1 

VSYNCADJ ISYNCADJ = 0 0.1 0.18 0.5 V 

I DSSUMOFF DSINN - DSINP = OV 15 35 70 iJA 

I DSSUM HI ClKl= VIH, DSSUM = 1 V 
DSINP- DSINN = 0.1 -20 -83 -150 iJA 

I DSSUM lO DSINN - DSINP = 0.1 100 186 250 iJA 

AREA DETECTOR 4, VCO 

IVCOINHI ClK2= VIH, DSSUM = 1 V 
DSINP- DSINN = O.lV 60 136 200 iJA 

IVCOIN lO ClK2 = Vil -200 -135 -60 iJA 

VCO HI (VOH) CT = 4.0V, VCOIN = 4.0V, 
IOH = O.4rnA 2.3 2.6 V 

VCOlO(VOU CT = 1.0V, VCOIN = 1.0V, 
Im= 1.6rnA 0.25 0.5 V 

RDINPDC, RDINNDC open 2.3 2.5 2.7 V 

VOHZEROX RDINP - RDINN = 2.0V VCC-2.1 VCC-O.7 VCC V 
IOH =-0.4 rnA 

VOl ZEROX RDINP - RDINN = 2.0V 0.36 0.5 V 
1m = 2.0 rnA 

VREXT REXT = 15.9K 2.2 2.48 2.8 V 

AGC (for embedded servo) 

VAGCTP RDINP - RDINN = 2.0 V VCC-1.5 VCC-2.1 VCC-2.7 V 
VAGC = 1.0V 

AvVGAMIN RDINP - RDINN = 1.0 V 0.3 0.5 VN 
VAGC=4.0V 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

RESET LOGIC 

Av VGA MAX RDINP- RDINN = 0.4 V 2.0 2.7 V!V 
VAGC= 1.0 V 

VAGC BIAS XAGC= 1.0V 0 40 200 !!A 

IRESET SUM, DIFF RESET = V1L 50 100 200 !!A 

IOFF SUM, DIFF RESET = VIH -100 100 nA 

VSUM RESET = VIL 0.9 1.07 1.2 V 

VDIFF RESET = VIL 2.0 2.13 2.3 V 

I SUM, DIFF UNBAL GATE = VIH, CLOCK -40 0.4 40 !!A 
VAGC 1 X, 1 Vp-p swing 

IDIFF UNBAL XOR MUXSEL = VIH -40 40 !!A 

I PEAK SUM RDINP - RDINN = 1.0 V -500 -377 -250 !!A 
MUXSEL = VIH 

I PEAK DIFF P RDINP - RDINN = 1.0 V -500 -377 -250 !!A 
MUXSEL = VIH, 
VAGC= 1V 

I PEAK DIFF XOR RDINP - RDINN = 1.0 V 250 377 500 !!A 
MUXEN = VIH, VAGC = 1.0V 

VOHSUM, VOHDIFF RDINP - RDINN = 1.0V VCC -1.0 VCC-0.5 VCC V 

VOL DIFF, VOLSUM RDINP - RDINN = 1.0V 0 0.2 1.0 V 
MUXSEL = VIH -IGATE GATE = VIH, CLOCK 1 X -100 0 100 nA 

MUXAMPLIFIER 

VOS MUXSUM MUXSEL = MUXEN = VIL 0 5 16 V 

VOS MUXDIFF MUXSEL = VIH, 
VDIFF = 2.5V, 0 5 16 V 

MUXEN = VIL 
IBIASSUM DIFF SUM = DIFF = 2.5V 0 200 300 nA 

VOHMUX SUM = 3.9 V VCC -1.0 VCC-0.9 VCC-0.5 V 

VOLMUX DIFF = 0.95 0 0.9 1.0 V 

INSINGMUX VMUXOUT = VXX 1.5 1.86 2.5 mA 

Amplifier settling time - tsmux Rout = 604 ohms, Cout = 36 pF 0.4 1 flSec 

lIeakage 10 nA 

Linearity o to 1 V input with VAGC 
such that AvVAGC = 1.0V -5 5 %F.5 
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FUNCTIONAL DESCRIPTION 

The Ml4535 provides area measurement demodulation of 
both the continuous (dedicated) servo surface and the 
sectored (embedded) servo data on each of the data 
surfaces of a "hybrid" servo disk drive. It operates on a 
single +5V supply and is intended to interface to a 
moderate speed, successive approximation ADC with 
multiplexed inputs and sample and holds, like the 
Ml2377. In a conventional peak detection based servo 
scheme, the attack rate of the peak detectors are 
inherently faster than the decay, high crest factor noise 
sensitivity is high and rectification must have a very low 
offset for it to be functionally correct. On the other hand 
area detection has much better noise rejection and is 
more tolerant of small AGC rectifier offsets. However it 
requires that the measurement period be an integer 
number of signal cycles. Hence when the timing 
requirements are satisfied, area detection is certainly more 
accurate than peak detection schemes. 

DATA SURFACE OR 
EMBEDDED SERVO DEMODULATOR SECTION 

The data surface (embedded) servo demodulator section 
of the Ml4535 consists of a standalone AGC control loop 
so that the amplitude control function is self contained on 
the chip and two area detectors providing the sum (A+B) 
and difference (A-B) which are output through a mux 
amplifier. 

Input Amplifier and AGC 

The input amplifier and AGC circuit operate with 
differential inputs in the range of 0.25Vp-p to 2Vp-p, 
from the read channel filter'S lowpass outputs. The input 
impedance of the RDIN inputs is approximately 2.3kQ. 
The purpose of the AGC loop is to maintain a constant 
area detect value that correlates to the zero scale and full 
scale output values based upon the minimum and 
maximum burst value. The sensing for the AGC is at the 
output of the SUM area detector, allowing signal ranging 
based on the area of the burst rather than the peak level of 
the burst. The AGC is intended to be updated at every 
sector of servo position bursts such that the signal 
variances due to the disk radius and differences in the 
read channel data frequencies can be corrected. In this 
closed-loop system, the area detected output voltage is 
compared with the VAGCREF voltage and fed back to 
provide a gain control current for charging and 
discharging the VAGCCAP. The VAGCREF voltage should 
be set to 80% of the full scale value of the RDSUM 
voltage output. The gain is varied to secure constant area 
of the output signal and provide amplitude control. The 
AGC gain value is held constant when the AGCEN is at 
logic low. When it is logic high, the level of gain can 
change up or down. The capacitor from VAGCCAP to 
ground holds the gain setting when AGCEN is at logic low 
and the area detector output does not affect the gain 
setting in this mode. 

Zero X Detector 

The output of the zero crossing detector (comparator) is 
provided for system synchronization. It detects zero 
crossings of the composite signal delivered by the Variable 
Gain Amplifier, VGA. The output of this comparator 
controls the synchronous rectification of the composite 
VGA output, in the area detectors. This signal is internally 
generated in ECl, but an internal ECl to TTl converter 
presents this output as a TTL level on the ZEROX pin. 
Control logic in the servo channel employs the ZEROX 
signal to produce an area detector enabling gate, which 
spans an integer number of cycles of the composite signal, 
thus helping to generate accurate timing. If one of the 
burst signal is very small then the ZEROX signal will not 
be generated correctly and the Area Detectors (SUM & 
DIFF) would stay ON. Hence a single radial (always full 
amplitude) pulse should be located at the beginning and 
end of each burst. This also minimizes track pairing. 

Area Detectors (Sum & Difference) 

The area detectors detect the A and B burst levels by area 
detection. Two area detectors - one to measure the sum 
of the A and B bursts (A+B), and a second one to measure 
the difference (A-B). Each area detector is implemented as 
a gated current - output synchronous rectifier, driving an 
external charge accumulating integrating capacitor. Area 
detection occurs only while the area detector is enabled 
under the control of the GATE pin. The GATE signal turns 
the SUM & DIFF Area Detectors ON and OFF. Internally it 
generates a synchronous signal clocked by the AGC 
output. When GATE is asserted high, the next rising edge 
of RDINP will turn ON the Area Detectors. When GATE is 
asserted low, the next rising edge of RDINP will shut OFF 
the Area Detectors. Thus GATE edges should occur near 
the falling edges of ZEROX. One point to note is that if the 
Area Detector is ON and there is no AGC signal then the 
internal synchronous signal will not change state even if 
the GATE signal is driven inactive low and the Area 
Detector continues to remain ON. When the detector is 
disabled, the integrating capacitor is effectively floated. 
The on-chip D Flip-Flop resynchronizes the gating signal 
to remove any timing error due to logic delays in the 
external gate control logic. It is important that the Area 
Detectors are shut off when not integrating a desired field, 
even if there is no AGC signal as the Area Detector offset 
currents will modify the Area Detector output voltage. 
Initial conditions on the integrating capacitors are 
established prior to an area detecting operation by a reset 
circuit controlled by the RESET pin. The minimum RESET 
pulse width will depend on the external capacitor used at 
RDSUM and RDDIFF pins. The pulse width is given by: 
tMIN = [(CpF x 3V)/80~1 J.lsecs. RESET is normally held 
asserted from just after read out until just before the next 
sample measurement time. A reset operation forces the 
voltage on the DIFF area detecting capacitor to equal the 
voltage applied on the VREF pin and the voltage on the 
sum area detecting capacitor to equal VREF/2. In actuality 
when RESET is low the voltage observed on the RDDIFF 
pin will be in the range of 2V to 2.5V and the voltage 
observed on the RDSUM pin will be in the range of 1 V to 
1.2V. This is due to internal design constraints. 
Determination of the burst difference (A-B) or (-A+B) on 
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alternating tracks, is accomplished under control of the 
MUXEN pin, by inverting the phase of the carrier input to 
the DIFF area detector, while one burst is being detected. 
The inversion is performed by an XOR gate. Accordingly 
(A-B) is bipolar relative to VREF, while (A+B) is unipolar. 

Multiplexer Amplifier 

The multiplexed amplifier drives the MUXOUT pin and 
allows sequential interrogation of the (A-B) DIFF and 
(A+B) SUM measurements, the results of which are stored 
on the external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the MUXOUT pin. The MUXSEL and MUXEN 
pins govern multiplexer channel selection through a 
decoding network. 

CONTINUOUS OR DEDICATED 
SERVO DEMODULATOR SECTION 

The continuous (dedicated) servo demodulator section of 
the ML4535 consists of its own variable gain amplifier and 
AGC loop, a variable frequency oscillator and four 
synchronous detectors. The DSIN input is usually of the 
order of 20mV--400mV differential peak to peak and the 
RIN is approximately 4kohms. 

The first synchronous detector (AREA DETECTOR #4) is 
used as a multiplying phase detector to control the 
variable frequency oscillator and complete the analog 
portion of the phase locked loop that recovers the clock. A 
standard PLL loop filter is connected on the VCOIN pin or 
an external signal could be used to drive this line. The RT 
and CT components are used to set the VCO frequency 
range. Figure 1 shows the graphical representation of the 
VCOOUT frequency vs VCOIN voltage for a fixed value 
of RT and CT. It is recommended that CT should be kept 

25r------.------~-----r------r_--__, 

RT= 2000 

RT TO GROUND = lkO 

o 2 4 
VCOIN (V) 

Figure 1. ML4535 VCO Characteristics 

ML4535 
as large as possible, say around 50pF, otherwise parasitics 
could begin to dominate. Also it is recommended that CT 
should connect to the VCOVCC right at the pin and the 
VCOVCC should be well decoupled at that point. Stability 
could be further improved by placing another resistor to 
ground from the RT pin, allowing smaller RT and hence 
allowing the increase in CT. Recommended range for RT is 
200 ohms to 2k ohms. Recommended VCO frequency 
range is 10 to 30 MHz with the VCO frequency being set 
at two or four times the servo pattern fundamental 
frequency. A typical loop filter circuit at VCOIN is shown 
at the frontend of figure 3. The gain of the VCO is 
approximately 10% of the center frequency per volt 
(MHz/volt). The VCOOUT has a VOH of 2.2V to 2AV and 
a VOL of 0.5V which improves symmetry around the 1AV 
threshold for the VCO (TTL compatible levels). The duty 
cycle is symmetrical with large enough swings on the RT 
and CT associated with the VCO. 

The second synchronous detector (AREA DETECTOR #3) 
is used for measuring the area of the composite signal, to 
determine its amplitude for comparison with the reference 
of the AGC loop. The AGC loop consists of the Area 
Detector 3, external filter capacitor on DSSUM, REXT 
resistor and internal voltage set reference current on 
DSSUM and the gain vs. control voltage characteristic of 
the VGA amplifier. The reference baseline voltage for the 
AGC output voltage is 2.5V. Area Detector 3 generates a 
current and when the integral of that current equals a DC 
current (approx 6211A) set by REXT, the AGC loop is 
stabilized. The differential output of the servo surface AGC 
is made available on the AGCOUTP and AGCOUTN pins. 
An amplitude level comparator is also included on this 
detector's output to provide the logic level output for _ 
Frame sync and Index data. The SYNC detector circuit is 
threshold based. The threshold level is set internally to 
25% of full scale, however this level can be adjusted 
through the external SYNCADj pin. Connecting a resistor 
from the SYNCADj pin to ground increases the threshold 
level above 25%, while a resistor to VCC will decrease 
the threshold level below 25% of full scale. There is a 
±20% potential of error on the amount by which the 
threshold is changed from the internal level using the 
SYNCADj pin. 

The third and fourth synchronous detectors (AREA 
DETECTORS #1 & #2) are used to demodulate the normal 
and quadrature position signals. The Area Detectors 1 & 2 
are turned ON by asserting SEL 1 and SEL2 lines active 
high. A logic low on these lines turns them OFF. The 
normal and quadrature outputs are currents that should 
be terminated off chip with nominal 19K resistors to VREF 
or 0.9 VREF. The center value of the nominal output 
voltage range of DSDIFF1 and DSDIFF2 (the output of 
Area Detectors 1 & 2) is 2.5V with a range of ±1.5V. The 
external resistors may be terminated to 2.3V to give 
maximum swing over supplies (since minimum Vee is 
4.5V, hence VCC!2 would be approximately 2.3V). Ripple 
frequency to slew rate relationship can be improved by 
adding switches in series with the terminating resistors 
gated by SEL# in the outputs, although this is usually not 
required. 
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The DC requirements of the filter can be reduced by using 
the configuration where the active filter amplifier does not 
contribute to the DC offset, for a unity gain configuration. 
The position detector gain is approximately 1.19. The 
emitter resistor in the AGC detector is around 16K, giving 
an I = 62.5!JA. This implies that the average voltage out is 
approximately 1 V, which implies that the output ON 
position with a duty cycle of 3/8 equals (0.375 x 1.19) = 
0.466V base to peak based on the resistor ratio of 19K to 
15.8K. Making this equal to the half span of the ADC by 
having a gain in the filter should not have a detrimental 
effect on the system accuracy because selecting the 
demodulator clock phase (based on track type) to result in 
the same polarity of the Position Error Signal (PES) slope 
and by using the same detector output section for track 
following results in the cancellation of offsets, with a 
minimum penalty in the reduction of the PES dynamic 
range. 

Component Selection 

The following section outlines the different equations for 
determining some of the component values associated 
with the ML4535 design. 

VAGCCAP C = {(DC)/(2Kohms x BW)} 

where 

RDSUM 
Capacitor 

where 

RDDIFF 
Capacitor 

where 

DCRCAP 

where 

DSSUM 

where 

DC = Duty cycle of the AGCEN signal 
(approx 1/10) 
BW = AGC loop bandwidth = 2 x 1t X f 
(approx 500Hz) 

CSUM = {(560!JA) x (TSAMPLE)/(2.8 x M)} 

M = portion of the full scale voltage to be 
used in nominal condition (suggested value 
= 0.8) 
TSAMPLE = width of the GATE pulse 

CDIFF= {560!JA) x (TSAMPLE)/(l.4 x M)} 

M = portion of the full scale voltage to be 
used in nominal condition (suggested value 
= 0.8) 
TSAMPLE = width of the GATE pulse 

C = {(0.04 x 20)/(16Kohms x BW)} 

BW is the AGC restore loop bandwidth = 2 
x 1t X f (range 5 to 10kHz) 

C = (16/(BW x 8Kohm)) 

BW is the bandwidth = 2 x 1t X f = (range 10 
to 50kHz) 

EXAMPLE SYSTEM DESCRIPTION 

An example continuous servo composite servo encoding 
and the associated demodulator clock waveforms are 
shown in figure 2. The VCO operates at twice the 
frequency of the fundamental of the composite signal and 
drives two flip flops that generate quadrature and normal 
phase references. The Clock generation logic circuit and 
synchronizing circuit for the PLL, to acquire initial lock 
with type 2 loop, are shown in figure 3. A block diagram 
of the PLL is shown below with the transfer function based 
on the loop filter components (refer figure 3). 

Gv = VCO GAIN MHz/V 

The value of the constant K is given by: 

K = 62 x phase compared cycles in the servo frame 
1t total cycles in the servo frame 

A type 2 loop has two poles at the origin of the S-plane or 
two time domain integrations - one in the frequency to 
phase conversion and one in the loop filter. In figure 3, the 
DC level at the non-inverting input of the left comparator 
should be approximately (0.1 Vee plus one diode drop). 
The current supplied by the output resistors and series 
diodes should be approximately 62!1Ai4. Time constant is 
approximately 2 x (l/PLL BW) and the pullup resistors to 
Vee are approximately 1 Kohm or much less than the 
value of the other resistors so as to make the output up 
level approximately equal to Vee during operation. A state 
counter divides the servo frame into eight intervals which 
are: 

NAME LENGTH (IN CLOCK CYCLES) 

S 2 
Xl, X2, X3 1 
A, B, C, D n where n is an integer like 7 or 8 

Note that all peaks of the composite signal are on Quad 
clock phase boundaries, so it contains only one 
fundamental frequency, which is easily acquired by the 
phase locked loop. The sync character is 1800 out of 
phase with all others; thus at phase alignment it causes no 
disturbances to the phase comparator but gives an easily 
recognizable reverse polarity ripple in the AGC which is 
detected with a level detector to provide a frame sync 
logic signal to initialize the state counter. 

The inphase clock is used throughout A, B, C, D but 
inverted 1800 as required by the track type to give A-B, 
C-D, B-A, D-C without additional analog switching in 
position 1 demodulator for track following. 
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Figure 2. Continuous Servo Encoding and Demodulator Clock Waveforms 

Filters are needed on each of the four demodulators for 
removing the carrier ripple and providing frequency 
compensation for the gain control and phase locked loop 
systems. The current output scaling of all four detectors to 
the AGe output are the same and set by on-chip resistors. 
The AGe setpoint is a current set by REXT and VREF. Thus 
a capacitor to ground provides an integrating response for 
the AGe control loop, as well as ripple filtering. For the 
phase comparator filter, two capacitors and a resistor 
provide D.C. integration plus a lead-lag for the PLL 
control loop compensation. For the position outputs, 
external 19K nominal resistors to (0.9 x VREF) should be 
provided and a capacitor to ground is added to form a low 
pass ripple filter. 

The phase compare detector forms phase only (not phase 
frequency) characteristic, so the loop will not acquire 

initial lock with an integrating loop filter, which is needed 
to assure no steady state phase error. Transfer function for 
the gain of the phase comparator (assuming a sinusoidal 
servo signal) is given by: 

62Jl.A x [(time of Xl, X2, X3) + (time of A, B, e, D)] 
It"rad 2x(time of one frame) 

The synchronizing circuit suggested (refer figure 2), senses 
when the veo control voltage is near either rail and 
applies a pulse that ramps it toward the other rail and thus 
through the operational frequency where it locks. The 
lock range is much greater than the acquire range, so it 
retains lock in the presence of the resistor-coupled pulse, 
with a small phase error, until the pulse goes away and the 
phase error becomes zero. 
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It is generally recommended that the servo head magnetic 
width be equal to two track pitches for best results. In this 
case for an on-track position one of the four burst patterns 
becomes almost zero. There is no loss of information on 
phase when this happens, since then its complement is 
twice as large so that the sum of the two is constantly 
independent of position and thus the amount of phase 
information per frame is also constantly independent 
of position. 

HYBRID SERVO VERSUS ONLY EMBEDDED SERVO 

There are a number of merits in using a hybrid servo 
scheme consisting of a servo surface plus limited data 
head servo samples over the completely embedded or 
data head sector servo samples scheme. These are 
summarized below: 

Cost: lost data surface capacity is less than 1 % for a servo 
surface plus samples compared to 8% for samples only. 
This suggests that with six or more disks, the servo surface 
has an advantage. Without a servo surface, it is difficult to 
generate accurately phase and track center aligned data 
head (embedded) servo sectors in the drive, requiring 
them to be done with extra time on an expensive servo 
writer and moving the cost crossover point nearer to four 
disks. Drive hardware and costs including assembly and 
test favour DSP implementations in either case. 

Effect on position error sources: These can be very similar 
for both configurations with optimized control 
algorithims. The servo surface does have some advantages 
in being able to obtain higher bandwidths and thus faster 
settling time and greater reduction of non-repetitive run
out and random disturbances. 

Effect on access time: A system with a servo surface has 
two advantages here. The ability to adjust the control 
signal at shorter time intervals and a higher small signal 
bandwidth, both of which reduce settling time. Move 
times can be equivalent. 

Data integrity: Here there is a clear superiority for a servo 
surface system in preventing writes which destroy existing 
data. There are at least two ways in which this can 
happen. Electronic noise in the sector timing causes servo 
sectors to be over written, so that the head can no longer 
be positioned to read the track even if the data is intact. 
This probability can be made acceptably small by 
redundancy in the electronics. External mechanical shock 
while writing a data sector can not only cause improper 
writes of the new data but also overwrite adjacent tracks. 
Inherently there is no way to prevent this with servo 
sectors only, as there is no position data measurement 
available and estimators do no good for random fast 
disturbances. Dynamically balanced rotary actuators 
reduce this exposure compared to linear travel positioners 
but cannot eliminate it completely. 

CLOCK GENERATION LOGIC (Implemented in Gate Array) 

AGCCLOCK 

PHASE COMPARE CLOCK 

POSITION COMPARE CLOCK 

POSITION SELECT 

INDEX 

SYNCHRONIZING CIRCUIT FOR THE PLL (To acquire initial lock with type 2 loop) 

+5V 

(PLL FILTER) (nc 393 OR SIMILAR LOW BIAS GROUND SENSING DUAL COMPARATOR) 

Figure 3. Support Circuitry for the ML4535 Based "Hybrid" Servo Subsystem 
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SERVO DESIGN SUGGESTIONS FOR A HIGH TRACK 
DENSITY DISK DRIVE 

The best design choices for a high track density disk drive 
with four or more platters are outlined below and the 
hybrid servo subsystem based on the ML4535 & ML2377, 
provides the most optimum solution for implementing 
these design choices and making track densities greater 
than 3500 TPI achievable. 

1) Continuous servo surface with quadrature signals plus 
some position samples and/or calibration tracks for each 
data head. 

ML4535 
2) DSP implementation of the position control system for 
best performance of state estimators and adaptive 
parameter adjustment. 

3) Area integration position demodulation on both the 
servo (dedicated) surface and data head position 
(embedded) servo samples, for best accuracy and noise 
rejection. 

4) Thin film heads with gap edges aligned and 
perpendicular to the disk surface. 

5) Dynamically balanced rotary actuator for best rejection 
of external mechanical shock. 

Ml4535 BASED SYSTEM APPLICATION DIAGRAM 

Ml4535 Ml2375 

0.9 VREF 

19k 19k 

FROM DSINP DSOIFF1 
SERVO 4-CH 

SURFACE DSDIFF2 MUX DATA 
(DEDICATED) 

MUXOUT & BUS 

+5V S/H BUFFERS 
(note: very ;; short traces) 

TIMING 
VREF VREF AND 

REXT CONTROL 

DCRCAP -=-
DSSUM VCOOUT 

SYNC 

CLK1 AGCCLK 

CLK2 
PLLCLK 

GATE 
VAGCREF CLK3 

POSCLK ARRAY 

RDSUM OR 
SEll PALs 

RDDIFF 
SEL2 OR 

-=- VAGCCAP FPGA 
ZEROX 

RESET FOR 

o-j 
GATE CLOCK 

RDINP MUXEN GENERATION 
SECTOR O.Ol~F AND 
SERVO MUXSEL CONTROLS 

(EMBEDDED) o-j ROINN AGCEN 

T~~~-+ INDEX 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Ml4535CH 44-Pin TQFP (H44) 
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GENERAL DESCRIPTION 
The Ml4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate. em?edded servo 
information. The pulse detector section mcludes a 
wide bandwidth differential amplifier with automatic 
gain control (AGe), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs, 
and a difference output. A 2.25V bandgap reference IS 

also included on-chip. 

The Ml4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with Rll(1, 7) coding), impr~)Ve 
pulse pairing (1ns), and reduced power consu~ptlon 
(400mW typical) resulting from 5V-only operation. 

The Ml4568 pulse detector section detects amplitude 
peaks, producing a TTL-compatible output which 
accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 

BLOCK DIAGRAM 
-AMP +AMP 
OUT OUT +CH IN 

AGCIN+-~---1>--

AGClN-

14 
CAGC 

RIW 

AGCSET 

Vee 9 

AGND 
26 

DGND 
13 

VREFOUT 
21 

May 1992 
PRELIMINARY 

ML4568 

Disk Pulse Detector + 
Embedded Servo Detector 
FEATURES 
• 5V-only operation 
• low power consumption (400mW typical) 
• Supports 24 MB/s Rll(1, 7) coding 
• less than ±1 ns Pulse Pairing 
• Wide input signal amplitude range (10mVpp to 

100mVpp) 
• On-chip differential gain controlled amplifier, 

differentiator, comparator gating circuitry, and 
output pulse generator 

• Adjustable comparator hysteresis 
• Dynamic hysteresis tracks signal amplitude 
• AGe and differentiator time constants set by 

external components 
• TIL compatible digital inputs and outputs 
• Built in embedded servo detector 
• On chip buffers provide low impedance servo 

output voltages 
• User adjustable servo time constants 

-CH IN CD+ CD-

DOUT 

RD 

SET PW 

BUFA 

DAOUT 

BUFB 

LEVEL GAfE2 DISCH. GATEl PKA HYS. PKB 
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GENERAL DESCRIPTION (Continued) 

The ML4568 also incorporates two gated detectors 
which detect embedded servo information, used for 
head positioning. The ML4568 provides two buffered 
low impedance voltage outputs which represent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about VREF. 

PIN DESCRIPTION 

PIN It NAME FUNCTION 

Power Supply 

9 Vee +5V ± 10% supply. 

21 VREF OUT Internal 2.25 V reference voltage 
output. 

26 ANALOG Analog signals should be 
GROUND referenced to this pin. 

13 DIGITAL Digital signals should be 
GROUND referenced to this pin. 

Analog Signals 

6 AMP IN+ These are the differential inputs 
7 AMP IN- to the Amplifier. The output of 

the read/write head amplifier 
should be capacitively coupled 
to these pins. 

28 AMP OUT+ These are the differential outputs 
27 AMP OUT- of the Amplifier. These outputs 

should be capacitively coupled to 
the channel filter. 

4 -CH IN These are the differential inputs 
1 +CH IN to the time, gating and servo 

channels. These inputs must be 
capacitively coupled to the 
channel filter at the amp. outputs. 
The maximum differential 
peak-to-peak swing at this input 
is 1.5 Vp_p. 

2 CD+ The external differentiator 
3 CD- network is connected between 

these two pins. 

23 HYS. The DC voltage on this pin sets 
the amount of hysteresis on the 
differential comparator. 

PIN CONFIGURATION 

PIN It 

AGCSET 

Vee 

SET PW 

DOUT 

NAME 

PLCC-28 

TOP VIEW 

DAOUT 

LEVEL 

HYS. 

DISCH. 

VREFOUT 

GATE2 

PKB 

FUNCTION 

Analog Signals (Continued) 

24 LEVEL This is a Peak Detector Output 
signal that is used in conjunction 
with the set hysteresis pin 23 to 
provide a dynamic hysteresis 
function. 

5 AGCSET The AGC circuit adjusts the gain 
of the gain controlled amplifier 
to make the differential peak to 
peak voltage at the Channel 
inputs equal to four times the 
DC voltage on this pin. 
VAGeSET = YNee + 1/4Vpp where 
Vpp is the peak-peak differential 
voltage on the channel input. 

14 CAGC The external capacitor for the 
AGC is connected between this 
pin and Analog Ground. 

18 PKA The peak detected servo signal 
19 PKB voltage appears across the RC 

networks connected from these 
pins to analog ground. 

16 BUFA These low impedance pins, 
15 BUFB output the DC level at pins 18 

and 19 respectively, level shifted 
down by two diode drops. 

25 DAOUT This low impedance pin outputs 
the difference in voltage between 
pins 16 and 15 about a zero level 
set by the voltage on pin 21. 
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PIN DESCRIPTION (Continued) 

PIN *I NAME 

Digital Signals 

10 SET PW 

8 R/W 

11 DOUT 

12 RD 

FUNCTION 

An external capacitor to control 
the pulse width of the Encoded 
Data Out (RD) is connected 
between this pin and Digital 
Ground. See Figure 1. 

If this pin is low, the Pulse 
Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 
is forced into a stand-by mode. 
This is a standard TTL input. 

This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 

This is the standard TTL output 
whose leading edge indicates the 
time position of the peaks. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Pin 9 .................................................. 14V 
TIL Input Voltage 

Pins 8, 17, 20, 22 ..................................... 5.5V 
TIL Output Voltage 

Pins 12, 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5V 
Input Voltage 

Pins 23, S ............................................ 5.5V 
Minimum Input Voltage 

Pins 23, 5 ........................................... -O.SV 
Differential Input Voltage 

Pins 6-7, 4-1 .................................... 3V or -3V 
ESD susceptibility rating is to be determined 
Storage Temperature ....................... -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) .................. 300°C 
Maximum Power Dissipation at 25°C: 

PLCC Package (derate TBD mW/OC above 25°C) ... 500mW 

Ml4568 

PIN *I NAME FUNCTION 

Digital Signals (Continued) 

17 GATE 1 These inputs accept TTL levels. 
20 GATE 2 When a low level is present the 

embedded servo signal is allowed 
to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 

22 DISCH. This input accepts a TTL level. 
A high level connects a 1.5K 
internal resistor to grou nd on 
pins 18 and 19. 

OPERATING CONDITIONS 
V cc ............................................. 4.5V to 5.5V 
Ambient Temperature, TA ....................... O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
OYer recommended operating conditions. 
Set Hysteresis = OY, VPIN 17 = 2Y, READ/WRITE = O.4Y, VPIN 22 = O.4Y, unless otherwise noted. 

Symbol Pins Parameter Conditions Min lYP Max I Units 

Amplifier 

ZINAI 6,7 Amp In Impedance (Note 1) TA = 25°C 1.8 204 3.0 KO 

AYMIN 28,27 Minimum Voltage Gain Differential AC Output 3 Vpp 6 15 V/V 

AYMAX 28,27 Maximum Voltage Gain Differential AC Output 3 VPP 250 300 V/V 

Channel 

ZINCI 4,1 Channel Input Impedance TA = 25°C (Note 1) 2.5 KO 

ICAGC- 14 Pin 14 Current which Charges CAGC VPIN 14 = 2.2V 5.0 5.8 mA 

ICAGC+ 14 Pin 14 Current which Discharges CAGC V PIN 14 = 2.2V 0.5 2 /lA 

IAGCSET 5 AGCSET Input Bias Current 8 100 /lA 

III 23 Set Hysteresis Input Bias Current VPIN 23 = 0 -20 /lA 

ICD 2,3 Current into Pin 2 and 3 that 0.8 1.0 mA 
Discharges CD 

HYS 23 Peak Hys. YS V HYS VPIN 23 = 1V 0.25 004 0.55 VPK/ 
VDC 

Write Mode 

ZINAI Amp In Impedance in Write Mode VPIN B = 2.0V 0 
~--~~~--~--~--------------+-~~---------------+---+---+---+----

IAGe- Pin 14 Current in Write Mode VPIN B = 2.0Y, VPIN 14 = 2.2V /lA 

Digital Pins 

VIH 8, 17, High level Input Voltage 2 V 
20,22 

Vll 8, 17, low level Input Voltage 0.8 V 
20,22 

'IH 8, 17, High level Input Current VSY = Max, VI = 2.7V 20 /lA 
20,22 

III 8, 17, low level Input Current VSY = Max, VI = O.5V 140 200 /lA 
20,22 

VOH 12 High level Output Voltage VSY = Min, IOH = -400/lA (Note 2) 204 V 

VOl12 12 low level Output Voltage VSY = Min, 1m = 800/lA (Note 2) 0.5 V 

IlH 11 High level Output leakage Current VPIN 11 = Vcc Measure Current into 50 /lA 
Pin 11 

VOU1 11 low level Output Voltage IplN 11 = 800 /lA 0.5 V 

Servo Channel 

ZDIS 18, 19 Discharge Impedance VPIN 22 = 2V (discharge) 0.5 1.8 2.5 KO 
Force 2.5V on Pins 18 or 19 

VBOQ 15, 16 Buffer Quiescent Output level VPIN 17, 20, 22 = DAY, VCI = OV 1.0 1.6 2.0 V 
Pull OmA from Pins 15 and 16 

VLEYEl Q 24 level Quiescent Output level Vel = OV 0.2 0.5 V 
Pull 200/lA from Pin 24 

Il 18, 19 Gated Off leakage Current VPIN 22 = DAY, VPIN 20 = VPIN 17 = 2V -1 1 /lA 
Force 3V on Pin 18 or Pin 19 

5-264 'Micro Linear 



ML4568 

ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditions. 
Set Hysteresis = OY, VPIN 17 = 2Y, READ/WRITE = O.4Y, VPIN 22 = O.4Y, unless otherwise noted. 

Symbol I Pins I Parameter Conditions Min 1YP Max I Units 

Servo Channel (Continued) 

VOSBO 16, 15 Buffer Output Offset Voltage VPIN 17, 20, 22 = OAV, VPIN 1 = 2.75V 2 ±15 mV 
for VCI = lVpK_PK Pull OmA from Pins 15 and 16 

V PIN 4 = 2.25V, 
VOSBO = VPIN 16 - VPIN 15 

VOSYS 25,21 System Output Offset Voltage V PIN 17, 20, 22 = 004 ±5 ±20 mV 
for V CI = 0.75V PK-PK V PIN 1 = 2.688V, V PIN 4 = 2.313V 
Pull OmA from Pin 25 

Vosys = VPIN 25 - VPIN 21 

AVDA (1V) 25,21 Difference Amplifier Gain, VPIN 17, 20 = 2V 1.6 2 204 VIV 
lV Differential Input VPIN 19 = 1.5V, VPIN 18 = 2.5V, 

V PIN 22 = OAV 

AVDA (.5V) 25,21 Difference Amplifier Gain, VPIN 17, 20 = 2V 1.6 2 204 VIV 
O.5V Differential Input VPIN 19 = 1.75V, VPIN 18 = 2.25V, 

VPIN 22 = OAV 

GLDA 25 Difference Amplifier Gain Linearity 0.2 2.5 % 

ZLEVEL 24 Level Out Output Impedance V PIN 17, 20, 22 = OAV, V CI = 0.75V 100 180 250 (1 

SOURCE Measure VPIN 24 with 200JlA and 
3mA pulled out of the pin. 
ZLEVEL = change in V PIN 24 SOURCE 
3mA - 0.2mA 

AVCD 15,16 Gated Detector Gain VPIN 22, 20, 17 = OAV 1045 1.8 2.25 VIV 
(l.5V) for V CI = l.5V PK-PK VPIN 1 = 2.875V, VPIN 4 = 2.125V 

AVCD 15,16 Gated Detector Gain V PIN 22, 20, 17 = OAV 1045 1.7 2.25 VIV 
(0.75V) for V CI = 0.75V PK-PK VPIN 1 = 2.688V, VPIN 4 = 2.313V -AVLEVEL 24 Level Voltage Gain VPIN 1 = 2.875V, VPIN 4 = 2.125V 1.45 1.8 2.25 VIV 
(l.5V) For VCI = l.5VpK_PK 

AVLEVEL 24 Level Voltage Gain V PIN 1 = 2.687v, V PIN 4 = 2.312V 1.6 1.9 204 VIV 
(0.75V) For VCI = 0.75VPK_PK 

GLcD 15,16 Gated Detector Gain Linearity ±0.1 ±2.5 % 

Icc 9 VCC Supply Current Vcc = Max 40 90 110 mA 

VREF 21 V REF Voltage 2.0 2.25 2.5 V 
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AC ELEaRICAL CHARAaERISTICS 
Over Recommended Operating Temperature and Supply Range refer to AC Test Setup. 
f = 2.5MHz unless otherwise indicated. PKA, PKB = 1KO + 10nF to GND. 

Symbol Pins Parameter Conditions 

tcHARGE 15, 16 Gated Detector Charge Time V CI = 1.5V pp, V PIN 22 = 0.3y, 
With PKA and PKB discharged, 
measure the time from Pin 17 or 20 
going from 2V to 0.3y, to VB01 or 
VB02 respectively, reaching 90% of 
their final value 

tDISCHARGE 15, 16 Gated Detector Discharge Time VCI = 1.5Vpp. 
With LP1 charged, measure the time 
from Pin 22 going from O.3V to 2Y, to 
the voltage at VB01 or VB02 reaching 
90% of their final value 

tON 18, 19 Gated Detector Turn ON Time V CI = 0.35V DO V PIN 22 = 0.311. 
With LP1 discharged, measure the 
time from Pin 17 going from 2V to 
0.3y, to the voltage on Pin 18 
increasing 0.111. 
Do a similar measurement with LP2, 
Pin 20 and Pin 19 

tOFF 18, 19 Gated Detector Turn OFF Time V CI = 0.35V DO V PIN 22 = 211. 
Measure the time from Pin 17 going 
from O.3V to 2Y, to the voltage on 
Pin 18 decreasing by 0.111. Do a 
similar measurement with Pins 20 and 
19 

tpp 12 Pulse Pairing ML4568-1 f = 2.5MHz and VCI = 1Vpp differential 

tpp 12 Pulse Pairing ML4568·2 f = 2.5MHz and VCI = 1Vpp differential 

Notes: 
1. The temperature coefficient of the input impedance is typically 0.05% per 0c. 

Min lYP Max Units 

1.0 /is 

70 /is 

0.2 /is 

0.4 /is 

±1 ns 

±3 ns 

2. To prevent inductive coupling from the digital outputs to Amp In, the TIL outputs should not drive more than one AlS TIL load each. Pin 
11 is an open collector output which is tested with an external 1 K pullup resistor to the 5V supply. 
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ML4568 CONNEDION DIAGRAM 
PLCC-28 Version 

OOUT 

12 RO 

C~~ 
AGCSET 5 10 

SET PW 

vcco-L 16 

+2.25V 
BUFA 

AGNOolL 

OGNoo1L 

15 BUFB 

IBI 

Note 1: K = Rl/R2 
Note 2: Hysterisis Level = 0.6 x KIVIN p_p 

Note 3: RC on pins PKA and PKB basically tuned to minimize ripple. 
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APPLICATION INFORMATION 
SmlNG THE OUTPUT PULSEWIDTH 

The RD output pulsewidth is dependent on the value 
of Cos, which is connected from pin 10 to Vee- This 
relationship is shown in figure 1. 

100 

50 

50 100 150 200 

Cos (pf) 

Figure 1. RD Output Pulsewidth as a Function of Cos 
PW= O.5Cos 

ORDERING INFORMATION 

SELECTING Co 

The following table summarizes the maximum CD value 
allowed for different data rates. These values are 
derived using 

176 
CD (max) = fMAX' RD = 0 

Data Rate fMAX CD (max) 

7.5 MB/s 2.81 MHz 62.6 pF 

24 MB/s 9 MHz 19.6 pF 

Table 1. Maximum CD Value Allowed for a 1.5 Vp_p 
Differential Signal Using RLL (1, 7) Code 

1, 7 RLL 2,7 RLL 

fMAX 3/8 x Data Rate 1/3 x Data Rate 

fMAX 3/32 x Data Rate 1/8 x Data Rate 

Table 2 

PART NUMBER PACKAGE PULSE PAIRING 

ML4568-1CQ 
ML4568-2CQ 

MOLDED PCC (Q28) 
MOLDED PCC (Q28) 

±1 ns 
±3 ns 
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GENERAL DESCRIPTION 

The ML461 0R/4611 R is a bipolar monolithic read/write 
circuit designed for use with two-terminal thin-film 
recording heads. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. The ML461 0R/4611 R incorporates 
internal 700 ohm damping resistors which dampen the 
write signals to the disk. When the device is switched to 
read mode, the damping resistor is switched out to allow 
the full signal to be amplified. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to read 
recovery time is significantly improved by controlling the 
read channel common mode output voltage shift in the 
write mode. The ML4611 R option also provides an user 
controllable write current adjustment capability, available 
in the 24-Pin package only. 

BLOCK DIAGRAM 

vcel GND wus . ~ I 

I WRITE UNSAFE J 
DETECTOR 

=::1 MODE ~U t 
SELECT 

RDX 

ROY 

WDI 

HSO 
HSI 

----t> 
I 

VOLTAGE 
FAULT 

REGULATOR 

< l READ 
BUFFER 

JT 

S 

~I WDFF 
Q 

~ WRITE 
CURRENT 
SOURCE 

wc 

July 1994 
PRELIMINARY 

ML461 OR, ML4611 R 

5V, 2-, 4-Channel Thin-Film 
Read/Write Circuit 

l 

FEATURES 

• Compatible to SSls 32R461 0R/4611 R 

• Can drop into SSls 32R2020R series sockets 

• Single +S volt operation 

• Low Power, PIDLE < SOmW, PMAX < 200mW 

• Read Mode gain = 200V/V 

• Damping resistors switched out in Read mode 

• Input noise = 0.8SnV/Mz max 

• Input capacitance = 3SpF max 

• Write Current range = 10-3SmA 

• Programmable write current source 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Head short to ground protection 

• 24-pin SOIC (4 channel with WCADJ) 

• 20-pin SOIC (4 channel without WCADJ) 

• 16-pin SOIC (2 channel without WCADJ) 

J REFERENCE 
VOLTAGE , 

WCADI I 

WCADI 

VCC2 

I 

READ 
PREAMPS 

AND WRITE 
CURRENT 
SWITCHES 

(x4) 

-I-
-f-

-I-
-f-

-I-
-f-

-I-
-I-

HOX 
HOY 

HIX 
H1Y 

H2X 
H2Y 

H3X 
H3Y 
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ML461 OR, ML4611 R 

PIN CONNECTION 

ML4610R-2CS ML4610R-4CS ML4611 R-4CS 
(S16W) (S20W) (S24W) 

GNO cs GNO cs GNO cs 
HOX R/W HOX R/W N/C R/W 
HOY WC HOY WC HOX WCAO/ 

H1X ROY H1X ROY HOY WC 

H1Y ROX H1Y ROX H1X ROY 

VCC2 HSO H2X HSO H1Y ROX 

N/C VCC1 H2Y HS1 H2X HSO 

WUS WDI H3X VCC1 H2Y HS1 

TOP VIEW H3Y WOI H3X VCC1 

VCC2 WUS H3Y WDI 

TOP VIEW 
N/C WUS 

VCC2 N/C 

TOP VIEW 

PIN DESCRIPTION 

NAME TYPE FUNCTION NAME TYPE FUNCTION 

HSO, HSl Head Select: Selects one of four heads RDX, RDY 0 X, Y Read Data: Differential read data 

CS Chip Select: A high inhibits the chip 
output 

R/W Read/Write: A high selects read mode 
WC Write Current: Used to set the 

magnitude of the write current 
WUS 0 Write Unsafe: A high indicates an WCADJ Write Current Adjust: Used to decrease 

unsafe writing condition the write cu rrent 
WDI Write Data In: Changes the direction VCCl +5 volt supply 

of the current in the head 

HOX - H3X I/O X,Y Head Connectors 
VCC2 +5 volt supply for write current drivers 

HOY - H3Y GND Ground 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (Veel) ......................... -0.3 to +7VDC 
DC Supply Voltage (Vee2) ......................... -0.3 to +7VDC 
Write Current (lw) .................................................... 80mA 
Digital Input Voltage (VIN) ........... -0.3 to VCC1 + 0.3VDC 
Head Port Voltage (VH) ................ -0.3 to VCC1 + O.3VDC 
Output Current: (RDX, RDY 10) .............................. -10mA 
Output Current: (WUS) .......................................... + 12mA 
Storage Temperature Tsrc .................................. -65 to + 150°C 

ElECTRICAL CHARACTERISTICS 

Ml461 OR, Ml4611 R 

RECOMMENDED OPERATING 
CONDITIONS 
DC Supply Voltage (Vee1) .............................. 5 ±5% VDC 
DC Supply Voltage (Vee2) .............................. 5 ±5% VDC 
Operating Junction Temperature (T)} .......... +25° to + 110°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Vccl Supply Current Read Mode 33 mA 
Write Mode 27 mA 
Idle Mode 12 mA 

Vcc2 Supply Current Read Mode 11 mA 
Write Mode lO+lw mA 
Idle Mode 0.4 mA 

Power Dissipation Read Mode 200 mW 
Write Mode 300 mW 
Idle Mode 65 mW 

DIGITAL INPUTS 

VIL Input Low Voltage 0.8 VDC 

VIH Input High Voltage 2.0 VDC 

Input Low Current VIL =0.8V -0.4 mA 

Input High Current VIH = 2.0V 100 J.1A 

VOL WUS Output Low Voltage IOL = 2 mA max 0.5 VDC 

VCCl Fault Voltage Iw<0.2 mA 3.8 4.0 4.2 VDC 

WRITE CHARACTERISTICS 

Write Current Constant "K" 0.99 

Vwc Write Current Voltage 1.15 1.25 1.35 V 

WCADJ Voltage IWCAD) = 0 to 0.5 mA 2.0 Vcd2 3.0 VDC 

IHEAD (DECREASE)! IWCAD) 26 29 32 mNmA 

IWCAD) Range 0.0 0.5 mA 

Differential Head 
Voltage Swing 3.4 6 Vp_p 

U nselected Head Current 1 mA(pk) 

Head Differential 
Load Capacitance 25 pF 

Head Differential 
Load Resistance RD (ML461 0R!4611 R) 560 700 950 Q 

WDI Transition Frequency WUS= low 1.0 MHz 

Write Current Range (iw) 10 35 mA 
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ELECTRICAL CHARACTERISTICS 
SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

READ CHARACTERISTICS CL (RDX,RDY) < 20 pF, RL (RDX, RDY) = lkn 

Differential Voltage Gain VIN = 1 mVp_p @ 1 MHz 160 200 240 VN 

Voltage BW 
-ldB IZsl < 5n, VIN = 1 mVp_p 20 MHz 
-3dB 35 MHz 

Input Noise Voltage BW = 15M Hz, LH = 0, RH = 0 0.6 0.85 nVh'RZ 

Differential Input Capacitance VIN = 1 mVp_p, f = 5MHz 27 35 pF 

Differential Input resistance VIN = 1 mVp_p, f = 5MHz 1000 n 

Dynamic Range AC input voltage where gain falls to 
90% of its small signal gain value, 
f= 5MHz 3 mVp_p 

Common Mode 
Rejection Ratio VIN = 0 volts DC + 100mVp_p @ 5MHz 45 dB 

Power Supply Rejection Ratio 100mVp_p@5MHzonVee 40 dB 

Channel Separation Unselected channels driven with 
VIN = 0 volts DC + 100mVp_p 45 dB 

Output Offset Voltage -200 +200 mV 

Single-Ended 
Output Resistance f= 5MHz 40 n 

Output Current AC coupled load, RDX to RDY 1.4 mA 

RDX, Common Mode Output 2.0 2.8 3.5 VDC 
RDY 

SWITCHING CHARACTERISTICS Iw = 20mA, RH = 30n, LH = lJ.lH, fDATA = 5MHz 

R/W Read to Write R/W to 90% of write current 0.1 1.0 J.ls 

R/W Write to Read R/W to 90% of 100mV 
Read signal envelope 0.5 1.0 J.lS 

CS Unselect to Select CS to 90% of write current or 
90% of 100mV, lOMHz 0.4 1.0 J.ls 

CS Select to Unselect CS to 10% of write current 0.4 1.0 J.ls 

HSO-1 to any head To 90% of 100mV lOMHz 
Read signal envelope 0.2 1.0 J.ls 

WUS 
Safe to Unsafe (TD1) 0.6 2.0 3.6 J.ls 
Unsafe to Safe (TD2) 0.2 1.0 J.ls 

Head Current: lH = 0, RH = 0 
WDI to Ix - Iy (TOl) From 50% points 32 ns 
Asymmetry WDI has 1 ns rise/fall time 1.0 ns 
Rise/Fall Time 10% to 90% points 12 ns 
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TIMING DIAGRAM 

HEAD 
CURRENT 

(Ix - ty) 

ML461 OR, ML4611 R 

Figure 1. Write Mode. 

MODE SELECT 

CS R/W MODE 

a a Write 

a 1 Read 

1 a Idle 

1 1 Idle 

FUNCTIONAL DESCRIPTION 
The ML461 OR/4611 R has the ability to address up to 4 
two-terminal thin-film heads and provide write drive or 
read amplification. Head selection and mode control are 
described in the tables below. The TTL inputs RiW and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HSl have internal pull-downs. 
Internal clamp circuitry will protect the ML461 OR/4611 R 
from a head short to ground condition in any mode. The 
damping resistors are switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML461 OR/4611 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. Head 
current is toggled between the X and Y side of the selected 
head on each high to low transition of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes the Write Data Flip-Flop to pass write current 
through the "X" side of the head. The current calculations 
are shown below: 

Write current (peak) is given by: 

Iw K x VWC 
RWC 

HEAD SELECT 

HSl HSO HEAD 

a a a 
a 1 1 

1 a 2 

1 1 3 

where 
RWC is connected from pin WC to GND 

Actual head current is given by: 

where 

Iw 
Ix Y=--R-

, 1+ R~ 

RH = head + external wire resistance 
RD = damping resistance 

The ML4610R/4611 R adds a feature which allows the user 
to adjust the Iw current by a finite amount using the 
WCADj pin, while writing to the disk. It is used by 
switching a separate write current adjust resistor in and 
out on the WCADj pin or by connecting a DAC to that pin 
to sink a controllable amount of current. It is nominally 
biased to Ved2. Sinking current from this pin to ground, 
will divert a proportional amount of current from the 
actual head current while maintaining a constant current 
through the WC resistor and Vee. Allowing WCADj to 
float or pulling it high will cut off the circuit and it will 
have no effect. For example, if the nominal head current is 
set to 30mA through WC with WCADj open, then for a 
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7.2SmA head current decrease, a 10kn resistor would be 
connected from the WCADj pin to ground. A TTL gate 
could be used as a switch with a small degradation in 
accuracy. A DAC could be programmed to sink O.2SmA 
from the WCADj pin, for achieving the same function. 

29xVWCADJ lw head (decrease) 
RWCADJ 

where 
VWCADJ = Voltage on the WCADj pin 
RWCADJ = Write current adjust setting resistor 

VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under the 
conditions given below. After the fault condition is 
removed, a negative transition on WDI is required to clear 
WUS. 

- Write Data Input frequency too low 

- Device in Read Mode 

- Chip is disabled or head is open 

- No write current 

ORDERING INFORMATION 

READ MODE OPERATION 

The Read mode configures the ML461 OR/4611 R as a low 
noise differential amplifier and deactivates the write 
current generator. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the load. 
The (X,Y) inputs are non-inverting to the (X,Y) outputs. In 
the Idle or Write mode, the read amplifier is deactivated 
and RDX, RDY outpu~ become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML461OR/4611 R supports the feature by which the 
internal damping resistors are switched out in the read 
mode, which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than SOmW. 

PART NUMBER TEMPERATURE RANGE PACKAGE 
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ML4610R-2CS 
ML4610R-4CS 
ML4611 R-4CS 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Jr~Micro Linear 

16-Pin SOIC (S16W) 
20-Pin SOIC (S20W) 
24-Pin SOIC (S24W) 
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PRELIMINARY 

ML6005 

24 Mbps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML600S is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s, with 
an operating power dissipation of less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equal ization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The auto-zero circuitry, if enabled, 
reduces the output offsets to less than 20mV. The read/ 
write control is also provided by a hardware pin. The 
ML600S is well suited for constant density recording 
systems (Zoned-bit recording) as well as for constant data 
rate systems. A 36Mbits/s version, ML6006 is also 
available. 

BLOCK DIAGRAM 
VCCl GND NC 
(13) (4,5,9,11) (6,12,16) 

I I I 
I I I 

1000 
r--VINP(7) 

OHMS 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -4SdB 
harmonic distortion 

• Disk Data rates up to 24Mbit/s 

• Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fc = 3.13 to 13.SMHz) 

• 32 step programmable pulse slimming equalization, 
o to 10dB boost at fc. 

• Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

• High speed (upto 2SMHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• Single SV ± 10% power supply 

• O°C - 70°C operating temperature 

• Available in 20-pin SSOP package. 

• 4 GHz/1.SIl BiCMOS process 

• Power Dissipation - Popr = 300mW, Pdn = 7.SmW 

VCC2 
(3) 
I 

I 

LOWPASS ,----.. SLIMMER FILTER 
OUTPUT 
BUFFERS 

VOLP(l) 

VOLM(2) 

VOHP (20) 

VOHM(19) 

1000 
OHMS 

VINM(8) 

J 
I 

i t 
I I 

BIAS 
CIRCUITS 

J 
I 

REXl 
(10) 

~ 

POWER 

DOWN 

CONTROL REGISTER 
(14·BITS) 

I I I 
I I I I 

SCLK SDATA CS R!W 
(18) (17) (15) (14) 
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PIN CONNECTION 

20·Pin SSOP 

VOLP 

VOLM 

VCC2 

GND 

GND 

NC 

V1NP 

VINM 

GND 

REXT 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME 

1 VOLP 
2 VOLM 

3 VCC2 

4,5, GND 
9, 11 

7 VINP 
8 VINM 

10 REXT 

13 VCC1 

14 R!w 

FUNCTION 

Normal lowpass outputs 

Positive supply for the output 
drivers, 5V ± 1 0% 

Ground 

5ignallnputs 

A 10K resistor between this pin and 
ground sets the filters corner 
frequency 

Positive supply, 5V ± 10% 

Read/Write Control pin. A low 
input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 

PIN# 

15 

17 

18 

19 
20 

6,12, 
16 

VOHP 

VOHM 

SCLK 

SDATA 

NC 

Cs 

RIW 
VCC1 

NC 

GND 

NAME 

C5 

SDATA 

SClK 

VOHM 
VOHP 

NC 
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FUNCTION 

Control Register Enable. A logical 
low level allows the SClK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 

No Connects, reserved for future 
use. 



ML6005 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
VCC1, VCC2 ...................................................... +6.5 volts VCCl = VCC2 .......................................... + 5 volts ± 10% 
VINP, VINM, REXT, CS, SCLK, VIN = (VINP-VINM) ................................................ 1 Vp-p 

SDATA, R;w ..................... GND - 0.3V to VCCl + O.3V Rext ................................................................... 10 Kohms 
VOLp, VOLM, Serial Clock Frequency (SCLK) ........................... < 25 MHz 

VOHP, VOHM .................. GND - 0.3V to VCC2 + O.3V AC Coupling Capacitors ................................. > 0.0001 IJ.F 
Input Current per pin ........................................... ± 25 mA 
Package Dissipation 

at Ta = 25°C (Surface Mount) .......................... 1.5 Watts 
Junction Temperature ............................................. + 150°C 
Storage Temperature ................................ -65°C to + 150°C 

ELECTRICAL CHARACHTERISTICS 
The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCCl = VCC2 = 5 volt ± 10%, Ta = O°C to 70°C, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling capacitors = 0.0047 IJ.F 
RBl = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 0 
Digital timing measured at lAV midpoint 
Input control signals from 10% - 90% of VCel with (tr = tf) < 5 ns. 

SYMBOL I PARAMETER CONDITIONS MIN 

DC CHARACTERISTICS 

ICC VCC Supply Current RB1 = RB2 = INF 

Ipd Standby Current VIN =0 

DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 

VIL Low Voltage 

VIH High Voltage 2.0 

IIH High Current 

IlL Low Current 

ClN Input Current 
-

DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 

tpw-CS Width of CS, High/Low 25 

tsu-SDATA SDATA Setup time to SCLK 15 

twSDATA SDATA Hold Time 5 

tsu-CS CS Setup Time to SCLK 15 

twCS CS Hold Time to SCLK 0 

tpwSCLK SCLK Pulse Width 20 

twSCLK CS Inactive to SCLK Active 125 

'Micro Linear 

TYP. MAX UNITS 

mA 

mA 

0.8 V 

V 

1.0 I!A 
-1.0 ~A 

5 pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ML6005 

ELECTRICAL CHARACHTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG Absolute Gain SO-54 = 0, FO-F5 = 0 at 1 MHz -1.5 -0.5 0.5 dB 

CF Cutoff Frequency, -3dB SO-54 = 0, (-3dB slimming) 
(fref = 1 MHz) F5 F4 F3 F2 Fl FO (fel 

0 0 0 0 0 0 12.15 13.50 14.85 MHz 
0 0 0 0 0 1 11.54 12.82 14.10 MHz 
0 0 0 0 1 0 11.04 12.27 13.50 MHz 
0 0 0 1 0 0 10.13 11.25 12.38 MHz 
0 0 1 0 0 0 8.68 9.64 10.60 MHz 
0 1 0 0 0 0 6.75 7.50 8.25 MHz 
1 0 0 0 0 0 4.67 5.19 5.71 MHz 
1 1 1 1 1 1 2.82 3.13 3.44 MHz 

5L Slimming Level FO-F5 = 0; at CF 
(Gain at CF Referred to AG, 54 53 52 51 SO 
Vout= lVp-p 0 0 0 0 1 -1.4 -2.4 -3.4 dB 

0 0 0 1 0 -0.9 -1.9 -2.9 dB 
0 0 1 0 0 -0.0 -0.9 -1.9 dB 
0 1 0 0 0 -0.2 0.8 1.8 dB 
1 0 0 0 0 2.4 3.4 4.4 dB 
1 1 1 1 1 5.9 6.9 7.9 dB 

GO Diff Group Delay Fref = 5.0MHz, FO-F5 = 0 -1 +1 ns 

HD Harmonic Distortion FO-F5 = 0, 
Second and Third related Vout = 1.5Vp-p, Fin = 9.0MHz 
to Fundamental SO-54 = 0 (no slimming) -45 dB 

SO-54 = 1 (full slimming) -40 dB 

ICN Idle Channel Noise FO-F5 = 0, VOLP 
(VIN = 0, DC - 78MHz) SO-54 = 0 (no slimming) 2 mVrms 

SO-54 = 1 (full slimming) 6 mVrms 

DR Dynamic Range FO-F5 = 0, Fin = 13.5MHz 
(5ignal/(Noise + Distor)) SO-54 = 0 (no slimming) -41 dB 
Signal = 1 Vp-p SO-54 = 1 (full slimming) -35 dB 

P5RR Power Supply Rejection 1 OOmVp-p sinewave on Vcc 
FO-F5 = 0, SO-54 = 0, Yin = 0 
Fin = 1.0MHz 40 dB 
Fin =40MHz 30 dB 

DElPHI Phase Shift between LP All F's and 5's = 0 
and H P Output Yin = 1 Vp-p, Fin = 9.0MHz 88 90 92 Degree 

ANALOG 

VIP Input Signal Monotonicity All F's and 5's = 0, (VINP - VINM) 
Fin = 9.0MHz 1 2 Vp-p 

RID Differential Input Resistance VIN = 100mVp-p at 6.7MHz 1.3 2 3 Kohms 

ClD Differential Input Capacitance VIN = 100mVp-p at 6.7MHz 5 pF 

ZIC Common-mode 
Input Impedence 1 Kohms 

RPD Recovery from Pwr Dn Auto Zero function OFF 10 J.1S 
Auto Zero function ON TBD 

V05 Output Offset Voltage Differential VOLP or VOHP 
Auto Zero ON (SO-54 = 0 or 1) 20 mV 
Auto Zero OFF (SO-54 = 0) 300 mV 
Auto Zero OFF (SO-54 = 1) TBD mV 
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ML6005 

ELECTRICAL CHARACHTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

ANALOG (Continued) 

ROD Output Resistance Differential VIN = 0; at 6.7MHz 5 Ohms 

COD Output Capacitance Differential VIN = 0; at 6.7 MHz 8 pF 

ROC Output Resistance Common mode 
Common Mode VIN = 0; at 6.7MHz 5 Ohms 

COC Output Capacitance Common mode 
Common Mode VIN = 0; at 6.7MHz 15 pF 

CLSE Load Capacitance VOLP; RBl = 750 ohms 50 pF 
VOHP; RB2 = 750 ohms 50 pF 

RLSE Load Resistance VOLP 400 Ohms 
VOHP 400 Ohms 

RLOZ Input Resistance Diff; PO and/or RW bit = 1 350 Ohms 

lOB Output Buffer Bias Current VOLP or VOHP, VOLM or VOHM 1 1.4 mA 

losc Short Circuit Output Current VOLP or VOHP, VOLM or VOHM 50 100 mA 

SBA Stopband Attenuation SO = 0 at 2CF 

FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the ampl ifier contributes. 

The ML6005 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 13.5 MHz filter bandwidth in a 
1.5W4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6005 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group
delay characteristics. The corner frequency is digitally 

TBD dB 

programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming -=-
two real-symmetric zeroes, through the serial .... 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 

In a typical application, the ML6005 is used together with 
a pulse detector such as the ML541 , ML4041 or the 
ML8464, making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6005 
input and the output of the ML6005 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6005 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6005 input and 
output common mode voltage biases are generated on
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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ML6005 
EQUALIZER FILTER TABLE 1: TABLE OF SLIMMING LEVEL 

The filter transfer function is composed of a second order 
PROGRAMMING VALUES 

numerator and a sixth order denominator. The low GAIN AT STEPS 

frequency attenuation is set internally to OdB. The S4 S3 S2 Sl SO K Fc (dB) (dB) 

numerator realizes two zeros symmetrical symmetrical to 0 0 0 0 0 0 - 3.0 
the imaginary axis, one in the left and the other in the 0 0 0 0 1 1 -2.4 0.6 
right half plane. The location of the zeros is 0 0 0 0 2 - 1.9 0.5 
programmable. This realizes a digitally programmable 

0 0 0 1 1 3 - 1.4 0.5 pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 0 0 0 0 4 - 0.9 0.5 

The slimming level is controlled by 5 bits in the control 0 0 0 1 5 -0.4 0.5 
register, thus providing 32 different choices between 0 to 0 0 0 6 -0.0 0.4 
10 dB. The denominator approximately realizes a 0 0 1 1 7 0.4 0.4 
maximally flat group delay (Bessel) function with a 

0 0 0 0 8 0.8 0.4 digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 0 0 0 9 1.2 0.4 
cutoff frequencies. 0 0 0 10 1.5 0.3 

SLIMMING LEVEL 
0 0 1 11 1.9 0.4 

0 0 0 12 2.2 0.3 
The slimming levels generated by the slimming bits are 0 0 1 13 2.5 0.3 
shown below. There are S bits of control, SO - 54. The 

0 0 14 2.8 0.3 typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at fc in dB is also 0 1 15 3.1 0.3 

given by the formula: 0 0 0 0 16 3.4 0.3 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 0 0 0 17 3.7 0.3 

where K = 0, 1, ... 31 
0 0 0 18 4.0 0.3 

0 0 1 1 19 4.2 0.2 

CUTOFF FREQUENCY 0 0 0 20 4.5 0.3 

There are 6 bits in the control register that controls the 0 0 1 21 4.7 0.2 

position of the cutoff frequency, FO - FS. The typical 0 0 22 5.0 0.3 
values of the cutoff (-3d B) frequency are shown in the 0 1 23 5.2 0.2 
table below for the case when SO - 54=0 (no slimming). 0 0 0 24 5.4 0.2 
There are a total of 64 frequencies available from 0 0 1 25 5.7 0.3 
13.SMHz down to 3.13MHz. Bits Fl - FS will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is 0 0 26 5.9 0.2 

used to shift the whole frequency setting range by S% 0 27 6.1 0.2 
lower than each of the 32 settings given by F1 - FS. This 0 0 28 6.3 0.2 
offers a scheme to increase the effective resolution of the 0 29 6.5 0.2 
cutoff frequency programmability. This feature is specially 

0 30 6.7 0.2 useful in the higher frequency range, where the 
granularity is coarse. 1 31 6.9 0.2 

For example : 
Cutoff frequency = 12.27 MHz with (FS - Fl, FO) = 

By setting FO = 0, (00001, 0) Delta = O.SS MHz 

Cutoff frequency = 13.S0 MHz with F5 - F1 = 00000 and Hence frequency delta between consecutive settings is 

Cutoff frequency = 12.27 MHz with FS - F1 = 00001, the lower, thus higher resolution. 

next consecutive setting. In the table 2 below, the cutoff frequencies are shown as 

Frequency delta between consecutive settings = 1.23 two columns depending on the FO bit being zero or one. 

MHz or about 9% of 13.S0 MHz. The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 

By setting FO = 1, we can shift the consecutive cutoff the S% frequency circuitry, the monotonicity between the 
frequency settings as follows: two columns cannot be guaranteed. This is especially 

Cutoff frequency = 13.S0 MHz with (FS - Fl, FO) = significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 

(00000,0) settings becomes very close « 1 %). Further tuning of the 
Cutoff frequency = 12.82 MHz with (FS - Fl, FO) = cutoff frequency down to the 1 to 1 0% range can be 
(00000, 1) Delta = 0.68 MHz achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below: 

fc =(13.5X(1-FOXO.05) x lOKOhrnS)MHZ 
[1+0. Ix INT(N/2)] Rext 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6005 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 rnA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 

ML6005 
SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on falling edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and F13 (the .QQwer-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 

TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING V_A_LU_E_S_I_N_M_H_Z ____ --:--:~---_:___;:;__-
fc with fc with fc with fc with 

F5 F4 F3 F2 F1 N 

o 0 0 0 0 0 

o 0 0 0 0 

o 0 0 0 2 
o 0 0 0 

000 1 o 4 

000 o 
000 6 

o 0 0 1 

001 0 o 8 
000 o 
000 10 

000 

o 0 o 12 

o 0 o 
o 0 14 

001 

000 o 16 

o o 0 o 
o o 0 1 18 

o o 0 
o o 1 o 20 

o o 22 
o o o 
o o 0 24 

o o 
o 1 0 26 

o o 0 
o 1 0 28 

o o 
o 1 30 

o 1 1 1 o 
000 o 32 

FO = 0 N FO = 1 F5 F4 F3 F2 Fl N FO = 0 N FO = 1 

13.5 0 1 1 1 31 5.13 

12.27 

3 

11.25 

5 

10.38 

7 

9.64 

9 

9.0 

11 

8.44 

13 

7.94 

15 

7.50 

17 

7.11 

19 

6.75 

6.43 

21 

6.14 

23 

5.87 

25 

5.63 

27 

5.40 

29 

5.19 

12.82 

11.66 

10.69 

9.87 

9.16 

8.55 

8.02 

7.54 

7.13 

6.75 

6.41 

6.11 

5.83 

5.58 

5.34 

1 0 0 0 34 5.00 

o 0 0 0 33 4.93 

o 0 1 0 36 4.82 

000 35 4.75 

o 0 38 4.66 

o 0 o 37 4.58 

o 1 0 o 40 4.50 

o 0 39 4.42 

o 0 42 4.35 

o 0 o 41 4.28 

o o 44 4.22 

o o 43 4.14 

o 46 4.09 

o o 45 4.01 

1 0 0 0 48 3.97 

o 47 3.89 

o 0 50 3.86 

000 49 3.77 

o 0 52 3.75 

o 0 51 3.66 

o 54 3.65 

o o 53 3.56 

o 0 56 3.55 

o 0 55 3.47 

o 1 58 3.46 

o 0 57 3.38 

1 0 60 3.38 

o 59 3.29 

62 3.29 

o 61 3.21 

63 3.13 

Note: N IS the decimal value of the cutoff frequency bits (F5 - FO), In the control 
register 
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TIMING DIAGRAM 

SCLK 

SDATA 

CSSETUP 
tsu-CS 

SETUP I 
tsu-SDATA-

-

I_HOLD 
tH-SDATA -

CONTROL REGISTER DEFINITION 

SCLKWIDTH 
tpw-SCLK - -

o~ 

Figure 1_ 

CSHOLD 
twCS 

1 J-1_SCLKHOLD 

I twSCLK 

o 

F13 F12 Fll FlO F9 F8 F7 F6 F5 F4 F3 F2 Fl FO 

AZ PO R;vv SLIMMING CONTROl 

AZ AutoZero 

PO Power Down 

R!W ReadNVnte 

1 = Autozero circuitry activated 
o = Autozero dreu itry mactive 
1 = Chip is In power down mode 
0= Chip IS fully powered up 
1 = Write data mode 
o = Read data mode 

APPLICATIONS CIRCUIT/TEST SETUP 

0.OO47~F 

o--J (7) (1) 

VIN VOL 

0.OO47~F 

o--J (8) (2) 

FILTER 

< SERIAL ~P IfF :> (20) 

VOH 

(10) (19) 
REXT 

100pF 

FREQUENCY CONTROl 

0.0047~F 

1-0 
RLOAD 

~OQ) 
0.0047~F 

1-0 

0.0047~F 

1-0 
RLOAD 

~OQ) 

0.0047~F 

1-0 
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REF LEVEL 
-15.000dB 
-lS.000dB 

IDiV 
5.000dB 
5.000dB 

1~ 

MARKER 3 385 752.200Hz 
MAG (UDF) -25.348dB 
MARKER 3 385 752.200Hz 
MAG (D4) -36.371dB 

@ A 
;"'" ~ ..... ~~ ~ "" -- -...... io'" \ i\ 

(1~ ~r\ K2A ~ 1\ \ 
1\ 

~ ~ , 
\ ~ , , 

~ 
1M 10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Filter Response (lowpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (fc) settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 

REF LEVEL 
40.000nSEC 
40.000nSEC 

l 
~ 

IDIV 
LOOOnSEC 
1.000nSEC 

/ 
IJ< 

~ 

/ 
/ 

'" "~ 

START 100 OOO.OOOHz 
AMPTD 50.119mV 

"-

MARKER 10 415 500.00Hz 
DELAY (UDF) 39.387nSEC 
MARKER 10 415 500.000Hz 
DELAY (UDF) 39.413nSEC 

VOH 

Jr-VOL 

VOH 

VOL 

(~ 
~ I' 

to ~T\. 
1\.\ 
"\\ 

~I\ 
STOP 50 OOO.OOOHz 
DELAY APER 2.392MHz 

Ml600S Filter/Equalizer group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VoH) outputs, 
at an fc of 13.5 MHz, with on slimming activated (A) and 
full slimming activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 1 ns. 

REF LEVEL 
-15.000dB 
-15.000dB 

IDIV 
5.000dB 
5.000dB 

@) .. ~ 
/" 

/ ~1I 
/. ......-: !;:"" I>~ 

V ~ ~ .... 
~ L ~ 
... ~ 
~ 

1M 

START 500 OOO.OOOHz 

Ml6005 
MARKER 3 385 752.200Hz 
MAG (UDF) -25.270dB 
MARKER 3 385 752.200Hz 
MAG (D4) -36.157dB 

§OJ ~ 

~ "'& 
/' ~ 

2~ @ \ 
r\:\ I, 
\\ " 
1. ~ ~~ 
~ 

~ I~ " 1. 1. ~ 
10M 

STOP 50 OOO.OOOHz 

Filter Response (Bandpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (fc> settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 

REF LEVEL 
-90.000deg 

1M 

IDIV 
1.000deg 

MARKER 13 632 170.100Hz 
PHASE (UDF) -89.709deg 

"" ~ 

10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Phase Difference between lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 

Ml6005 FilTER/EQUALIZER CHARACTERISTICS 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6005CR 20-Pin SSOP (R20) 
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PRELIMINARY 

ML6006 

36 Mbps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML6006 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating power dissipation of less than 350mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The read/write control is also 
provided by a hardware pin. The ML6006 is well suited 
for constant density recording systems (Zoned-bit 
recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6005 is also available. 

BLOCK DIAGRAM 
VCC1 GND NC 
(13) (4,5,9,11) (6,12,16) 

"I 1 1 
I I I 

VINP(7) 
1000 
OHMS 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

• Disk Data rates up to 36 Mbit/s 

• Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fc = 4.69 to 20.25 MHz) 

• 32 step programmable pulse slimming equalization, 
o to 10dB boost at fc. 

• Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

• High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• Single 5V ± 10% power supply 

• O°C - 70°C operating temperature 

• Available in 20-pin SSOP package. 

• 4 GHz/1.5j.l BiCMOS process 

• Power Dissipation: Popr = 350mW, Pdn = 7.5mW 

VCC2 
(3) 
1 

I 

,---; 
LOWPASS 

FILTER 
SLIMMER 

OUTPUT 
BUFFERS 

VOLP(l) 

VOLM(2) 

VOHP (20) 

VOHM(19) 

1000 
OHMS 

VINM(8) 

I 
I 

i t 
I I 

BIAS 
CIRCUITS 

I 
I 

REXT 
(10) 

POWER 

DOWN 

CONTROL REGISTER 
(14·BITS) 

I I 
I I I I 

SCLK SDATA CS Rtw 
(18) (17) (15) (14) 
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Ml6006 
PIN CONNECTION 

20-Pin SSOP 

VOlP 

VOlM 

VCC2 

GND 

GDN 

NC 

VINP 

VINM 

GND 

REXT 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME 

1 VOLP 
2 VOLM 

3 VCC2 

4,5, GND 
9,11 

7 VINP 
8 VINM 

10 REXT 

13 VCC1 

14 R;w 

FUNCTION 

Normal Lowpass outputs 

Positive supply for the output 
drivers, 5V ± 10% 

Ground 

Signal Inputs 

A 10K resistor between this pin and 
ground sets the filters corner 
frequency 

Positive supply, 5V ± 10% 

Read/Write Control pin. A low 
input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 

PIN# 

15 

17 

18 

19 
20 

6,12, 
16 

VOHP 

VOHM 

SClK 

SDATA 

NC 

cs 
ii;w 

VCCl 

NC 

GND 

NAME 

CS 

SDATA 

SCLK 

VOHM 
VOHP 

NC 

5-286 .~Micro Linear 

FUNCTION 

Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 

No Connects, reserved for future 
use. 



ML6006 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
VCC1, VCC2 ...................................................... +6.5 volts VCCl = VCC2 .......................................... + 5 volts ± 10% 
VINP, VINM, REXT, -CS, SCLK, VIN = (VINP-VINM) ................................................ 1 Vp-p 

SDATA, -R/W ................... GND - O.3V to VCCl + 0.3V Rext ................................................................... 1 0 Kohms 
VOLP, VOLM, Serial Clock Frequency (SCLK) ........................... < 25 MHz 

VOHP, VOHM .................. GND - 0.3V to VCC2 + O.3V AC Coupling Capacitors ................................. > 0.0001 J.l.F 
Input Current per pin ........................................... ± 25 mA 
Package Dissipation 

at Ta = 25°C (Surface Mount) .......................... 1.5 Watts 
Junction Temperature ............................................. + 150°C 
Storage Temperature ................................ -65°C to + 150°C 
Lead Temperature (Soldering lO sec) ....................... 260°C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCCl = VCC2 = 5 volt ± 10%, Ta = O°C to 70°e, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling capacitors = 0.0047 J.l.F 
RBl = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 0 
Digital timing measured at lAV midpoint 
Input control signals from lO% - 90% of VCCl with (tr = tf) < 5 ns. 

SYMBOL I PARAMETER CONDITIONS MIN 

DC CHARACTERISTICS 

ICC VCC Supply Current RB1 = RB2 = INF 

Ipd Standby Current VIN =0 

DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 

VIL Low Voltage 

VIH High Voltage 2.0 

IIH High Cu rrent 

ilL Low Current 

CIN Input Current 
-DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 

tpw-CS Width of CS, High/Low 25 

tsu-SDATA SDATA Setup time to SCLK 15 

twSDATA SDATA Hold Time 5 

tsu-CS CS Setup Time to SCLK 15 

twCS CS Hold Time to SCLK 0 

tpwSCLK SCLK Pulse Width 20 

twSCLK CS Inactive to SCLK Active 125 

'-Micro Linear 

TYP. MAX UNITS 

mA 

mA 

0.8 V 

V 

1.0 IlA 
-1.0 IlA 

5 pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ML6006 

ELECTRICAL CHARACTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG Absolute Gain SO-54 = 0, FO-F5 = a at lMHz -1.5 -0.5 0.5 dB 

CF Cutoff Frequency, -3dB SO-54 = 0, (-3dB slimming) 
(f,ef = 1 MHz) F5 F4 F3 F2 Fl Fa (fel 

a 0 0 0 0 0 18.23 20.25 22.28 MHz 
a 0 0 0 a 1 17.32 19.24 21.16 MHz 
a 0 0 0 1 a 16.57 18.41 20.25 MHz 
a 0 0 1 a a 15.19 16.88 18.57 MHz 
0 a 1 0 a a 13.01 14.46 15.91 MHz 
0 1 0 0 0 0 10.13 11.25 12.38 MHz 
1 0 0 a 0 0 7.01 7.79 8.57 MHz 
1 1 1 1 1 1 4.22 4.69 5.16 MHz 

5l Slimming level FO-F5 = 0; at CF 
(Gain at CF Referred to AG, 54 53 52 51 SO 
Vout= lVp-p 0 0 0 0 1 -1.4 -2.4 -3.4 dB 

0 0 0 1 0 -0.9 -1.9 -2.9 dB 
0 0 1 a 0 -0.0 -0.9 -1.9 dB 
0 1 0 a 0 -0.2 0.8 1.8 dB 
1 0 0 0 0 2.4 3.4 4.4 dB 
1 1 1 1 1 5.9 6.9 7.9 dB 

GD Diff Group Delay Fref = 7.5MHz, FO-F5 = a -1 +1 ns 

HD Harmonic Distortion FO-F5 = 0, 
Second and Third related Vout = 1.5Vp-p, Fin = 13.5MHz 
to Fundamental SO-54 = 0 (no slimming) -45 dB 

SO-54 = 1 (full slimming) -40 dB 

leN Idle Channel Noise FO-F5 = 0, VOlP 
(VIN = 0, DC - 78MHz) SO-54 = 0 (no slimming) 2 mVrms 

SO-54 = 1 (full slimming) 6 mVrms 

DR Dynamic Range FO-F5 = 0, Fin = 13.5MHz 
(5ignal/(Noise + Distor)) SO-54 = 0 (no slimming) -41 dB 
(Signal = 1 Vp-p) SO-54 = 1 (full slimming) -35 dB 

P5RR Power Supply Rejection 1 OOmVp-p sinewave on Vcc 
FO-F5 = 0, SO-54 = 0, Vin = 0 
Fin = 1.0MHz 40 dB 
Fin =40MHz 30 dB 

DElP HI Phase Shift between lP All F's and 5's = 0 
and HP Output Vin = 1 Vp-p, Fin = 13.5MHz 88 90 92 Degree 

ANALOG 

VIP Input Signal Monotonicity All F's and 5's = 0, (VINP - VINM) 
Fin = 13.5MHz 1 2 Vp-p 

RID Differential Input Resistance VIN = 100mVp-p at 10MHz 1.3 2 3 Kohms 

CID Differential Input Capacitance VIN = 100mVp-p at lOMHz 5 pF 

ZIC Common-mode 
Input Impedence 1 Kohms 

RPD Recovery from Pwr Dn Auto Zero function OFF 10 fls 
Auto Zero function ON TBD 

V05 Output Offset Voltage Differential VOlP or VOHP 
Auto Zero ON (SO-54 = 0 or 1) 20 mV 
Auto Zero OFF (SO-54 = 0) 300 mV 
Auto Zero OFF (SO-54 = 1) TBD mV 
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ML6006 

ELECTRICAL CHARACTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

ANALOG (Continued) 

ROD Output Resistance Differential VIN = 0; at 10MHz 5 Ohms 

COD Output Capacitance Differential VIN = 0; at 10 MHz 8 pF 

ROC Output Resistance Common mode 
Common Mode VIN = 0; at 10MHz 5 Ohms 

COC Output Capacitance Common mode 
Common Mode VIN = 0; at lOMHz 15 pF 

ClSE load Capacitance VOlP; RB1 = 750 ohms 50 pF 
VOHP; RB2 = 750 ohms 50 pF 

RlSE load Resistance VOLP 400 Ohms 
VOHP 400 Ohms 

RlOZ Input Resistance Diff; PD and/or RW bit = 1 350 Ohms 

lOB Output Buffer Bias Current VOlP or VOHP, VOlM or VOHM 1 1.4 mA 

losc Short Circuit Output Current VOlP or VOHP, VOlM or VOHM 50 100 mA 

SBA Stopband Attenuation SO = 0 at 2CF 

FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practi cal Q range in the fi Iter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these fi Iters because of the additional excess phase that 
the amplifier contributes. 

The ML6006 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 20 MHz filter bandwidth in a 
1.51l14GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6006 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group
delay characteristics. The corner frequency is digitally 

TBD dB 

programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming -=-
two real-symmetric zeroes, through the serial ~ 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 

In a typical application, the ML6006 is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464, making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6006 
input and the output of the ML6006 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6006 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6006 input and 
output common mode voltage biases are generated on
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 

'-Micro Linear 5-289 



ML6006 
EQUALIZER FILTER TABLE 1: TABLE OF SLIMMING LEVEL 

The filter transfer function is composed of a second order 
PROGRAMMING VALUES 

numerator and a sixth order denominator. The low GAIN AT STEPS 

frequency attenuation is set internally to OdB. The S4 S3 S2 S1 SO K Fc(DB) (DB) 

numerator realizes two zeros symmetrical symmetrical to a a a a a a - 3.0 
the imaginary axis, one in the left and the other in the a a 0 0 1 -2.4 0.6 
right half plane. The location of the zeros is a a a 1 a 2 - 1.9 0.5 
programmable. This realizes a digitally programmable a a a 1 1 3 - 1.4 0.5 pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. a a 1 a a 4 - 0.9 0.5 
The slimming level is controlled by 5 bits in the control a a a 5 -0.4 0.5 
register, thus providing 32 different choices between 0 to a a a 6 - 0.0 0.4 
10 dB. The denominator approximately realizes a a a 7 0.4 0.4 
maximally flat group delay (Bessel) function with a 

0 0 a a 8 0.8 0.4 digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different a a 0 1 9 1.2 0.4 
cutoff frequencies. a a a 10 1.5 0.3 

SLIMMING LEVEL a a 11 1.9 0.4 
0 0 0 12 2.2 0.3 

The slimming levels generated by the slimming bits are a a 1 13 2.5 0.3 
shown below. There are 5 bits of control, 50 - 54. The a 1 a 14 2.8 0.3 typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at fc in dB is also a 1 15 3.1 0.3 

given by the formula: a a a a 16 3.4 0.3 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K» a a a 1 17 3.7 0.3 
a a 1 a 18 4.0 0.3 

where K = 0, 1, ... 31 a a 19 4.2 0.2 

CUTOFF FREQUENCY 0 a a 20 4.5 0.3 

There are 6 bits in the control register that controls the a 0 1 21 4.7 0.2 

position of the cutoff frequency, FO - F5. The typical a a 22 5.0 0.3 
values of the cutoff (-3d B) frequency are shown in the a 1 23 5.2 0.2 
table below for the case when 50 - 54=0 (no slimming). a a 0 24 5.4 0.2 
There are a total of 64 frequencies available from a a 1 25 5.7 0.3 
20.25MHz down to 4.69MHz. Bits Fl - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is a 0 26 5.9 0.2 

used to shift the whole frequency setting range by 5% a 27 6.1 0.2 
lower than each of the 32 settings given by Fl - F5. This 0 0 28 6.3 0.2 
offers a scheme to increase the effective resolution of the a 1 29 6.5 0.2 
cutoff frequency programmability. This feature is specially a 30 6.7 0.2 useful in the higher frequency range, where the 
granularity is coarse. 31 6.9 0.2 

For example: 
Cutoff frequency = 18.41 MHz with (F5 - Fl, FO) = 

By setting FO = 0, (00001, 0) Delta = 0.83 MHz 

Cutoff frequency = 20.25 MHz with F5 - Fl = 00000 and Hence frequency delta between consecutive settings is 

Cutoff frequency = 18.41 MHz with F5 - Fl = 00001, the lower, thus higher resolution. 

next consecutive setting. In the table 2 below, the cutoff frequencies are shown as 

Frequency delta between consecutive settings = 1.84 two columns depending on the FO bit being zero or one. 

MHz or about 9% of 20.25 MHz. The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 

By setting FO = 1, we can shift the consecutive cutoff the 5% frequency circuitry, the monotonicity between the 
frequency settings as follows: two columns cannot be guaranteed. This is especially 

Cutoff frequency = 20.25 MHz with (F5 - Fl, FO) = 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 

(00000,0) settings becomes very close « 1 %). Further tuning of the 
Cutoff frequency = 19.24 MHz with (F5 - Fl, FO) = cutoff frequency down to the 1 to 10% range can be 
(00000, 1) Delta = 1.01 MHz achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below: 

fe =(20.25X(I-FOXO.05) x lOKohmS)MHZ 
[1+O.lxINT(N/2)j Rext 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6006 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 

ML6006 
SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on fal~g edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and Fl 3 (the .2Qwer-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 

TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING V_A_L_U_ES_I_N_M_H_Z ____ --:---:--::-___ -;--::;_ 
fe with fe with fe with fe with 

F5 F4 F3 F2 Fl N 

00000 0 

00000 

00002 

o 0 0 0 

000 o 4 
000 o 
000 6 

o o o 
o o o o 8 
o o o o 
o o a 10 
a a a 
a 0 a 12 
a a a 
a 0 14 
a 0 
a a 0 a 16 
o 000 

a o a 18 

a a a 
o o a 20 

a o 1 22 

o o o 
o 1 a 0 24 

a a 1 

a a 26 
a a a 
a 1 a 28 

o a 
a 30 

010 

a 0 0 0 32 

FO = 0 N FO = 1 F5 F4 F3 F2 Fl N FO = 0 N FO = 1 

20.25 0 1 1 31 7.70 

18.41 

3 

16.88 

5 
15.58 

7 

14.46 

9 

13.50 

11 

12.66 

13 

11.91 

15 
11.25 

17 

10.66 

19 

10.13 

9.64 

21 
9.20 

23 

8.80 

25 

8.44 

27 

8.10 

29 
7.79 

19.24 

17.49 

16.03 

14.80 

13.74 

12.83 

12.02 

11.32 

10.69 

10.13 

9.62 

9.16 

8.74 

8.36 

8.02 

o 0 0 34 7.50 

a 0 0 a 33 7.40 

a a a 36 7.23 

000 35 7.12 

a 0 38 6.98 

a a a 37 6.87 

010 a 40 6.75 

o a 1 39 6.63 

o a 42 6.53 

o a o 41 6.41 
a 1 a 44 6.33 

a o 43 6.21 

a 46 6.14 

o a 45 6.01 
o 0 a 48 5.96 

a 47 5.83 

a a 50 5.79 

o a a 49 5.66 

a 1 a 52 5.63 

o a 51 5.50 

o 54 5.47 

o a 53 5.34 

a a 56 5.33 

o a 55 5.20 
a 58 5.19 
a a 57 5.06 

o 60 5.06 

a 59 4.93 

62 4.94 

a 61 4.81 
63 4.69 

Note: N IS the decimal value of the cutoff frequency bits (FS - FO), in the control 
register 
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ML6006 

TIMING DIAGRAM 
CSSETUP 

tsu-CS 
SCLKWIDTH 

tpw-SCLK 
CSHOLD 

tH-CS - - -I J-,_SCLKHOLD 
tH-SCLK 

SCLK 

SDATA 

SETUP _I 
tsu-SDATA 

CONTROL REGISTER DEFINITION 

o~ o 

Figure 1. 

F13 F12 Fll flO F9 F8 F7 F6 F5 F4 F3 F2 Fl FO 

PO 

RW 

APPLICATIONS 
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AZ PD RW SLIMMING CONTROL 

AutoZero 

Power Down 

ReadM'rite 

1 = Autozero CircUitry activated 
o = Autozero circUitry inactive 
1 = Chip IS in power down mode 
o = Chip is fully powered up 
1 = Write data mode 
o = Read data mode 

0.00471'F 

o-J (7) (1) 

VIN VOL 

O.00471'F 

o-J (8) (2) 

FILTER 

< SERIAL I'P I/F > (20) 

VOH 

(10) (19) 
REXT 

l00pF 

FREQUENCY CONTROL 

0.00471'F 

1-0 
RLOAD LfO) 

0.00471'F 

1-0 

0.00471'F 

1-0 
RLOAD LfO) 

0.OO471'F 

1-0 
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REF LEVEL 
25.000dB 
25.000dB 

1M 

IDIV 
5.00OdB 
5.00OdB 

,...,. 

START 500 OOO.OOOHz 

". 
.... ~ 
.... 

....... 

~ 

MARKER 21 848 415.800Hz 
MAG (UDF) 9.617dB 
MARKER 21 848 415.800Hz 
MAG (04) -3.166dB 

~ " 
1\ 

'"' -~ '\ ~ 

\ 1\ , , , \ 
~ ~ 

10M 

STOP 50 OOO.OOOHz 

Filter Response (Lowpass Output) 

Shown are the ML6006 filter response at three different 
cutoff frequency (fe) settings. At each of the fe settings, the 
filter response is shown with no slimming and with full 
slimming activated. 

REF LEVEL 
31.000nSEC 
31.000nSEC 
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1.000nSEC 
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-..,.. .... 

START 500 OOO.OOOHz 

MARKER 20 338 750.000Hz 
DELAY (UDF) 29.593nSEC 
MARKER 20 338 750.000Hz 
DELAY (UDF) 30.446nSEC 

Vo (MIN)-

V~H(MIIN) "'" ~ 
~ --/' D"" 

VOL (MAX) '/ 
V\>H (MAX)-" 

STOP 30 OOO.OOOHz 

ML6006 Filter/Equalizer Group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VOH) outputs, 
with no slimming activated (min) and full slimming 
activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 1 ns. 

REF LEVEL 
15.000dB 
15.000dB 
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5.000dB 
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" 
1M 
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; 

k:::' 

ML6006 
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MAG (UDF) 9.380B 
MARKER 20 391 123.200Hz 
MAG (04) -3.190dB 

l/: ..... ~ 
A' I' 
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STOP 50 OOO.OOOHz 

Filter Response (Lowpass and Bandpass Outputs) 

Shown are the ML6006 filter characteristic curves for the 
lowpass and bandpass outputs, with no slimming and full 
slimming activated. 

REF LEVEL 
-90.00Odeg 

1M 

/DIV 
0.50Odeg 
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""'~ro-

MARKER 13 478 921.800Hz 
PHASE (UDF) -90.659deg 

, 
~ 

\ , 
10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1° for a 
frequency range of 50 MHz to 10 MHz. 
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ML6006 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACkAGE 

ML6005CR O°C to +70°C 20-Pin SSOP (R20) 
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PRELIMINARY 

Ml6010 

Integrated Disk Read Channel Processor 
GENERAL DESCRIPTION 

The ML6010 Integrated Disk Read Channel Processor, 
incorporates a pulse detector, two channel gated servo 
peak detectors, a data synchronizer, a partial frequency 
synthesizer, a (1,7) RLL encoder/decoder and write 
precompensation circuitry onto a single chip, providing a 
complete read channel solution for hard disk drive 
subsystems. The chip receives serial NRZ data from the 
disk controller, encodes the data into (1,7) RLL code with 
precompensation and writes to the disk. I n the read mode 
it peak detects preamplified read pulses for both data and 
embedded servo information, resynchronizes the data, 
and decodes the (1,7) RLL data back to NRZ. The chip 
operates at data rates up to 36 Mbits/s with three levels of 
write precompensation, set with an external capacitor and 
a pulse detector with less than 1 ns of pulse pairing. The 
ML6010 supports constant density recording (CDR) 
applications with an onboard charge pump and VCO for 
the frequency synthesizer and requires an external phase 
detector and M & N dividers to realize a complete 
frequency synthesizer. It is set to interface directly to 
ML6005/6 family of BICMOS filter/equalizer chips with 
programmable cutoff frequency and pulse slimming 
(equalization) capability. 
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FEATURES 

• NRZ data rates up to 36 Mbits/s 

• Single +5 volt power supply +/- 5% 

• Operating power dissipation 700mW 

• Industry standard pulse detector circuitry with less than 
1 ns pulse pairing 

• Pattern-insensitive wide bandwidth AGC amplifier 

• Two channel gated servo peak detectors for embedded 
servo recovery 

• Industry standard fast acquisition PLL with zero phase 
start capability 

• VCO/Charge pump has greater than 3:1 tuning range 

• On-board frequency synthesizer charge pump and 
VCO for addressing ZBR applications 

• Interface to industry standard channel filtering/ 
equalizer chips like ML6005/6 

• Three level Write Data Precompensation support 

• (1,7) RLL encoding/decoding support 

• Available in a 52 pin QFP package 

'-' '-' '" '" '" ! ~ :: .. z t- o 
(5 z 

~ ~~ 
~ 

0 u 
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ML6010 

GENERAL DESCRIPTION (Continued) digital gate array for adding user specific functions, thus 
allowing for customizable options of this feature set, 

The ML601 0 is fabricated in a BiCMOS process (4GHz based on the user requirements. Some examples are the 
npn ft; 1.511 CMOS) and operates off of a single 5 volt optional servo demod outputs-unbuffered A,B,C,D, or 
supply. The ML601 0 is based on a semi-standard tile array buffered A, Band A-B outputs; a 2,7 RLL Endec instead of 
(FC3560) with built in uncommitted gain stages for the the 1,7 RLL Endec or maybe implement the M & N 
flexibility of user defined channel pulse detector and/or dividers instead of the Endec, digital glue, etc. 
passive differentiator or matched delay applications and a 

PIN CONNECTION c; 
+ ~ ~ is u t:l ,.!. 

IS ..!. .:t I + tJ ... 
Q Q 15 15 :t: :t: ~ is tJ :l :l Z .. U .. U U < 0 0 tJ 

PEAKR IN+ 

GATER IN-

PEAKA HYS 

GATEA LEVEL 

DISCHG HOLD 

VCCDS CRWD 

CVCOl 52-Pin QFP VCCFS 

CINTl CVC02 

POUT1 CINT2 

VCOINl VCOlN2 

GNDPLL TEST 

PUP CWPE 

PDN CWPN 

Q Z '" I~ 
... 1;l Q >i 

.., Q tJ tJ 
~ z ::3 & 

:l U 0 .. .. :: tJ ~ 
.. 

~ g Q U U Q z ;. 
z ~ 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

PEAKB A capacitor or a capacitor in series 5 DISCHG TTL input (active high). When this 
with a resistor, connected between pin is forced to a TTL high, both the 
this pin and GNDA functions as servo peak detectors are discharged. 
a servo sample and hold for 

6 VCCDS Analog + 5 volt supply for data channel B. 
synchronizer related blocks. 

2 GATEB TTL input (active low). When this 
7 CVCOl Capacitor between this pin and pin is forced TTL low, servo peak 

detector B is enabled. VCCDS sets up the VCO center 
frequency for the data synchronizer. 

3 PEAKA A capacitor or a capacitor in 
8 CINTl Coarse input for data synchronizer series with a resistor, connected 

between this pin and GNDA loop filter time constant setting. 

functions as a servo sample and 9 POUTl Data synchronizer's charge pump 
hold for channel A. output, drives the loop filter input. 

4 GATEA TTL input (active low). When this 10 VCOINl Data synchronizer's VCO control 
pin is forced TTL low, servo peak input, driven by the loop filter 
detector A is enabled. output. 
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PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

11 GNDPLL Analog ground for data 27 CWPN RC network to setup the normal 
synchronizer and frequency delay time constant for write 
synthesizer. precompensation. 

12 PUP Charge pump input for the 28 CWPE RC network to setup the early delay 
frequency synthesizer (pump up). time constant for write 

13 PDN Charge pump input for the 
precompensation. 

frequency synthesizer (pump 29 TEST Reserved for test purposes. Must be 
down). tied to DGND for normal operation. 

14 DGND Digital ground. 30 VCOIN2 Fine input for the frequency 

15 NRZIN NRZ write data input from disk 
synthesizer loop filter time constant 

controller. This pin can be 
setting. 

connected to the NRZOUT pin to 31 CINT2 Coarse input for frequency 
form a single bi-directional NRZ synthesizer loop filter time constant 
port if desired. setting. 

16 WCLK Write clock input synchronous with 32 CVC02 Capacitor between this pin and 
the NRZ Write data input. VCCA sets up the VCO center 

17 WD Write precompensated, active low 
frequency for the frequency 

(1,7) RLL encoded write data output 
synthesizer PLL. 

to the read/write ampl ifier. 33 VCCFS Analog +5 volt supply for frequency 

18 NRZOUT NRZ read data output to the disk 
synthesizer. 

controller. This pin can be 34 CRWD Capacitor between this pin and 
connected to the NRZIN pin to GNDA determines the write to read 
form a single bi-directional NRZ (input clamp) delay time, e.g. a 
port if desired. 1800 pF capacitor gives a delay 

19 RRC Read/Reference clock: a 
time of 3 us typo • multiplexed clock source used by 35 HOLD TTL input pin (active low). When 

the disk controller. During mode this pin is forced low, all the 
change there will be no glitches on charging and discharging pathes on 
this line and no more than two lost the CAGC pin are disabled. The 
clock pulses will occur. When Read AGC amplifier now acts as a fixed 
Gate goes high, RRC synchronized gain amp. with the gain determined 
to the NRZ read data will be by the voltage on the CAGC pin. 
available after 19 read data pulses. 

36 LEVEL Emitter follower output, provides 
20 VCCD Digital VCC +5 volts. rectified signal level, which can be 

21 VCOCLKl An open emitter ECL output for 
used through a resistor divider 
network as a dynamic hysteresis 

testing purposes. control signal to the hysteresis pin. 
22 VCO/3 Divide by three output of the 37 HYS The voltage applied to this pin 

frequency synthesizer VCO clock determines the threshold level of 
output. the qualification channel. In a 

23 DRD 1/3 cell delayed read data for typical appl ication, the signal on 
testing purposes. this pin is derived from the LEVEL 

24 RG Active high read gate input from the 
pin. 

disk controller. This signal is used to 38 IN- AGC amplifier differential input, 
select the PLL reference input. 39 IN+ AC coupled from the R/W amplifier. 

25 WG Active high write gate input from 
Signal range recommended 15 mV 

the disk controller. This signal is 
to 150 mVp-p differential. 

used to enable the write mode. 40 GNDA Analog ground. 

26 CWPL RC network to setup the late delay 
time constant for write 
precompensation. 
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PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION 

41 OUT- AGC amplifier differential outputs, 
42 OUT+ AC coupled to ML6005/ML6006 

filter chip. These pins have a 
current sink capability of 2 mA 
typical. 

43 AGCSET Voltage on this pin sets up the peak 
to peak differential voltage at the 
CH+/CH- pins when the AGC 
amplifiers are settled. 

Vp-p diff @CH+/CH-
= 4 * (VAGCSET - VCCN2) 

44 CAGC AGC loop capacitor to GNDA. 
Lead-Lag network may be used for 
different loop filter characteristics, if 
needed. 

45 VCCA Analog +5 volt supply for pulse 
detector and servo peak detector. 

46 CH+ Gating channel differential inputs to 
47 CH- hysteresis comparator, AGC 

fullwave rectifier and two-channel 
servo peak detector. These are AC 
coupled from the lowpass output 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VCCD) ............................ -0.3 to +7 V 
TTL Output Voltage (Vout) ......................................... 5.5 V 
TTL Input Voltage (Vin) .............................................. 5.5 V 
Differential Input Voltage (Vdif) ..................... 3.0 or -3.0 V 
Analog Inputs ................................... -0.3 to VCCA + 0.3 V 
Storage Temperature (Tstg) .......................... -65 to + 150°C 
Maximum Junction Temperature (Tjmax) ................. 125°C 

ELECTRICAL CHARACTERISTICS 

PIN# 

48 
49 

50 

51 

52 

NAME 

DIF+ 
DIF-

RD 

COS 

RDLY 

FUNCTION 

of the ML6005/ML6006 filter/ 
equalizer chip. Peak to Peak 
differential signal at these pins are 
determined by the DC voltage 
applied to the AGCSET pin. 

Time Channel zero crossing 
comparator differential inputs. 
These are AC coupled from the 
differentiated (bandpass) outputs of 
the ML600X filter/equalizer chip. 

Pulse detector raw read data output. 
This signal intemally goes to the 1/3 
cell delay block en route to the data 
synchronizer. This is an ECL output. 

The capacitor between this pin and 
the VCCA sets up the raw read data 
pulse width from the pulse deteetor 
section to the data synchronizer. 

Resistor between this pin and 
VCCDS sets the charging current in 
1/3 cell delay based on data rate 
range. 

OPERATING CONDITIONS 

DC Supply Voltage (VCCD) ........................ 5 +/- 5% VDC 
DC Supply Voltage (VCCA) ......................... 5 +/- 5% VDC 
Operating Temperature Range ............................ 0 to 70°C 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

AGC Amplifier and I!P Z-Clamp 

AGC 3dB bandwidth (Note 1) VCAGC=2V, 60 MHz 
VIN(Diff) = 15 mVp-p 

Maximum AGC gain VCAGC= 2V, 100 150 VN 
VIN(Diff) = 15 mVp-p 

Minimum AGC gain VCAGC = 3.5V, 5 10 VN 
VIN(Diff) = 150 mVp-p 

AGC Control Range 27 dB 

AGC Control Sensitivity 37 dBN 

Input Signal Range (Differential) 15 150 mV 

Output Signal Swing (Differential) VCAGC = 2.0V, 1.5 2.5 Vp-p 
VIN(Diff) = +/- 100 mVp-p 
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ElECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

AGC Amplifier and liP Z-Clamp (continued) 

Input Voltage Noise (Note 1) VIN =OV 20 nV/'-IHz 

Differential Input Resistance Read Mode Vin+ = 2.575V 4.5 6.0 7.5 kohm 
Vin- = 2.425 

Differential Input Resistance Write Mode Vin+ = 2.575V 200 300 400 ohm 
Vin- = 2.425 

Common Mode Rejection Ratio (Note 1) Vin+ = Vin- = 100 mV 45 dB 
VCAGC= 2V 

AGC offset ( liP referred) VIN+ = VIN- = VCCN2 -4 4 mV 
VCAGC=2 V 

Power supply Rejection Ratio VCCA = 5V + 100 mVp-p 45 dB 
VCAGC=2V, 

AGC output common mode bias VCCA = 5V, Vin+ = Vin- 2.7 3.0 V 

AGC capacitor bias current VCAGC= 3.5 V 1 20 IlA 

AGC input offset voltage VCAGC=2 V, Vin+ = Vin- 400 mV 

AGC output sink current VCCA=5V 1 2 3 mA 

AGC output resistance Measured on OUT+/OUT- 40 ohms 

CAGC voltage range 2.2 3.4 V 

Clamp Off time delay (Note 1) Crwd=1800 pF, VCAGC=2.0V, 2 2.5 3.0 ItS 
Vin (diff)=5 mV --Clamp Propagation Delay R<:W (Note 1) Crwd=1800 pF, VCAGC=2.0V, 15 100 ns 
Yin (diff)=5 mV 

AGCVOS vs Gain VCAGC=VCC/2 to VCC/2 + 0.25V -400 400 mV 

AGC Rectifier and Comparator 

Input signal range (Note 1) 2.0 Vp-p 

Input Bias voltage 40 50 60 %VCCA 

Input resistance (differential) 3.75 5 6.25 Kohms 

CAGC Output voltage @CAGC, Yin > VAGCSET VCCA- .8 V 
RCAGC = lOOK 
VAGCSET = VCCN2 + 100mV 

CAGC charge resistance Yin > VAGCSET 300 ohms 
VAGCSET = VCCN2 + 100mV 

CAGC clamped voltage (CAGCLMPV) Yin < VAGCSET 2.2 V 
VAGCSET = VCCN2 + 100mV 

AGCSET bias current VAGCSET = 2.5 V 1.5 10 ItA 

CAGC Decay current Read, VCAGC=VCCA 4.7 ItA 

CAGC leak current Hold Mode 0.03 0.5 ItA 
VCAGC=CAGCLMPV + 0.4V 

Hold On & Hold Off time 1 Ils 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Zero Crossing Comparator 

Differential input signal range (Note 1) 1.5 Vp-p 

Differential input bias current @VCCN2 20 ~ 

Diff comparator offset voltage HYS =OV -3.0 + 3.0 mV 

Differentail input resistance 4.5 6.0 7.5 kohms 

Differential bias voltage 40 50 60 O/OVCCA 

Zero crossing comparator gain (Note 1) 65 dB 

Hysteresis Comparator 

HYS input signal range (Note 1) 1.5 Vp-p 

Peak Hysterisis vs HYS voltage 0.44 0.5 0.56 V 

HYS bias current 20 ~ 

LEVEl pin max output current 2 mA 

LEVEL pin output resistance 130 ohms 

Internal and Pulse Qualification One-shot 

Internal one-shot (tpw) (Note 1) 15 ns 

Pulse Qualification one-shot ( tpw ) Cos = 47 pF 35 ns 

Pulse Detector raw data VOH VCCA-2Vbe V 

Pulse Detector raw data VOL VOH - 0.73 V 

Pulse PairingVdill=l Vp-p dill @ 5 MHz 0.5 1.0 ns 

Data Seperator PLL 

Phase Detector range +/- pi radians 

Charge pump gain VII - VCOINl @DSVCC/2 125 ~ 

Data Synch NCO max CVCOl = 1 OpF ~ VCCDS 108 MHz 
RG = 1, WG =0, 
VClNTl = VCCDS - 1 
VVCOINl = VCCDS/2 

Data Synch VCO range CVCOl = 1 OpF ~ VCCDS 3:1 4:1 
RG= 1, WG=O, 
VCINTl = lVto4.2V 

Data Synch VCO Course Gain CVCOl = 1 OpF ~ VCCDS 300 Mrad/slV 
RG= 1, WG=O, 
VClNTl = 2V to 2.5V 
VVeOINl = VeeDS/2 

Data Sync veo fine Gain eVeOl = 1 OpF ~ VCeDS TBD Mrad/slV 
RG= 1, WG =0, 
VCINTl = VCCDS/2 
VVeOINl = 2V to 3V 

PLL jitter specifications 0.7 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Data Seperator PLL (continued) 

Data sync window center offset l%Tw +/-2 ns 

Maximum data rate (1,7 Rll) CVCOl = 1 OpF ~ VCCDS 28 36 Mbits/s 
RG= 1,WG=0, 

Frequency Synthesizer PLL 

Charge pump gain VII - VCOIN2 @VCCFS/2 125 jlA 

Freq Synthesizer NCO max CVC02 = 10pF ;:: VCCFS 108 MHz 
RG=O, WG = 1, 
VCINT2 = VCCFS -1 
VVCOIN2 = VCCFS/2 

Freq Synthesizer VCO range CVC02 = 1 OpF ~ VCCFS 3:1 4:1 
VClNT2 = lV to 4.2V 

Freq Synthesizer fine VCO gain CVC02 = 1 OpF ~ VCCFS TBD Mrad/sN 
VVCOIN2 = 2V to 3V 

Freq Synthesizer coarse VCO gain CVC02 = 10pF ;:: VCCFS 300 MradlsN 
VCINT2 = 2V to 2.5V 
VVCOIN2 = VCCFS/2 

Servo Peak Detector 

Input signal range (differential) (Note 1) 1.5 Vp-p 

Servo demod voltage gain 2 VN 

Offset mismatch between two chnls Yin = 1.5 Vp-p differential -20 +20 mV 

Output leakage current (ch disabled) GATE AlB =1, DISCHG=O 10 jlA 

Servo demod discharge current R= 750 ohms 650 jlA 

Miscellaneous 

Operating power dissipation 750 1000 mW 

Write Precompensation time Cwpn=20pF, Cwpl=39pF 2 ns 
fWClK = 36 MHz 

Write Precompensation time Cwpn=100pF, Cwpl=200pF 20 ns 
fWClK = 7.2 MHz 

TTL compatible inputs and outputs 

Input low voltage ( Vil ) -0.3 0.8 V 

Input high voltage ( VIH ) 2.0 VCC +0.3 V 

Input low current ( Ill) Vll = O.4V 0.4 mA 

Input high current ( IIH ) VIH = 2.7V 100 jlA 

Output low voltage ( Val) IOl= 1 mA 0.4 V 

Output high voltage ( VOH ) IOH = -400 jlA 2.4 V 

Note 1: These parameters are guaranteed by deSign. They are not 100% tested and are not In outgoing quality level calculation. 
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FUNCTIONAL DESCRIPTION 

The ML601 0 provides the integration of most of the 
functions associated with the implementation of disk read 
channel design up to 36 Mbits/s data rates. It incorporates 
a pulse detector, two gated servo peak detectors, a data 
seperator with fast acquisition capability, the charge pump 
and VCO functions for implementing a frequency 
synthesizer, write precompensation circuitry and a (1,7) 
RLL Endec. It is targeted at one/two platter 3 1/2" and high 
capacity 2 1/2" drives, where performance and capacity 
requirement take priority to power requirements, although 
the overall power requirements are much lower than 
earlier discrete block implementations. 

The Pulse Detector section includes a wide bandwidth 
differential amplifier with automatic gain control, a 
precision full wave rectifier, time channel and gate 
channel. User programmable equalization or pulse 
slimming, and CDR band selection is supported through 
an external filter chip (ML6006). The Pulse detector will 
support pulse pairing specifications less than +/- 1 ns. 

Two Gated Servo Peak Detectors are incorporated for 
recovery of embedded servo information. Optionally it 
can provide buffered (A,B and a position error signal
PES) low impedance outputs which represent the peak 
detected level of each servo burst. These voltages are 
suitable for digitizing by an ND converter and processed 
by the controlling processor, for head positioning. 

The Data Synchronizer incorporates a fast acquisition 
phase lock loop with zero phase start capability and a 3:1 
tuning range. Precise decode window control is 

ORDERING INFORMATION 

achievable using external components and the 1/3 cell 
delay automatically tunes to the synthesized frequency 
depending on the zone. The settling time is typically less 
than 2 !!s which is well within the requirements, e.g. for 
36 Mbps data rate with 8 bytes of 3T preamble, and 
1 ,7RLL code the minimum settling time required equals: 

1/36 • 2 • 8 • 8 = 3.55 !!s 

The partial Frequency Synthesizer generates all necessary 
clocks for data encoding and synchronizer reference. The 
synthesizer requires external logic for the input divider (N) 
and feedback divider (M) programming and also uses an 
external loop filter, giving the user full control over the 
PLL's dynamics. 

The Endec employs the 2/3 (1,7) RLL code type and 
supports a hard sectored drive implementation. After the 
index/sector pulse has been detected, an internal counter 
counts negative transitions of the incoming read data 
looking for three consecutive "3T" pattern. Once detected 
the VCO lock process is established. The Write 
Precompensation circuitry, provides control of the normal, 
early and late settings. 

The ML601 0 is fabricated in a BiCMOS process (4GHz 
npn ft; 1.5!! CMOS) and operates off of a single 5 volt 
supply and is based on the FC3560 semi-standard array. 
The tile array allows a number of configurable features to 
realize a ML601 0 like read channel combo chip, with 
customized features and pinout. For more information on 
the configurable options contact the factory. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6010CG O°C to +70°C 52-Pin QFP (G52) 
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PRELIMINARY 

Ml6012 

3.5" R/W MOD Read Channel Front-end Processor 

GENERAL DESCRIPTION 
The ML6012 is a BiCMOS Read channel front-end 
processor IC which is one-half of the read channel chip
set from Micro Linear, intended for 3.5" Magneto-Optical 
disk drive (MOD) applications. It works in conjunction 
with the ML6013 MOD read channel back-end processor 
to form a complete solution to support the ISO standards 
for the 128M and the 230M rewritable magneto-optical 
disk drive. The coupling capacitors between AGC/Filter/ 
Pulse detector are implemented on chip and the 
programmability of various options is achieved with on
board DACs, thus reducing the external component count 
significantly. 

The major functional blocks in this chip are: 
• Analog Mux for RO and MO selection 
• VGA (variable gain amplifier) 
• AGC control loop 
• Sector mark detector 
• Programmable VGA for sector mark detection 
• 6th order Filter/equalizer with 2nd differentiator 

for sector mark detection 
• Two corner frequency registers for changing 

between sector mark and data 
• DC restore and Data detector 
• Dropout detector (Retriggerable one-shot) 
• Bandgap reference 
• Timing and control logic 
• 3-Wire Serial Port Interface 

The ML6012 will have a typical power dissipation of 
300mW in normal operating mode and less than 1 mW in 
the sleep mode. 

SYSTEM BLOCK DIAGRAM 

MOD 
CHANNEL 

ML6012 

RO 

FEATURES 

• Supports ISO Standards for 128M and 230M R/W 
Magneto-Optical drive (MOD) 

• Operating supply range 4.5V to 5.5V 

• Typical power dissipation is 300mW 

• Sleep mode power dissipation less than 1 mW 

• Operates up to 24Mb/s NRZ data rate and supports 
(2, 7) RLL with a 48MHz code rate 

• On-chip mux for RO & MO channel selection 

• Wide bandwidth VGA amplifier 

• Independent programmable level qualification for 
sector mark detection 

• Independent programmable level qualification for 
Data detection 

• On-chip DC restore circuit bandwidth tracks the filter 
bandwidth for reliable data detection and AGC 
operation. 

• Programmable AGC attack and decay current 

• 6 pole, 2 zero equiripple filter with less than 40dB 
harmonic distortion 

• Programmable filter cutoff frequency with separate 
registers for MO and RO inputs 
MO - Data mode (DSLIM = 0); 

fc = 4 to 14MHz in 32 steps 
RO - Sector mark mode (DSLIM = 1) 

fc = 2 to 6.84MHz in 16 steps 

OPTICAL DISK 
CONTROllER 

SECTOR MARK 
Am95C98 

Pll OR 
MOD CONTROL 

CHANNEL 
CL-SH330 

ML6013 CL-SH331 
RD ClK 

DATA 

S 
C 
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FEATURES (continued) 

• Programmable asymmetric equalization with 8-bits 
(256 combinations of phase/frequency) and 0 to 11 dB 
boost capabil ity at fc 

BLOCK DIAGRAM 
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• High speed (20MHz clock) three wire serial port 
interface with double buffered data 

• External components minimized 

• 32-pin TQFP low profile package 
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PIN DESCRIPTION 

PIN NAME FUNCTION PIN NAME FUNCTION 

1 ROINP RO channel differential signal inputs. fc of the filter can be programmed 
32 ROINN Signal dynamic range: 25mV to between 4 and 14M Hz, by the 

500mVp_p differential. These two pins content of Register #0. It is required to 
are internally biased at approximately set this pin to logic low during power 
VCCA - 2.8V. A positive level on up and while programing the control 
ROINP corresponds to the "MARK:' registers in order to reset the SMARK 
A positive peak on ROINP pin output. 
corresponds to "1 :' 

6 LPOUTP Differential LPF outputs from the filter 
3 MOINP MO channel differential signal inputs. 7 LPOUTN (open emitter). Used as a test point for 
2 MOINN Signal dynamic range: 25mV to evaluation purposes. Leave these two 

500mVp_p differential. These two pins pins open to reduce the power 
are internally biased at approximately dissipation caused by the external bias 
VCCA - 2.8V. A positive level on resistors, or current sources. The 
MOINP corresponds to the "MARK:' output common-mode voltage is set at 
A positive level on MOINP pin approximately 1.5 volts above ground. 
corresponds to "1 :' For better noise rejection, the signal 

29 ROSEL RO channel and MO channel 
should be observed differentially. 

selection control input, CMOS 
Single ended, 
it should be referred to GNDA. 750n 

compatible. When this pin goes low, resistors to ground may be used to bias 
the MO channel is selected as an input these outputs. 
to the Ie. When this pin goes high, the 
RO channel is selected. 23 BPOUTP 1 st differentiator output from the filter 

28 AGCP Differential VGA amplifier outputs 
(open emitter). Used as a test point for 
evaluation purposes. Leave this pin 

26 AGCN (open emitter). Used as a test point for open to reduce the power dissipation 
evaluation purposes. Leave these two caused by external bias resistor, or 
pins open to reduce the power current source. The output DC voltage 
dissipation caused by the external bias is set at approx. (VCCA - 3V). For -resistors, or current sources. The better noise rejection the signal should 
output common-mode voltage is set at be observed with respect to VCCA. A 
approximately VCCA - 2.7V. For better 750n resistor may be used to bias this 
noise rejection, the signal should be output. 
observed differentially. If the signal is 
observed single ended, it should be 27 DCROUT Buffered DC restore output (open 
referred to VCCA. 1 Kn resistors to emitter). Used as a test point for 
ground may be used to bias these evaluation purposes. Leave this pin 
outputs. open to reduce the extra power 

4 RFIL A 15Kn resistor between this pin 
dissipation caused by the external bias 
resistor, or current source. The output 

and GNDA will set up the cut-off voltage is set at approx. VCCA-
frequency (fd of the fi Iter. This 1.85V. For better noise rejection, the 
resistor may be increased up to 50% signal shou Id be observed with respect 
to decrease the filter cut-off 
frequency (fd. 

to VCCA. A 1 or 2Kn resistor to 
ground may be used to bias the output 

5 DSLIM Slimming disable function control pin buffer. 
(CMOS compatible, active high). 30 CAGC A capacitor between this pin and 
When this pin is forced to logic high, GNDA sets the AGC loop time 
the equalizer/slimmer function is dis- constant. A lead-lag RC network may 
abled, the SMARK output is enabled, be used if necessary. For data rates 
and the fe of the filter can be program- from 12-24Mbps, a 1000pF is 
med between 2 and 6.8MHz by the recommended. For data rates lower 
content of Register #3. When this pin than 12Mbps, the capacitor value 
is forced to logic low, the equal izer should be increased. 
function is enabled, and can be pro-
grammed with Register #1 and 
Register #2, the SMARK output is dis-
abled and held to logic low, and the 
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PIN DESCRIPTION (Continued) 

PIN NAME FUNCTION PIN NAME FUNCTION 

24 SlEV A DC voltage applied to this pin sets 15 PDB Power down enable (CMOS 
the qualification level for the compatible input, active low). This pin 
qualification comparator in the sector is set low to power down the chip. 
mark detector block. This pin can be This pin is internally OR'd with bit 4 of 
tied to VROUT. control register #5. 

17 CTO A capacitor between this pin and 18 RG Read gate (CMOS compatible input, 
GNDA will set the time out period for active high) from controller. This pin 
the dropout detection circuit. combines with the AGCMD pin in the 
(Recommended values are: 355pF for "timing and control logic" section, to 
3600RPM 230MB, 265pF for generate the different AGC modes of 
4800RPM 230MB, and 250pF for operation. When RG:O; the chip enters 
5100RPM 230MB drives) The typical reset mode (RD:low, RDB:High) (VGA 
time is computed from t = 0.105 x mode) and CAGC discharges to 
RINT x CTO. RINT is 20K (±25%). 0.56Vcc· 

21 DOUT Dropout detection circuit output 9 AGCMD AGC mode control input (CMOS 
(CMOS compatible). This pin goes compatible, active high). This pin is 
high when no pulses are detected for a usually tied to the PllGS pin in the 
preset time interval (determined by Ml6013. When AGCMD:low and 
CTO). This pin normally ties to the RG:High the AGC is on; when 
COAST pin in the Ml6013 chip. AGCMD:High and RG:High; the AGC 

20 RD Encoded'read data output (ECl 
is in HOLD mode. 

19 RDB outputs). The ML6013 back-end 13 SCLK This is a CMOS input which clocks the 
processor recovers the clock by using Control Register (falling edge 
this data stream and the Data triggered). Internally this pin is gated 
synchronizer Phase locked loop (PLl) with the SENB signal. 
before sending it to the 1/2 (2, 7) RlL 

12 SDATA Control Register Data, CMOS input, ENDEC for decoding. (Rising edge of 
RD represents the flux changes on the clocked by SClK. 

MO drive). If the Ml6013 is not 11 SENB Active low CMOS input - Control 
connected, 3.2KQ resistors to ground Register enable. A logic low input on 
are needed to increase the bias current this pin allows the SClK input to clock 
of these outputs. These outputs are the SDATA into the control register and 
reset and not active when RG is low. the rising edge latches the control 
(Reset mode) register contents internally (double 

22 SMARK Sector mark detector output (CMOS buffered). 

compatible). This pin goes high when 8 VCCA VCC for analog sections 
a qualified "mark" is detected. 

14 VCCD VCC for digital sections 
25 VROUT Buffered Bandgap reference output 

10 GNDAl Analog ground (2.5V typical). The voltage for the 
SLEV pin can be derived from this 31 GNDA2 Analog ground 
reference. 

16 GNDD Digital ground 
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ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING 
CONDITIONS Absolute maximum ratmgs are those values beyond which the device could be 

permanently damaged Absolute maximum ratings are stress ratings only and 
functional device operation IS not Implied. 

DC Supply Voltage (VCCA & VCCD) .............. -0.3 to +7V DC Supply Voltage Range ............................. .4.5V to 5.5V 
Analog & Digital Inputs/Outputs ...... -0.3 to VCCA + 0.3V Operating Temperature Range ...................... ODC to +70DC 
Input Current per Pin .................................. -25 to +25mA 
Storage Temperature ................................... -65 to + 150DC 
Maximum Junction Temperature .............................. 125 DC 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VCCA = VCCD = 4.5 to 5.5 volts and TA = 0 to 70DC (Note 1) 

PARAMETER I CONDITIONS I MIN I TYP MAX UNITS 

Power Dissipation 

VCCANCCD 4.5 5.0 5.5 V 

IVCCA Output unloaded 60 75 mA 

IVCCD Output unloaded 3.0 3.5 mA 

Sleep Mode Supply Current VCCA+VCCD 100 ~ 

Digital I/O Specifications (Inputs are CMOS compatible while outputs are TTL compatible) 

High level input voltage VCCD-0.5 VCCD V 

Low level input voltage 0.5 V 

High level input current VIH = VCCD - 0.1V 10 I1A 

Low level input current VIL = 0.1V 10 ~ 

High level output voltage IOH=400~ VCCD-0.2 V 

Low level output voltage IOL = 2mA 0.4 V 

Analog Mux for RO and MO Channel Selection 

Differential input swing RO and MO signals 25 500 mVp_p 

Differential input resistance 3.75 5.0 6.25 KO 

Input bias voltage VCCA-2.8 V 

RO/MO select switching 50 ns 

Variable Gain Amplifier (VGA) 

Maximum gain (A Vmax) AGC mode 1.8 2 2.2 V/V 

Minimum gain (A Vmin) AGC mode 0.04 0.1 V/V 

Maximum gain (A Vmax) Fixed gain mode 5.0 5.6 V/V 

Minimum gain (A Vmin) Fixed gain mode 0.05 0.2 V/V 

3dB bandwidth AGC mode 50 60 MHz 

Gain control range AGC mode 25 dB 

AGC control sensitivity 40 dB/V 

LPOUT dill output swing Closed loop @ LPF output (ASLO:O ASL 1 :1 384 480 576 mVp_p 

Total harmonic distortion 25mV to 500mVp_p 2 % 

Equivalent input noise Fixed gain mode, minimum gain 90 nV1RZ 
AGC mode, minimum gain 30 nV1RZ 

CMRR VIN = 300mVp.p dill@ 5.8MHz, 40 dB 
input shorted together 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Variable Gain Amplifier (VGA) (Continued) 

PSRR VIN = 300mVp_p diff @ 1 MHz, 40 dB 
input shorted together 

AC coupling network Cutoff frequency 8 12 KHz 

DC Restore Section 

Maximum bandwidth OCR bits 2-0 = 100 620 KHz 

Minimum bandwidth OCR bits 2-0 = 100 177 KHz 

Maximum shift OCR bits 2-0 = 111 1.6 

Minimum shift OCR bits 2-0 = 000 0.2 

AGC Control Section (AGC Mode) 

CAGC clamp voltage (l) 0.52 0.65 0.78 V 

CAGC clamp voltage (H) 2.2 2.8 3.4 V 

Min CAGC normal bits ATK1, ATKO = 00 230 300 390 jlA 
attack current 

Max CAGC normal bits ATK1, ATKO = 11 925 1200 1560 jlA 
attack current 

Min CAGC normal bits DKY1, DKYO = 00 23 30 39 jlA 
decay current 

Max CAGC normal bits DKY1, DKYO = 11 92 120 156 jlA 
decay current 

CAGC leak current RG = 1, AGCMD = 1 (Hold mode) 50 nA 

Sector Mark Detection Section 

SlEV DC voltage range (V to I converter) 2.5 V 

RMS jitter ±1 sigma fiN = 4.0MHz, fc = 5.5MHz 5 ns 
Note 2 OS LIM pin = 1 

Qualification level VDAC = VMAX x k/16 (k = 0-15) ±15 x V 
comparator range VMAx/16 

Qualifkation level VMAX = VSLEV/8O VMAx!16 V 
comparator step 

Data Detection Section 

Zero crossing comparator 0.5 mV 
resolution 

RMS jitter ±1 sigma fiN = 16MHz, fc = 11 .1 MHz 365 ps 
Note 2 full slimming, ASl = 1, 0 

Qualification level VDAC = 750mV/16 x K; 0 703.13 mV 
comparator range K = 0 to 15 (4-bit DAC) 

Qualification level 46.875 mV 
comparator step 

Dropout one-shot time CTa = 355pF, t = 0.105 x RINT x CTa 520 745.5 970 ns 

Read pu Ise one-shot 15 25 40 ns 

RD/RDB high (VoH) Diff psuedo ECl output 3.4 V 

RD/RDB low (VOL) o iff Psuedo ECl output 3.0 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Lowpass Filter, First and Second Differentiator 

Data mode cutoff frequency DSLIM = low, fc(MHz) = 4 + (10 x n/31) 4 14 MHz 
where n = 0, 1, 2, ... 31 

Sector mark cutoff frequency DSLIM = high, fc(MHz) = 2 + (5 x n/31) 2 6.84 MHz 
where n = 0, 2, 4, ... 30 

Cutoff frequency accuracy -10 +10 % 

Slimming level accuracy Symmetric equalization -1 +1 dB 

Differential group delay 4MHz ::; fe ::; 14MHz ±5 % 

Second differentiator center Ratio of (fdfel 1 
frequency (fo) to main filter 
cutofffrequency (fC) ratio 

Bandgap Reference 

Reference voltage out VROUT v 
Driving capability mA 

Serial Microprocessor Interface 

Serial clock (SCLK) frequency 10 20,000 KHz 

SCLK duty cycle 40 60 % 

SCLK pulse width trw 20 ns 

SCLK to SDATA hold time tHSD 10 ns 

SDATA to SCLK setup time tSSD 10 ns 

SENB to SCLK setup time tSSEN 10 ns 

SCLK to SENB hold time tSSEN 10 ns --SENB high time 50 ns 

Note 1: Limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions. 
Note 2: The ±1 sigma RMS Jitter IS one standard deviation of the distribution of the edge transistor time. The peak-ta-peak IS twICe the value shown. 

TIMING DIAGRAMS 

SCLK 

SDATA 

SENB 

Figure 1. Serial Port Timing Diagram 
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FUNCTIONAL DESCRIPTION 
INTRODUCTION 

The ML6012 is a BiCMOS Read channel front-end 
processor IC which is one half of the read channel chip 
set from Micro Linear, intended for 3.S" Magneto-Optical 
disk drive (MOD) applications. It is optimized to handle 
the front-end channel functions and works in conjunction 
with the ML6013 MOD read channel back-end processor 
to form a complete solution to support the ISO standards 
for the 128M and the 230M rewritable magneto-optical 
disk drive. The coupling capacitors between AGC/Filter/ 
Pulse detector are implemented on-chip and the 
programmability of various options is achieved with on 
board DACs, thus reducing the external component count 
significantly. 

The pulse detector consists of the AGC amplifier with a 
full AGC loop, which works in conjunction with the 
programmable filter/equalizer circuitry. The AGC loop has 
three operation modes as tabulated below; 

MODE CONTROL 

RG 

o 

AGCMD MODE 

x RESET mode (VGA mode) 

a AGC mode (AGC on) 

HOLD mode (CAGC held) 

Two different pulse detection schemes are employed to 
optimize the sector mark signal during RESET mode, and 
the data detector signal during the AGC and the HOLD 
modes independently. The entire pulse detector signal 
path is fully differential to minimize noise pick up from 
the power supply and external components, thereby 
increasing the signal-to-noise ratio. Also a design scheme 
is adopted to guarantee that any baseline noise 
superimposed on the signal be rejected, thereby 
preventing false triggering the internal flip-flop that may 
otherwise occur in the pulse detector. 

The ML6012 is designed to offer lower power dissipation, 
higher level of integration and high level of 
programmability to minimize the number of external 
components, thus resulting in an optimized MOD read 
channel front-end. It outputs ECL a read data signal which 
is level compatible with the input to the companion chip 
ML6013, used for data separation and clock 
synchronization. Please refer to the block diagram of the 
ML6013 for the details. 

SECTOR MARK DETECTOR 

Sector mark detector uses the 1 st and 2nd differentiated 
outputs from the filter/equalizer. The 1 st differentiated 
signal is differentially compared in the qualification 
comparator with the qualification level programmable 
through control register #4. This ensures that only a data 
pulse of sufficient amplitude will be qualified as a correct 
signal and multiplied with the 2nd differentiated signal to 
generate the clock to the flip-flop and output the sector 
mark signal. 

Control register #3 can be used to program the cutoff 
frequency of the filter from 2MHz to 6.84MHz to optimize 
the dynamic range of the sector mark detector channel 
depending on the input signal amplitude. DSLIM pin can 
be used to gate the sector mark signal. If DSLIM is set to 
low, sector mark output is disabled and reset to CMOS 
logic low. Since the sector mark detector needs to operate 
only during the RESET mode, it is recommended to set the 
DSLIM pin to low except during RESET mode to prevent 
any noise injection due to switching of the CMOS output 
from the sector mark detector. Also, it is required to set the 
DSLIM pin to low during power-up to reset the sector 
mark. 

DATA DETECTOR 

The inputs to the data detector are the 1 st differentiated 
signal from the filter/equalizer and the DC restored 
lowpass signal from the AGC control loop. Control register 
#0 can be used to program the cutoff frequency of the 
filter from 4MHz to 14MHz to optimize the dynamic 
range of the data detector channel. 

The DC restored signal is first compared differentially in 
the qualification comparator whose qualification level is 
programmable using the control register #S. This signal is 
then multiplied with the output of the zero crossing 
comparator from the 1 st differentiated signal. The 
multiplier output triggers the oneshot whose ECL output is 
the encoded read data output from ML6012. This output 
signal can be directly used as the input to the companion 
chip ML6013 for data synchronization. This signal is also 
internally used as an input to the retriggerable oneshot to 
flag if no pulses are detected for a preset time interval. RG 
pin can be used to gate the data detector output. If it is set 
low, the chip is in RESET mode and the data detector 
output is disabled. (RD:Low, RDB:High) 

AGC 

The AGC gets its differential input from the ROIMO mux. 
The input impedance of the mux enters a low impedance 
state during the intial period of AGC operation in order to 
avoid transients which may cause erratic AGC operation. 
The period consists of a O.4lls fixed blanking portion, 
during which the CAGC voltage is held constant, and a 
variable portion that tracks with the inverse of the cutoff 
frequency of the filter (0.6115 for fc = 11 MHz and 48MHz 
code rate). From the end of the fixed to the end of the 
variable portion of this period the super attack and super 
decay currents are multiplied by a factor of two. The O.4lls 
blanking period is necessary to allow the circuit to settle 
before the CAGC is allowed to change due to the charge 
pump. The cutoff frequency of the AC coupling network 
in the mux is set by the external coupling capacitor and 
the input impedance of the mux. The recommended value 
of the external capacitor is 8nF. In this case, the cutoff 
frequency is 12KHz during the RESET mode and 
approximately 1 MHz during theAGC mode. The input 
signal range is 2SmV to SOOmV peak-to-peak differential. 
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The AGC amplifier is a two stage differential amplifier 
with high bandwidth. The first stage of the amplifier is a 
variable Gain Amplifier (VGA) whose gain is controlled by 
the control register #7 during the RESET mode and by the 
voltage on the CAGC pin during the AGC and the HOLD 
modes. The output of the AGC amplifier feeds into the 
filter/equalizer through internal AC coupling network 
whose time constant is adjusted to get optimal 
performance in the different modes. In RESET mode, the 
AC coupling cutoff frequency is set at 12KHz. In AGC 
mode, the cutoff frequency is set at around 1 MHz during 
the initial 11ls of the AGC to enter the fast mode and at 
around 120KHz for the rest of the AGC mode. 

The lowpass output from the filter/equalizer goes through 
12x amplifier and the DC restore circuitry where the DC 
level is clamped. This signal level is typically 480mV 
(ASLI = ASL2 = 0) and it is used in the comparator in AGC 
loop to generate the control voltage on the CAGC pin 
during AGC mode. The capacitor on the CAGC pin then 
gets charged or discharged depending on whether the 
signal is greater than or less than the preset reference 
voltage. The reference voltage is programmable from 
480mV to 840mV in 120mV step through the ASL bits in 
the control register #6. The charging and discharging 
cu rrent, a Iso referred to as the attack and decay rates, are 
programmable through the D4 bit in control registers #1-
4. Refer to the section Control Register for programming 
details. 

PROGRAMMABLE FILTER/EQUALIZER 

The programmable filter/equalizer circuit approximates a 
sixth-order, 0.05 Equiripple function which achieves a flat 
group delay up to twice the cutoff frequency (2fd. The 
filter is implemented by using gm/C integrators, and 
processes signals in a differential mode for greater noise 
immunity. Temperature stable cutoff frequencies are 
obtained. The filter architecture provides for smaller 
excess phase and power dissipation. It generates both a 
lowpass and bandpass (differentiated) output. The filter 
can be operated in two modes controlled by DSLIM pin. If 
DSLIM is set to high, the filter is operated in the data 
mode, and the cutoff (corner) frequency of the filter is 
controlled in the range 4-14MHz range by 5 bits stored in 
control register #0 (fcd4-O) to provide 32 combinations. A 
low input at the DSLIM pin sets the filter to be operated in 
the sector mark mode with corner frequency in the range 
of 2-6.838MHz, which is controlled by 4 bits stored in 
control register #3 (fcs4-1). The corner frequency of the 
filter is given by the following equations: 

10 fc = 4 + - x (16fcd4 + 8fcd3 + 4fcd2 + 2fcdl + fcdO) 
31 

(data mode) 

(sector mark mode) 

ML6012 
Two real zeroes of opposite polarity are introduced by two 
stages inserted between the fi rst/second and the second/ 
third biquads. The zeroes can be adjusted independently 
so that it is possible to realize asymmetric equalization, if 
desired. The transfer function of the equalizer and 
equalization level is given by: 

HS=(l- ~:J(l+ ~~:) 
Where COo" and 0002 are the corner frequencies of the first 
and the second biquads. kl and k2 can be controlled 
independently by adjusting the bias currents in the 
slimmers. They are adjusted by changing the slimming 
control bits in control register #1 (ea3-0) and #2 (eb3-0), 
and their values are shown below: 

k _ k'MAX(8ea3 + 4ea2 + 2eal + eaO) _ k1MAXN, 
,- 15 --1-5-' 

k _ k'MAx(8eb3 + 4eb2 + 2ebl + ebO) k2MAXN2 
2 - 15 -1-5-

Then the total slimming level SL(oo) and the group delay 
G(oo) of the equalizer as a function of frequency are 

The maximum slimming level, which is designed to be 
11 dB at the corner frequency of the filter, is determined by 

k k ooc k ooc 
= 1MAX-= 2MAX-

0001 0002 

The normalized corner frequencies and the quality factors 
of the sixth-order equiripple filter are: 

COol = 0.981, 0002 = 2.074, 0003 = 1.47 

Q, = 0.551, Q2 = 1.686, Q3 = 0.893 

k1MAX and k2MAX are designed to be 1.566 and 3.311 to 
achieve 11 dB maximum slimming at the corner frequency 
of the filter. 

The slimming function is disabled in the sector mark 
mode. 
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SERIAL MICROPROCESSOR INTERFACE CONTROL REGISTER #0 

The serial microprocessor interface consists of a simple 
Data Filter Cutoff frequency control 

three-wire serial port. Data is serially clocked into the 
ML6012 on the SDATA at the falling edges of the serial MSB 
shift clock, SCLK, provided the SENB pin is active (low). 
The data is shifted in blocks of eight bits with MSBit first. 
The internal registers are organized in blocks of eight bits, 
with the three most significant bits denoting the address, 
followed by the five data bits. This addressing scheme fcd4 fcd3 fcd2 fcd1 fcdO fcd (MHz) 
allows for a register bank of eight registers. When the chip 0 0 0 0 0 4.000 
is physically powered-up, the control registers come up in 0 0 0 0 4.323 
an undetermined state and hence they need to be 0 0 0 0 4.645 
initialized to some preset bit configuration so that the 0 0 0 1 4.968 
behavior of the chip is predictable. The control registers 0 0 1 0 0 5.290 
retain their programmed information in any of the power- 0 0 0 1 5.613 
down modes, until the chip is physically powered-down. 0 0 1 0 5.935 
When the SENB pin goes inactive (high), the SDATA and 0 0 1 6.258 
SCLK pins are ignored and the previously shifted 0 0 0 0 6.581 
information is latched on the rising edge of the SENB, into 0 0 0 1 6.903 
the appropriate register bank based on the address bits. It 0 0 1 0 7.226 
is recommended that the SCLK input be kept inactive low 0 0 1 7.548 
till such time when it is in use. The SCLK input is capable 0 0 0 7.871 
of handling speeds up to 20MHz. 0 0 8.194 

0 0 8.516 

CONTROL REGISTER DEFINITIONS 0 1 1 1 1 8.839 
1 0 0 0 0 9.161 

The control register bank consists of eight registers with 0 0 0 9.484 
addresses from 0 through 7. On power-up the state of the 0 0 0 9.806 
control register bits is not predictable and hence the 0 0 1 10.129 
desired state needs to be set. It is required that the DSLIM 0 0 0 10.452 
pin be set low during power-up. Outlined below are the 0 0 1 10.774 
detailed bit-by-bit definitions of the control registers. 0 0 11.097 

0 11.419 
1 0 0 0 11.742 

0 0 1 12.065 
0 0 12.387 
0 12.710 

0 0 13.032 
0 1 13.355 

0 13.677 
14.000 

Note: DSUM pin IS LOW. 
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CONTROL REGISTER #1 CONTROL REGISTER #4 

Asymmetric equalization - Zero A & AGC AGC & Sector Mark Qualification level control 

MSB MSB 

Note: Refer Asymmetnc equalization tables attached. 

AGC DECAY CURRENT 
CONTROL REGISTER #2 dkyl dkyO NORMAL SUPER 

Asymmetric equalization - Zero B & AGC 0 0 30flA 60flA 
0 1 60flA 120flA 
1 0 90flA 180flA 

MSB 120flA 240flA 

AGC ArrACK CURRENT 

shy3 ... shyO - Sector Mark qualification level control. 
These 4-bits program the sector mark qualification level 
with a 4-bit DAC whose reference is the voltage at the 
SLEV pin. DSLIM pin needs to be set low before 
programming this register in order to avoid false 
qualification at sector mark detector. 

atkl atkO NORMAL SUPER 
0 0 300flA 600flA 
0 1 600flA 1200flA 

0 900flA 1800flA 
CONTROL REGISTER #5 

1200flA 2400flA Data Detector Qualification level control 

CONTROL REGISTER #3 MSB 

Sector mark Filter Cutoff frequency control 

PDB PIN PDWN BIT DESCRIPTION 
0 X Chip powered-down, Pd < 1 mW 
X 0 Chip powered-down, Pd < 1 mW 

fsm3 fsm2 fsml fsmO fcsm (MHz) 
Normal operation, Pd < 350mW 

0 0 0 0 2.00 
0 0 0 1 2.32 dhy3 ... dhyO - Data Detection Qualification level 

0 0 1 0 2.65 control. These 4-bits program the data detector 

0 0 1 2.97 qualification level with a 4-bit DAC. 

0 0 0 3.29 
0 0 1 3.61 
0 0 3.94 
0 1 1 4.26 

0 0 0 4.58 
0 0 4.90 
0 1 0 5.23 
0 5.55 

0 0 5.87 
0 1 6.19 

0 6.52 
6.84 

Note: DSLIM pin is HIGH. 
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CONTROL REGISTER #6 

AGC & DC Restore level control 

MSB 

asll, aslO - AGC set level control bits allow the 
optimization of the internal dynamic range between 3T 
and 8T frequency levels, which affects the data detectors 
performance. The optimum setting depends upon the fe 
setting, the slimming level and the input signal resolution 
(ratio of 3T frequency to 8T frequency). A setting of (00) 
sets the lowest internal signal amplitude while a setting of 
(11) sets the largest. For a 20% resolution the (00) setting is 
recommended with fe = 2/3f3T and full slimming. 

dcr2 ••• dcrl - DC restore discharge current control to set 
the bandwidth of the DC restore circuitry. The DC restore 
discharge current which sets the bandwidth of the DC 
restore circuit, tracks the filter cutoff frequency set by the 
fed bits. In addition, tne dcr bits provide an extra 
adjustment around this value, as shown in the table 
below. The range is from 0.2 to 1.6 times the internally set 
bandwidth. 

dcr2 dcrl dcrO dcr BWSHIFT 
0 a a 0.2 
0 a 1 0.4 
a 1 a 0.6 
a 1 0.8 

a a 1.0 
a 1 1.2 

a 1.4 
1.6 

CONTROL REGISTER #7 

AGC Fixed Gain Control 

MSB 

Programs the gain of the AGC amplifier in the reset mode 
(RG =0) 

vga4 vga3 vga2 vgal vgaO GAIN 
a a a a a 5.86 
a a a a 1 5.54 
a 0 0 0 5.15 
0 0 0 1 4.78 
a 0 0 a 4.44 
a 0 0 4.13 
a a a 3.85 
a a 1 3.58 
a 1 0 0 0 3.33 
a a 0 3.10 
a a 1 0 2.88 
a a 1 1 2.67 
a 0 0 2.48 
a 0 1 2.29 
a a 2.12 
a 1 1 1.95 

a a 0 0 1.79 
a 0 0 1 1.64 
a 0 0 1.50 
a a 1 1 1.36 
a 1 0 0 1.23 
a 0 1.10 
a 1 0 0.98 
0 1 0.86 

0 a 0 0.75 
0 a 1 0.64 
a 0 0.54 
a 1 0.43 
1 a a 0.34 

a 1 0.24 
0 0.15 
1 0.06 
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ML6012 

FILTER GROUP DELAY AND SLIMMING LEVEL 
AS A FUNCTION OF Nl (EAn bits, Regl) AND N2 (EBn bits, Reg2) 

Nt N2 

o 0 
o 1 
o 2 
o 3 
o 4 
o 5 
o 6 
o 7 
o 8 
o 9 
o 10 
o 11 
o 12 
o 13 
o 14 
o 15 

o 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

1 15 
2 0 
2 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
2 10 
2 11 
2 12 
2 13 
2 14 
2 15 

Gdfc 
(ns MHz) 

0.000 
0.191 
1.479 
4.735 

10.467 
18.813 
29.620 
42.568 
57.264 
73.324 
90.408 

108.233 
126.575 
145.264 
164.173 
183.207 
-0.191 

0.000 
1.288 
4.544 

10.276 
18.621 
29.429 
42.376 
57.073 
73.133 
90.217 

108.041 
126.384 
145.073 
163.982 
183.016 
-1.479 
-1.288 

0.000 
3.256 
8.988 

17.333 
28.141 
41.088 
55.785 
71.845 
88.929 

106.753 
125.096 
143.785 
162.694 
181.728 

SL 
(dB) 

0.000 
0.049 
0.193 
0.424 
0.727 
1.088 
1.492 
1.925 
2.377 
2.838 
3.301 
3.761 
4.215 
4.660 
5.094 
5.516 
0.049 
0.098 
0.243 
0.473 
0.776 
1.137 
1.541 
1.974 
2.426 
2.887 
3.350 
3.811 
4.264 
4.709 
5.143 
5.566 
0.193 
0.243 
0.387 
0.617 
0.920 
1.281 
1.685 
2.119 
2.570 
3.031 
3.494 
3.955 
4.408 
4.853 
5.287 
5.710 

Nt N2 

3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
3 9 
3 10 
3 11 
3 12 
3 13 
3 14 
3 15 
4 0 
4 1 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
4 10 
4 11 
4 12 
4 13 
4 14 
4 15 
5 0 
5 1 
5 2 
5 3 
5 4 
5 5 
5 6 
5 7 
5 8 
5 9 
5 10 
5 11 
5 12 
5 13 
5 14 
5 15 

Gdfc 
(ns MHz) 

-4.735 
-4.544 
-3.256 

0.000 
5.732 

14.078 
24.886 
34.833 
52.529 
68.589 
85.673 

103.498 
121.840 
140.529 
159.438 
178.472 
-10.467 
-10.276 
-8.988 
-5.737 

0.000 
8.346 

19.154 
32.101 
46.797 
62.857 
79.941 
97.766 

116.108 
134.798 
153.706 
172.740 
-18.813 
-18.621 
-17.333 
-14.078 

-8.346 
0.000 

10.808 
23.755 
38.451 
54.512 
71.595 
89.420 

107.762 
126.452 
145.360 
164.394 

SL 
(dB) 

0.424 
0.473 
0.617 
0.847 
1.150 
1.511 
1.915 
2.349 
2.801 
3.262 
3.725 
4.185 
4.639 
5.083 
5.518 
5.940 
0.727 
0.776 
0.920 
1.150 
1.454 
1.815 
2.219 
2.652 
3.104 
3.565 
4.028 
4.488 
4.942 
5.387 
5.821 
6.243 
1.088 
1.37 
1.281 
1.511 
1.815 
2.176 
2.580 
3.013 
3.465 
3.926 
4.389 
4.849 
5.303 
5.748 
6.182 
6.604 

.~Micro Linear 

~N~t~N~2-----G~~~c-------S-L----

(ns MHz) (dB) 
6 0 -29.620 1.492 
6 1 -29.429 1.541 
6 2 -28.141 1.685 
6 3 -24.886 1.915 
6 4 -19.154 2.219 
6 5 -10.808 2.580 
6 6 0.000 2.983 
6 7 12.947 3.417 
6 8 27.643 3.869 
6 9 43.704 4.330 
6 10 60.787 4.793 
6 11 78.612 5.253 
6 12 96.955 5.707 
6 13 115.644 6.152 
6 14 134.552 6.586 
6 15 153.586 7.008 
7 0 -42.568 1.925 
7 -42.376 1.974 
7 2 -41.088 2.119 
7 3 -37.833 2.349 
7 4 -32.101 2.652 
7 5 -23.755 3.013 
7 6 -12.947 3.417 
7 7 0.000 3.851 
7 8 14.696 4.302 
7 9 30.757 4.763 
7 10 47.840 5.226 
7 11 65.665 5.687 
7 12 84.007 6.140 
7 13 102.697 6.585 
7 14 121.605 7.019 
7 15 140.639 7.442 
8 0 -57.264 2.377 
8 1 -57.073 2.426 
8 2 -55.785 2.570 
8 3 -52.529 2.801 
8 4 -46.797 3.104 
8 5 -38.451 3.465 
8 6 -27.643 3.869 
8 7 -14.696 4.302 
8 8 0.000 4.754 
8 9 16.060 5.215 
8 10 33.144 5.678 
8 11 50.969 6.138 
8 12 69.311 6.592 
8 13 88.001 7.037 
8 14 106.909 7.471 
8 15 125.943 7.893 
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ML6012 

FILTER GROUP DELAY AND SLIMMING LEVEL 
AS A FUNCTION OF Nl (EAn bits, Regl) AND N2 (EBn bits, Reg2) (Continued) 

Nl N2 

9 0 
9 
9 2 
9 3 
9 4 
9 .5 
9 6 
9 7 
9 8 
9 9 
9 10 
9 11 
9 12 
9 13 
9 14 
9 15 
10 0 
10 1 
10 2 
10 3 
10 4 
10 5 
10 6 
10 7 
10 8 
10 9 
10 10 
10 11 
10 12 
10 13 
10 14 
10 15 
11 0 
11 
11 2 
11 3 
11 4 
11 5 
11 6 
11 7 
11 8 
11 9 
11 10 
11 11 
11 12 
11 13 
11 14 
11 15 

Gdfc 
(ns MHz) 

-73.324 
-73.133 
-71.845 
-68.589 
-62.857 
-54.512 
-43.704 
-30.757 
-16.060 

0.000 
17.084 
34.908 
53.251 
71.940 
90.849 

109.883 
-90.408 
-90.217 
-88.929 
-85.673 
-79.941 
-71.595 
-60.787 
-47.840 
-33.144 
-17.084 

0.000 
17.825 
36.167 
54.856 
73.765 
92.799 

-108.233 
-108.041 
-106.753 
-103.498 

-97.766 
-89.420 
-78.612 
-65.665 
-50.969 
-34.908 
-17.825 

0.000 
18.342 
37.032 
55.940 
74.974 

SL 
(dB) 

2.838 
2.887 
3.031 
3.262 
3.565 
3.926 
4.330 
4.763 
5.215 
5.676 
6.139 
6.599 
7.053 
7.498 
7.932 
8.354 
3.301 
3.350 
3.494 
3.725 
4.028 
4.389 
4.793 
5.226 
5.678 
6.139 
6.602 
7.062 
7.516 
7.961 
8.395 
8.818 
3.761 
3.811 
3.955 
4.185 
4.488 
4.849 
5.253 
5.687 
6.138 
6.599 
7.062 
7.523 
7.976 
8.421 
8.855 
9.278 

ORDERING INFORMATION 

PART NUMBER 

ML6012CH 

5-316 

Nl N2 

12 0 
12 
12 2 
12 3 
12 4 
12 5 
12 6 
12 7 
12 8 
12 9 
12 10 
12 11 
12 12 
12 13 
12 14 
12 15 
13 0 
13 1 
13 2 
13 3 
13 4 
13 5 
13 6 
13 7 
13 8 
13 9 
13 10 
13 11 
13 12 
13 13 
13 14 
13 15 
14 0 
14 1 
14 2 
14 3 
14 4 
14 5 
14 6 
14 7 
14 8 
14 9 
14 10 
14 11 
14 12 
14 13 
14 14 
14 15 

Gdfc 
(nsMHz) 
-126.575 
-126.384 
-125.096 
-121.840 
-116.108 
-107.762 

-96.955 
-84.007 
-69.311 
-53.251 
-36.167 
-18.342 

0.000 
18.689 
37.598 
56.632 

-145.264 
-145.073 
-143.785 
-140.529 
-134.798 
-126.452 
-115.644 
-102.697 

-88.001 
-71.940 
-54.856 
-37.032 
-18.687 

0.000 
18.909 
37.943 

-164.173 
-163.982 
-162.694 
-159.438 
-153.706 
-145.360 
-134.552 
-121.605 
-106.909 

-90.849 
-73.765 
-55.940 
-37.598 
-18.909 

0.000 
19.034 

SL 
(dB) 

4.215 
4.264 
4.408 
4.639 
4.942 
5.303 
5.707 
6.140 
6.592 
7.053 
7.516 
7.976 
8.430 
8.875 
9.309 
9.732 
4.660 
4.709 
4.853 
5.083 
5.387 
5.748 
6.152 
6.585 
7.037 
7.498 
7.961 
8.421 
8.875 
9.320 
9.754 

10.176 
5.094 
5.143 
5.287 
5.518 
5.821 
6.182 
6.586 
7.019 
7.471 
7.932 
8.395 
8.855 
9.309 
9.754 

10.188 
10.610 

TEMPERATURE RANGE 

O°C to +70°C 

.~Micro Linear 

Nl N2 

15 0 
15 1 
15 2 
15 3 
15 4 
15 5 
15 6 
15 7 
15 8 
15 9 
15 10 
15 11 
15 12 
15 13 
15 14 
15 15 

PACKAGE 

Gdfc 
(ns MHz) 
-183.206 
-183.016 
-181.728 
-178.472 
-172.740 
-164.394 
-153.586 
-140.639 
-125.943 
-109.883 

-92.799 
-74.974 
-56.632 
-37.943 
-19.034 

0.000 

32-Pin TQFP (H32) 

SL 
(dB) 

5.516 
5.566 
5.710 
5.940 
6.243 
6.604 
7.008 
7.442 
7.893 
8.354 
8.818 
9.278 
9.732 

10.176 
10.610 
11.033 
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ML6013 

3.5" R/W MOD Read Channel Back-end Processor 

GENERAL DESCRIPTION 

The ML6013 is a Read Channel Back-end processor for 
3.S" Rewritable Magneto-Optical drives (MOD). It works 
in conjunction with the ML6012 Read Channel Front-end 
chip to form a complete integrated Read Channel solution 
for 128M and 230M MOD drives supporting the ISO 
standards. It incorporates a full function data synchronizer 
with a 3:1 operating range, a full function frequency 
synthesizer with onboard M & N dividers. The most 
critical blocks on this chip are the 
three VCOs, one for the data synchronizer PLL, one for 
the frequency synthesizer PLL and the third VCO is used 
to generate the tracking 1/4 cell delay for (2, 7) RLL data 
synchronization. Careful design considerations have been 
incorporated to minimize the noise coupling and crosstalk 
among the VCOs. The system noise is highly minimized 
as the VCO operates at only 2X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and a 
bank of internal control registers. The center frequency of 
the VCO, window centering, M & N dividers and power 
management options are programmable. 

The ML6013 has a typical power dissipation of 3SOmW in 
normal mode, and less than 1 mW in power down mode. 
The ML6013 has four levels of power management 
control for maximum flexibility. 

SYSTEM BLOCK DIAGRAM 

MOD 
CHANNEL 

ML6012 

FEATURES 

• Supports ISO standards for 128M and 230M 
R/W Magneto-Optical Drive (MOD) 

• Operating supply range 4.SV to S.SV 

• Typical power dissipation is 300mW 

• Sleep mode power dissipation less than 1 mW 

• Low profile, small area, 32-pin TQFP package 

• 3:1 NRZ data rate range - 8 to 24 Mbits/s 

• Fast acquisition PLL with zero phase start capability 

• 3:1 VCO tuning range with 48 Mbits/s 2, 7RLL code rate 

• Tracking 1/4 cell delay for handling 2, 7 RLL data 

• Programmable VCO center frequency and window 
centering adjustment (±2S% in steps of 1.6% ) 

• PLL based frequency synthesizer with reference crystal 
oscillator and M (7-bit) & N (7-bit) dividers 

• High speed ( 20MHz) three wire serial microprocessor 
interface with double buffered data latches 

• Four levels of programmable power management 
control with external power down pin support 

• CMOS, TIL compatible I/O interface for lower power 

• Controls provided for manual operation of PLL for 
recovery from defects 

OPTICAL DISK 
CONTROLLER 

SECTOR MARK 
Am95C98 

Pll OR C 

MOD CONTROL 

CHANNEL 
CL-SH330 

ML6013 CL-SH331 
ClK 

DATA 
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ML6013 

BLOCK DIAGRAM 
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PIN DESCRIPTION 

PIN NAME FUNCTION 

ECllevel logic Inputs 

5 RD Encoded read data from the ML6012 
MOD drive read channel front-end 
processor. The rising edges of RD 
represent the flux changes on the 
media. (differential "+" input) 

6 RDB Encoded read data from the ML6012 
MOD drive read channel front-end 
processor. The falling edges of RDB 
represent the fl ux changes on the 
media. (differential "-" input) 

ECllevel logic Outputs 

(Note: These are test outputs for characterization purposes. External current 
sources are necessary to provide driving capability for these signals and the Eel 

buffer needs to be enabled from Control Register #7) 

25 VC02CLK Test point for Data separator VCO 

26 

clock output. 

Delayed read data output after the 
1/4 cell delay. This signal is used 
for 1/4 cell delay characterization 
and window margin test. The rising 
edge is phase compared with the 
rising edge of VC02CLK. 

CMOS level logic Inputs 

7 RG Read Gate signal from the disk 
controller. Active high signal indicates 
read mode. This input selects the 
phase detector input, switches the 
RRC output, initiates the data separator 
PLL acquisition. 

12 XTAL A parallel resonant crystal with low 
parasitic capacitance is connected 
between this pin and ground as the 
master clock source. An external clock 
can be used as an alternative. 

15 

29 PLLGS 

30 COAST 

Power Down Control. A low level 
input on this pin puts the chip in the 
power down (SLEEP) mode. 

PLL gain select. A high level on this 
pin places the PLL in low-gain mode. 
A low places the PLL in high-gain 
mode. 

A high level on this pin disables the 
phase detector!charge pump of the 
data separator PLL and allows the 
VCO to coast. 

Ml6013 

PIN NAME FUNCTION 

CMOS level Logic Inputs (continued) 

9 SENB Control Register Enable. Active low 
CMOS input. A logic low input on this 
pin allows the SCLK input to clock the 
SDATA into the control Register and a 
logic high on this input latches the 
control register contents. 

10 SCLK This is a CMOS input which clocks the 
Control Register. Internally this pin is 
gated with the SENB signal. While 
SENB is low, address and programming 
data are clocked in on the falling 
edges of SCLK. 

11 SDATA Control Register Data, CMOS input, 
clocked by SCLK. 

CMOS level logic Outputs 

19 2FCLK 2X clock output from the frequency 
synthesizer. 

20 LFLDB Loss of Phase/Frequency lock 
detected. This pin outputs a low level 
signal when the data separator VCO is 
out of lock or the incoming read data 
(RD) is missing for a predetermined 
number of clock (2FCLK) cycles. 

22 SYNDAT This is the synchronized and encoded 
data from the MOD drive. Data is 
clocked out on the fall ing edges of 
SYNCLK. 

23 SYNCLK Data synchronized clock. This pin 
outputs 2X (code rate) clock derived 
from the data separator VCO clock. In 
the read mode this is the recovered 
clock from the encoded read data. 

Analog Pins 

3 RVCO A 1 % resistor connected between this 
pin and GNDA3 sets the VCO center 
frequency which is then programmed 
via register #3. 

2 

17 

RPUMP 1 % resistor connected between this pin 
and GNDA3 sets the nominal charge 
pump current. 

VCOIN1 Frequency synthesizer PLL charge 
pump output and VCO input pin. A 
lowpass filter is connected between 
this pin and GNDA 1. 

27 VCOIN2 Data separator PLL charge pump 
output and VCO input pin. A lowpass 
filter is connected between this pin 
and GNDA2. 

$J...Micro Linear 5-319 
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ML6013 

PIN DESCRIPTION 

PIN NAME FUNCTION 

Power Supplies 

13 VCCD1 5V digital supply 

14 VCCA1 SV analog supply for frequency 
synthesizer. 

21 VCCD2 SV digital supply 

31 VCCD3 SV digital supply 

32 VCCA2 SV analog supply for data separator. 

TYPICAL EXTERNAL COMPONENTS 

N d N '" Ii; '" ~ Z ..: Q (5 I~ 
N 

u 
~ ~ g Q 

~ ~ E 
z ~ u \.l 

VCCA3 

H~' RVCO 

". t=QW~ 
8.66K RO 

- -
ROB 

RG 

GNOOI 

Ii ~ ~ 
.... Q 8 I~ ~ ;5 u >< 

~ ~ ~ z 
'" \.l 

Note: Loop frlter optimized for 24Mbps NRZ operation. 

PIN NAME FUNCTION 

Power Supplies (continued) 

1 VCCA3 SV analog supply for miscellaneous 
functions. 

4 GNDA3 Analog ground for miscellaneous 
functions 

8 GNDD1 Digital Ground 

16 GNDA1 Analog ground for frequency 
synthesizer 

18 GNDD2 Digital Ground 

28 GNDA2 Analog ground for data separator 

n2'4~ ASSUMPTIONS 

T 5 = 1.SflS @ Fyco = 48MHz 
28pF I 417 F 

":" ~ p Change pump current = 4X 

LOOP FILTER 2 Ko=3200NSN 

GNOO3 
8e,f < 20% of 8e,i 

SYNClK ~ = 0.8, ronT = 2.4 

SYNOAT 

VCC02 
ASSUMPTIONS 

lHOB 

2FClK 
FXTAl = 20MHz 

GNOO2 N + 1 = 20, M + 1 = 48 

VCOIN1:D 
Ko=800NSN 

2.1~ 
8e,f < 1 % of 8e,i 

1.8nF I Ts = 200flS 
":" ~ 27nF 

~ = 0.7, ron T = 5 

LOOP FILTER 1 
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ML6013 

ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING 
CONDITIONS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

DC Supply Voltage Range .......................... 4.75V to 5.25V 
Operating Temperature Range ...................... O°C to +70°C 

DC Supply Voltage (VCCA & VCCD) .............. -0.3 to +7V 
Analog & Digital Inputs/Outputs ...... -0.3 to VCCA + 0.3V 
Input Current per Pin .................................. -25 to +25mA 
Storage Temperature ................................... -65 to + 150°C 
Maximum Junction Temperature .............................. 125°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VCCA = VCCD = 4.5 to 5.5 volts and TA = 0 to 70°C, Note 1 

PARAMETER I CONDITIONS I MIN I TYP MAX UNITS 

Power Dissipation 

Vcc (VCCA), (VCCD) 4.5 5.5 V 

Supply Current VCCA, VCCD = 4.5V to 5.5V, 
Data Rate = 24 Mbps, CL < 15pF 

Read Mode All cirCUIts operational 80 mA 
PllFS Mode Data separator, OFF 40 mA 
Idle Mode Only bias circuits & serial interface ON 10 mA 
Sleep Mode All circuits OFF, register contents retained 40 ~ 

Digital I/O Specifications 

High level input voltage VCCD-0.5 VCCD V 

low level input voltage GNDD 0.5 V 

High level input current VIN=VCC 0.5 ~A 

low level input current VIN =GND 0.5 ~ 

High level output voltage houTI= 2mA VCCD-0.5 VCCD V 

low level output voltage IIOUTI= 2mA 0.4 V 

High impedance @ VIN = 100mV & VCC -100mV -0.5 0.5 ~A 
output cu rrent 

DC Characteristics 

Differential Input On ECl input pins RD & RDB 0.8 1.6 Vp.p 
voltage swing 

Psuedo ECl low level @ lOUT = 3mA DRDB & VC02ClK pins VCCA-2.05 VCCA-l.45 V 
output voltage 

Psuedo ECl high level @ lOUT = 3mA DRDB & VC02CLK pins VCCA-l.7 VCCA -1.3 V 
output voltage 

Psuedo ECl output swing 0.15 0.25 0.35 V 

low level input current Dilf VIN = OV & VCC - 0.7V 0.8 1.0 1.5 mA 
(Psuedo ECl) (RD & RDB inputs) 

High level input current Diff VIN = VCC - O.7V & OV 0.8 1.0 1.5 mA 
(Psuedo ECL) (RD & RDB inputs) 

VRD/RDB common mode Note 1 1.3 VCCD -1.4 VCCD-l.l V 

RPUMP bias voltage RPUMP = 7.5 Kn (1 %) 0.7 0.75 0.8 V 

RVCO bias voltage RVCO = 7.9Kn (1 %) 0.65 0.79 0.9 V 
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ML6013 

ELECTRICAL CHARACTERISTICS (continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Frequency Synthesizer 

XTAL or input frequency Parallel resonant type with minimum 5 20 MHz 
capacitance loading 

M divider register 1 127 Decimal 

N divider register 1 127 Decimal 

VCO center frequency Measure fH @ VCOIN1 = O.7V 
dynamic range (fo) Measure fl @ VCOIN1 = 2.3V ±17 ±20 % 

Dynamic range = (fH - fl)/fl 

VCOgain roo = 2 x 1t X fo, 
Kvco = 1t x (fl - f2)/1 OOmV 

f l @ VCOIN1 @ fa + 100 mV 0.25 0.35 0.44 rad/s-V 
f2 @VCOIN1 @fa-100mV 

Pump current resistor for setting pump current (±1 %) 7.5 Kohms 

Phase detector ga i n Kd = (10 x 48MHz) / (2 x 1t x fo) 0.80Kd Kd 1.20Kd Nrad 
'0 = 0.75V/(2 x RpUMP) 

PLL loop gain Go = 6.3 x 106 / RpUMP 0.70 Go Go 1.30 Go NsxV 

PLLFS RMS jitter ± 1 Sigma Note 2 600 ps 

Read Mode and Data Synchronizer 

VCO center frequency Measure fH @ VCOIN2 = O.7V 
dynamic range (fo) Measure fl @ VCOIN2 = 2.3V ±10 ±20 % 

Dynamic range = (fH - fl)/fl 

VCOgain 000 = 2 x 1t X fo, 
Kvco = 1t x (fl - f2)/1 OOmV 

fl @VCOIN1 @fo+ 100 mV 0.25 0.35 0.44 rad/s- V 
f2 @VCOIN1 @fo -100mV 

Phase detector gain Kd = (10 x 48MHz) / (2 x 1t x fo) 0.80Kd Kd 1.20Kd Nrad 
'0 = (2 X 0.75V)/RpUMP 

PLL loop gain Go = 25.2 x 1 06/RpUMP (during preamble) 0.70Go Go 1.30Go NsxV 

VCO ZPS error ( zero phase start ) -0.05T -2 +0.05T + 2 ns 

1/4 cell delay accuracy relative to T /2 ±5 % 

Decode window WC4=0 
centering accuracy WCO - 3 = 1, (Code rate = 48MHz) ±14 % 

RD input pulse width tWRD 15 T ns 

RRC duty cycle WG =0, RG = 1 35 65 % 

PLLDS ~MS jitter, ± 1 Sigma WG = 0, RG = 1, (Code rate = 48Mhz) 1 ns 
Note 2 

5-322 'Micro Linear 



ML6013 

ELECTRICAL CHARACTERISTICS (continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Read Mode and Data Synchronizer (continued) 

RRC to NRZout delay tDNRZl ns 

RG to valid NRZout delay tDNRZ2 ns 

Serial Microprocessor Interface 

Serial clock (SCLK) frequency 0.01 20 MHz 

SCLK pulse width tpw 20 ns 

SCLK to SDATA hold time tHSD 10 ns 

SDATA to SCLK setup time tSSD 10 ns 

SENB to SCLK setup time tSSEN 10 ns 

Note 1: Limits are guaranteed by 100% testmg, sampling, or correlation with worst~case test conditions. 
Note 2: The ±1 sigma RMS Jitter IS one standard deviation of the dlstnbutlon of the edge transition time. The peak.te-peak IS tWice the value shown. 

TIMING DIAGRAMS 

RO 

RRC 

l1li 
RG 

NRZOUT 

tDNRZ~ ..-

Figure 1. Read Mode Timing 

Figure 2. Serial Port Timing 
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FUNCTIONAL DESCRIPTION 

The ML6013 is a BiCMOS MOD Read Channel Back-end 
Processor IC which works in conjunction with the 
ML6012 MOD Read Channel Front-end Processor to 
form a complete solution for the next generation of 3.5" 
Rewritable Magneto-Optical Drives (MOD). It incorporates 
a full function data synchronizer with a 3:1 operating 
range and a full function frequency synthesizer with 
onboard M & N dividers. 

The most critical blocks on this chip are the three VCOs, 
one for the data synchronizer PLL, one for the frequency 
synthesizer PLL and the third VCO is used to generate the 
tracking 1/4 cell delay for (2, 7) RLL data synchronization. 
Careful design considerations have been incorporated to 
minimize the noise coupling and crosstalk among the 
VCOs. The highlights of the ML6013 VCO architecture 
are that it is a fully differential, high speed circuit with 
built-in switching. It provides a constant amplitude across 
the frequency span with on-chip timing capacitors. The 
system noise is highly minimized as the VCO operates at 
only 2X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and 
a bank of internal control registers. The control registers 
come up in an undetermined state on physical power-up 
and hence need to be initialized, to setup the ML6013 in 
a known state, on power-up. The control registers will 
retain their contents in all the power down modes, until 
power is physically switched off to the chip. The center 
frequency of the frequency synthesizer VCO is 
programmed with a 5-bit current DAC. The program 
information can be provided by the user, or it can be 
derived from the M & N information. The VCO control 
current results from the summation of this DAC based 
coarse control and PLL based fine control. The center 
frequency of the data separator VCO is programmed 
by duplicating the control current in the frequency 
synthesizer VCO as the coarse control. This leaves 
only the data rate variation to be fine tuned by the PLL, 
hence implying lower sensitivity and better jitter 
performance. The VC03 period is programmed from a 
5-bit current DAC, which is in turn referenced to the 
VC02 control current. This will vary the 1/2 cycle of 
VC03 for the required window centering programmability. 

The ML6013 supports four power down modes for 
implementation of intelligent power management 
schemes. An external hardware pin is also provided to 
implement real time power management. In the sleep 
mode all sections are powered down except the serial 
microprocessor interface. 

The ML6013 accepts the raw data in a pseudo ECL 
voltage level, as generated by the ML6012 and provides 
the synchronized data and clock outputs for the optical 
disk controller. 

VCO ARCHITECTURE 

The most critical circuit blocks in the ML6013 are 
the three VCOs. The first VCO is used in the frequency 
synthesizer PLL, the second VCO is used in the data 
separator PLL and the third VCO is used to generate 
the tracking 1/4 cell delay for (2, 7)RLL data synchronization. 

The VCO architecture is optimized to minimize noise 
coupling from the digital sections of the chip and also the 
cross talk among the VCOs. The highlights of the VCO 
architecture are: 

• High speed operation with built-in switching 
mechanism for optimized performance. 

• Fully differential circuit configuration to achieve high 
level of noise immunity. 

• On chip timing capacitors to control accuracy and for 
better noise immunity. 

• Constant amplitude across frequency span. 

• Symmetrical waveform (-50% duty cycle). 

The operating frequency of the VCO is controlled by the 
tail current of the VCO which consists of two components 
- a fixed but programmable current (coarse), generated 
from a DAC which is controlled by the control register #3 
and a variable current generated from the PLL. The coarse 
setting sets the center frequency of the VCO near the 
operating frequency and the negative feedback around the 
PLL is used to tune the VCO into the target operating 
frequency. To minimize the dependence on process and 
temperature variations the DAC current is derived using 
an external 1 % resistor Rvco. The center frequency is 
given by the equation: 

f m+17 
o (16xRvco xC) 

where m = 0 to 31 from control register #3 

C = internal capacitor 

Rvco = 7.87 kn, 1% (recommended) 

The architecture of the VCOs is such that they run at 2X 
the data rate. This reduces the speed requirements 
of the circuits and also helps in minimizing crosstalk 
between the VCOs, thus contributing towards overall 
system noise immunity. The output of the VCO is sent to 
a frequency doubler to generate the 4X frequency locally 
which is then divided by 2 or 4 to generate the synch
ronized 2X and 1 X clocks. Zero phase start of the data 
separator VCO is supported for initial phase alignment. 
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PLL ARCHITECTURE 

There are two PLLs implemented to realize the data 
separation (for data and clock recovery) and frequency 
synthesis function (required to support a zoned bit 
recording (ZBR) implementation). Shown below is a block 
diagram of the PLL which requires a first order loop filter. 

Figure 3. Block Diagram of PLL. 

To design the PLL response with a well controlled loop 
gain value, an external 1 % resistor (RpUMP) is used to set 
the charge pump current according to the bandgap 
reference voltage generated on chip. The recommended 
value for Rpump is 7.SkQ. The capacitor in series with 
the resistor in the loop filter is chosen so that typically it 
is 10 times the other capacitor. The resistor is chosen to 
yield a damping factor between 0.5 and 1 for the 
acquisition performance of the PLL. 

FREQUENCY SYNTHESIZER PLL 

In a Zone Bit Recording (ZBR) implementation, the disk is 
divided into a number of zones and the data rate varies 
from zone to zone. In order to support a ZBR 
implementation the appropriate frequencies need to be 
synthesized. VCOl is used in the ML6013 frequency 
synthesizer to generate a clock with frequency fveOl . This 
is given by the formula: 

f (M+l)xfxTAL 
veOl (N+1) 

where M and N are 7-bit dividers, programmable through 
control registers #6, 5, 4. M and N should be at least 1 so 
that the divide ratio in both the forward and feedback 
paths are no less than 2, as that 50% duty cycle is 
guaranteed for the phase compared clocks. In a typical 
application the users keeps the N at a fixed value and 
reprograms M from zone to zone to synthesize the 
required frequency. A 2.5:1 span is required for most 
applications. The synthesized VCOl clock is used to 
derive the 2FCLK clock. The VCOl clock is also used to 
train VC02 PLL during the non-read mode. The charge 
pump gain c;:n be controlled through the CPGl bit in 
control register #0. The default is always 1 X gain. The 
frequency synthesizer PLL bandwidth is relatively low 
(-10KHz) for jitter performance. 

The coarse center frequency of the frequency synthesizer 
VCO is programmed with a s-bit current DAC in 
conjunction with control register #3. This speeds up 
the frequency acquisition and also minimizes the VCO 
sensitivity to VveolNl and improves the jitter 
performance. The synthesized frequency is tuned using 
the M & N divider information and the crystal frequency, 
as given by the equation above. 

ML6013 
PLL LOOP FILTER DESIGN 
FOR FREQUENCY SYNTHESIZER 

To select the components for the loop filter, two 
parameters, ~ (damping factor) and OOn (natural frequency) 
of the loop characteristic need to be specified. 

It is desirable to have the damping factor ~ between 0.5 
and 1 to prevent locking to harmonics while maintaining 
an acceptable lock time. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

The desired natural frequency OOn of the loop is deter
mined by satisfying the acquisition time (1% maximum 
phase error after phase acquisition) which is less than the 
minimum track-to-track seek time. This yields a settling 
time of approximately ts = s/OOn' 

The formula for the filter components are shown in 
equations (1) and (2). 

R= 2~OOn(M+1) 
Ko 

where Ko = KDKveo (open loop gain) 

(1 ) 

(2) 

The operating frequency Fveo (code rate) is programmed 
by M&N registers. Equation (3) shows the programming 
relationship. 

(M+l) 
Fveo = --x FXTAL 

(N+l) 
(3) 

The value of N should be fixed in the above equation and 
allow only the M to change for desired operating fre
quency. 

Loop Filter Design Example: 

NRZ data rate = 12 to 24 Mbps (1 :2 ratio) 
Code rate, Fveo = 24 to 48MHz 

(assumes (2, 7) RLL code) 
FXTAL = 20MHz 
Choose N = 19, ~ M = 23 to 47 
KDKveo = 800 NSN 

Let the loop damping factor, ~ = 0.7 at Fveo = 48MHz to 
allow ~ to rise at lower frequencies. Let OOn = 2sKrad/s 
(relatively low frequency, in the order of tens Kradls for 
better jitter performance). This value produces a loop 
settling time = 2001JS. 

from eqn. (3) M + 1 = 48 
from eqn. (1) Cl = 27nF ~ C2 = C,/ls = 1.8nF 
from eqn. (2) R = 2.1 KQ 

At Fveo = 24M Hz, M+ 1 = 24 which yields ~ = 1.0, and 
OOn = 3sKradls. 
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ML6013 
DATA SEPARATOR PLL 

The center frequency of VC02 is programmed by 
duplicating the control current in the VC01 as the coarse 
control (control register #3). VCOIN2 thus has to do the 
fine tuning due to data rate variations (less than several 
percent), thus implying low sensitivity and good jitter 
performance. This is an important factor because the 
data separator PLL has higher bandwidth (of the order 
of 100KHz) to track the data rate variations and is 
hence more susceptible to noise induced jitter. 

The charge pump has two modes of operation. During 
the non-read mode, the VCO clock is compared to the 
frequency synthesizer clock in every cycle, hence the 
charge pump should operate in the low gain mode 
(PLLGS = 1). After Read Gate is asserted, VCO clock is 
compared to the preamble data on every third clock 
(assuming 3T preamble pattern for (2, 7) RLL code). 
The charge pump should switch to the high gain mode 
(PLLGS = 0) to partially compensate for the loss of phase 
detector gain. This switching is necessary to maintain the 
damping factor in the PLL during the in itial acquisition 
for guaranteed frequency lock after 24 preamble bytes. 
After the initial acquisition, the charge pump is switched 
back into the low gain mode for better jitter and noise 
performance. 

The overall block diagram for the PLL can be 
described as: 

&'------' 
+N I-----....J 

where N = The ratio of the VCO frequency to the input 
frequency 

To select the components for the loop filter, the user needs 
to consider the following loop requirements: 

1 . Residual phase error at the end of the preamble 
should be less than 4% of the total synchronization 
window (Le. ee < 1 ns for Fvco = 48MHz or T w = 
20.8ns). This implies a large loop bandwidth so that 
it can quickly obtain lock within a predetermined 
length of the preamble field. 

2. The lock-in range ~rol must be larger than the 
expected frequency step change due to variations 
in disk rotational velocity. In today's technology, 
the disk rotational velocity can be well controlled 
within ±1%. 

3. The natural frequency ron and the damping factor ~ 
ofthe loop must be minimized to achieve maximum 
jitter rejection in the data field. The minimum value 
for the damping factor ~ will be 0.5 for adequate 
stability. 

4. Re-Iock time to the reference clock (frequency 
synthesizer) must be less than the minimum track-to
track seek time. 

It is generally valid to assume the minimum value of ron is 
dominated by the bandwidth needed during preamble 
from requirement #1. This assumption will be checked in 
the design example. 

The following loop filter design example assumes: 

a. (2, 7) RLL code 

b. The PLL encounters a phase offset instead of a 
frequency offset of the incoming data at the initial 
lock acquisition. The zero phase start function 
minimizes the initial phase offset to ±(0.2T + 2)ns 
where T = synchronization window. 

Since the highest data rate yields the minimum amount of 
time that the PLL has to settle before decoding data, the 
settling time is calculated based on the highest data rate. 

Loop Filter Design Example: 

NRZ data rate = 24MHz 
Code rate, Fvco = 48MHz 
NMIN = 3 (during preamble, highest recorded 

frequency) 
NMAX = 8 (lowest recorded frequency) 
Preamble length = 24 of 3T (100) pattern 
Ts (settling time of PLL) = 3 x 24 + 48MHz = 1.51lS 
Initial phase error ee ; = 3ns 
Final phase error (after T 5) ee,f < 20% of ee,; 
Ko = 3200 NSN during preamble 

It is desirable to have the damping factor ~ between 0.5 
and 1 during acquisition. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

Let the loop damping factor ~ = 0.9 to allow ~ to drop at 
N;c 3 
As shown in figure 4, with ~ = 0.9, choosing ron T = 2.4 the 
phase error will be at most 20% of the initial phase error. 
Since Ts = 1.51lS, ron = 1.6Mradls. 

If the previous assumption is correct, ron = 1.6Mrad/s 
should meet the loop requirements 2 and 4. First, examin
ing requirement #2: 

Let the maximum frequency step M = ±1 % of the 
preamble frequency 

M = ± 0.01 x 48MHz + 3 = ±160KHz 
Lock-in range is given by 
~rol = 2~COn = 2 x 0.9 x 1.6Mradls = 2.88 Mradls 

Thu, Ml = 458KHz> 160KHz and requirement #2 is met. 

User is encouraged to check that ron = 1.6Mradls during 
preamble does meet the requirement #4. 
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Recall the equations for determining the filter 
components: 

from eqn. (4) 
from eqn. (2) 

R = 2~ronN 
Ko 

Cl =417pF~C2=Cl/1S=28pF 
R = 2.7KO 

(4) 

(5) 

The above analysis is only shown as an example. The 
calculated values for filter components are most likely not 
optimized for all systems using the same data rate, code 
and preamble. 

1/4 CELL DELAY & SYNCHRONIZER 

The synchronizer circuit aligns the encoded read data 
pulses to the data separator VCO clock for the external 
decoder. Each rising edge of the encoded read data (RD) 
activates the following events: 

1) It enables the 1/4 cell delay (VC03 for half of a cycle) 
to generate a DRDB (delayed read data) pulse. The 
width of the DRDB pulse can be programmed by 
changing the tail current of VC03. In normal operation, 
VC03 is biased at the same current level as VC02 so 
the half cycle pulse width is equivalent to 1/4 of the 
NRZ data period. 

2) The falling edges of DRDB enable the phase detector, 
which operates in phase only mode during a read 
operation, so that the rising edges of the DRDB will be 
phase compared to the rising edges of VC02 clock. 
The negative feedback around the PLL eventually aligns 
the rising edge of the DRDB to the rising edge of the 
VC02 clock. 
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ML6013 
3) The falling edges of DRDB set the output of an internal 

Data Register (DR) flip-flop to 1, so the following 
rising edges of the VC02 clock will clock it into the 
synchronizer. After the 1 is clocked into the synchronizer, 
DR is reset to 0 and the following VC02 clocks will 
clock in O's to the synchronizer until the DR is set by 
another read pu Ise. 

VC03 period is programmed from a S-bit current DAC 
which is in turn referenced to VC02 control current. 
This will vary the 1/2 cycle of VC03 for the required 
window centering programmability while performing 
window margin test. 

LOSS OF PHASE/FREQUENCY LOCK DETECTOR 

The loss of phase detector will bring the output LFLDB 
low after the encoded read data (RD) has been missing 
for a certain number of clock cycles due to surface 
defects. The internal control registers Pl and PO determine 
the number of clock cycles to be used as reference. The 
loss of frequency detector detects if the VC02 has locked 
to the harmonics of the incoming read data (in phase only 
mode) by comparing the frequency of VC02 with the 
frequency of VC01. The frequency detector guarantees a 
low output at LFLDB when it sees more than 10.5% 
difference in the frequency between VC02 and VCOl 
(the closest harmonic frequency that the VC02 can lock 
to will be approximately ±12.S% from the operating 
channel frequency, 2FCLK). To allow margin for frequency 
offset in the recovery clock (SYNCLK) due to frequency 
variations, the frequency detector also guarantees no 
frequency offset detection if the SYNCLK is within ±3.S% 
of the 2FCLK. 

0.8 

0.7 

0.6 

.. 0.5 

~ 
0.4 iii 

~ 0.3 
:c 
A-

I 
0.2 

0.1 

0 0 
Z 

-0.1 

-0.2 

-0.3 

... h 
/ '" 1\- ~=0.3 

" 
r-...\ ~ 

~=0.5 
~=0.7 

VL '""" ' t\.\ " ~ 
/~ L\. 

_~=1.0~ ~ -- .a --
~=2.01 

_~=5.0 \' '- ./ j 

0 

I " '-
4 

ron! 

/ 
./ 

6 

Figure 5. Transient phase error ee(t) due 
to a step in frequency ~ro. 

7 8 

'Micro Linear 5-327 

--



ML6013 
READ MODE OPERATION OF THE ML6013 

When Read Gate (RG) is inactive low, the data separator 
PLL is locked to the VCOl clock with the phase detector 
operating in the phase/frequency mode. 

When Read Gate (RG) goes active high, (PLLGS should go 
low as RG goes high) the chip enters the read mode. The 
internal counter starts counting the number of pulses 
received on the RD/RDB input. After 8 RD pulses the 
VC02 is stopped. VC02 will restart at the next input 
transition. The zero phase start circuit eliminates the initial 
misalignment and speeds up the PLL acquisition. When 
RG is reasserted (PLLGS should stay high) after VC02 
recovers from the surface defects, zero phase start will be 
actiye immediately without counting another 8 RD pulses. 
When VC02 restarts, the phase detector is switched to 
phase only mode with the input connected to DRD 
(delayed read data). The phase detector gain is also 
increased by 4X (CPG2 = 1) to ensure that the PLL has 
enough bandwidth and the right damping factor to lock 
within 24 preamble bytes. After 24 more RD pulses the 
PLL acquisition is assumed complete. The phase detector 
gain is then switched to the low gain mode (1 X) for better 
jitter and noise performance. The phase detector gain will 
be automatically set when the PLLGS signal is not 
available from the controller. The l-bit control "EXT" from 
the control register determines whether the PLLGS is 
controlled externally. 

The end of the read operation is signalled by Read Gate 
going inactive low. VC02 is stopped again and is 
restarted, synchronized with VC01. Circuitry is 
implemented to ensure a glitchless transition of the clock 
frequencies on the RRC output. 

POWER MANAGEMENT 

The ML6013 provides a hardware pin (PDNB) and two 
bits in control register #7 for multiple levels of power 
management control. 

The major circuit blocks in the ML6013 are the serial 
interface, VCOl and frequency synthesizer PLL, VC02 
and data separator PLL, VC03, synchronizer, bias circuits 
and I/O circuits. The PDNB pin in conjunction with the 2 
bits in control register #7 can be used to selectively turn 
off a combination of these blocks depending on the mode 
of operation. This allows the system designer to turn off 
sections of the chip that are not in use during a particular 
sequence of events, thus minimizing power dissipation at 
a micro management level. Table 1 shows these different 
power down modes and the circuit blocks affected in 
these different modes. Total typical power dissipation has 
two components - analog power dissipation which is 
more or less constant and digital power dissipation which 
varies with operating data rate. 

SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. Data is shifted serially into the 
ML6013 on the SDATA line on the falling edges of the 
serial shift clock, SCLK, provided the SENB pin is active 
(low). The data is shifted in blocks of eight bits with MSBit 
first. The internal registers are organized in blocks of eight 
bits, with the three most significant bits denoting the 
address, followed by the five data bits. This addressing 
scheme allows for a register bank of eight registers. When 
the chip is physically powered-up, the control registers 
come up in an undetermined state and hence they need to 
be initialized to some preset configuration, so that the 
behavior of the chip is predictable. The control registers 
retain their programmed information in all the power
down modes, except when the chip is physically 
powered-down. When the SENB pin goes inactive (high), 
the SDATA and SCLK pins are ignored and the previously 
shifted information is latched on the rising edge of the 
SENB, into the appropriate register bank based on the 
address bits. It is recommended that the SCLK input be 
kept inactive low when it is in use. The SCLK input is 
capable of handling speeds up to 20MHz. 

Table 1 : Power down modes in the ML6013 with typical power dissipation 

MAX 
WAKEUP 

POWER DOWN MODE SLEEP IDLE PLL READ PDWN TIME (ms) 

PDNB pin high high high high low -
PM1, PMO 00 01 10 11 XX -
veOl and PLLFS off off on on off 0.5 

Ve02, PLLDS 
ve03 and Synchronizer off off off on off 0.1 

Bias and I/O circuits off on on on off 0.02 

XTAL Oscillator off on on on off 100 

Serial Interface on on on on on 0 

Typical analog power 
dissipation (mA) <0.1 6 14 37 <0.1 -
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CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from 0 through 7. Outlined below are the 
detailed bit by bit definitions of the control registers 
o through 7. 

CONTROL REGISTER #0 

Miscellaneous Control 

MSB 

EXT = 0 PLLGS function is controlled internally 
EXT = 1 PLLGS function is controlled externally 

Kl =0 Disable VCOl 
Kl = 1 VCOl is enabled 

K2 = 0 Disable VC02 
K2 = 1 VC02 is enabled 

CPGl = 0 Frequency synthesizer Phase detector 
gain is set to 1 X 

CPGl = 1 Frequency synthesizer Phase detector 
gain is set to 2X 

CPG2 =0 Data separator phase detector gain is 
set to 2X during preamble acquisition 

CPG2 = 1 Data separator phase detector gain is 
set to 4X during preamble acquisition 
and remains at 4X during read mode 
when EXT = 1 and PLLGS = 0 

CONTROL REGISTER #1 

Loss of Frequency Detection Control 

MSB 

EPB = 0 
EPB = 1 

EFB = 0 
EFB = 1 

Pl, PO 

Pt 
a 
a 
1 
1 

Enable loss of phase lock detection 
Disable loss of phase lock detection 

Enable loss of frequency lock detection 
Disable loss of frequency lock detection 

The combination of these two bits programs 
the number of VCOl clock cycles that can 
elapse without RD present, before a loss of 
phase is detected in the LFLD circuit. This is 
shown in the table below: 

PO NUMBER OF VCOt CYCLES 
a 12 
1 20 
a 22 
1 28 

---------- ----

ML6013 
CONTROL REGISTER #2 

Data separator PLL window centering control 

MSB 

WC4 WC3 WC2 WCt WCO VALUE 
a a a a a -24.0 % 
a a a a 1 -22.4 % 
a 0 0 t 0 -20.8 % 
a a a 1 1 -19.2% 
a 0 a 0 -17.6% 
a a a 1 -16.0% 
a a 1 a -14.4 % 
a 0 -12.8% 
a 1 a a a -11.2% 
0 1 a a 1 -9.6% 
a a 0 -8.0% 
a a -6.4% 
a 1 a a -4.8% 
a 1 a 1 -3.2% 
a 1 1 0 -1.6% 
0 1 1 1 a % (center) 
1 a a a a +1.6% 

0 0 a 1 +3.2% 
a a 1 a +4.8% 
a 0 1 1 +6.4% 
a a 0 +8.0% 
a a 1 +9.6% 
a a +11.2 % 
a 1 +12.8% 
1 a a a +14.4 % 

0 a 1 +16.0% 
0 1 0 +17.6 % 
a 1 1 +19.2% 
1 a a +20.8% 

a 1 +22.4 % 
1 a +24.0% 

+25.6 % 
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ML6013 
CONTROL REGISTER #3 

VCO Coarse Center Frequency Control 

M58 

CF4 CF3 CF2 CFl CFO 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 0 0 
0 0 0 
0 0 1 0 
0 0 1 
0 0 0 0 
0 0 0 1 
0 0 0 
0 0 1 
0 0 0 
0 0 1 
0 0 
0 1 1 1 
1 0 0 0 0 

0 0 0 1 
0 0 0 
0 0 1 
0 1 0 0 
0 1 0 1 
0 1 0 
0 1 1 
1 0 0 0 

0 0 1 
0 0 
0 

0 0 
0 1 
1 0 

5-330 

FoMHZ 
17 MHz 
18MHz 
19 MHz 
20 MHz 
21 MHz 
22 MHz 
23 MHz 
24 MHz 
25 MHz 
26 MHz 
27 MHz 
28 MHz 
29 MHz 
30 MHz 
31 MHz 
31 MHz 
33 MHz 
34 MHz 
35 MHz 
36 MHz 
37 MHz 
38 MHz 
39 MHz 
40 MHz 
41 MHz 
42 MHz 
43 MHz 
44 MHz 
45 MHz 
46 MHz 
47 MHz 
48 MHz 

CONTROL REGISTER #4 

Divide by N Control 

M58 

CONTROL REGISTER #5 

Divide by M Control 

M58 

CONTROL REGISTER #6 

Divide by M & Nand endec control 

M58 

M & N are given by : 

M = M6 x 26 + M5 x 25 + M4 x 24 + M3 x 23 + M2 x 
22 + M1 x 21 + 1 

or 

M = 64 x M6 + 32 x M5 + 16 x M4 + 8 x M3 + 4 x M2 
+ 2 x M1 + 1 

and 

N = N6 x 26 + N5 x 25 + N4 x 24 + N3 x 23 + N2 x 22 
+ N1 x 21 + 1 

or 

N = 64 x N6 + 32 x N5 + 16 x N4 + 8 x N3 + 4 x N2 + 
2 x N1 + 1 

Note: The 7-bit M & N values are updated (latched) 
internally only when the most significant bit (M6 or N6) is 
written to, irrespective of changes in any other bits . 

• ~Micro Linear 



CONTROL REGISTER #7 

Power Down Control 

MSB 

BUF = 1 This bit enables the ECL output buffers so that 
the test signals DRDB and VC02CLK are made 
available to the user. 

BUF = 0 This disables the ECL output buffer, thus 
minimizing power dissipation. 

D2 = 0 Reserved, must be programmed as "0" at 
all times. 

Bit configuration for power down modes 
PDNB PMl PMO MODE 

o o SLEEP 
o IDLE 

o PLL 
READ 

o x x PDOWN 

Note: PDOWN dissipation is the same as SLEEP mode 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE 

ML6013CH 

'Micro Linear 

ML6013 

-
PACKAGE 

32-Pin TQFP (H32) 
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ADVANCED INFORMATION 

ML6024 

16 Mbps Filter/Equalizer for Tape Drives 

GENERAL DESCRIPTION 

The ML6024 is a monolithic analog filter/equalizer 
intended for tape drive read channel applications, capable 
of handling disk data rates up to 16 Mbps, with an 
operating power dissipation less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for tape 
drive read channel equalization, especially to handle the 
different format and media types, for ensuring backward 
compatibility. It consists of a programmable 6-pole 2-zero 
lowpass filter stage, two pairs high-speed drivers, and a 
serial microprocessor interface. The poles of the transfer 
function approximate a maximally flat group delay 
(modified bessel type) response, whereas the symmetric 
zeros provide the high-frequency boost necessary for 
equalization. The user can independently program the 
corner frequency, as well as the slimming level and 
individual bits for power-down, read/write control, and 
auto-zero control. 

BLOCK DIAGRAM 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

• Data transfer rates up to 16 Mbps 

• Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fc = 2 to 9MHz) 

• 32 step programmable pulse slimming equalization, 
o to lOdB boost at fc . 

• Power-down, auto-zero, R/W modes programmable 
through bits in the control register 

• Lowpass output and differentiated lowpass (bandpass) 
output provided. 

• Fully I/O balanced architecture with TTUCMOS 
compatible interface 

• High speed (up to 20MHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• External pin to disable the slimmer 

• Single 5V ± 10% power supply 

• Available in 20-pin SSOP package. 

• 4 GHz/1.51l BiCMOS process 

• Power Dissipation - PaPR = 300mW, PDN = 7.5mW 

• Gm set through an external 15KQ (REXT) resistor 

VCCl GND NC FBST VCC2 
(3) (13) (4 5 9 11) (6 12 16) (14) 

I ' 'f' 'I' l 
I I I I 

VINP(7) ~ 
1000n 

r--- LOWPASS 
SLIMMER 

FILTER 
1000n 

I 

I 

OUTPUT 
BUFFERS 

VOLP(l) 

VOLM (2) 

VOHP (20) 

~ VINM (8) VOHM (19) 

i t 
I I 

I BIAS POWER CONTROL REGISTER I I CIRCUITS DOWN (14·BITS) 

I 
I I I I 

REXT SCLK SDATA CS 
(10) (18) (17) (15) 

15Kn 
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PIN CONNECTION 
20-Pin SSOP 

VOLP VOHP 

VOLM VOHM 

VCC2 SCLK 

GND SDATA 

GND NC 

NC cs 
VINP FBST 

VINM VCC1 

GND NC 

REXT GND 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME 

1 VOLP Normal Lowpass outputs 15 
2 VOLM 

3 VCC2 Positive supply for the output 
drivers, 5V ± 10% 

4,5, GND Ground 
9, 11 

7 VINP Signal Inputs 
8 VINM 17 SDATA 

10 REXT A 15K resistor between this pin and 18 SCLK 
ground sets corner frequency 

13 VCC1 Positive supply, 5V ± 10% 

14 FBST Slimmer Enable pin. A high input 
level allows normal operation of the 

19 VOHM 
20 VOHP 

filter. A low level input disables the 6,12, NC 
slimmer, resulting in OdB boost. A 16 
TTL input. 

'Micro Linear 

ML6024 

FUNCTION 

Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
c i rcu itry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggered control register clock 
input. A TTL input. 

Differentiated lowpass outputs 

No Connects, reserved for future 
use. 

5-333 
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ML6025 

24 Mbps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML6025 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s, with 
an operating power dissipation of less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The cutoff frequency range 
is determined by Rext, which is inversely proportional to 
the frequency. The user can independently adjust both the 
corner frequency, as well as the slimming level. The 
desired frequency response is programmed by a 14-bit 
serial input data stream which includes one bit for power
down, one bit for read/write control, and one bit for auto
zero control. The auto-zero circuitry, if enabled, reduces 
the output offsets to less than 20mV. External control for 
disabling the slimmer during servo sections is also 
provided. The ML6025 is well suited for constant density 
recording systems (Zoned-bit recording) as well as for 
constant data rate systems. A 36Mbits/s version, ML6026 
is also available. 

BLOCK DIAGRAM 
VCCl GND NC 
(13) (4,5,9,11) (6,12,16) 

I I I 
I I I 

VINP(7) -1000 
OHMS LOWPASS ,---. 
1000 FILTER 

OHMS 
VINM(8) -i t 

J I 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

• Disk Data rates up to 24Mbit/s 

• Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fe = 3.13 to 13.5MHz) 

• 32 step programmable pulse slimming equalization, 
o to 1 OdB boost at fe. 

• Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TTUCMOS 
compatible interface 

• High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• Single 5V ± 10% power supply 

• O°C - 70°C operating temperature 

• Available in 20-pin SSOP package. 

• 4 GHz/1.51l BiCMOS process 

• Power Dissipation - Popr = 300mW, Pdn = 7.5mW 

• Evaluation board available (ML602XEVAL) 

SLIMMER 

VCC2 
(3) 
I 

I 

OUTPUT 
BUFFERS 

VOLP(l) 

VOLM (2) 

VOHP (20) 

VOHM(19) 

I BIAS POWER CONTROL REGISTER 

I I 
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CIRCUITS 

I 
I 

REXT 
(10) 

DOWN (14·BITS) 

I I 
I I I I 

SCLK SDATA CS FBST 
(18) (17) (15) (14) 
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PIN CONNECTION 
20-Pin sSOP 

VOLP VOHP 

VOLM VOHM 

VCC2 SCLK 

GND SDATA 

GND NC 

NC cs 
VINP FBST 

VINM VCCl 

GND NC 

REXT GND 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME 

1 VOLP Normal Lowpass outputs 15 CS 
2 VOLM 

3 VCC2 Positive supply for the output 
drivers, 5V ± 10% 

4,5, GND Ground 
9, 11 

7 VINP Signal Inputs 
8 VINM 17 SDATA 

10 REXT A 10K resistor between this pin and 18 SCLK 
ground sets the fi Iters corner 
frequency 

13 VCel Positive supply, 5V ± 10% 19 VOHM 

14 FBST Slimmer Enable pin. A high input 
20 VOHP 

level allows normal operation of the 6,12, NC 
filter. A low level input disables the 16 
slimmer, resulting in OdB boost. 
A TTL input. 

TRANSFER FU NCTION 

The transfer function is: (modified Bessel) 
Where: 

'Micro Linear 

s 

ML6025 

FUNCTION 

Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 

No Connects, reserved for future 
use. 

=joo 
kSL =Oto7.75 
fOl = 1.607 

Ql = 0.51 
f02 = 1.908 

Q2 = 1.02 
f03 = 1.692 

Q3 = 0.611 

0001 = (21t fd f01 
0002 = (21t fd f02 
0003 = (21t fd f03 
fc = corner frequency 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
VCC1, veC2 ...................................................... +6.5 volts veC1 = VCC2 .......................................... + 5 volts ± 10% 
VINP, VINM, REXT, CS, SCLK, 

SDATA, R;w ..................... GND - O.3V to veC1 + O.3V 
VIN = (VINP-VINM) ................................................ 1 Vp-p 
Rext ................................................................... 10 Kohms 

VOLP, VOLM, Serial Clock Frequency (SCLK) ........................... < 25 MHz 
VOHP, VOHM .................. GND - O.3V to vce2 + O.3V AC Coupling Capacitors ................................. > 0.0001 IlF 

Input Current per pin ........................................... ± 25 mA 
Package Dissipation 

at Ta = 25°C (Surface Mount) .......................... 1.5 Watts 
Junction Temperature ............................................. + 150°C 
Storage Temperature ................................ -65°e to + 150°C 

ELECTRICAL CHARACHTERISTICS 
The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VeC1 = VCC2 = 5 volt ± 10%, Ta = O°C to 70°e, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling capacitors = 0.471lF 
RB1 = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and eL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Read/Write bits = 0, Auto Zero = 1 
Digital timing measured at l.4V midpoint 
Input control signals from 10% - 90% of veC1 with (t, = tf) < 5 ns. 

SYMBOL I PARAMETER CONDITIONS MIN 

DC CHARACTERISTICS 

ICC VCC Supply Current RBl = RB2 = INF 

Ipd Standby Current VIN =0 

DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 

VIL Low Voltage 

VIH High Voltage 2.2 

IIH High Current 

ilL Low Current 

CIN Input Capacitance 
-

DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 

tpw-CS Width of CS, High/Low 25 

tsu-SDATA SDATA Setup time to SCLK 15 

tH-SDATA SDATA Hold Time 5 

tsu-CS CS Setup Time to SCLK 15 

twCS CS Hold Time to SCLK 0 

tpwSCLK SCLK Pulse Width 20 

twSCLK CS Inactive to SCLK Active 125 
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ELECTRICAL CHARACHTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG Absolute Gain SO-54 = 0, FO-F5 = a at 0.5MHz -1.5 -0.5 0.5 dB 

CF Cutoff Frequency, -3dB ±1.5 SO-54 = 0, (no slimming) 
(fref = 0.5MHz) FS F4 F3 F2 Fl Fa (fe) 

a 0 0 0 a a 12.15 13.50 14.85 MHz 
a 0 a a a 1 11.54 12.82 14.10 MHz 
a a a a 1 a 11.04 12.27 13.50 MHz 
a a a 1 a a 10.13 11.25 12.38 MHz 
0 a 1 a a a 8.68 9.64 10.60 MHz 
a 1 0 a a a 6.75 7.50 8.25 MHz 
1 0 0 a a a 4.67 5.19 5.71 MHz 
1 1 1 1 1 1 2.82 3.13 3.44 MHz 

5L Slimming Level FO-F5 = 0; at CF 
(Gain at CF Referred to AG, 54 53 52 51 SO 
Vout = lVp-p a a a a 1 -0.4 0.6 1.6 dB 

0 a a 1 a 0.1 1.1 2.1 dB 
a a 1 a a 1.1 2.1 3.1 dB 
a 1 a a 0 2.8 3.8 4.8 dB 
1 a a 0 0 5.4 6.4 7.4 dB 
1 1 1 1 1 8.9 9.9 10.9 dB 

GD Diff Group Delay 0.3f S; f s; fe, FO-F5 = 0, Note 2 ±5 % 

HD Harmonic Distortion FO-F5 = 0, 
Second and Third related Vout = 1.5Vp-p, Fin = 9.0MHz 
to Fundamental SO-54 = a (no slimming) -45 dB 

SO-54 = 1 (full slimming), Note 1 -40 dB 

ICN Idle Channel Noise FO-F5 = 0, VOLP 
(VIN = 0, DC - 78MHz) SO-54 = a (no slimming) 2 mVrms 

SO-54 = 1 (full slimming), Note 1 6 mVrms -DR Dynamic Range FO-F5 = 0, Fin = 9.0MHz 
(5ignal/(Noise + Distor)) SO-54 = 0 (no slimming) -41 dB 
Signal = 1 Vp-p SO-54 = 1 (full slimming), Note 1 -35 dB 

PSRR Power Supply Rejection 1 OOmVp-p sinewave on Vcc 
FO-F5 = 0, SO-54 = 0, Yin = 0 
Fin = 1.0MHz 40 dB 
Fin =40MHz 30 dB 

DELP HI Phase Shift between LP All F's and 5's = a 
and HP Output Yin = lVp-p, Fin = 9.0MHz 87.5 90 92.5 Degree 

ANALOG 

VIP Input Signal Monotonicity All F's and S's = 0, (VINP - VINM) 
Fin = 9.0MHz 1 2 Vp-p 

RID Differential Input Resistance VIN = 1 OOmVp-p at 6.7MHz 1.6 2 2.5 Kohms 

ClD Differential Input Capacitance VIN = 100mVp-p at 6.7MHz 5 pF 

ZIC Common-mode 
Input Impedence 1 Kohms 

V05 Output Offset Voltage Differential VOLP or VOHP 
Auto Zero ON (SO-54 = a or 1) ±10 mV 
Auto Zero OFF (SO-54 = 0) ±400 mV 
Auto Zero OFF (SO-54 = 1) ±400 mV 
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ELECTRICAL CHARACHTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

ANALOG (Continued) 

ROD Output Resistance Differential VIN = 0; at 6.7MHz 5 Ohms 

COD Output Capacitance Differential VIN = 0; at 6.7 MHz 8 pF 

ROC Output Resistance Common mode 
Common Mode VIN = 0; at 6.7MHz 5 Ohms 

coe Output Capacitance Common mode 
Common Mode VIN = 0; at 6.7MHz 15 pF 

ClSE Load Capacitance VOLP; RB1 = 750 ohms 50 pF 
VOHP; RB2 = 750 ohms 50 pF 

RLSE Load Resistance VOLP 400 Ohms 
VOHP 400 Ohms 

RLOZ Input Resistance Diff; PO and/or RW bit = 1 350 Ohms 

lOB Output Buffer Bias Current VOLP or VOHP, VOLM or VOHM 1 1.4 mA 

losc Short Circuit Output Current VOLP or VOHP, VOLM or VOHM 44 60 mA 

Note 1: These parameters are guaranteed by characterization only, 
Note 2: Tested only at max fc setting, however this parameter IS guaranteed by charactertzatlon over entire range. 

FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the ampl ifier contributes. 

The ML6025 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 13.5 MHz filter bandwidth in a 
1.5J.1/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6025 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group
delay characteristics. The corner frequency is digitally 

programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. The slimmer can 
also be instantly disabled through an external pin. 

In a typical application, the ML6025 is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6025 
input and the output of the ML6025 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6025 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6025 input and 
output common mode voltage biases are generated on
chip. The ML6025 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6025 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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EQUALIZER FILTER TABLE 1: TABLE OF SLIMMING LEVEL 

The filter transfer function is composed of a second order 
PROGRAMMING VALUES 

numerator and a sixth order denominator. The low GAIN AT STEPS 

frequency attenuation is set internally to OdB. The S4 S3 S2 Sl SO K fc (dB) (dB) 

numerator realizes two zeros symmetrical symmetrical to 0 0 0 0 0 0 - 3.0 
the imaginary axis, one in the left and the other in the 0 0 0 0 1 1 -2.4 0.6 
right half plane. The location of the zeros is 0 0 0 0 2 - 1.9 0.5 
programmable. This realizes a digitally programmable 

0 0 0 3 - 1.4 0.5 pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 0 0 0 0 4 - 0.9 0.5 
The slimming level is controlled by 5 bits in the control 0 0 0 5 -0.4 0.5 
register, thus providing 32 different choices between ° to 0 0 0 6 - 0.0 0.4 
10 dB. The denominator approximately realizes a 0 0 7 0.4 0.4 
maximally flat group delay (Bessel) function with a 

0 0 0 0 8 0.8 0.4 digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 0 0 0 9 1.2 0.4 
cutoff frequencies. 0 0 0 10 1.5 0.3 

SLIMMING LEVEL 0 0 11 1.9 0.4 
0 0 0 12 2.2 0.3 

The slimming levels generated by the slimming bits are 0 0 13 2.5 0.3 
shown below. There are 5 bits of control, 50 - 54. The 

0 0 14 2.8 0.3 typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at fc in dB is also 0 15 3.1 0.3 

given by the formula: 0 0 0 0 16 3.4 0.3 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 0 0 0 1 17 3.7 0.3 

where K = 0, 1, ... 31 
0 0 0 18 4.0 0.3 

0 0 1 19 4.2 0.2 

CUTOFF FREQUENCY 0 0 0 20 4.5 0.3 

There are 6 bits in the control register that controls the 0 0 21 4.7 0.2 

position of the cutoff frequency, FO - FS. The typical 0 0 22 5.0 0.3 
values of the cutoff (-3dB) frequency are shown in the 0 1 23 5.2 0.2 -table below for the case when 50 - 54=0 (no slimming). 0 0 0 24 5.4 0.2 
There are a total of 64 frequencies available from 

0 0 1 25 5.7 0.3 
13.SMHz down to 3.13MHz. Bits Fl - FS will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is 0 0 26 5.9 0.2 

used to shift the whole frequency setting range by 5% 0 27 6.1 0.2 
lower than each of the 32 settings given by Fl - F5. This 0 0 28 6.3 0.2 
offers a scheme to increase the effective resolution of the 0 1 29 6.5 0.2 
cutoff frequency programmability. This feature is specially 

0 30 6.7 0.2 useful in the higher frequency range, where the 
granularity is coarse. 31 6.9 0.2 

For example: 

By setting FO = 0, Cutoff frequency = 12.27 MHz with (FS - Fl, FO) = 
Cutoff frequency = 13.50 MHz with FS - Fl = 00000 and (00001, 0) Delta = 0.55 MHz 

Cutoff frequency = 12.27 MHz with FS - Fl = 00001, the Hence frequency delta between consecutive settings is 
next consecutive setting. lower, thus higher resolution. 

Frequency delta between consecutive settings = 1.23 In the table 2 below, the cutoff frequencies are shown as 
MHz or about 9% of 13.50 MHz. two columns depending on the FO bit being zero or one. 

By setti ng FO = 1, we can sh ift the consecutive cutoff 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 

frequency settings as follows: the 5% frequency circuitry, the monotonicity between the 

Cutoff frequency = 13.50 MHz with (FS - F1, FO) = two columns cannot be guaranteed. This is especially 

(00000,0) significant at the lower end of the frequency range, where 

Cutoff frequency = 12.82 MHz with (FS - F1, FO) = 
the difference in frequencies between the two column 
settings becomes very close « 1 %). Further tuning of the 

(00000, 1) Delta = 0.68 MHz cutoff frequency down to the 1 to 1 0% range can be 
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achieved by modifying the value of the external resistor 
from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below: 

f [
13.5X(1-FOXO.05) 10Kohms) 

c= [ x MHz 
1+0.lx INT(N/2)j Rext 

OUTPUT BUFFER 

The output buffer is the final stage of the Ml6025 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 rnA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 

SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on falling edges of the serial shift clock, SClK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and F13 (the .2Qwer-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SClK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SClK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 

TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING VALUES IN MHZ 
--~~~~------~~--------

F5 F4 F3 F2 F1 N 

o 0 0 0 0 0 

o 0 0 0 0 

000 0 2 
o 0 0 0 

000 0 4 

000 0 

000 6 

000 

o 0 0 0 8 

o 0 o 0 

o 0 o 1 10 

o 0 o 1 

o 0 o 12 

o 0 o 
o 0 1 14 

001 1 1 

o 0 o 0 16 

o 0 o 0 
o o 0 18 

o o 0 
o o 0 20 

o o 22 
o o o 
o 1 0 0 24 

o o 1 

o o 26 

o o 0 

o 1 0 28 

o o 
o 1 30 

o 0 
o 0 0 0 32 
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fc with 
FO = 0 

13.5 

12.27 

11.25 

10.38 

9.64 

9.0 

8.44 

7.94 

7.50 

7.11 

6.75 

6.43 

6.14 

5.87 

5.63 

5.40 

5.19 

N 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

fc with 
FO = 1 

12.82 

11.66 

10.69 

9.87 

9.16 

8.55 

8.02 

7.54 

7.13 

6.75 

6.41 

6.11 

5.83 

5.58 

5.34 

fc with 
F5 F4 F3 F2 F1 N FO = 0 N 

o 1 1 31 

o 0 0 34 5.00 

000 o 33 

o 0 1 o 36 4.82 

000 35 

o 0 1 38 4.66 

o 0 o 37 

o 0 o 40 4.50 

o 0 39 

o o 1 42 4.35 

o o 0 41 

o o 44 4.22 

o o 43 

o 1 46 4.09 

o o 45 

100 o 48 3.97 

o 1 1 47 

o 0 50 3.86 

o 0 o 49 

o 1 o 52 3.75 

o 0 51 

o 54 3.65 

o o 53 

o 0 56 3.55 

o 0 55 

o 58 3.46 

o 0 57 

o 60 3.38 

o 59 

1 62 3.29 

o 61 

63 

fc with 
FO = 1 

5.13 

4.93 

4.75 

4.58 

4.42 

4.28 

4.14 

4.01 

3.89 

3.77 

3.66 

3.56 

3.47 

3.38 

3.29 

3.21 

3.13 

Note: N IS the deCimal value of the cutoff frequency bits (F5 - FO), In the control 
register 
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TIMING DIAGRAM 

SCLK 

SDATA 

CSSETUP 
tsu-CS 

SETUP _I 
tsu-SDATA 

SCLKWIDTH 
IpW-SCLK - -

Figure 1. 

o 

CONTROL REGISTER DEfiNITION 

F13 F12 Fll FlO F9 F8 F7 F6 F5 F4 F3 F2 Fl FO 

AZ PD R!w 
AZ AutoZero 

PO Power Down 

SLIMMING CONTROl FREQUENCY CONTROl 

1 = Autozero circUitry activated 
0= Autozero CIrcuItry mactlve 
1 = Chip is In power down mode 
0= Chip IS fully powered up 

ML6025 

1 = Write data mode IIBII 
o = Read data mode 

RJvv ReadIWnte 

APPLICATIONS CIRCUIT{fEST SETUP 

O.47~F O_47~F 

cr--J (7) (1) j-o 
RLOAD 

VIN VOL l$0Q) 

O.47~F 

cr--J (8) (2) 

FILTER 

< SERIAL ~P IIF :> (20) 

RLOAD 

VOH 
l$0Q) 

0.47~F 

j-o 
100pF Note: Decoupltng capacItors need 

to be very close to the ChiP, 
to prevent oscillations. 

'-Micro Linear 5-341 



ML6025 
REF LEVEL 
-15.000dS 
-15.000dS 

IDiV 
5.000dB 
5.000dB 

~ 
V I'"'" 

~ 1,....00-" 
t-. 
1~ 

1M 
START 500 OOO.OOOHz 

",. 

~ 
\ 

MARKER 3 385 752.200Hz 
MAG (UDF) -25.348dS 
MARKER 3 385 752.200Hz 
MAG (04) -36.371dS 

@) ~ 

"'" "" \ \ 

~ \ 
~ , 

~ , 
\ \ 
\ , 

~ 
10M 

STOP 50 OOO.OOOH? 

Filter Response (Lowpass Output) 

Shown are the ML6025 filter response at three different 
cutoff frequency (fc) settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 

REF LEVEL 
40.000nSEC 
40.000nSEC 

~ 
~ 

/DIV 
1.000nSEC 
1.000nSEC 

/ 
II 

'\ 

START 100 OOO.OOOHz 
AMPTD 50.119mV 

/ 
/ 

""" "-"-

MARKER 10 415 500.00Hz 
DELAY (UDF) 39.387nSEC 
MARKER 10 415 500.000Hz 
DELAY (UDF) 39.413nSEC 

VOH 

VOL 

VOH 

VOL 

CD 
..... j",-
~ N 

~ 
'\\ , 

STOP 50 OOO.OOOHz 
DELAY APER 2.392MHz 

ML6025 Filter/Equalizer group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VOH) outputs, 
at an fc of 13.5 MHz, with no slimming activated (A) and 
full slimming activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 1 ns. 

REF LEVEL 
-15.000dO 
-15.000dB 

IDiV 
5.000dB 
5.000dO 

®.~ 
j'l" 

V 01 
£ ~ -I--'K 
v~ ~ ~~ 
./ ~ 

- dfII" 
== 

1M 

START 500 OOO.OOOHz 

MARKER 3 385 752.200Hz 
MAG (UDF) -25.270dB 
MARKER 3 385 752.200Hz 
MAG (04) -36.157dO 

@) ~ 
-y ~ 

~ \. 
2~ ~ \ 
~ I"\.~ 
\\ \\ 
\' \ \\ 

\ 
\ 1\ ~ i' \ \ \ 

10M 

STOP 50 OOO.OOOHz 

Filter Response (Bandpass Output) 

Shown are the ML6025 filter response at three different 
cutoff frequency (fel settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 

REF LEVEL 
-90.000deg 

1M 

IDIV 
1.000deg 

MARKER 13 632 170.100Hz 
PHASE (UDF) -89.709deg 

\ 

10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90 0 • The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 

ML6025 FILTER/EQUALIZER CHARACTERISTICS 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6025CR 20-Pin SSOP (R20) 

-
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ML6026 

36 Mbps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML6026 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating power dissipation of less than 350mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The cutoff frequency range 
is determined by Rext, which is inversely proportional to 
the frequency. The user can independently adjust both the 
corner frequency, as well as the slimming level. The 
desired frequency response is programmed by a 14-bit 
serial input data stream which includes one bit for power
down, one bit for read/write control, and one bit for auto
zero control. External control for disabling the slimmer 
during servo sections is also provided. The ML6026 is 
well suited for constant density recording systems (Zoned
bit recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6025 is also available. 

BLOCK DIAGRAM 

VCCI GND NC 

I I I 
(13) (4,5,9,11) (6,12,16) 

I I I 

VINP(7) -1000 
OHMS LOWPASS r-
1000 FILTER 

OHMS 
VINM(8) -i t 

I I 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

• Disk Data rates up to 36 Mbit/s 

• Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fc = 4.69 to 20.25 MHz) 

• 32 step programmable pulse slimming equalization, 
o to 10dB boost at fc . 

• Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TTUCMOS 
compatible interface 

• High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• Single 5V ± 10% power supply 

• O°C - 70°C operating temperature 

• Available in 20-pin SSOP package. 

• 4 GHz/1.5j.t BiCMOS process 

• Power Dissipation: Popr = 350mW, Pdn = 7.5mW 

• Evaluation board available (ML602XEVAL) 

SLIMMER 

VCC2 
(3) 
I 

I 

OUTPUT 
BUFFERS 

VOLP(I) 

VOLM(2) 

VOHP (20) 

VOHM (19) 

I BIAS POWER CONTROL REGISTER I I 

5-344 

CIRCUITS 

J 
I 

REXT 
(10) 

DOWN (14-BITS) 

I I I I 
SCLK SDATA B FBST 
(18) (17) (15) (14) 
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PIN CONNECTION 
20-Pin sSOP 

VOLP VOHP 

VOLM VOHM 

VCC2 SCLK 

GND SDATA 

GDN NC 

NC CS 

VINP FBST 

VINM VCC1 

GND NC 

REXT GND 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME 

1 VOLP Normal Lowpass outputs 15 CS 
2 VOLM 

3 VCC2 Positive supply for the output 
drivers, 5V ± 10% 

4,5, GND Ground 
9,11 

7 VINP Signal Inputs 
8 VINM 17 SDATA 

10 REXT A 10K resistor between this pin and 18 SCLK 
ground sets the filters corner 
frequency 

Ml6026 

FUNCTION 

Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

13 VCC1 Positive supply, 5V ± 10% 19 VOHM Differentiated lowpass outputs 

14 FBST Slimmer Enable pin. A high input 
level allows normal operation of the 
filter. A low level input disables the 
slimmer, resulting in OdB boost. 
A TTL input 

TRANSFER FUNCTION 

The transfer function is: (modified Bessel) 

20 VOHP 

6,12, NC 
16 

No Connects, reserved for future 
use. 

Where: s = jco 
kSL = 0 to 7.75 
f01 = 1.607 
Ql = 0.51 
f02 = 1.908 
Q2 = 1.02 
f03 = 1.692 
Q3 = 0.611 
COOl = (21t fd * f01 
co02 = (21tfc) f02 
C003 = (21tfd f03 
fc = corner frequency 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

VCC1, VCC2 ...................................................... +6.5 volts VCCl = VCC2 .......................................... + 5 volts ± 10% 
VINP, VINM, REXT, CS, SCLK, VIN = (VINP-VINM) ................................................ 1 Vp-p 

SDATA, R;w ..................... GND - O.3V to VCCl + 0.3V Rext ................................................................... 10 Kohms 
VOLP, VOLM, Serial Clock Frequency (SCLK) ........................... < 25 MHz 

VOHP, VOHM .................. GND - O.3V to VCC2 + O.3V AC Coupling Capacitors ................................. > 0.0001 IlF 
Input Current per pin ........................................... ± 25 mA 
Package Dissipation 

at Ta = 25°C (Surface Mount) .......................... 1.5 Watts 
Junction Temperature ............................................. + 150°C 
Storage Temperature ................................ -65°C to + 150°C 
Lead Temperature (Soldering 10 sec) ....................... 260°C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCCl = VCC2 = 5 volt ± 10%, Ta = O°C to 70°C, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling capacitors = 0.47 IlF 
RBl = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Read/VVrite bits = 0, Auto Zero = 1 
Digital timing measured at l.4V midpoint 
Input control signals from 10% - 90% of VCCl with (tr = tf) < 5 ns. 

SYMBOL I PARAMETER CONDITIONS MIN 

DC CHARACTERISTICS 

ICC VCC Supply Current RB1 = RB2 = INF 

Ipd Standby Current VIN =0 

DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 

VIL Low Voltage 

VIH High Voltage 2.2 

IIH High Current 

ilL Low Current 

CIN Input Capacitance 
-DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 

tpw-CS Width of CS, High/Low 25 

tsu-SDATA SDATA Setup time to SCLK 15 

twSDATA SDATA Hold Time 5 

tsu-CS CS Setup Time to SCLK 15 

twCS CS Hold Time to SCLK 0 

tpwSCLK SCLK Pulse Width 20 

twSCLK CS Inactive to SCLK Active 125 
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mA 

0.8 V 

V 
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ns 
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ML6026 

ELECTRICAL CHARACTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG Absolute Gain SO-54 = 0, FO-FS = 0 at O.SMHz -1.S -O.S O.S dB 

CF Cutoff Frequency, -3dB ±1.5 SO-54 = 0, (no slimming) 
(fret = 0.5MHz) FS F4 F3 F2 Fl FO (fc> 

0 0 0 0 0 0 18.23 20.25 22.28 MHz 
0 0 0 0 0 1 17.32 19.24 21.16 MHz 
0 0 0 0 1 0 16.S7 18.41 20.25 MHz 
0 0 0 1 0 0 lS.19 16.88 18.S7 MHz 
0 0 1 0 0 0 13.01 14.46 15.91 MHz 
0 1 0 0 0 0 10.13 11.25 12.38 MHz 
1 0 0 0 0 0 7.01 7.79 8.S7 MHz 
1 1 1 1 1 1 4.22 4.69 S.16 MHz 

5L Slimming Level FO-F5 = 0; at CF 
(Gain at CF Referred to AG, 54 53 52 51 SO 
Vout = 1 Vp-p 0 0 0 0 1 0.4 0.6 1.6 dB 

0 0 0 1 0 0.1 1.1 2.1 dB 
0 0 1 0 0 1.1 2.1 3.1 dB 
0 1 0 0 0 2.8 3.8 4.8 dB 
1 0 0 0 0 S.4 6.4 7.4 dB 
1 1 1 1 1 8.9 9.9 10.9 dB 

GD Diff Group Delay O.3fe $ f $ fe, FO-FS = 0, Note 2 ±5 % 

HD Harmonic Distortion FO-F5 = 0, 
Second and Third related Vout = 1.5Vp-p, Fin = 13.5MHz 
to Fundamental SO-54 = 0 (no slimming) -45 dB 

SO-54 = 1 (full slimming), Note 1 -40 dB 

leN Idle Channel Noise FO-F5 = 0, VOLP 
(VIN = 0, DC - 78MHz) SO-54 = 0 (no slimming) 2 mVrms 

SO-54 = 1 (full slimming), Note 1 6 mVrms -DR Dynamic Range FO-FS = 0, Fin = 13.5MHz 
(5ignal/(Noise + Distor)) SO-54 = 0 (no slimming) -41 dB 
(Signal = 1 Vp-p) SO-54 = 1 (full slimming), Note 1 -35 dB 

P5RR Power Supply Rejection 1 OOmVp-p sinewave on Vcc 
FO-F5 = 0, SO-54 = 0, Yin = 0 
Fin = 1.0MHz 40 dB 
Fin = 40MHz 30 dB 

DELP HI Phase Shift between LP All F's and S's = 0 
and H P Output Yin = 1 Vp-p, Fin = 13.5MHz 87.5 90 92.5 Degree 

ANALOG 

VIP Input Signal Monotonicity All F's and 5's = 0, (VINP - VINM) 
Fin = 13.5MHz 1 2 Vp-p 

RID Differential Input Resistance VIN = 1OOmVp-p at 10MHz 1.6 2 2.5 Kohms 

CID Differential Input Capacitance VIN = 1OOmVp-p at 10MHz 5 pF 

ZIC Common-mode 
Input Impedence 1 Kohms 

VOS Output Offset Voltage Differential VOLP or VOHP 
Auto Zero ON (SO-54 = 0 or 1) ±1O mV 
Auto Zero OFF (SO-54 = 0) ±500 mV 
Auto Zero OFF (SO-54 = 1) ±500 mV 
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ML6026 

ELECTRICAL CHARACTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

ANALOG (Continued) 

ROD Output Resistance Differential VIN = 0; at 10MHz 5 Ohms 

COD Output Capacitance Differential VIN = 0; at 10 MHz 8 pF 

ROC Output Resistance Common mode 
Common Mode VIN = 0; at 10MHz 5 Ohms 

COC Output Capacitance Common mode 
Common Mode VIN = 0; at 10MHz 15 pF 

CLSE Load Capacitance VOLP; RB1 = 750 ohms 50 pF 
VOHP; RB2 = 750 ohms 50 pF 

RLSE Load Resistance VOLP 400 Ohms 
VOHP 400 Ohms 

RLOZ I nput Resistance Diff; PO and/or RW bit = 1 350 Ohms 

lOB Output Buffer Bias Current VOLP or VOHP, VOLM or VOHM 1 1.4 mA 

lose Short Circuit Output Current VOLP or VOHP, VOLM or VOHM 44 60 mA 

Note 1: These parameters are guaranteed by characterization only. 
Note 2: Tested only at max fc setting, however this parameter is guaranteed by characterization over the entire range 

FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6026 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 20 MHz filter bandwidth in a 
1 .5W4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6026 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group
delay characteristics. The comer frequency is digitally 

programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. The slimmer can 
also be instantly disabled through an external pin. 

In a typical application, the ML6026 is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC ampl ifier is AC coupled to the ML6026 
input and the output of the ML6026 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6026 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6026 input and 
output common mode voltage biases are generated on
chip. The ML6026 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6026 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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Ml6026 
EQUALIZER FILTER TABLE 1: TABLE OF SLIMMING LEVEL 

The filter transfer function is composed of a second order 
PROGRAMMING VALUES 

numerator and a sixth order denominator. The low GAIN AT STEPS 

frequency attenuation is set internally to OdB. The S4 S3 S2 Sl SO K fc (DB) (DB) 

numerator real izes two zeros symmetrical symmetrical to a a a a a a - 3.0 
the imaginary axis, one in the left and the other in the a a a a - 2.4 0.6 
right half plane. The location of the zeros is a a a a 2 - 1.9 0.5 
programmable. This realizes a digitally programmable a a a 3 - 1.4 0.5 pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. a a a a 4 - 0.9 0.5 

The slimming level is controlled by 5 bits in the control a a a 1 5 - 0.4 0.5 
register, thus providing 32 different choices between 0 to a a a 6 - 0.0 0.4 
10 dB. The denominator approximately realizes a a a 1 1 1 7 0.4 0.4 
maximally flat group delay (Bessel) function with a a a a a 8 0.8 0.4 digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different a a a 9 1.2 0.4 
cutoff frequencies. a a a 10 1.5 0.3 

SLIMMING LEVEL 
a a 1 11 1.9 0.4 

a a a 12 2.2 0.3 
The slimming levels generated by the slimming bits are a a 13 2.5 0.3 
shown below. There are 5 bits of control, 50 - 54. The a a 14 2.8 0.3 typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at fc in dB is also a 1 1 15 3.1 0.3 

given by the formula: a a a a 16 3.4 0.3 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) a a a 1 17 3.7 0.3 

a a 1 a 18 4.0 0.3 
where K = 0, 1, ... 31 a a 19 4.2 0.2 

CUTOFF FREQUENCY a a a 20 4.5 0.3 

There are 6 bits in the control register that controls the a a 21 4.7 0.2 

position of the cutoff frequency, FO - F5. The typical a a 22 5.0 0.3 
values of the cutoff (-3d B) frequency are shown in the a 1 23 5.2 0.2 --table below for the case when 50 - 54=0 (no slimming). a a a 24 5.4 0.2 
There are a total of 64 frequencies available from a a 1 25 5.7 0.3 
20.25MHz down to 4.69MHz. Bits Fl - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is a a 26 5.9 0.2 

used to shift the whole frequency setting range by 5% a 1 27 6.1 0.2 
lower than each of the 32 settings given by Fl - F5. This a a 28 6.3 0.2 
offers a scheme to increase the effective resolution of the a 29 6.5 0.2 
cutoff frequency programmability. This feature is specially a 30 6.7 0.2 
useful in the higher frequency range, where the 
granularity is coarse. 31 6.9 0.2 

For example: 

By setting FO = 0, Cutoff frequency = 18.41 MHz with (F5 - Fl, FO) = 
(00001, 0) Delta = 0.83 MHz 

Cutoff frequency = 20.25 MHz with F5 - Fl = 00000 and 
Hence frequency delta between consecutive settings is 

Cutofffrequency = 18.41 MHz with F5 - Fl = 00001, the lower, thus higher resolution. 
next consecutive setti ng. 

In the table 2 below, the cutoff frequencies are shown as 
Frequency delta between consecutive settings = 1.84 two columns depending on the FO bit being zero or one. 
MHz or about 9% of 20.25 MHz. The monotonicity is guaranteed within the individual 

By setting FO = 1, we can shift the consecutive cutoff frequency columns, however because of the limitations of 

frequency settings as follows: the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 

Cutoff frequency = 20.25 MHz with (F5 - Fl, FO) = significant at the lower end of the frequency range, where 
(00000,0) the difference in frequencies between the two column 

Cutoff frequency = 19.24 MHz with (F5 - Fl, FO) = 
settings becomes very close « 1 %). Further tuning of the 

(00000, 1) Delta = 1.01 MHz 
cutoff frequency down to the 1 to 10% range can be 
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ML6026 
achieved by modifying the value of the external resistor 
from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below: 

[
20.25X(1-FOXO.05) 10KohmsJ 

fe= x MHz 
[1+0.lx INT(N/2)] Rext 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6026 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 

SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on falling edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and F13 (the Q2wer-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 

TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING V_A_LU_ES_I_N_M_H_Z ____ ~-___ ----~-
~~ ~~ ~~ ~~ 

F5 F4 F3 F2 Fl N FO = 0 N FO = 1 F5 F4 F3 F2 Fl N FO = 0 N FO = 1 

000 0 0 0 20.25 0 1 1 1 1 31 7.70 

00000 19.24 o 0 0 34 7.50 

00001 2 18.41 o 0 0 0 33 7.40 

00001 3 17.49 o 0 0 36 7.23 

00004 16.88 o 0 0 1 35 7.12 

000 0 5 16.03 o 0 1 38 6.98 

o 0 0 1 6 15.58 o 0 0 37 6.87 

o o 0 1 1 7 14.80 o 1 o o 40 6.75 

o o 1 008 14.46 o 0 39 6.63 

o o o 0 9 13.74 o o 42 6.53 

o o o 10 13.50 o o o 41 6.41 

o 0 o 11 12.83 o o 44 6.33 

o 0 o 12 12.66 o o 43 6.21 

o 0 o 13 12.02 o 46 6.14 

o o 14 11.91 o 1 o 45 6.01 

o o 15 11.32 o 0 o 48 5.96 

o o 0 0 16 11.25 o 1 47 5.83 

o 000 17 10.69 o 0 50 5.79 

o o 0 1 18 10.66 000 49 5.66 

o o 0 1 19 10.13 o 0 52 5.63 

o o 0 20 10.13 o 0 51 5.50 

o o 22 9.64 o 1 54 5.47 

o o o 21 9.62 o o 53 5.34 

o 1 0 o 24 9.20 o o 56 5.33 

o o 1 23 9.16 o o 55 5.20 

o o 1 26 8.80 o 1 58 5.19 

o o o 25 8.74 o o 57 5.06 

o o 28 8.44 o 60 5.06 

o o 27 8.36 o 59 4.93 

o 30 8.10 62 4.94 

010 29 8.02 o 61 4.81 

o 0 0 0 32 7.79 63 4.69 

Note: N is the deCimal value of the cutoff frequency bits (FS - FO), rn the control 
regrster 

5-350 .~Micro Linear 



TIMING DIAGRAM 

SCLK 

SDATA 

CSSETUP 
tSU·CS 

SETUP _I 
tsU·SDATA 

SCLKWIDTH 
tpw·SCLK - -

o~ 

Figure 1. 

ML6026 

o 

CONTROL REGISTER DEFINITION 

PD 

RW 

APPLICATIONS 

F13 F12 Fll FlO F9 F8 F7 F6 F5 F4 F3 F2 Fl FO 

AZ PD RW 

AutoZero 

Power Down 

ReadAVnte 

SLIMMING CONTROL 

O.47~F 

1 = Autozero circuitry activated 
0= Autozero circuitry inactive 
1 = Chip IS In power down mode 
0= Chip IS fully powered up 
1 = Write data mode 
o = Read data mode 

o-j (7) (1) 

VIN VOL 

O.47~F 

o-j (8) (2) 

FILTER 

< SERIAL flP IIF > 

l00pF 

FREQUENCY CONTROL 

O.471iF 

\-0 
7500 
(RBI) 

O.471iF 

\-0 

O.471iF 

\-0 

O.471iF 

\-0 

(10000) l$AD 

I ~~D y>0) 

Note: Decoupling capacitors need to be 
very close th the chip to prevent 
any oscillations. 
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ML6026 

REF LEVEL 
-40.00Od8 

IDiV 
5.000d8 

..". ~ ~<V 

MARKER 4 891 251.000Hz 
MAG (UDF) -35.929d8 

~ 

V @ 1\ 
I\, 

(~ ... \ (V' 

1M 
START 500 000. OOOHz 

1 Fe = 4.69 MHz 
SLIM = MAX 

2 Fe = 4.69 MHz 
SLIM =MIN 

\ ~ , 
~ ~ 
\ , 
\ 

10M 
STOP 50 000. OOOHz 

3 Fe = 20.25 MHz 
SLIM = MAX 

4 Fe = 20.25 MHz 
SLIM = MIN 

Filter Response (Lowpass Output) 

~ , 

Shown are the ML6026 filter response at the two extreme 
cutoff frequency (fd settings. At each of the fc settings, the 
filter response is shown with no slimming and with full 
slimming activated. 

REF LEVEL IDIV 
30.000nSEC 1.000nSEC 
30.000nSEC 1.000nSEC 

I 

MARKER 8 771 OOO.OOOHz 
DELAY (UDF) 30.253nSEC 
MARKER 8 771 OOO.OOOHz 
DELAY (04) 30.228nSEC 

~-'--+--1--~--r--r--t--+--+--1~VOH&VOL 

~j~~~;;;;:~~;~~~~~~SLlM = MAX ~ VOH&VOL 

START 100 000. OOOHz 
AMPTD 50.119mV 

STOP 30 000 000. OOOHz 
DELAY APER 2.392MHz 

SLIM = MIN 

MlG02G Filter/Equalizer Group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VOH) outputs, 
with no slimming activated (min) and full slimming 
activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 1 ns. 

REF LEVEL /DIV 
-40.000d8 5.00Od8 

MARKER 4 891 251.000Hz 
MAG (UDF) -45.326d8 

'" 

II'" 

~ 

~ ~ Hi) 
~ 

~ 
~ 

"""'" /' 

1M 
START 500 000. OOOHz 

1 Fe = 4.69 MHz 
SLIM = MAX 

2 Fe = 4.69 MHz 
SLlM=MIN 

~ 1 ~~ 

Ii:: 

~ 
~ 
~ @j " ~ II 
1\ , , 
\ 1\ 
\ I\. 
~ 

10M 
STOP 50 000 000 • OOOHz 

3 Fe = 20.25 MHz 
SLIM = MAX 

4 Fe = 20.25 MHz 
SLIM = MIN 

Filter Response (Bandpass Output) 

Shown are the ML6026 filter characteristic curves for the 
bandpass output, with no slinl01ing and full ~lirTlrning 
activated. 

REF LEVEL IDiV 
-90.000deg 1.000deg 

1M 
START 500 000. OOOHz 

MARKER 37 124938.200Hz 
PHASE (UDF) -91.717deg 

...... 
~ 

~ 

10M 
STOP 50 000 000. 800Hz 

Phase Difference between lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output shou Id be 
_90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 

ML6026 FI LTER/EQUALIZER CHARACTERISTICS 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6026CR O°C to +70°C 20-Pin SSOP (R20) 
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PRELIMINARY 

ML6035 

5V Spindle Motor Controller and Driver 

GENERAL DESCRIPTION 
The Ml6035 is a 5 volt brushless motor controller and 
driver. The circuit provides three phase sensorless 
commutation and speed control. A digital commutation 
circuit including digital delay with adjustable phase 
advance is included. The circuit also has three 1 A 
complementary output drivers each with a typical on 
resistance of one half ohm (or one ohm total). An 
additional P-channel power device is provided to pull up 
the motor neutral for unipolar operation. Bipolar or 
unipolar start with' either bipolar run or unipolar run is 
supported with mode switching. A serial bus is provided 
to minimize the use of dedicated pins and to provide for 
more command functions. Both internal speed control and 
external speed control (from sector data) are supported. 
5ensorless commutation is provided using back EMF zero 
crossing information. The chip has been designed for 
maximum flexibility to permit custom start and run 
algorithms to be used. 

BLOCK DIAGRAM 

FEATURES 
• Power drivers on chip (1 A max at 1 ohm) 
• Vee decoupling diode not required 
• Unipolar and bipolar operation supported 
• Digital speed control loop on chip with external PID 

filter or supports sector data speed control 
• Digital commutation circuit including digital delay with 

adjustable phase advance 
• Serial bus for loading necessary motor information, 

phase advance desired, motor speed, etc. 
• Supplies retract voltage with on-chip schottky diodes 
• Serial interface compatible with 3V logic 

• Supplies tach output 
• Sleep mode (Icc = 100J,IA max) 
• Brake pin with adjustable delay to permit back EMF 

to be used for retract. Brake also accessible from the 
serial bus 

• Output slope or slew rate control to minimize 
flyback pulses 

• Able to recover from momentary power interruptions 
without stopping the motor for a complete restart 
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Ml6035 

PIN CONNECTION .. 
'" (5 y .. 
~ I! 0 c c c c Ii I- ~ Z Z Z Z 0 
1:;; \j \j \j \j 

J: .. .. .. .. 
31 30 29 28 27 26 

TACHOUT BUSCLK 

EAN.N DATA.N 

PIDFILT DATAoUT 

Vee ML6035 BRAKE 

EAouT 
32-Pin TQFP 

CBRAKE 

BUFPID EAPIN 

RSLEW RETRACT 

Vec2 Vee2 

,!: .. c c c c 
~ ;:: I- Z Z Z z 

::l ::l \j \j \j \j ::l 
0 0 .. .. .. .. I- 0 ::l z 

PIN DESCRIPTION 
PINNa. NAME DESCRIPTION PINNa. NAME DESCRIPTION 

TACHoUT Tach output signal. This pin generates 18 RETRACT This pin supplies the raw rectified 
an indication of motor speed. Control back-emf voltage from the motor 
bit 03P can be programmed for (as it spins down) to retract the heads 
tach-out = 1 pulse per rev. (divide by in a disk drive. 
N active) or raw zero crossing 19 EAPIN Error amp non-inverting input 
(divide by N in-active) 

20 CBRAKE A capacitor on this pin stores the 
2 EANIN Error amplifier inverting input energy required by the chip to actuate IIBI 3 PIOFllT This dual purpose pin is used either for the gates of the output devices and 

an external PIO filter for the internal brake the motor during a power fail 
charge pump speed control circuit or condition 
if the charge pump is disabled by 21 BRAKE This pin is normally at 5V. 
serial bus command it is used as an At VTH = 1.2V braking will occur. 
input for sector data. 

22 OATAOUT Serial data output. VOH = 2.9 ± O.3V 
4 Vee Main supply pin V = 5V nominal 

23 OATAIN Serial data input. VTH = lAV 
5 EAouT Independent output from the error 

amplifier 24 BUSClK Serial bus clock. F < 20MHz 

6 BUFPIO Output of the PIO buffer amplifier 25 CHIPSEl Chip select. A logical low level allows 

7 RSLEW Slew Adjust Resistor 
the Bus-Clk to clock data into the shift 
registers via data-in input; falling 

8 Vee2 Power Vee edge latches commutation states 

9 OUTA Output to drive motor phase A for read out 

10 OUTB Output to drive motor phase B 26 RESET Reset. A logic low level on the reset 
will set the control registers to zero 

11,12 PGND Main ground and thermal heat and force the part into sleep mode 
13,14 conductor 

15 Neutral In a delta wound motor this pin forms 
27,28 PGND Main ground and thermal heat sink 
29,30 

a phantom neutral for the zero 
31 SYSTEM-ClK System clock. A square wave clock at crossing comparators. In a Y wound 

motor the neutral from the motor is 2MHz is suggested. An internal 

connected here. prescaler is used to normal ize the 

16 OUTe Output to drive motor phase C 
frequency based on # of poles. 

32 MOTOROFF Bi-directionalliO pin. Upon reset this 
17 Vee2 Power Vee pin is configured as an input to allow 

microprocessor to turn the motor on or 
off. If over temp occurs, the motor will 
turn off and this pin is pulled low. 
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ML6035 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

VCC1, VCC2, ..... · ... · ... · ... · ............................. · ........... ·. +6.5V VCCl = VCC2 ................................................................ +5V ± 10% 
OUT A, OUT B, OUT c ................ GND - O.3V to VCC2 + 4.5V Serial Clock Frequency ....................................... < 20MHz 
All other pins ......................... GND - O.3V to VCCl + 0.3V 
Output Current, OUTA, B, C ...................................... ±1 A 
Input Current per pin ............................................. ±25mA 
Package Dissipation at T A = 25°C (board mount) . 1.5 Watt 
Junction Temperature ............................................ + 150°C 
Storage Temperature ................................... -65 to + 150°C 
Lead Temperature (Soldering 10 sec) .................... +260°C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions (unless otherwise stated): 

1) VCCl = VCC2 = 5V ± 10%, 4) System clock frequency = 2M Hz 
2) TA = O°C to 70°C 5) Digital timing measured at lAV threshold. 
3) Serial clock frequency = 20MHz (TBD) 6) PO = logic zero. 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC CHARACTERISTICS 

Vcc Ckt supply voltage Operating 4.5 5.0 5.5 V 

VCC2 Pwr supply voltage Operating 4.5 5.0 5.5 V 

Icc Vee current nlrr..r'"7 I'"" ... ' r 11'\1/ ;;:;;:; LVVV b 10 mA 

IpD Sleep current 100 ItA 

Vcc Power fail 3.8 4.0 4.25 V 

VCC2 Power fail 3.8 4.0 4.25 V 

DIGITAL INPUT CHARACTERISTICS 

VIL low voltage 0.8 V 

VIH High voltage 2.0 V 

IIH High current +1 ItA 

IlL low current -1 ItA 

CIN Input capacitance 5 pF 

DIGITAL OUTPUT CHARACTERISTICS 

VOH High voltage lOUT = lmA V 

low voltage lOUT = lmA V 

DIGITAL TIMING CHARACTERISTICS 

tcss Chip-sel set-up time to Bus-elk 10 ns 

tcsH Chip-sel hold time to Bus-elk 10 ns 

tDIS DATAIN set-up time to Bus-elk 10 ns 

tDIH DATAIN hold time to Bus-elk 10 ns 

tBKL Bus-elk off time 25 ns 

tBKH Bus-elk on time 25 ns 

tpDHL DATAoUT high to low delay 15 ns 
to Bus-elk 

tpDLH DATAoUT low to high delay 15 ns 
to Bus-elk 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

OUTPUT SECTION (Phase Outputs, A, B, or C) ISLEW = lIlA 

VOH VOUT high I=TBDT=TBD Vcc-O.5V V 

VOL VOUT sat low I=TBDT=TBD 0.5 V 

VF N-channel clamp IF = 100mA 0.5 V 
diode forward V 

tR Output rise time w/o slew control 1.0 Ils 

tF Output fall time w/o slew control 1.0 IlS 

tRS Output rise time RSLEW = 2M 960 IlS 

tFS Output fall time RSLEW = 2M 960 IlS 

tRS Output rise time RSLEW = 250k 120 115 

tFS Output fall time RSLEW = 250k 120 IlS 

BRAKE SECTION 

Brake trip point V 

VCBR Brake storage clamp voltage VCC = 5V V 

RETRACT SECTION 

Retract diode VFORWARD IF = 1 OOmA, T = TBD (VOUTX - VPIN14) V 

CHARGE PUMP SECTION 

IplD Charge pump source current VPID = 2.5V, TBD 24 IlA 
IplD Sink current -24 IlA 
IRAT Current ratio IpID(chg)/lpID(dchg) 0.9 1.0 1.1 -PID BUFFER AMPLIFIER SECTION 

Vos Offset voltage VIN= 2V 20 mV 

Slew Slew rate 1 V/Ils 

IB Input bias current VIN = 2V -10 IlA 
Swing Input range 0 4 V 

CURRENT CONTROL SECTION 

IRSEN Gain set #1 lOUT = 120mA 125 IlA 
IRSEN Gain set #2 lOUT = 120mA 250 IlA 
IRSEN Gain set #3 lOUT = 120mA 500 IlA 

IRSEN Gain set #4 IOUT= 120mA 1.0 mA 

ERROR AMPLIFIER SECTION 

Vos Offset voltage VCM = 2V 40 mV 

Is Input bias current VCM = 2V 10 1000 pA 

AVOL Open loop gain VCM = 2V 60 db 

Bw Bandwidth VCM= 2V, AV= 1 2 MHz 

VCMR Common-mode range 1.5 4.8 V 

VREF Input clamp V VNIN = VREF 1.25 V 

Slew Slew rate VCM=2V,AV=1 1.5 V/Ils 
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FUNCTIONAL DESCRIPTION 

In a typical disk drive application a microprocessor and 
the ML6035 are used to start a three phase brushless 
motor. After start-up the chip can provide stand-alone 
constant speed control or can be used in an external 
speed control loop. Unipolar run mode is supported to 
provide for higher motor speeds. Sensorless motor 
commutation is provided. See Fig. 1 for a typical 
application. 

MOTOR START-UP 

By using a microprocessor to send and receive 
information from the motor control chip almost any 
desired variation in any desired start-up algorithm can be 
achieved. 

Under IlP control, initial open-loop commutation 
sequence is provided to the commutation logic through 
the bits A, Band C. The Motor_off pin is used to control 
the current to the motor. As the motor is advancing and 
accelerating, the IlP can look at the TACHOUT pin to 
check the speed of the motor and switch to close loop by 
setting bit ST. 

Veel 

BUS_ClK 

DATA'N 

DATAoUT 

CHIP-SELECT 

Ill: RESET 
0 
III 
III ..... GND 

COMMUTATION LOGIC 

Commutation is performed by a 12-bit wide digital circuit. 
It can detect the zero crossing pulses, then evaluate the 
time needed between pulses and generate a commutation 
pulse after the half-time delay. Should the interval of zero 
crossings exceed the effective range of the counter, the 
delay will be set at the half of the full count automatically. 
Unwanted flyback pulses can be blanked out by setting 
bits FB[5:0j. Blanking time from 41ls to 1281!S with a step 
of 21ls can be programmed by IlP. Phase delay less than 
30° can be achieved by programming bits PA[7:0j. 

During momentary power interruptions the continuing 
motor zero crossing information can be used to recover 
commutation and resume closed loop speed control. 

POWER DRIVERS 

Three source PMOS devices and three sink NMOS 
devices, each capable of lA @ 500mV are used in 
complementary output stages. When mode switching is 
used to change from bipolar drive to unipolar drive the 
upper devices are disabled and an additional PMOS 
transistor is used to pull the motor neutral to the 5V supply. 

By using a small portion of each lower FET a closed loop 
current mirror can be created to monitor the current in 
each leg. The currents from the three lower current 
mirrors are summed to provide a voltage across RSENSE for 
a local current loop. 

EAOUT 

EA-

EA+ 

BUFPID 

NEUTRAL 

OUTA BRUSHlESS ~ GND Ill: 
ML6035 

PGND 
MOTOR 

-=-CI. PGND -::-
0 

MOTOROFF/TEMP Ill: 
OUTs U 

~ SYSTEM·ClK OUTe 
TACH·OUT Vee2 Vee2 

RSLEW PID 

~ RSLEW 

RETRACT RETRACT 
BRAKE CBRAKE 

~ 1: 

Figure 1. Typical Application Circuit 
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After a power failure, during the brake delay time period, 
the outputs are turned off so that the back-EMF energy 
can be used to retract the heads. Three schottky diodes 
are connected from the motor output pi ns to the retract 
pin to rectify the back EMF from the still spinning motor. 
The return rectification is provided by three schottky 
diodes tied in conjunction with the body diodes of each 
N-channel sinking transistor. 

BRAKING LOGIC 

This block provides active braking to slow down motor 
rotation quickly. A signal applied to an RIC network 
connected to the external brake pin initiates a delay prior 
to braking (turning off the P-channel devices and turning 
on all the output N-channel devices). A brake command 
from the serial bus initiates an immediate braking 
sequence with no delay. To prevent a momentary high 
current spike due to simultaneous conduction of a 
P-Channel and an N-channel power output device, a 
motor off command should be issued prior to a serial bus 
brake command. 

ML6035 
SPEED CONTROL 

During motor start a command from the serial bus can 
select one out of four divide ratios from the sum of the 
currents in the output sink devices (0.0005, 0.001, 0.002 
and 0.004) to be applied to the RSENSE pin. The voltage so 
formed is used to derive a current loop at the non
inverting input to the error amplifier. By starting with a 
low ratio lA drive currents can be achieved. Note that the 
current loop is active during start-up. 

When sufficient speed is reached to close the 
commutation loop (16% of final speed) the RSENSE 
ratio can be selected to provide more dynamic range at 
the RSENSE pin for the normal operating current and 
internal speed control (velocity loop) can be used. 
This is done by using a one pulse per revolution signal 
from the commutation circuit to compare with a preset 
value for the 14-bit divider, which together with the 
[external] system clock frequency determine the speed 
(see Figure 3). A digital frequency comparator compares 
these two signals and generates a command signal to the 
charge pump to charge up or discharge the external PID 
filter. The voltage at the PID pin is internally buffered and 
applied to the BUFOUT pin. The buffered PID signal is 
then applied to the inverting input to the error amplifier to 
provide a reference for the current loop and to complete 
the velocity loop. 

If sector data information is available the charge pump 
can be disabled by a signal from the serial bus and the 
sector information can be input to the PID pin to control 
the current loop (see next section). 

I .... ·f--------COMPLETE DRIVE CYCLE'------_~ I 
-cSI I n r--

'------1H-----1 L----Ilf---l ~f---l 

w~ n n 
----------~.~.------------------------------~~----~ 

RD(I) 
____________________ ~n~ ________________ ~ 

BUSCLK 

MOlOROFF 

Notes: t1 = min time required between "end of wnte" and "motor-activate" 
t2 = min time required between "motor inactivate" and "beginning of read" 
t3 = min time required between "read" and "write" 

Figure 2. Start-up Waveform 
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PST (13:0) -----+1 PRESET 

FREF --------lCLK 14 8~~M~~DER OFI------------.--CI 
UP 

CHARGE PUMP 

POLE 1 

POLE 0 

2T06 
DECODER 

P1 

LD 

REFERENCE SPEED 

~p_o __ 0_UT~1~ __________ ~ 
PRESET 

OUT TO 
PID FILTER 

DOWN 

MOTOR SPEED '3'POLE ---lCLK 6 8~~~;'~ER OFI-~T""'AC:::-H~-l> 
I I I I 
I I I I 

TACH r---jl r-rl r---1 
2 ---' : 1...-.-1 4-----l I 
REF~ =f I I I 

DO~:~ ~ I I 
! itt 

Figure 3. Speed Control 

CURRENT AND SLEW RATE CONTROL 

This block provides output current wave shaping to 
minimize very steep current slopes. The elimination of 
these steep currents helps to reduce magnetostriction 
noise in the motor windings and helps to eliminate or 
minimize f/yback pulses caused by the motor winding 
inductance. Slew rate control is provided on both the 
P-channel devices and the N-channel devices and is 
active for both rise and fall. The charge and discharge rate 
for the slew rate control is set by an external resistor, 
RSLEW. The value of this resistor should be adjusted so that 
a rise time or fall time of 20% (40% for both) of each "on" 
time. The range for RSLEW is 250K to 2MQ. This 
corresponds to a tRS, tFS range of 120!lS to 960lls. For 
example, an "ON" time of 1 ms, 40% corresponds to 
400ils which equates to 1.1 MQ. 

In addition to slew rate control the chip also supports a 
linear current loop on the lower (sinking) power drivers. 
A signal from the external PID filter is buffered and 
applied as a reference signal to an error amplifier shown 
in Figure 4. The error signal for this amplifier is derived 
from the RSENSE signal described in the power driver 
section above. The error amplifier has both inputs and the 
output available so compensation for the current loop can 
be easily done. 

The maximum output current limit is used during motor 
start and is programmed from the serial bus by selecting 
the current ratio at Isense as mentioned above. 

DIVIDE BY N BLOCK 

The "divide by N" block shown in the block diagram, 
supplies a selectable tach output. If selected from the 
serial bus, one pulse per revolution is provided. This 
signal is derived from the equivalent of a divider tied to 
the zero crossing comparator for phase A. This will insure 
a signal with minimum jitter. A register loaded from the 
serial bus programs the divider for a 4, 8, 12 or 16 pole 
motor. During start-up a serial command can disable the 
divide circuit to provide raw zero crossing information to 
the tach out pin. 

SEE 78 FOR MORE DETAIL 
ON PIDLOOP 

J 

PIDI T 
FILTERr 

>t-t--A 

c 

Figure 4. Current Loop Velocity Loop 
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ML6035 
LOW VOLTAGE DETECT SERIAL I/O AND CONTROL LOGIC 

This section provides a fail safe low voltage detect for 
both Vee and VeC2. In most systems the low voltage 
detect resides on the Voice coil driver chip and has a 
threshold voltage of 4.575V with 30mV hysteresis. In the 
event this external chip fails to detect a low voltage 
condition or in the event this function is not available in 
another chip, then an internal low voltage detect (Vth = 
4.325V, hysteresis = 30mV) will disable the outputs and 
initiate a shutdown with retract voltage available. 

The digital interface consists of a four-wire serial port. 
The 16-bit data word present on the DATAIN pin is serially 
shifted on the rising edges of the serial interface clock 
when the chip-select pin is active low. The RAVR bit is 
shifted in first and followed by address bits and data bits. 
To read stored data word, data will be shifted out from the 
DATAoUT pin on the falling edge of the serial clock when 
the chip-select pin is active low. When the chip select pin 
is high, DATAIN and Bus-Clk are ignored. 

OVER TEMPERATURE FLAG 

This section is located close to the output drivers and is 
used to detect an over temperature condition. At a 
temperature of 150 degree C the following events will 
occur: the outputs will be turned off and the Motor-off pin 
will be pulled low to signal the microprocessor that a 
thermal shutdown has occurred. The motor-off pin is reset 
to normal operation by the sleep command. When the 
microprocessor "sees" motor off go low it should initiate a 
retract so the heads can be parked prior to motor braking . 

..... 1 1-- tess ..... 1 1-- teSH 
CHIP_SEL ~L.. _______________________ ---,r-

..... 1 1-- IBKOFF 

lOIS ..... 1 1-- ..... 1 1-- IO'H 

OATA.N -, I A1 I AO I HIGH-Z 
LOGIC L ..... II--IPOLH 

IPOHL ..... II_ 
OATAOUT ---~HWI~GH~-~Z--~tI0~1~2tI0[lU1IIQ01~OaI10~9JIJo~sLI[0~7[I1]0~61110~sJIJo~4DIDo~3LIDo~2LIlo[lLIIQoo~~ 

Read Waveform 

..... 1 1-- tess ..... 1 1-- ICSH 

CHIP_SEL ~ .... ______________________ ---,r-
-., ,...- tSKOFF 

LOGICH IOIS ..... I 1-- ..... 1 1-- IO.H 

OATA.N --...J I A1 I AO 1012101110101091 osl 071 061 05104103102101 I DO I---

OATAouT ______________ -"H"'IG ... H"'·Z'--____________ _ 

Write Waveform 
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CONTROL REGISTER 0 

COMMUTATION START POINT 

012 to 010000 = A+ OFF A- OFF B+ OFF B- OFF C+ OFF C- OFF 

001 = A+ OFF A- OFF B+ OFF B- ON C+ ON C- OFF 

010 = A+ OFF A- ON B+ ON B- OFF C+ OFF C- OFF 

011 = A+ OFF A- ON B+ OFF B- OFF C+ ON C- OFF 

100 = A+ ON A- OFF B+ OFF B- OFF C+ OFF C- ON 

101 = A+ ON A- OFF B+ OFF B- ON C+ OFF C- OFF 

110 = A+ OFF A- OFF B+ ON B-OFF C+ OFF C-ON 

111 = A+ OFF A- OFF B+ OFF B- OFF C+ OFF C- OFF 

In read mode, these three bits contain the commutation status latched at the falling edge of CS. 

09 0 = forward direction 
1 = reverse direction 

08 

07 

06 

05 

04 

02-03 

01-00 

o = sleep mode 
1 = on 

0= brake off 
1 = brake on 

o = commutated by setting 012-010 of control register 0 
1 = commutated by digital delay loop 

o = Tach-out (1 pulse/phase) 
1 = Tach-out (1 pulse/rev.) 

1 = Unipolar operation 
o = Bipolar operation 

Charge pump 
00 = normal operation 
01 = discharge 
10 = charge 
11 = high impedance 

Debug mode. Enables part to alp internal signals from the data-out (serial out) pin. 
00 = tachout (normal operation) 
01 = blanking pulse width 
10= UP 
11 = commutation pulse 

Note: a logic "0" refers to a logrc low sIgnal 
a logic 1'111 refers to a logic high signal 
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CONTROL REGISTER 1 

D11,D10 00 = 4 pole motor 
01 = 8 pole motor 
1 0 = 1 2 pole motor 
11 = 16 pole motor 

D9, D8 Current limit 
11 = I at RSENSE = 0.0005 * lout Sink (A or B or C) 
00 = I at RSENSE = 0.001 0 * lout Sink (A or B or C) 
01 = I at RSENSE = 0.0020 * lout Sink (A or B or C) 
10 = I at RSENSE = 0.0040 * lout Sink (A or B or C) 

D7 Tach/DN 0 = DN pulse 
1 = Tach out 

D6 Unused 

D5-DO Blanking pulse width 

Time step = prescale factor*/system clock rate 
= 4 /(2 x 106 counts/sec) = 2 usec/count 
* the prescale factor is: 4 for a four pole motor 

2 for an eight pole motor 
1 for a twelve pole motor 
1 for a sixteen pole motor 

Note: a logiC "0" refers to a logiC low signal 
a logiC "1" refers to a logiC high signal 

CONTROL REGISTER 2 

ML6035 

DO = Least significant bit for # of counts to preset the frequency down counter (see next page for formula and remaining bits) 

D1 to D4 Not used 

D12 to D5 Select the desired phase advance 

Counts needed = system - clock rate x ~ x x J... 
per electrical prescale factor rpm (3 * poles) 60 
degree 

=2E6count/sec x 60sec/min x x 1 
4 3600rev/min 3x4phase/rev 60deg/ph 

= 11.6 count/el degree 

* The prescale factor is: 4 for a 4 pole motor 

2 for an 8 pole motor 
1 for a 12 pole motor 
1 for a 16 pole motor 

Note: a logic "0" refers to a logiC low signal 
a loglc"l" refers to a logiC high signal 
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CONTROL REGISTER 3 

D12 TO DO equal the # of counts to preset the frequency down counter 

counts needed = system clock rate x J&.. 
prescale factor rpm 

= 2E6 counts/rev x 60 sedmin 
4 3600 rev /min 

= 8,333 counts/rev 

= 1 0, 0000,1000,1101 

* The prescale factor is fixed in all cases. 

Note: a logic "0" refers to a logic low signal 
a logic "1" refers to a logIC high signal 

ORDERING INFORMATION 

PART NUMBER 

ML6035CH 

5-364 

TEMPERATURE RANGE 
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ADVANCE INFORMATION 

ML6042 

Tape Drive Data Channel Processor 
GENERAL DESCRIPTION 

The ML6042 is a single chip Data Channel for high capacity 
tape drives supporting a floppy like interface. It integrates 
the head preamplifier, pulse detector, filter/equalizer, and 
write driver functions. It also contains the gap/hole detector, 
under-voltage detector, and write driver with MR head bias. 
All major functions are controlled and their parameters 
programmed via the serial interface. 

This IC is intended for tape drive systems typically utilizing 
the QIC formats. Specifically the QIC40/80 and the 
QIC301 0/3020 recording formats. The minimal extemal 
components combined with the very small package makes 
the ML6042 ideal for designs with board space and height 
constraints like the popular 31/2" form factor half height 
drives. 

The head preamp is compatible with both thin film and 
magneto resistive heads with a programmable MR bias. The 
write driver currents are also programmable. 

The filter is a 6 pole, 2 zero, 0.05° equi-ripple continuous 
time configuration with asymmetric equalization. The cutoff 
frequency and amount of asymmetric equalization are 
programmable via the serial interface in 32 steps. The 
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cutoff frequency can range from 200KHz to 1.6MHz in 
two ranges. 

The pulse detector utilizes a high bandwidth AGC and 
supports both fixed and variable gain modes with 
programmable attack and decay. 

The three wire serial microprocessor interface has a 
buffered data latch. 

The ML6042 is available in a low profile 32 pin SOIC 
package. (0.3" wide) 

FEATURES 

• Complete data channel for tape drives 

• Compatible with QIC 40/80/3010/3020 formats 

• Data rates - 2 Mbps (MFM) or 5 Mbps (RLL) 

• All key parameters are programmable 

• Minimal external components 

• Continuous time filter with asymmetric equalization 

• Less than 500mW operating power dissipation 

• Total jitter & pulse pairing < 5% of window 
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ML6042 

PIN CONFIGURATION 
ML6042 

32-pin sOle (532) 

LEVEL 

CAGC 

HOLOB 

TESTIN 

IMR 

ISET 

VIN+ 

VIN-

CBYMR 

WR+ 

WR

GNOW 

VCCW 

WENB 

WO 

GNOOI 

10 

11 

12 

13 

14 

15 

16 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME 

LEVEL 

2 CAGC 

3 HOLDB 

4 TESTIN 

5 IMR 

6 ISET 

7 VIN+ 

8 VIN-

9 CBYMR 

10 WR+ 

FUNCTION 

Rectified signal level output, and input 
to the programmable hysteresis 
comparator. An external capacitor 
connects between this pin and GNDA 
to set the discharge time constant. 

The AGC loop capacitor connects 
between this pin and GNDA. 

Logic input for AGC disable. A low on 
this pin disables the charging and 
discharging paths to the CAGC pin 
causing it to float. 

Control input to select the test signal 
on the TESTOUT pin. An input voltage 
of 0-1 V selects the AGC output at 
TESTOUT, 2-3V selects the multiplier 
output, and 4-5V selects the fi Iter low 
pass output. 

MR bias current sink output pin. 

External resistor to GNDA that sets the 
write driver and MR bias current. 

Differential signal positive input to 
read channel. 

Differential signal negative input to 
read channel. 

MR bias circuit bypass capacitor to 
GNDA. 

Differential positive write driver output. 
One side of the write head coil and 
damping resistor connects to this pin. 

RFIL 

TESTOUTP 

TESTOUTN 

VCCA 

GNOA 

ORATE 

EOGC 

12VSENS 

ARESETB 

IOPIN 

ROB 

VCCO 

GN002 

SDATA 

SENB 

SCLK 

PIN# NAME 

11 WR-

12 GNDW 

13 VCCW 

14 WENB 

15 WD 

16 GNDD1 

17 SLCK 

18 SENB 

19 SDATA 

20 GNDD2 

21 VCCD 

22 RDB 

23 IDPIN 

24 ARESETB 

5-366 'Micro Linear 

FUNCTION 

Differential negative write driver output. 
One side of the write head coil and 
damping resistor connects to this pin. 

Ground connection for the write driver. 

Positive power supply (5V) connection 
for the write driver. 

Write enable logic input. A logic low 
on this pin enables the write driver, 
switches the AGC amplifier to fixed 
gain mode, and discharges the CAGC 
pin to the lower clamp voltage. A logic 
high disables the write driver and 
initiates the write to read transition 
clamp time-out. 

Write data input, MFM encoded. 

Digital ground. 

Clock input for serial interface. 

Logic input for serial interface enable. 
Active low. 

Serial data input. 

Digital ground. 

Positive power supply connection 
(+5V) for digital circuitry. 

Read data output. Encoded data from 
pulse detector. 

Used for chip identification. If not 
used it should be connected to GNDA. 

Under voltage status logic output. 
Active low. 



PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION 

25 12VSNSE Sense input for 12 volt fault detector. 
An external resistor divider from + 12 
volts to ground connects to this pin. 

26 EOGC Output of end-of-gap detector. 

27 DRATE Control input for selecting the cutoff 
frequency of the filter. A logic high sets 
the filter to the high range and a logic 
low to the low range. It has an internal 
pull down. 

28 GNDA Analog ground. 

PIN# NAME 

29 VCCA 

30 TESTOUT-

31 TESTOUT+ 

32 RFIL 

'Micro Linear 

ML6042 

FUNCTION 

Positive power connection for the 
analog circuitry. 

Differential negative test signal output. 
See TESTIN. 

Differential positive test signal output. 
See TESTIN. 

External resistor to GNDA sets the 
center frequency of the filter. 
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PRELIMINARY 

ML6310 

3V /5V Read Channel Front-end Processor 
GENERAL DESCRIPTION 
The ML631 0 is a BiCMOS Read Channel Front-end 
Processor IC which is one half of the disk read channel 
chipset from Micro Linear, intended for the next 
generation of small form factor (1.8" & 1.3") disk drives, 
operating on 3V and/or 5V supplies. It works in 
conjunction with the ML6311 Read Channel Back-end 
Processor to form a complete solution for the low-voltage/ 
low-power disk read/write channel. It incorporates a full 
function pulse detector, four channel servo demodulator, 
and a filter/equalizer with switchable response 
characteristics between data and servo. 

The filter architecture consists of a 6-pole, 2-zero, 0.05° 
Equiripple type, continuous time filter, with asymmetric 
equalization, realizing a family of frequency response 
curves optimized for the disk drive read channel. The 
cutoff frequency and boost (asymmetric equalization) are 
programmable through the serial interface using intemal 
5- & 4-bit DACs. The pulse detector is implemented with 
a high bandwidth AGC whose attack and decay rates are 
programmable through the serial interface using 2-bit 
DACs respectively. The Hysteresis level for the pu Ise 
detector Gate channel is also programmable through the 
serial interface using a 4-bit DAC. A four channel servo 
demodulator is on board which offers buffered outputs for 
head positioning with a programmable option to bring out 
either A, B, C, D or A+B, A-B, C-D, C+D outputs. 

The ML6310 supports four power down modes for 
implementation of real-time power management in an 
optimal manner. The operating power dissipation is 
targeted to be less than 300mW at 3V, while the part will 
dissipate less than 151lW in the sleep mode. The ML631 0 
requires only three external components. 

SYSTEM BLOCK DIAGRAM 

FEATURES 
• Operating supply ranges are 2.7V to 3.3V or 3.0V to 

3.6V or 4.5 to 5.5Y. 

• Very Low Power dissipation at 3V PSLEEP < 151lW, POPR 
< 300 mili-watts 

• Low profile, 32-pin TQFP package, (7 x 7 xl) mm3 

• NRZ Disk data rates up to 32 Mbits/s, for 1,7 RLL 

• Pulse detector with less than ±500ps pulse pairing 

• Wide bandwidth (> 60MHz) AGC amplifier 

• Internal stable reference voltage level for AGC 

• Programmable hysteresis level in Gate channel (static) 

• Four channel servo demodulator with internal 
capacitors for track & hold capability. Selectable A, B, 
e D or A-B, C-D, A+B, C+D dernod outputs. 

• Onboard coupling capacitors and DC offset 
cancellation circuitry to minimize internal offsets 

• 6-pole, 2-zero continuous time, 0.05° equiripple filter 
with less than 40dB harmonic distortion 

• Programmable filter cutoff frequency (3 :1 range in 32 
steps) (fc = 6.0 to 18 MHz). Also allows a 10% range 
shift under external resistor control 

• Programmable Asymmetric Equalization in 256 steps 
(256 combinations of Group Delay and Boost), 
providing 0 to 11.6 dB slimming boost at fc . 

• High speed (20MHz clock) three wire serial 
microprocessor interface with double buffered data 
latch for synchronous or asynchronous data loading. 

• Four Power-down modes selectable, plus hardware pin 

• CMOS / TTL compatible I/O to minimize power 
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BLOCK DIAGRAM 

OsLlM--\------++--.,----, 

VIN+ --\---.---1 

VIN--+--.r----I 

I-l-+-RO 
I-_--t-ROB 

HOLOB--4---~_:~~4r----~---_t~-l-----~ 
CAGC--r---i:::::~------_t--,__t~--------~ 

LEVEL --\------------i---i---t-------, 

VRFIL -+-----1 

WG -+-----1 TIMING 
& 

PONB _+-_---IC~~g~L 

CONTROL 
REGISTERS (30-BITS) 

__ ~~~~~~~~~t=~======~:=~==VRSVO I BUFA 
-- A+B 
-- A-B 

!~~~~;=:=======~~==t==BUFB BUFC 
r---r---~~~ --C+O 

-- C-O 

t--l!!~~J--l--"'-----4~__t-- BUFO 

PIN CONNECTION 

-' + ~ ~ 
,:!: 

I + W :J 
Z Z gj u iil 0 '-' '-' z ;;: ;;: > < < '-' Q ~ 

CAGC LPOUT-

WG PONB 

HOLDB LEVEL 

VRSVO GNOO 

A/A+B RO 

B/A-B ROB 

C/C+O VCCA 

O/C-O VCCO 

~ '" ~ Q '" ~ 
.. Ii l- I- e d '-' '-' '-' '-' Q '" 

'" 

5-370 'Micro Linear 



ML6310 

PIN DESCRIPTION 

PIN NAME FUNCTION PIN NAME FUNCTION 

Pulse Detector Filter / Equalizer (continued) 

31 VIN+ AGC amplifier differential input. This 25 LPOUT+ Buffered lowpass filter outputs used for 
32 VIN- input is AC coupled from the Readl 24 LPOUT- test and prototyping purposes. These 

Write amplifier output. It is are differential open emitter outputs 
recommended that the differential and hence should be left open in 
input signal be in the range of 15mVp_ normal operation to minimize power 
p to 150mVp_p. dissipation. 

CAGC The AGC loop capacitor is connected Timing and Control 
from this pin to GNDA. Lead-Lag 

23 PDNB Active low CMOS input. In conjunc-network may be used for a differential 
loop filter characteristic, if desired. tion with the power management bits 

The Attack and Decay currents of the in the Control Register, this helps setup 

AGC can be adjusted through the bits the ML631 0 in one of the four power 

in the control register. down modes. 

3 HOLDB This is an active low CMOS input pin. 2 WG Active high CMOS input. This input is 

When this pin is forced to a logic low, used to activate the input clamp for a 

all the charging and discharging paths period of 1!!S, to generate the write to 

on the CAGC pin are disabled. The read transition delay. 

AGC amplifier now acts as a fixed gain Servo Demodulator 
amplifier with the gain being 

4 VRSVO This reference voltage derived from determined by the voltage on the 
CAGC pin. the internal bandgap is used by the 

ND converter handling the servo 
22 LEVEL Rectified signal level output and input bursts, to define the middle point of 

to the programmable hysteresis the dynamic range. A typical value for 
comparator. An external capacitor this is 1 .OV. 
between this pin and GNDA, in 

9 GTA Gate control for the four channel servo -conjunction with an internal resistor 
(8 Kohms typical), sets up the 10 GTB burst detectors. Active high CMOS 

discharge time constant. 11 GTC inputs. Internal holding capacitors 
12 GTD hold the charge corresponding to the 

20 RD These pins provide the differential peaks of the servo bursts. 
19 RDB pu I se detector encoded read data 

output (ECL). These signals form the 
input to the ML6311 - read channel 13 DIS Active high CMOS input. When this pin 
back-end processor chip which does is asserted high, the four servo peak 
the data synchronization and clock detector capacitors are discharged. 
recovery. (Low voltage ECL OIP's) 

5 A 1MB Buffered four channel servo demodulator 
29 AGC+ Buffered AGC outputs used for test and 6 B/A-B outputs. The four outputs can be 
28 AGC- prototyping purposes. These are 7 C/C+D optionally selected to be either A, B, 

differential open emitter outputs and 8 D/C-D C, D or A+B, A-B, C+D, C-D through 
hence should be left open in normal a bit (SMODE), in the Control Register 
operation to minimize power #6 
dissipation. Serial Interface 

Filter / Equalizer 15 SCLK This is a CMOS input which clocks the 

30 VRFIL A resistor between this pin and GNDA Control Register (negative edge trigger). 

sets up the center frequency of the Internally this pin is gated with the 

filter. SENB signal. 

26 DSLIM When this pin is high, the slimming 14 SDATA Control Register Data, CMOS input, 

function is disabled and the filter clocked by SCLK. 

cutoff frequency is switched to the 16 SENB Active low CMOS input - Control 
servo fi Iter cutoff frequency. When this Register enable. A logic low input on 
pin is low the filter data path cutoff this pin pin allows the SCLK input to 
frequency is used, with the slimming clock the SDATA into the control 
being programmable. register and a logic high latches the 

control register contents. 
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PIN DESCRIPTION (continued) 

PIN NAME FUNCTION 

Power Supply and Ground 

18 veeA This is the analog vee input, used for 
the pulse detector, filter/equalizer and 
servo demodulator. In the case of a SV 
supply operation this pin needs to be 
left open, while in the case of a 3V 
supply operation this pin is tied to 
VeCD. 

1 7 VeeD Digital vee input for serial 
microprocessor interface and related 
logic. This can handle the 2.7V to 
S.SV supply range. 

27 GNDA Analog ground 

21 GNDD Digital ground 

TYPICAL EXTERNAL COMPONENTS 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (VCCA & VCCD) .............. -0.3 to +7V 
Analog & Digital Inputs/Outputs ...... -0.3 to VCCA + O.3V 
Input Current per Pin .................................. -25 to +25mA 
Storage Temperature ................................... -65 to + 150°C 
Maximum Junction Temperature .............................. 125°C 

ELECTRICAL CHARACTERISTICS 

ML6310 

RECOMMENDED OPERATING 
CONDITIONS 
DC Supply Voltage Range ..... 2.7V to 3.6V or 4.5V to 5.5V 

For 5V Operation ...... VCCA is left open, VCCD is at 5V 
For 3V Operation ......... VCCA and VCCD are tied to 3V 

Operating Temperature Range ...................... O°C to +70°C 

Unless otherwise specified, VCCA = VCCD = 2.7 to 3.6 Volts or 4.5 to 5.5 Volts and TA = 0 to 70°C. 

PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

Power Dissipation 

Analog Vee (VCCA) Left open for 5V operation 2.7 3.6 V 

Digital Vee (VCCD) Connected for both 3 V & 5V 2.7 5.5 V 

Supply Current (Analog) @VCCA=3.0V 80 mA 
@ Sleep mode (PDNB pin = 0) 8 IlA 

Supply Current (Digital) @ VCCA = 3.0V or 5.0V 10 mA 
@ Sleep mode (PDNB pin = 0) 2 IlA 

Supply Current (Total) VCCA = VCCD = 3.0V 90 mA 
VCCD = 5.0V, VCCA = open 110 mA 
@ sleep mode (PDNB pin = 0) 10 IlA 

Power Down Current PDNB pin = 1 90 mA 
(Normal mode) Control Reg bits PM1=PMO=0 

Power Down Current Serial Interface + AGC + Filter + 65 mA 
(Servo mode) Servo demodulator enabled 

PDNB = 1, PM1= 0, PMO = 1 

Power Down Current Serial Interface + AGC + Filter + 68 mA 
(pulse mode) Pulse Detector enabled 

PDNB = 1, PM1= 1, PMO=O 

Power Down Current Only Serial Interface enabled 
(Idle mode) PDNB = 1, PM1 = 1, PMO = 1 

VCC = 2.7 to 3.6V 0.45 30 IlA 

VCC = 4.5 to 5.5V 0.8 1.5 mA 

Power Down Current Control register retains data 0.15 5 IlA 
(Sleep mode) PDNB = 0, PM1= X, PMO = X 

Digital I/O Specifications 

High level input voltage VCCD-0.5 VCCD V 

Low level input voltage GNDD GNDD+0.5 V 

High level input current @VCCandGND 1 IlA 
Low level input current @VCCandGND 1 IlA 
AGC Amplifier and Input Clamp 

Differential Input signal range Note 2 15 150 mVp_p 

Maximum AGC gain VCAGC = 1.2V @ AGC ± pins 15 22 28 VN 

Minimum AGC gain VCAGC = 2.2V @ AGC ± pins 0.6 3 VN 

Differential input resistance Read mode (WG is low) 3.75 5 6.25 Kohms 

Write mode (WG is high) 200 500 700 Ohms 
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ELECTRICAL CHARACTERISTICS (continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNITS 

AGC Amplifier and Input Clamp (continued) 

CMRR VIN+ = VIN- = 100 mV @ 5MHz & 40 dB 
VCAGC= 1.2V 

PSRR VCCA = 100 mV @ 5 MHz & 40 dB 
VCAGC= 1.2 V 

CAGC voltage range @VCCD = 2.7V Note 1 1 2.2 V 

Input Clamp Off time From WG active to input 
clamp release 0.7 1 1.3 /IS 

Clamp propagation delay From WG inactive to input Z clamped 20 100 ns 

AGC Control - Rectifier and Comparator 

CAGC clamp voltage 1.2 1.8 2.5 V 

CAGC Output voltage Maximum possible 1.8 VCCNO.5 3.0 V 

CAGC Attack current Min - Control register bits = 00 20 30 45 j!A 
Max - Control register bits = 11 70 120 170 j!A 

CAGC Decay current Min - Control register bits = 00 1 3 6 j!A 
Max - Control register bits = 11 6 9 12 j!A 

CAGC leak current HOLDB pin is low ±0.1 j!A 

HOLD on/off HOLDB pin, ON time and OFF time 0.5 /IS 

Hysteresis Comparator 

Input signal range Differential input, Note 1 

Hysteresis range percent of input signal amplitude 0 93.8 % 

Hysteresis resolution controlled by internal DAC, Note 1 6.25 % 

Max output current LEVEl pin short to gnd (ISHORT > 1 mAl 1 mA 

Output resistance LEVEL pin 400 ohms 

Pulse Qualification Section 

Read Data pulse width 20 30 ns 

Pulse Pairing 0.2 MHz sinewave @ 15 mVp.p diff, 
fe = 9MHz (1 sigma) ±0.5 ±1 ns 

Jitter on RD (falling edge) 0.2 MHz sinewave @ 15 mVp_p diff, 
fe = 9MHz (1 sigma) ±0.1 ±1 ns 

RD/RDB raw data output Differential, Psuedo ECL IVRD - VRDB I 0.6 0.7 0.8 V 

VRD/RDB common mode Note 1 VCCA-VBE V 

Filter I Equalizer Section 

Differential Group delay O.3fe to fe, feO-fe4 = 1 ±5 % 

Cutoff Frequency Accuracy -10 +10 % 

Slimming Level Accuracy -1 +1 dB 

Phase shift (LP & BP) feO-fe4 = 1, Note 2 90±2 degree 

Response settl i ng ti me Due to change in fe, Note 2 1 /IS 
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ELECTRICAL CHARACTERISTICS (continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Servo Demodulator Section (All tests @ f = 5 MHz) 

Servo Amplifier voltage gain @ Input = 50 mV and 150 mY. 
AGC set to a gain of 1 . 3 5 7 V/V 

Channel offset matching ±2 ±10 mV 

Output leakage cu rrent 5 nA 

Discharge time Input = 150 mY, discharge to 50% 
output 5 (.IS 

Droop rate Input = 150 mY, GATE on to GATE off 0.01 0.1 mV/(.IS 

Acquisition time Gate enable to 90% of peak detector 
output 1 1.5 (.IS 

Difference error Input = 150 mV ±2 ±10 mV 

VRSVO output voltage 0.9 1.05 1.3 V 

Serial Microprocessor Interface 

Serial clock (SCLK) frequency 0.01 20 MHz 

SCLK pulse width tpw 20 ns 

SCLK to SDA T A hold time tHSD 5 ns 

SDA T A to SCLK setup time tSSD 5 ns 

SENB to SCLK setup time tSSEN 10 ns 

SCLK to SENB hold time tSSEN 10 ns 

Note 1: These specifications are deSign goals and are not tested They are provided for informational purposes only. 
Note 2: These parameters are guaranteed by deSign and venfied by characterization only and are not part of the production test program, hence only the typical values are 

indicated for system designers reference. 

TIMING DIAGRAM 

SCLK 

SDATA 

SENB 

Figure 1. 3-Wire Serial Interface. 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The Ml6310 is a Read Channel Front-end Processor IC 
which is one half of the disk read channel chipset from 
Micro Linear, intended for the next generation of small 
form factor (l.B" & 1.3") disk drives, operating on 3V and/ 
or 5V supplies. Fabricated in Micro Linear's BiCMOS 
process (l.5~ CMOS, 4GHz ft bipolar), it works in 
conjunction with the Ml6311 Read Channel Back-end 
Processor to form a complete solution for the low voltage! 
low power disk read/write channel. It incorporates a full 
function pulse detector, four channel servo demodulator, 
and a filter/equalizer with switchable response 
characteristics between data and servo. The Ml631 0 
supports four power down modes for implementation of 
real-time power management in an optimal manner. The 
maximum power dissipation is targeted to be less than 
350mW, while the part will dissipate less than 1 mW in 
the sleep mode. In this mode all sections are powered 
down except the serial microprocessor interface. A high 
level of digital programmability through this interface and 
on board registers contributes to reducing the external 
component count significantly. 

The pulse detector is implemented with a high bandwidth 
AGC whose attack and decay rates are programmable 
through the serial interface using 2-bit DACs respectively. 
The Hysteresis level for the pulse detector Gate channel is 
also programmable through the serial interface using a 
4-bit DAC. Pulse qualification is achieved by using both 
level and polarity. 

A four channel servo demodulator is onboard which offers 
buffered outputs for head positioning with a 
programmable option to bring out either A, B, C, D or 
A+B, A-B, C-D, C+D outputs. The four hold capacitors 
for the servo peak detectors are implemented on board. 

The programmable filter architecture consists of a 6-pole, 
2-zero. 0.05° Equiripple type, continuous time filter, with 
asymmetric equalization, realizing a family of frequency 
response curves optimized for the disk drive read channel. 
For embedded servo handling, the servo and the data path 
filter cutoff frequencies are programmed separately. Using 
the external DSLIM pin, the filter characteristics can be 
switched to the servo cutoff frequency with no slimming 
boost. The switching of the filter frequency response is 
very fast, thus allowing for real-time embedded servo 
handling The cutoff frequency and boost (asymmetric 
equalization) are programmable through the serial 
interface using internal 5-bit and 4-bit DACs. 

The three wire serial interface is also used to program a 
number of parameters controlling the various sections of 
the chip. On physical power-up, the control registers will 
come up in an undetermined state and hence these 
registers must be initialized to their default values first, so 
that the chip is put in a defined state. The contents of the 
control registers are retained in all power down modes, 
except when the power is physically turned off to the 
chip. 

The Ml631 0 is designed to offer the lowest power 
dissipation, a high level of integration and offer a high 

level of programmability to minimize the number of 
external components, thus resulting in an optimized read 
channel front-end. It outputs raw data in an ECl format 
whose level is compatible with the input to the 
companion chip Ml6311, used for data separation and 
clock synchronization. Please refer to the block diagram 
of the Ml631 0 for the details. 

PULSE DETECTOR 

The pulse detector consists of the AGC amplifier with a 
full AGC control loop, on the front-end, which works in 
conjunction with the programmable filter/equalizer 
circuitry. The pulse detector consists of the conventional 
time channel and gate channel to help in pulse 
qualification, for generating the raw data output which 
represents the time position of the peaks corresponding to 
the flux reversals on the disk. 

AGC 

The AGC amplifier is a two stage differential amplifier 
design with high bandwidth, typically greater than 
1 OOMHz. The first stage of the AGC is a Variable Gain 
Amplifier (VGA) whose gain is controlled by the voltage 
on the CAGC pin. The gain of the amplifier decreases as 
the voltage on the CAGC pin increases. The second stage 
is essentially a fixed gain amplifier. 

The AGC usually gets its differential input from the output 
of the head preamp circuit. The input signal range is 
15mV to 150mV peak-to-peak differential. The AGC's 
input has a switchable input impedance clamp to enhance 
the write to read transient recovery. This is indirectly 
controlled by the Write Gate signal from the disk 
controller. When Write Gate is active-high (write mode), 
the input impedance is reduced or clamped to a low 
impedance state and when Write Gate goes inactive-low, 
the input impedance switches back to the normal (high 
impedance state), after a 1 ~ delay, typically. 

The output of the AGC amplifier feeds into the filter/ 
equalizer directly. The lowpass output from the filter/ 
equalizer serves as the input to the AGC control front-end 
which is a full wave rectifier. The AGCSET comparator 
compares the full wave rectifier output with an internal 
settled voltage reference and generates an output to the 
AGC control circuitry. The AGC control circuitry 
compares this voltage with the voltage from the CAGC 
pin, before providing the feedback into the control nodes 
of the Variable Gain Amplifier. The capacitor on the 
CAGC pin then gets charged or discharged depending on 
whether the full wave rectifier output is greater than or 
less than the preset internal reference voltage. The 
charging and discharging current, also referred to as the 
attack and decay rates, are programmable through the bits 
in control register #5, as shown below. Refer to the section 
on Control Register for programming details. 

I 1 I 0 I 1 I REG IOKYlIOKYolATKl IATKO I 

5-376 'Micro Linear 



During the servo capture period, the AGC amplifier 
functions as a fixed gain amplifier, under control of the 
HOLDB pin. When the HOLDB pin is forced to a logic 
low, the AGC control loop is disabled and the charging 
and discharging of the capacitor on the CAGC pin is 
stopped. The AGC loop maintains the gain setting prior to 
the HOLDB pin going low. The impedance and gain of the 
AGC amplifier are not affected. 

Time Channel 

The time channel of the pulse detector consists of a 
multiplier and a zero crossing comparator, the output of 
which generates the clocking signal to the pulse 
qualification flip-flop. The input of the multiplier is the 
differentiallowpass and bandpass outputs of the filter/ 
equalizer. The capacitative coupling ensures the removal 
of any DC offsets in the differentiated outputs of the filter/ 
equalizer. This technique contributes significantly to better 
pulse pairing by eliminating the need for a matching 
bidirectional one-shot as used in conventional 
approaches. 

The output of the multiplier goes to the zero-crossing 
comparator which produces a logic output whose edges 
correspond to the zero crossing points of the input signal. 
A positive transient of state at the zero crossing output 
indicates that a minima and maxima has been detected at 
the filter/equalizer's differentiated output. 

Gate Channel 

The Gate Channel consists of a hysteresis comparator 
which prevents false triggering of the output one-shot due 
to baseline noise. The lowpass output of the filter/ 
equalizer forms the input of the hysteresis comparator. 
Only when a data pulse is of sufficient amplitude will the 
hysteresis comparator allow the output one shot to be 
triggered. The hysteresis comparator also ensures that the 
output one-shot is triggered once for each data pulse 
polarity. The hysteresis level (as a percentage of the 
hysteresis comparator input signal peak), is programmable 
through the bits in control register #4, as shown below. 
Refer to the section on Control Register for programming 
details. 

I 1 

Pulse Qualification 

The pulse qualification circuitry consists of a D flip-flop 
whose data input is the hysteresis comparator output and 
it is clocked by the zero-crossing comparator output in the 
time channel. The output of this D flip-flop triggers a one
shot whose pulse width is programmed through an 
internal RC constant. In order to allow the zero-crossing 
comparator output to fire the one-shot, every positive 
transient in the zero-crossing comparator shall correspond 
to the opposite polarity of the hysteresis comparator 
output. The output of the one-shot then constitutes the 
raw data output which represents the time position of the 
peaks corresponding to the flux transitions on the disk 
media. 

ML6310 

PROGRAMMABLE FILTER/EQUALIZER 

The programmable filter/equalizer circuit approximately 
realizes a sixth-order, 0.05° Equiripple function thus 
achieving a flat group delay up to twice the cutoff 
frequency (2fe!. The filter processes signals in a 
differential mode for greater noise immunity. This filter 
architecture is capable of handling fast transients and 
provides smaller excess phase and power dissipation. It is 
made up of three biquads which generate a lowpass and 
bandpass (differentiated) output. The cutoff (corner) 
frequency of the filter is controlled by 5 bits in control 
register which provide 32 combinations in the range of 
6MHz to IBM Hz. Control register #0 is used to program 
the data channel corner frequency while the servo 
channel corner frequency is programmed in control 
register #1, as shown below. Refer to the section on 
Control Register for programming details. 

DATA PATH CUTOFF FREQUENCY 

SERVO PATH CUTOFF FREQUENCY 

These five bits are used to control a DAC to generate a 
current which is used to control the frequency of the filter. 
The cutoff (corner) frequency of the filter is given by the 
following equation: 

fc=6 + (0.387 x 16fc4 + 8fc3 + 4fc2 + 2fc 1 + fcO) 

Table 1 lists the corner frequencies and the corresponding 
control register bit configurations. 

Two real zeroes are introduced by two equalizers 
(slimmers) inserted between the first/second and the 
second/third biquads. The zeroes can be adjusted 
independently so that it is possible to realize asymmetric 
equalization, if desired. The transfer function of the 
equalizer (slimmer) is given by : 

Where COOl, c002 are the corner frequencies of the first 
and second biquads and 5 = jro is the complex frequency. 
The normalized corner frequencies of the first and second 
biquads are 0.981 and 2.074. The group delay variation at 
the corner frequency is given by : 

( kl )3 
1 0.981 

~Groc =- ---"-(--<-)-::-2 
roc 1+ kl 

0.981 

(rltJ 
( )

2 
1+ k2 

2.074 
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kl and k2 can be controlled by adjusting the bias currents 
in the slimmers. They are adjusted by changing the 
slimming control bits - zeroA (NA) in control register #2 
and zeroB (Ns) in control register #3 as shown below. 
Refer to Table 2 and the section on Control Register, for 
details. 

MSB 

I 0 I I 0 IRsvol EA3 I EA2 lEAl I EAO I 

MSB 

I 0 I 1 I 1 IRsvol EB3 I EB2 I EBl I EBO I 

kl & k2 are expressed by the equations below: 

k _ klMAXNA 
1 - 15 klMAX = 1.578 

k _ k2MAX NS 
2 - 15 k2MAX = 3.327 

NA and Ns are the decimal expression of the slimming 
bits EA3 - EAO and EB3 - EBO, respectively. Hence the 
group delay and corner frequency product (refer table 2), 
is given by: 

(0.1 078Ns )3] 

1+(0.1078Ns)2 

The equalization (slimming) level is given by : 

SL(dB)=lOIOg[l+(k~~~ J]+1010g[1+(k~:; J] 

At the corner frequency of the filter (18 MHz), the 
equation is reduced to : 

FILTER TRANSFER FUNCTION 

TABLE 1: Corner frequency programming values 

fe4 fe3 fe2 fcl feO fe (MHz) 

0 0 0 0 0 6.000 
0 0 0 0 6.387 
0 0 0 0 6.774 
0 0 0 1 7.161 
0 0 0 0 7.548 
0 0 0 1 7.935 
0 0 0 8.323 
0 0 1 8.710 
0 0 0 0 9.097 
0 0 0 1 9.484 
0 0 0 9.871 
0 0 10.258 
0 0 0 10.645 
0 0 11.032 
0 0 11.419 
0 1 1 11.806 

0 0 0 0 12.194 
0 0 0 1 12.581 
0 0 0 12.968 
0 0 1 1 13.355 
0 1 0 0 13.742 
0 0 14.129 
0 1 0 14.516 
0 1 1 1 14.903 
1 0 0 0 15.290 

0 0 1 15.677 
0 1 0 16.065 
0 16.452 

0 0 16.839 
0 1 17.226 

0 17.613 
18.000 

Table 2 shows the Product of Delta Group Delay & fc , 
slimming level, zeroA and zeroB programming values 
with control register bit configurations. The values, Binary 
(EA3 - EAO) = Decimal NA and Binary (EB3 - EBO) = 
Decimal Ns. 

l 2 1l 2 II 2 1 = OlOl Ol02 Ol03 
2 5 X OlOl 2 2 S X Ol 2 2 S X Ol 3 2 

S +q,-+OlOl S +~+Ol02 S +~+Ol03 

Where: OlOl = 0.981 roc 
Ol02 = 2.074 Ole 
Ol03 = 1.470 Ole 
Ql = 0.551 
Q2 = 1.686 
Q3 = 0.893 
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TABLE 2 

No l>CfC<sHz) SL(dB) No l>CfC<sHz) SL(dB) 

o o o o 4 o -0.Q108 0.7406 
o 0.0002 0.0502 4 -0.0106 0.7908 
o 0.0015 0.1973 4 -0.0092 0.9379 
o 0.0049 0.432 4 -0.0059 1.1726 
o 4 0.0108 0.7406 4 4 o 1.4812 
o 0.0193 1.1077 4 0.0086 1.8483 
o 6 0.0304 1.5178 4 6 0.0196 2.2584 
o 0.0436 1.9574 4 0.0328 2.698 
o 8 0.0585 2.4148 4 8 0.0478 3.1554 
o 9 0.0749 2.8809 4 9 0.0641 3.6215 
o 10 0.0922 3.3487 4 10 0.0815 4.0893 
o 11 0.1103 3.8132 4 11 0.0995 4.5538 
o 12 0.1289 4.2706 4 12 0.1181 5.0112 
o 13 0.1478 4.7187 4 13 0.137 5.4593 
o 14 0.1669 5.1557 4 14 0.1562 5.8963 
o 15 0.1862 5.5807 4 15 0.1754 6.3213 

o -0.0002 0.0502 o -0.0193 1.1077 
o 0.1004 0.0191 1.1578 

2 0.0013 0.2475 -0.0178 1.305 
0.0047 0.4822 -0.0144 1.5397 

4 0.0106 0.7908 4 -0.0086 1.8483 
0.0191 1.1578 o 2.2153 

6 0.0302 1.568 6 0.0111 2.6255 
0.0434 2.0076 7 0.0243 3.065 

8 0.0583 2.465 5 8 0.0392 3.5225 
9 0.0747 2.9311 9 0.0556 3.9886 
10 0.092 3.3989 10 0.0729 4.4564 
11 0.1101 3.8634 11 0.091 4.9208 
12 0.1287 4.3208 12 0.1096 5.3783 
13 0.1476 4.7688 13 0.1285 5.8263 
14 0.1667 5.2058 14 0.1476 6.2633 
15 0.186 5.6309 15 0.1668 6.6884 

0.1973 

2 o 0.3946 

2 o -0.0015 
2 -0.0013 0.2475 

2 
1.568 

1.7152 

1.5178 --6 -0.0304 o 
6 -0.0302 
6 2 -0.0288 

0.0033 0.6293 6 -0.0255 1.9498 
4 0.0092 0.9379 6 4 -0.0196 2.2584 

2 0.0178 1.305 6 -0.0111 2.6255 
6 0.0288 1.7152 6 6 o 3.0357 

2 7 0.0421 2.1547 6 7 0.0132 3.4752 
2 8 0.057 2.6121 6 8 0.0282 3.9326 
2 9 0.0733 3.0782 6 9 0.0445 4.3987 
2 10 0.0907 3.546 6 10 0.0619 4.8666 
2 11 0.1088 4.0105 6 11 0.0799 5.331 

12 0.1273 4.468 6 12 0.0985 5.7885 
2 13 0.1463 4.916 6 13 0.1174 6.2365 
2 14 0.1654 5.353 6 14 0.1366 6.6735 

15 0.1846 5.778 6 15 0.1558 7.0985 
3 o -0.0049 0.432 7 o -0.0436 1.9574 
3 -0.0047 0.4822 -0.0434 2.0076 

-0.0033 0.6293 -0.0421 2.1547 
3 o 0.864 -0.0387 2.3894 

4 0.0059 1.1726 4 -0.0328 2.698 
0.0144 1.5397 7 -0.0243 3.065 

6 0.0255 1.9498 6 -0.0132 3.4752 
0.0387 2.3894 7 o 3.9148 

8 0.0537 2.8468 7 8 0.Q15 4.3722 
9 0.07 3.3129 9 0.0313 4.8383 

3 10 0.0873 3.7807 10 0.0486 5.3061 
11 0.1054 4.2452 7 11 0.0667 5.7706 

3 12 0.124 4.7026 12 0.0853 6.228 
3 13 0.1429 5.1507 13 0.1042 6.6761 

14 0.162 5.5877 14 0.1233 7.1131 
15 0.1813 6.0127 15 0.1426 7.5381 
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TABLE 2 (continued) 

NA NB AGfC<sHz) SL(dB) NA NB AGfC<sHz) SL(dB) 

8 0 -0.0585 2.4148 12 0 -0.1289 4.2706 
8 1 -0.0583 2.465 12 1 -0.1287 4.3208 
8 2 -0.057 2.6121 12 2 -0.1273 4.468 
8 3 -0.0537 2.8468 12 3 -0.124 4.7026 
8 4 -0.0478 3.1554 12 4 -0.1181 5.0112 
8 5 -0.0392 3.5225 12 5 -0.1096 5.3783 
8 6 -0.0282 3.9326 12 6 -0.0985 5.7885 
8 7 -0.015 4.3722 12 7 -0.0853 6.228 
8 8 0 4.8296 12 8 0.0703 6.6854 
8 9 0.0163 5.2957 12 9 -0.054 7.1515 
8 10 0.0337 5.7635 12 10 -0.0367 7.6194 
8 11 0.0517 6.228 12 11 -0.0186 8.0838 
8 12 0.0703 6.6854 12 12 0 8.5413 
8 13 0.0892 7.1335 12 13 0.0729 7.5996 
8 14 0.1084 7.5705 12 14 0.092 8.0366 
8 15 0.1276 7.9955 12 15 0.1113 8.4616 
9 0 -0.0749 2.8809 13 0 -0.1478 4.7187 
9 1 -0.0747 2.9311 13 1 -0.1476 4.7688 
9 2 -0.0733 3.0782 13 2 -0.1,\63 4.916 
9 3 -0.07 3.3129 13 3 -0.1429 5.1507 
9 4 -0.0641 3.6215 13 4 -0.137 5.4593 
9 5 -0.0556 3.9886 13 5 -0.1285 5.8263 
9 6 -0.0445 4.3987 13 6 -0.1174 6.2365 
9 7 -0.0313 4.8383 13 7 -0.1042 6.6761 
9 8 -0.0163 5.2957 13 8 0.0892 7.1335 
9 9 0 5.7618 13 9 -0.0729 7.5996 
9 10 0.0173 6.2296 13 10 -0.0556 8.0674 
9 11 0.0354 6.6941 13 11 -0.0375 8.5318 
9 12 0.054 7.1515 13 12 -0.0189 8.9893 
9 13 0.0729 7.5996 13 13 0 9.4373 
9 14 0.092 8.0366 13 14 0.0191 9.8743 
9 15 0.1113 8.4616 13 15 0.0384 10.299 
10 0 -0.0922 3.3487 14 0 -0.1669 5.1557 
10 1 -0.092 3.3989 14 1 -0.1667 5.2058 
10 2 -0.0907 3.546 14 2 -0.1654 5.353 
10 3 -0.0873 3.7807 14 3 -0.162 5.5877 
10 4 -0.0815 4.0893 14 4 -0.1562 5.8963 
10 5 -0.0729 4.4564 14 5 -0.1476 6.2633 
10 6 -0.0619 4.8666 14 6 -0.1366 6.6735 
10 7 -0.0486 5.3061 14 7 -0.1233 7.1131 
10 8 -0.0337 5.7635 14 8 -0.1084 7.5705 
10 9 -0.0173 6.2296 14 9 -0.092 8.0366 
10 10 0 6.6975 14 10 -0.0747 8.5044 
10 11 0.0181 7.1619 14 11 -0.0566 8.9688 
10 12 0.0367 7.6194 14 12 -0.038 9.4263 
10 13 0.0556 8.0674 14 13 -0.0191 9.8743 
10 14 0.0747 8.5044 14 14 0 10.311 
10 15 0.0939 8.9294 14 15 0.0192 10.736 
11 0 -0.1103 3.8132 15 0 -0.1862 5.5807 
11 1 -0.1101 3.8634 15 -0.186 5.6309 
11 2 -0.1088 4.0105 15 2 -0.1846 5.778 
11 3 -0.1054 4.2452 15 3 -0.1813 6.0127 
11 4 -0.0995 4.5538 15 4 -0.1754 6.3213 
11 5 -0.091 4.9208 15 5 -0.1668 6.884 
11 6 -0.0799 5.331 15 6 -0.1558 7.0985 
11 7 -0.0667 5.7706 15 7 -0.1426 7.5381 
11 8 -0.0517 6.228 15 8 -0.1276 7.9955 
11 9 -0.0354 6.6941 15 9 -0.1113 8.4616 
11 10 -0.0181 7.1619 15 10 -0.0939 8.9294 
11 11 0 7.6264 15 11 -0.0759 9.3939 
11 12 0.D186 8.0838 15 12 -0.0573 9.8514 
11 13 0.0375 8.5318 15 13 -0.0384 10.299 
11 14 0.0566 8.9688 15 14 -0.0192 10.736 
11 15 0.0759 9.3939 15 15 0 11.162 
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SERVO DEMODULATOR 
Four gated peak detectors are incorporated for recovery of 
embedded servo information. The ML631 0 provides four 
buffered low impedance outputs (A, B, C, D), which 
represent the peak detected level of each servo burst. The 
voltages on these pins are suitable for digitizing by an 
external ND converter and processed by the controlling 
microprocessor for head positioning. With the help of the 
SMODE bit in control register #6, these four outputs can 
be configured to be (A+B, A-B, C+D, C-D) using internal 
summation and difference amplifiers. The summation 
outputs (A+B, C+D) are equal to the sum of the peak 
detected levels divided by 2. The difference outputs (A-B, 
C-D) are equal to the difference of the peak detected 
levels divided by 2. The zero-level for the difference 
outputs (A-B, C-D) is given at the VRSVO pin. The typical 
value for this reference signal is 1 V. There is also a VSET 
bit in control register #6 which controls the direction of 
the VRSVO pin. If VSET = 0, the difference zero-level is 
generated internally (1 V). If VSET = 1, an external 
reference voltage is used to set the difference zero-level. 

The zero-level for the buffered servo outputs (A, B, C, D) 
or the summation outputs (A+B, C+D) is internally 
generated and has a value of 0.5V. 

I 1 I 1 I 0 I RSVD ISMODElvSET I PMl I PMO I 

The servo peak detectors in the demodulator section 
receive the servo burst signal from the lowpass output of 
the filter/equalizer, which are then amplified to the proper 
amplitude and sent through a full wave rectifier before the 
sample and hold operation. There are four identical peak 
and hold circuits, with internal holding capacitors which 
perform the sample and hold operation. This optimized 
architecture thus provides for higher integration by not 
only eliminating the four external holding capacitors but 
also the pins required for them, thus contributing towards 
minimizing the external component count and hence cost. 

POWER MANAGEMENT 
The ML631 0 provides a hardware pin (PDNB) and two 
bits in the control register #6 for five levels of micro 
power management control. 

I 1 I 1 I 0 I RSVD ISMODElvSET I PMl I PMO I 

The major circuit blocks in the ML6310 comprise ofthe 
regulator, the serial interface, the AGC, the filter/equalizer, 
the pulse detector, the servo demodulator and the bias 
circuits. The PDNB pin in conjunction with the two bits in 
the control register #6 can be used to selectively turn of a 
combination of these blocks depending on the mode of 
operation viz, read mode, write mode, servo mode, etc. 
This allows the system designer to turn off the sections of 
the chip that are not in use during the operation and thus 
minimize power dissipation at a micro management level. 
Table 3 below shows these five different power 
management modes and the circuits that are active in 
these individual modes. 

ML6310 
TABLE 3: Power Management Modes 

POWER 
PIN PMl PMO MANAGEMENT MODE 

1 0 0 Normal mode 
1 0 1 Servo mode 
1 1 0 Data mode 
1 1 1 Idle mode 
0 X X Sleep mode 

Normal Mode - All circuits are enabled. Typical Power 
dissipation @ 2.7V is 175mW. 

Servo Mode - Pulse Detector is disabled. Typical Power 
dissipation @ 2.7V is 150mW. 

Data Mode - Servo demodulator is disabled. Typical 
Power dissipation @ 2.7V is 160mW. 

Idle Mode - Only serial interface circuit and regulator 
are enabled. In 3V mode of operation the regulator is not 
used and could be powered off using the 'reg' bit in 
control register #5. Typical Power dissipation @ 4.75V is 
4mW. Typical Power dissipation @ 2.7V is 1.2j.lW. 

Sleep Mode - All circuits disabled, however control 
registers will hold latest programmed data and can be 
accessed through the serial interface. Typical Power 
dissipation @ 2.7V is 0.5j.lW. 

SERIAL MICROPROCESSOR INTERFACE 
The serial microprocessor interface consists of a simple 
three-wire serial port. Data is shifted serially into the 
ML6310 on the SDATA line on the fal~dges of the 
serial shift clock, SCLK, provided the SENB pin is active 
(low). The data is shifted in blocks of eight bits with MSBit 
first. The internal registers are organized in blocks of eight 
bits, with the three most significant bits denoting the 
address, followed by the five data bits. This addressing 
scheme thus allows for a register bank of eight registers. 
When the chip is physically powered-up, the control 
registers come up in an undetermined state and hence 
they need to be initialized to some preset bit configuration 
so that the behavior of the chip is predictable. The control 
registers retain their programmed information in any of the 
power-down modes, until the chip is physically powered
down. When the SENB pin goes inactive (high), the 
SDATA and SCLK pins are ignored and the previously 
shifted information is latched on the rising edge of the 
SENB, into the appropriate register bank based on the 
address bits. It is recommended that the SCLK input be 
kept inactive low till such time when it is in use. The 
SCLK input is capable of handling speeds up to 20MHz. 
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CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from a through 7. Control register #7 is not used 
and some of the bits in control register a through 6 are 
reserved. Outlined below are the detailed bit by bit 
definitions of the control registers a through 6. 

CONTROL REGISTER #0 

Data Channel filter cutoff frequency control 

MSB 

CONTROL REGISTER #1 

Servo Channel filter cutoff frequency control 

MSB 

fc4 fc3 fc1 fcO fc (MHz) 

0 0 o 0 0 6.000 
0 0 o 0 6.387 
0 0 o 0 6.774 
0 0 o 1 7.161 
0 0 0 0 7.548 
0 0 0 1 7.935 
0 0 0 8.323 
0 0 1 1 8.710 
0 1 o 0 0 9.097 
0 o 0 9.484 
0 o 0 9.871 
0 o 1 1 10.258 
0 0 0 10.645 
0 0 1 11.032 
0 1 0 11.419 
0 11.806 

0 o 0 0 12.194 
0 o 0 1 12.581 
0 o 0 12.968 
0 o 1 13.355 
0 0 0 13.742 
0 0 14.129 
0 0 14.516 
0 1 14.903 
1 o 0 0 15.290 

o 0 15.677 
o 0 16.065 
o 1 16.452 

0 0 16.839 
0 1 17.226 

0 17.613 
18.000 

CONTROL REGISTER #2 

Asymmetric equalization (slimming) - zero A (NA) 

MSB 

Refer to Table 2 for programming configurations 

CONTROL REGISTER #3 

Asymmetric equalization (slimming) - zero B (Ns) 

MSB 

Refer to Table 2 for programming configurations 

CONTROL REGISTER #4 

Hysteresis Comparator qualification level 

MSB 

HYS3 HYS2 HYSl HYSO % OF SIGNAL PEAK 

0 0 0 0 0.00% 

0 0 0 1 6.25 % 

0 0 0 12.50% 

0 0 1 18.75 % 

0 0 0 25.00 % 

0 0 31.25 % 

0 0 37.50 % 

0 1 43.75 % 

0 0 0 50.00 % 

0 0 1 56.25 % 

0 0 62.50 % 

0 68.75 % 

0 0 75.00 % 

0 81.25 % 

0 87.50 % 

93.75 % 
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CONTROL REGISTER #5 

AGC Attack & Decay rate control 

MSB 

REG bit = 1 implies regulator is ON 

REG bit = 0 implies regulator is OFF 

This bit applies only in the 3V operating mode where the 
regulator could be switched OFF, to minimize power 
dissipation, as it is not needed. This bit must be set to a 
"1" in the SV operating mode. 

ATKl ATKO AGC ATTACK CURRENT 

a a 3011A 

a 1 6011A 

1 a 9011A 

1 1 12011A 

DKYl DKYO AGC DECAY CURRENT 
a a 3.011A 
a 1 5.011A 
1 a 7.011A 
1 1 9.011A 

ORDERING INFORMATION 

PART NUMBER VCCRANGE 

ML6310CH2 2.7V to 3.3V 

ML6310CH3 3.0Vto 3.6 

ML6310CH5 4.5Vto 5.SV 

ML6310 
CONTROL REGISTER #6 

Miscellaneous functions register 

MSB 

RSVD implies bit reserved for future use. Can be 
zero or one. 

PM1, PMO power management mode bits 

PDNB POWER 
PIN PMl PMO MANAGEMENT MODE 
1 a a Normal mode 

1 a 1 Servo mode 

1 1 a Data mode 
1 1 1 Idle mode 

a x x Sleep mode 

SMODE = 1 implies servo demodulator outputs are 
configured as A+B, A-B, C+D, C-D 

SMODE = 0 implies servo demodulator outputs are 
configured as A, B, C, D 

VSET = 1 

VSET=O 

VRSVO servo reference pin configured as 
input. This allows the use of an external 
reference to calibrate the servo demodulator 
outputs for data conversion. 

VRSVO servo reference pin configured as _ 
output. This implies that the internal 
reference is used to cal ibrate the servo 
demodulator outputs for data conversion 
purposes. 

TEMPERATURE RANGE PACKAGE 

O°C to 70°C 32-pin TQFP (H32) 

O°C to 70°C 32-pin TQFP (H32) 

O°C to 70°C 32-pin TQFP (H32) 
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ML6311 

3V /5V Read Channel Back-end Processor 
GENERAL DESCRIPTION 
The ML6311 is a BiCMOS Read Channel Back-end 
Processor IC which is one half of the disk read channel 
chipset from Micro Linear, intended for the next 
generation of smaller form factor (1.8" & 1.3") disk drives, 
operating on 3V and 5V supplies. It works in conjunction 
with the ML631 0 Read Channel Front-end Processor to 
form a complete solution for the low voltage/low power 
disk read/write channel. It incorporates a full function data 
synchronizer with a 3:1 operating range, a full function 
frequency synthesizer with onboard M&N dividers, (1,7) 
RLL encoder/decoder and write precompensation 
circuitry. The most critical blocks on this chip are the 
three VCOs, one for the data synchronizer PLL, one for 
the frequency synthesizer PLL and the third VCO is used 
to generate the tracking 1/3 cell delay for (1,7) RLL data 
synchronization. Careful design considerations have been 
incorporated to minimize the noise coupling and crosstalk 
among the VCOs. The system noise is highly minimized 
as the VCO operates at only 1.5X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and a 
bank of internal control registers. The center frequency of 
the VCO, window centering, M & N dividers and power 
management options are programmable. Independent 
early and late write precompensation programmability is 
provided through a 6-bit decoder array. The ML6311 
requires two external components besides the two loop 
filters for the PLL's. 

The ML6311 supports six power down modes. An external 
hardware pin is also provided to implement real time 
power management. The operating power dissipation is 
targeted to be less than 170mW, while it will dissipate less 
than 1 OO~W in the sleep mode. 

SYSTEM BLOCK DIAGRAM 

FEATURES 
• Operating supply range 2.7V to 3.6V or 4.5V to 5.5V 

• Very Low Power dissipation at 3V 
PSLEEP < 1 OO~W, POPR < 170mW 

• Low profile, small area, 32-pin TQFP package 

• 3:1 Disk data rate range -11 to 32 Mbits/s 

• Fast acquisition PLL with zero phase start capability 

• 3:1 VCO tuning range with 48 Mbits/s l,7RLL code rate 

• Onboard (1, 7) RLL encoder/decoder 

• Tracking 1/3 cell delay for internal 1,7 RLL Endec and 
1/4 cell delay for external 2, 7 RLL Endec 

• Programmable VCO center frequency and window 
centering adjustment ( 75% to 125% in steps of 1.6% ) 

• PLL based frequency synthesizer with reference crystal 
oscillator and M (7-bit) & N (7-bit) dividers 

• Programmable independent early and late write 
precompensation. 

• High speed ( 20MHz) three wire serial microprocessor 
interface with double buffered data latches 

• Programmable six levels of power management control 
with external power down pin support 

• CMOS, TIL compatible I/O interface for lower power 

NRZ 
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BLOCK DIAGRAM 
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ML6311 

PIN DESCRIPTION 

PIN NAME FUNCTION 

ECL Level Logic Inputs 

5 RD Encoded read data from the disk drive 
read channel front-end chip ML631 O. 
The rising edges of RD represent the 
flux changes on the disk. (differential 
"+" input) 

6 Encoded read data from the disk drive 
read channel front-end chip ML631 O. 
The fall i ng edges of RD B represent the 
flux changes on the disk. (differential 
"-" input) 

ECL Level Logic Outputs 

(Note: These are test outputs for characterization purposes. External current 
sources are necessary to provide driving capability for these signals and the EeL 
buffer needs to be enabled from Control Register *7) 

27 ORO Delayed read data output after the 
1/3rd cell delay. This signal is used for 
1/3rd cell delay characterization and 
window margin test. 

26 VC02CLK Test point for Data seperator VCO 
clock output. 

CMOS Level Logic Inputs 

7 RG Read Gate signal from the disk 
controller. Active high signal indicates 
read mode. This input selects the 
phase detector input, switches the RRC 
output, initiates the data separator PLL 
acquisition and enables the (1, 7) RLL 
decoder. 

19 WG Write Gate signal from the disk 
controller. Active high signal indicates 
write mode. This input enables the (1, 
7) RLL encoder and write 
precompensation circuits. 

30 COAST A high level on this pin disables phase 
detector/charge pump of the data 
separator PLL and allows the VCO to 
coast. 

15 PDNB Power Down Control. A low level 
input on this pin puts the chip in the 
power down (SLEEP) mode with a 
power dissipation of less than lOOIlW. 

12 XTAL A parallel resonant crystal with low 
parasitic capacitance is connected 
between this pin and ground as the 
master clock source. If a crystal 
oscillator is not desired, an external 
clock can be forced onto this pin. 

PIN NAME FUNCTION 

CMOS Level Logic Inputs (continued) 

22 WCLK Write data clock from disk controller. 
This is the data rate clock 
synchronized to the RRC. If minimum 
cable delay is desired, WCLK pin can 
be shorted to RRC. 

23 NRZIN Non-return to zero write data input 
from disk controller. In write mode, 
NRZIN is clocked into the chip on the 
rising edges of the WCLK. 

9 SENB Active low CMOS input - Control 
Register Enable. A logic low input on 
this pin allows the SCLK input to clock 
the SDATA into the control Register 
and a logic high on this input, latches 
the control register contents. 

10 SCLK This is a CMOS input which clocks the 
Control Register. Internally this pin is 
gated with the SENB signal. While 
SENB is low, address and 
programming data are clocked in at 
the chip on the falling edges of SCLK. 

11 SDATA Control Register Data, CMOS input, 
clocked by SCLK. 

CMOS Level Logic Outputs 

24 NRZOUT Non-return to zero read data output. 

21 RRC 

20 

This is the synchronized and decoded 
data from the disk drive. In the read 
mode, NRZOUT is clocked out of the 
chip on the falling edges of RRC. In 
the external Endec mode (selected 
through the control register #6 RAW 
bit), this pin provides the synchronized 
encoded data output. 

Read/Reference clock. In the write 
mode, this pin outputs 1 X (data rate) 
clock derived from the frequency 
synthesizer VCO clock. In the read 
mode, it switches to 1 X clock derived 
from the data separator VCO clock 
after detecting 19 pulses on the RD 
line. In the external Endec mode 
(selected through the control register 
#6 RAW bit), this pin outputs 1.5X 
clock (1, 7RLL) and 2X clock (2, 7RLL), 
derived from the data separator VC02. 

(1, 7) RLL encoded write data output. 
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PIN DESCRIPTION 

PIN NAME FUNCTION PIN NAME FUNCTION 

Analog Pins Power Supplies 

18 RWPC A 1 % timing resistor for write 13 VCCD1 2.7V to S.SV digital supply 
precompensation delay setting. 

29 VCCD2 2.7V to S.SV digital supply 
4 RVCO A 1 % resistor connected between this 

14 VCCA1 2.7V to 3.6V analog supply for pin and GNDA3 sets the current level 
frequency synthesizer. This pin should for data rate programmabi I ity. 
be left open for SV operation. 

3 RPUMP 1 % resistor connected between this 
32 VCCA2 2.7V to 3.6V analog supply for data pin and GNDA3 sets the charge pump 

separator. This pin should be left open current for the two PLL's and the bias 
for SV operation. current for miscellaneous blocks. 
2.7V to 3.6V analog supply for Frequency synthesizer PLL charge 2 VCCA3 17 VCOIN1 
miscellaneous functions. This pin pump output and VCO input pin. A 
should be left open for 5V operation. lowpass filter is connected between 

this pin and GNDA 1. 25 GNDD1 Digital Ground 

28 VCOIN2 Data separator PLL charge pump 8 GNDD2 Digital Ground 
output and VCO input pin. A lowpass 

16 GNDA1 Analog ground for frequency filter is connected between this pin 
synthesizer and GNDA2. 

31 GNDA2 Analog ground for data separator 

1 GNDA3 Analog ground for miscellaneous 
functions 

IIIBII 
TYPICAL EXTERNAL COMPONENTS 

ASSUMPTIONS 

n2'9~ T s = 1 !is @ Fvco = 48MHz 

~ Change pump current = 3X 
'" Q 22PF:J ~ 550pF '" '" ~ '" z \:l 
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... Q 0 Q Q U Q 0 Z 

~ ~ '" ~ 
z 

t) U Q t) 
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:; l.BnF I 8e,f = 1 % of 8e,i 51 u U Q ':' ~ 27nF Q ~ ~ Z 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (VCCA & VCCD) .............. -0.3 to +7V 

RECOMMENDED OPERATING 
CONDITIONS 

Analog & Digital Inputs/Outputs ...... -'-0.3 to VCCA + O.3V 
Input Current per Pin .................................. -25 to +25mA 

DC Supply Voltage Range ..... 2.7V to 3.6V or 4.5V to 5.SV 

Storage Temperature ................................... -65 to + 150°C 
Maximum Junction Temperature .............................. 125°C 

For 5V Operation ...... VCCA is left open, VCCD is at 5V 
For 3V Operation ......... VCCA and VCCD are tied to 3V 

Operating Temperature Range ...................... O°C to +70°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VCCA = VCCD = 2.7 to 3.6 volts or 4.5 to 5.5 volts and TA = 0 to 70°C 

PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

Power Dissipation 

Analog Vcc (VCCA) left open for 5V operation 2.7 3.6 V 

Digital Vcc (VCCD) Connected for both 3V & 5V 2.7 5.5 V 

Analog Supply Current VCCA = 3.6V, Data Rate = 32 Mbps 
Normal Mode All circuits operational 37 40 mA 
Read Mode Encoder & WPrecomp OFF 36 39 mA 
Write Mode Data separator and decoder OFF 15 17 mA 
PllFS Mode Data separator, endec, WPrecomp OFF 14 16 mA 
Idle Mode Only bias circuits & serial interface ON 5 5.5 mA 
Sleep Mode All circuits OFF, register contents retained 10 ~A 

Digital Supply Current VCCD = 3.6V, Data Rate = 
32 Mbps, Cl < 15pF 

Normal Mode All circuits operational 16 20 mA 
Read Mode Encoder & WPrecomp OFF 16 20 mA 
Write Mode Data separator and decoder OFF 15 20 mA 
PllFS Mode Data separator, endec, WPrecomp OFF 9 11 mA 
Idle Mode Only bias circuits & serial interface ON 1.5 2 mA 
Sleep Mode All circuits OFF, register contents retained 10 ~ 

Digital Supply Current VCCA = open, VCCD = 4.SV to 5.5V, 
Data Rate = 32 Mbps, Cl < 15pF 

Normal Mode All circuits operational 60 mA 
Read Mode Encoder & WPrecomp OFF 59 mA 
Write Mode Data separator and decoder OFF 37 mA 
PllFS Mode Data separator, endec, WPrecomp OFF 27 mA 
Idle Mode Only bias circuits & serial interface ON 7.5 mA 
Sleep Mode All circuits OFF, register contents retained 20 ~ 

Digital I/O Specifications 

High level input voltage VCCD-0.5 VCCD V 

low level input voltage GNDD 0.5 V 

High level input current VIN =VCC 0.1 ~ 

low level input current VIN =GND 0.1 ~ 

High level output voltage IiOUTI= 2mA VCCD-0.5 VCCD V 

low level output voltage IiOUTI= 2mA 0.4 V 

High impedance @VIN= 100mV & VCC -100mV -0.5 0.5 ~A 
output current 
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ELECTRICAL CHARACTERISTICS (continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNITS 

DC Characteristics 

Differential Input On ECl input pins RD & ROB 0.8 1.6 Vp.p 
voltage swing 

Psuedo ECl low level @ lOUT = 3 mA ORO & VC02ClK pins VCCA-2.05 VCCA-l.45 V 
output voltage 

Psuedo ECl high level @ lOUT = 3 mA ORO & VC02ClK pins VCC -1.7 VCC-1.3 V 
output voltage 

Psuedo Eel output swing 0.15 0.25 0.35 V 

low level input current Diff VIN = OV & VCC - 0.7V 0.8 1.0 1.3 mA 
(Psuedo ECl) (RD & ROB inputs) 

High level input current Diff VIN = VCC - O.7V & OV 0.8 1.0 1.3 mA 
(psuedo ECl) (RD & ROB inputs) 

VRD/RDB common mode Note 1 VCCA- VBE V 

RPUMP bias voltage RPUMP = 7.5 Kohms (1 %) 0.75 V 

RWPC bias voltage RWPC = 15 Kohms (1 %) 1.25 1.5 1.75 V 
RWPC = 7.87 Kohms (1%) 0.63 0.78 0.92 V 

RVCO resistor 7.87KO (1 %) recommended 0.6 0.78 0.9 KO 

Frequency Synthesizer 

Xtal or input frequency Parallel resonant type with minimum 5 20 MHz 
capacitance loading 

M divider register 1 127 Decimal 

N divider register 1 127 Decimal 

VCO center frequency Measure fH @ VCOINl = O.7V -dynamic range (fo) Measure fL @ VCOINl = 2.3V ±17 ±20 % 
Dynamic range = (fH - fL)/fo 

VCO gain 000 = 2 x 1t x fo, 
Kvco = 1t x (f, - f2)/1 OOmV 

f, @VCOINl @fo+ 100 mV 0.3 0.35 0.4 rad/s-V 
f2 @VCOINl @fo-l00mV 

Pump current resistor for setting pump current 7.5 Kohms 

Pump current @ fo = 48MHz, 10 = 0.75V/(2 x RpUMP) 0.8510 10 1.1 510 !JA 
Phase detector gain Kd = (10 x 48MHz) I (2 x 1t x fo) 0.85Kd Kd 1.15Kd Nrad 

Pll loop gain Go = 3.6 x 106/ RpUMP 0.75Go Go 1.25Go NsxV 

PllFS jitter RG active, 5V mode, Note 1 200 TBD ps 
RG active, 3V mode, Note 1 120 TBD ps 
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ELECTRICAL CHARACTERISTICS (continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Read Mode and Data Synchronizer 

VCO center frequency Measure fH @ VCOIN2 = 0.7V 
dynamic range (fo) Measure fL @ VCOIN2 = 2.3V ±17 ±20 0/0 

Dynamic range = (fH - fL)!fo 

VCOgain roo = 2 x It X fo, 
Kvco = It x (fl - f2)/1 OOmV 

fl @VCOINl @fo+ 100 mV 0.3 0.35 0.4 radls - V 
f2 @VCOINl @fo-l00mV 

Read mode pump current @ fo = 48 MHz, 10 = (2 x 0.75V)/RpUMP 0.6410 0.7510 0.8610 IlA 
during preamble ifCPG bit = 0 

Normal pump current @ fo = 48 MHz, 10 = (2 x 0.75V)/RpUMP 0.2110 0.2510 0.2910 A 
ifCPG bit = 0 

Phase detector gain Kd = (10 x 48MHz) / (2 x It x fo) 0.85Kd Kd 1.15Kd Nrad 

PLL loop gain Go = 2.9 x 106/RpUMP (during preamble) 0.75Go Go 1.25Go NsxV 

VCO ZPS error ( zero phase start ) -O.02T -2 +0.02T+ 2 ns 

1/3 cell delay accuracy relative to T /2 ±5 0/0 

1/4 cell delay accuracy relative to T/2, RAW bit = 1 (Reg #6) ±5 0/0 

Decode window ±1 ns 
centering accuracy 

RD input pulse width tWRD 15 30 ns 

RRC duty cycle WG=O, RG= 1 40 60 0/0 

PLlDS jitter Input = 8MHz, sine wave 100mVp_p, 
48MHz encoded clock rate (1 sigma) 

5V mode 300 TBD ps 
3Vmode 200 TBD ps 

RRC to NRZout delay tDNRZl 5 ns 

RG to valid NRZout delay tDNRZ2 6TRRC ns 

Write Mode and Write Precompensation 

Write precomp accuracy tE = (Rwpc x C x Ell 0) 0 < E < 7 0.8tE 1.2tE ns 
tL = (Rwpc x C x Lll0) 0 < l < 7 0.8tL 1.2tL ns 
7.5K < Rwpc < 15K & C(int) = 0.67pF 

WD pulse width T= l!fotWWD 0.6T 1.4T ns 

RRC duty cycle WG=l 40 60 0/0 

WClK to NRZin Hold time tHNRZ 5 ns 

NRZin to WCLK setup time tSNRZ 5 ns 

Serial Microprocessor Interface 

Serial clock (SClK) frequency 0.01 20 MHz 

SClK pulse width tpw 40 ns 

SClK to SDATA hold time tHSD 10 ns 

SDATA to SClK setup time tSSD 10 ns 

SENB to SClK setup time tssEN 10 ns 

Note 1. These parameters are guaranteed by design and verified by characterization only and are not part of the production test program, hence only the typical values are 
Indicated for system designeris reference. 
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TIMING DIAGRAMS 
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Figure 1. Read Mode Timing 
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Figure 2. Write Mode Timing 

Figure 3. Serial Port Timing 
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FUNCTIONAL DESCRIPTION 

The ML6311 is a BiCMOS Read Channel Back-end 
Processor IC which is one half of the disk read channel 
chipset from Micro Linear, intended for the next 
generation of smaller form factor (1.8" & 1.3") disk drives, 
operating on 3V and 5V supplies. Fabricated in Micro 
Linear's BiCMOS process (1.51l CMOS, 4 GHz ft bipolar), 
it works in conjunction with the ML6310 Read Channel 
Front-end Processor to form a complete solution for the 
low voltage/low power disk read/write channel. It 
incorporates a full function data synchronizer with a 3:1 
operating range, a full function frequency synthesizer with 
onboard M&N dividers, (1, 7) RLL encoder/decoder and 
write precompensation circuitry. Bidirectional NRZ I/O 
can be realized by tying the NRZ Out & NRZ In pins. 

The most critical blocks on this chip are the three VCOs, 
one for the data synchronizer PLL, one for the frequency 
synthesizer PLL and the third VCO is used to generate the 
tracking 1/3 cell delay for (1, 7) RLL data synchronization. 
It also supports a tracking 1/4 cell delay for (2, 7) RLL data 
synchronization, with an external endec. Careful design 
considerations have been incorporated to minimize the 
noise coupling and crosstalk among the VCOs. The 
highlights of the ML6311 VCO architecture are that it is a 
fully differential, high speed circuit with built-in switching. 
It provides a constant ampl itude across the frequency span 
with on-chip timing capacitors. The system noise is highly 
minimized as the VCO operates at only 1.5X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and a 
bank of internal control registers. The control registers 
come up in an undetermined ~tate on physical power-up 
and hence need to be initialized, to setup the ML6311 in a 
known state, on power-up. The control registers will retain 
their contents in all the power down modes, until power is 
physically switched off to the chip. The center frequency 
of the frequency synthesizer VCO is programmed with a 
5-bit current DAC. The program information can be 
provided by the user, or it can be derived from the M & N 
information. The VCO control current results from the 
summation of this DAC based coarse control and PLL 
based fine control. The center frequency of the data 
separator VCO is programmed by duplicating the control 
current in the frequency synthesizer VCO as the coarse 
control. This leaves only the data rate variation to be fine 
tuned by the PLL, hence implying lower sensitivity and 
better jitter performance. The VC03 period is 
programmed from a 5-bit current DAC, which is in turn 
referenced to the VC02 control current. This will vary the 
1/2 cycle of VC03 for the required window centering 
programmability. Independent early and late write 
precompensation programmability is provided through a 
6-bit decoder array. The external resistor is used to set the 
time delay for the precompensation. 

The ML6311 supports six power down modes for 
implementation of intelligent power management 
schemes. An external hardware pin is also provided to 
implement real time power management. The operating 
power dissipation is targeted to be less than 170mW, 
while it will dissipate less than lOOIlW in the sleep mode. 

In this mode all sections are powered down except the 
serial microprocessor interface. 

The ML6311 accepts the raw data in a pseudo ECL voltage 
level, as generated by the ML631 0 and provides the 
synchronized data and clock outputs for the disk 
controller. Please refer to the block diagram of the 
ML6311 for the details. 

VCO ARCHITECTURE 

The most critical circuit blocks in the ML6311 are 
the three VCOs. The first VCO is used in the frequency 
synthesizer PLL, the second VCO is used in the data 
separator PLL and the third VCO is used to generate 
the tracking 1/3 cell delay for (1, 7) RLL data synch
ronization or a tracking 1/4 cell delay for (2, 7)RLL 
data synchronization. 

The VCO architecture is optimized to minimize noise 
coupling from the digital sections of the chip and also the 
cross talk among the VCOs. The highlights of the VCO 
architecture are: 

• High speed operation with built-in switching 
mechanism for optimized performance. 

• Fully differential circuit configuration to achieve high 
level of noise immunity. 

• On chip timing capacitors to control accuracy and for 
better noise immunity. 

• Constant amplitude across frequency span. 

• Symmetrical waveform 1-50% duty cycle). 

The operating frequency of the VCO is controlled by the 
tail current of the VCO which consists of two components 
- a fixed but programmable current (coarse), generated 
from a DAC which is controlled by the control register #3 
and a variable current generated from the PLL. The coarse 
setting sets the center frequency of the VCO near the 
operating frequency and the negative feedback around the 
PLL is used to tune the VCO into the target operating 
frequency. To minimize the dependence on process and 
temperature variations the DAC current is derived using 
an external 1 % resistor Ryca. The center frequency is 
given by the equation: 

fa m+17 
(16xRyco xC) 

where m = 0 to 31 from control register #3 

C = internal capacitor 

Ryca = 7.87 kOhms, 1 % (recommended) 

The architecture of the VCOs is such that they are running 
at 1.5X the data rate, as opposed to the 3X data rate in the 
conventional designs used for (1, 7) RLL data streams. This 
reduces the speed requirements of the circuits and also 
helps in minimizing crosstalk between the VCOs, thus 
contributing towards overall system noise immunity. The 
output of the VCO is sent to a frequency doubler to 
generate the 3X frequency locally which is then divided 
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by 2 or 3 to generate the synchronized 1.5X and 1 X 
clocks. Zero phase start of the data separator VCO is 
supported for initial phase alignment. 

PLL ARCHITECTURE 

There are two PLLs implemented to realize the data 
separation (for data and clock recovery) and frequency 
synthesis function (required to support a zoned bit 
recording (ZBR) implementation). Shown below is a block 
diagram of the PLL which requires a first order loop filter. 

Figure 4. Block Diagram of PLL. 

To design the PLL response with a well controlled loop 
gain value, an external 1 % resistor (RpUMP) is used to set 
the charge pump current according to the bandgap 
reference voltage generated on chip. The recommended 
value for Rpump is 7.5kOhms. The capacitor in series 
with the resistor in the loop filter is chosen so that 
typically it is 10 times the other capacitor. The resistor is 
chosen to yield a damping factor between 0.5 and 1 for 
the acquisition performance of the PLL. The 
recommended loop filter values are shown in the typical 
external component diagram. 

FREQUENCY SYNTHESIZER PLL 

In a ZBR implementation, the disk is divided into a 
number of zones and the data rate varies from zone to 
zone. In order to support a ZBR implementation the 
appropriate frequencies need to be synthesized. VC01 is 
used in the ML6311 frequency synthesizer to generate a 
clock with frequency fveo,. This is given by the formula: 

f (M+1)xfxTAL 
veo, (N+l) 

where M and N are 7-bit dividers, programmable through 
control registers #6,5,4. M and N should be at least 1 so 
that the divide ratio in both the forward and feedback 
paths are no less than 2, as that 50% duty cycle is 
guaranteed for the phase compared clocks. In a typical 
application the users keeps the N at a fixed value and 
reprograms M from zone to zone to synthesize the 
required frequency. A 2.5:1 span is required for most 
applications. The synthesized VC01 clock is used to 
derive the encoder clock and the RRC (read/reference 
clock) for the write operation in ZB R appl ications. The 
VC01 clock is also used to train VC02 PLL during the 
non-read mode. 

ML6311 
PLL LOOP FILTER DESIGN 
FOR FREQUENCY SYNTHESIZER 

To select the components for the loop filter, two 
parameters, ~ (damping factor) and {On (natural frequency) 
of the loop characteristic need to be specified. 

It is desirable to have the damping factor ~ between 0.5 
and 1 to prevent locking to harmonics while maintaining 
an acceptable lock time. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

The desired natural frequency {On of the loop is deter
mined by satisfying the acquisition time (1% maximum 
phase error after phase acquisition) which is less than the 
minimum track-to-track seek time. This yields a settling 
time of approximately ts = 5/ron. 

The formulae for the filter components are shown in 
equations (1) and (2). 

R = 2~{On (M + 1) 
Ko 

where Ko = KDKveo (open loop gain) 

(1 ) 

(2) 

The operating frequency Fveo (code rate) is programmed 
by M&N registers. Equation (3) shows the programming 
relationship. 

Fveo = (M+1) 
(N+1) FxTAL 

(3) 

The value of N should be fixed in the above equation and 
allow only the M to change for desired operating fre
quency. 

Loop Filter Design Example: 

NRZ data rate = 12 to 24 Mbps (1 :2 ratio) 
Code rate, Fveo = 24 to 48MHz 

(assumes (2, 7) RLL code) 
FXTAL = 20MHz 
Choose N = 19,:} M = 23 to 47 
KDKveo = 800 NSN 

Let the loop damping factor, ~ = 0.9 at Fveo = 24M Hz to 
allow ~ to drop at higher frequencies. Let {On = 50Krad/s 
(relatively low frequency, in the order of tens Krad/s for 
better jitter performance). This value produces a loop 
settling time = 1 DOllS. 

from eqn. (3) M + 1 = 24 
from eqn. (1) C, = 13.3nF => C2 = C,/15 = 880pF 
from eqn. (2) R = 2.7KQ 

At Fveo = 48MHz, M+ 1 = 48 which yields ~ = 0.64, and 
{On = 35Krad/s. 
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ML6311 
DATA SEPARATOR PLL 

The center frequency of ve02 is programmed by 
duplicating the control current in the ve01 as the coarse 
control (control register #3). veOlN2 thus has to do the 
fine tuning due to data rate variations (less than several 
percent), thus implying low sensitivity and good jitter 
performance. This is an important factor because the data 
separator PLL has higher bandwidth (of the order of 
200KHz) to track the data rate variations and is hence 
more susceptible to noise induced jitter. 

The charge pump has two modes of operation. During the 
non-read mode, the veo clock is compared to the 
frequency synthesizer clock in every cycle, hence the 
charge pump operates in the low speed mode. After Read 
Gate is asserted, the charge pump is switched to the high 
speed mode with (3X ePG = 0) gain and veo clock is 
compared to the preamble data on every third clock 
(assuming 3T preamble pattern for (1, 7) RLL code). 

The overall block diagram for the PLL can be 
described as: 

a OUT (s) 

+N 

where N = The ratio of the veo frequency to the input 
frequency 
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Figure 4. Transient Phase Error ge(t) 
Due to Step in Phase .1.9. 
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To select the components for the loop filter, the user needs 
to consider the following loop requirements: 

1. Residual phase error at the end of the preamble 
should be less than 4% of the total synchronization 
window (i.e. ge < 1 ns for Fvco = 48MHz or T w = 
20.8ns). This implies a large loop bandwidth so that 
it can quickly obtain lock within a predetermined 
length of the preamble field. 

2. The lock-in range .1.coL must larger than the eXPrcted 
frequency step change due to variations in disk' 
rotational velocity. In today's technology, the disk 
rotational velocity can be well controlled within 
±1%. 

3. The natural frequency COn and the damp factor ~ of 
the loop must be minimized to achieve maximum 
jitter rejection in the data field. The minimum value 
for the damping factor ~ will be 0.5 for adequate 
stability. 

4. Re-Iock time to the reference clock (frequency 
synthesizer) must be less than the minimum track-to
track seek time. 

It is generally valid to assume the minimum value of wn is 
dominated by the bandwidth needed during preamble 
from requirement #1. This assumption will be checked in 
the design example. 

The following loop filter design example assumes: 

.. 
51 
llS ... 
~ .. 
Q 

§ 
! 
0 
Z 

a. (2, 7) RLL code 

b. The PLL encounters a phase offset instead of a 
frequency offset of the incoming data at the initial 
lock acquisition. The zero phase start function 
minimizes the initial phase offset to ±(0.2T + 2)ns 
where T = synchronization window. 
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Since the highest data rate yields the minimum amount of 
time that the PLL has to settle before decoding data, the 
settling time is calculated based on the highest data rate. 

Loop Filter Design Example: 

NRZ data rate = 24M Hz 
Code rate, Fvco = 48MHz 
NMIN = 3 (during preamble, highest recorded 

frequency) 
NMAX = 8 (lowest recorded frequency) 
Preamble length = 24 of 3T (100) pattern 
TS (settling time of PLL) = 3 x 24 + 48MHz = 1.5~s 
Initial phase error ge i = 3ns 
Final phase error (after TS) ge f < 20% of ge i 
Ko = 3200 NSN during preamble ' 

It is desirable to have the damping factor ~ between 0.5 
and 1 during acquisition. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

Let the loop damping factor ~ = 0.8 to allow ~ to drop at 
N;t 3 
As shown in figure 4, with ~ = 0.8, choosing ron T = 2.4 the 
phase error will be at most 20% of the initial phase error. 
Since Ts = 1.5~s, ron = 1.6Mrad/s. 

If the previous assumption is correct, ron = 1 .6Mrad/s 
should meet the loop requirements 2 and 4. First, examin
ing requirement #2: 

Let the maximum frequency step Ai = ±1 % of the 
preamble frequency 

Ai = ± 0.01 x 48MHz + 3 = ±160KHz 
Lock-in range is given by 
tlroL = 2~ron = 2 x 0.8 x 1 .6Mrad/s = 2.56 Mrad/s 

Thu, AiL = 407KHz> 160KHz and requirement #2 is met. 

User is encouraged to check that ron =1.6Mrad/s durnig 
preamble does meet the requirement #4. 

Recall the equations for determining the filter 
components: 

from eqn. (4) 
from eqn. (2) 

R = 2~ronN 
Ko 

Cl = 417pF => C2 = Cl/15 = 28pF 
R = 2.4KQ 

(4) 

(5) 

The above analysis is only shown as an example. The 
calculated values for filter components are most likely not 
optimized for all systems using the same data rate, code 
and preamble. 

The coarse center frequency of the frequency synthesizer 
VCO is programmed with a 5-bit current OAC in 
conjunction with control register #3. This speeds up the 
frequency acquisition and also minimizes the VCO 

ML6311 
sensitivity to VVCOINl and improves the jitter 
performance. The synthesized frequency is tuned using 
the M & N divider information and the crystal frequency, 
as given by the equation above. 

1/3 CELL DELAY & SYNCHRONIZER 

The synchronizer circuits align the encoded read data 
pulses to the data separator VCO clock for the proper 
decoding of read data. The encoded read data comes in at 
ECL levels with the timing information embedded in its 
falling edges. On each rising edge of the encoded read 
data, the VC03 is enabled for half of a cycle to generate a 
ORO (delayed read data) pulse. The falling edges of the 
ORO pulse enable the phase detector, which operates in 
phase only mode during read operation, so that the falling 
edges of the ORO will be phase compared to the rising 
edges of the VC02 clock. The falling edges of the ORO 
are aligned to the rising edges of the VC02 clock by the 
negative feedback around the PLL. The rising edges of 
ORO set the output of the internal data register to a 1, so 
that the following rising edge of the VC02 clock will 
clock it into the synchronizer. After the 1 is clocked into 
the synchronizer, the internal data register is reset to a 0 
and the following VC02 clocks will clock in D's to the 
synchronizer until the data register is set by another read 
pulse. The VC03 period is programmed from as-bit OAC 
which is in turn referenced to the VC02 control current. 
This will vary the 1/2 cycle of VC03 for the required 
window centering programmability (control register #2), 
while performing a window margin test. 

When the RAW bit in control register #6 is set, then this 
becomes a 1/4 cell delay and the endec is disabled, thus 
allowing the handling of (2, 7)RLL data. The synchronized _ 
data and 2X clock outputs are made available on the 
NRZOUT and RRC pins. 

READ MODE OPERATION OF THE ML6311 

When Read Gate (RG) is inactive low, the data separator 
PLL is locked to the VCOl clock with the phase detector 
operating in the phaselfrequency mode. The internal 
multiplexer selects the 1 X clock derived from VCOl clock 
and outputs it as the RRC (read/reference clock). 

When Read Gate (RG) goes active high, the chip enters 
the read mode. In the read mode the decoder circuits and 
the NRZOUT signal are enabled. The internal counter 
starts counting the number of pulses received on the 
RO/ROB input. After 3 pulses the VC02 is stopped. VC02 
will restart at the next input transition. The zero phase 
start circuit eliminates the initial misalignment and speeds 
up the PLL acquisition. When VC02 restarts, the phase 
detector is switched to phase only mode with the input 
connected to ORO (delayed read data). The phase 
detector gain is also increased by 3X to ensure that the 
PLL has enough bandwidth to lock within 16 preamble 
bytes. After 16 more RO pulses the PLL acquisition is 
assumed complete. The multiplexer now selects the 1 X 
clock derived from VC02 clock and outputs it as the RRC 
(read/reference clock). The decoder then recovers the 
NRZ data from the RO input and outputs it onto the 
NRZOUT pin. The data on NRZOUT is clocked out on 
the falling edges of RRC. 
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ML6311 
The end of the read operation is signalled by Read Gate 
going inactive low, which then returns the NRZOUT pin 
to high impedance and also switches the phase detector 
input to the VC01 clock with low gain. VC02 is stopped 
again and is restarted, synchronized with VC01. Circuitry 
is implemented to ensure a glitchless transition of the 
clock frequencies on the RRC output. 

WRITE MODE OPERATION OF THE ML6311 
WRITE PRECOMPENSATION CIRCUITRY 

When Write Gate (WG) is asserted active high, the chip 
enters the write mode. During this mode it clocks in the 
data on the NRZIN input on the rising edges of WCLK and 
puts out the (1, 7)Rll encoded write data (WD). The 
width of the WD pulse is made to track the data rate. 
Write precompensation can be achieved on this write data 
if desired. Write precompensation can be bypassed by 
setting the appropriate bit in control register #0. Write 
precompensation is implemented through a decoder array 
and the precompensation current is set through an 
external resistor, Rwpc. The recommended values of Rwpc 
are 7.5KOhm or 15KOhm. The early and late shift values 
are independently programmed through control registers 
#1 & #0. Table 1 shows the (1, 7) Rll code mapping table 
used in the Ml6311 and Table 2 shows the write 
precompensation algorithim. 

Table 1: (1, 7) RLL Code Mapping table 

NRZDATA (1,7) RLL CODE 
XO Xl X2 X3 Yl Y2 Y3 Y4 Y5 Y6 
0 0 • · X 0 1 
0 1 · · 0 1 0 
1 0 · • X 0 0 
1 1 0 0 0 1 0 0 0 1 
1 1 0 1 X 0 0 0 0 0 
1 1 1 0 X 0 0 0 0 1 
1 1 1 1 0 1 0 0 0 0 

Note: X IS the complement of the prevIous code bit 

Table 2: Write Precompensation Algorithm 

BIT BIT BIT BIT BIT COMPENSATION 
n-l n-2 n n+l n+2 BIT n 
1 0 1 0 1 None 
0 0 0 0 None 
1 0 0 0 Early 
0 0 0 1 late 

Late: Bit n IS time shited (delayed) from its nominal time position towards the 
bIt n+ 1 time position. 

Early: Bit n is time shited (advanced) from Its nom mal time position towards the 
bit n-1 time position. 

POWER MANAGEMENT 

The Ml6311 provides a hardware pin (PDNB) and three 
bits in control register #7 for seven levels of micro power 
management control. 

The major circuit blocks in the Ml6311 comprises of the 
regulator, the serial interface, VC01 & frequency 
synthesizer Pll, VC02 & data separator Pll, VC03, 
synchronizer, decoder, encoder, precompensation circuits, 
bias circuits and I/O circuits. The PDNB pin in 
conjunction with the 3 bits in control register #7 can be 
used to selectively turn off a combination of these blocks 
depending on the mode of operation. This allows the 
system designer to turn off sections of the chip that are not 
in use during a particular sequence of events, thus 
minimizing power dissipation at a micro management 
!evel. Table 3 shows these seven different power down 
modes and the circuit blocks affected in these different 
modes. Total typical power dissipation has two 
components - analog power dissipation which is more or 
less constant and digital power dissipation which varies 
with operating data rate. 

Table 3: Power down modes in the ML6311 with typical power dissipation 

POWER DOWN MODE SLEEP IDLE PLLFS READ WRITE NORMAL PDWN 

PDNB pin high high high high high high low 

Bits PM2,PMl ,PMO 000 010 011 100 101 110 XXX 

VCOl and PllFS off off on on on on off 

ve02 and PlLDS off off off on off on off 

Ve03, Synchronizer 
and Decoder off off off on off on off 

Encode & WPrecomp off off off off on on off 

Bias and I/O circuits off on on on on on off 

Serial Interface on on on on on on on 

Typical analog power 
dissipation @ 2.7V 25f.1W 14mW 40mW 97mW 41mW 100mW 25f.1W 
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SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. Data is shifted serially into the 
ML6311 on the SDATA line on the falling edges of the 
serial shift clock, SCLK, provided the SENB pin is active 
(low). The data is shifted in blocks of eight bits with MSBit 
first. The internal registers are organized in blocks of eight 
bits, with the three most significant bits denoting the 
address, followed by the five data bits. This addressing 
scheme thus allows for a register bank of eight registers. 
When the chip is physically powered-up, the control 
registers come up in an undetermined state and hence 
they need to be initialized to some preset configuration, 
so that the behavior of the chip is predictable. The control 
registers retain their programmed information in all the 
power-down modes, except when the chip is physically 
powered-down. When the SENB pin goes inactive (high), 
the SDATA and SCLK pins are ignored and the previously 
shifted information is latched on the rising edge of the 
SENB, into the appropriate register bank based on the 
address bits. It is recommended that the SCLK input be 
kept inactive low till such time when it is in use. The 
SCLK input is capable of handling speeds up to 20MHz. 

CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from 0 through 7. Outlined below are the 
detailed bit by bit definitions of the control registers 0 
through 7. 

CONTROL REGISTER #0 

Write Precompensation Late control 

MSB 

BYP = 0 

BYP= 1 

REG = 0 

REG = 1 

Do not bypass the write precompensation 
circuitry 

Bypass the write precompensation circuitry 

implies regulator is ON (5V Mode) 

implies regulator is OFF (3V Mode) 

The REG bit applies only in the 3V operating mode, where 
the regulator should be switched OFF, to minimize power 
dissipation, as it is not needed. This bit must be set to 0 in 
the 5V operating mode. 

ML6311 

L2 L1 LO Rwpc = 7.5K RwPC = 15K 
0 0 0 o ns o ns 
0 0 1 0.5 ns 1.0 ns 
0 0 1.0 ns 2.0 ns 
0 1 1.5 ns 3.0 ns 

0 0 2.0 ns 4.0 ns 
0 1 2.5 ns 5.0 ns 

0 3.0 ns 6.0 ns 
3.5 ns 7.0 ns 

CONTROL REGISTER #1 

Write Precompensation Early control 

MSB 

RSVD = 1 Reserved, must be programmed as a 1, all the 
time, to ensure proper operation of the chip. 

E2 E1 EO Rwpc = 7.5K Rwpc = 15K 
0 0 0 o ns o ns 
0 0 0.5 ns 1.0 ns 
0 0 1.0 ns 2.0 ns 
0 1 1.5 ns 3.0 ns 

0 0 2.0 ns 4.0 ns 
0 2.5 ns 5.0 ns 
1 0 3.0 ns 6.0 ns 

1 3.5 ns 7.0 ns 
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CONTROL REGISTER #2 

Data separator PLL window centering control 

MSB 

WC4 WC3 WC2 WCl WCO VALUE 
0 0 0 0 0 -24.0 % 
0 0 0 0 1 -22.4 % 
0 0 0 0 -20.8 % 
0 0 0 1 -19.2 % 
0 0 0 0 -17.6 % 
0 0 0 -16.0 % 
0 0 1 0 -14.4 % 
0 0 1 -12.8 % 
0 0 0 0 -11.2 % 
0 0 0 1 -9.6 % 
0 0 1 0 -8.0% 
0 0 1 -6.4 % 
0 1 0 0 -4.8% 
0 0 1 -3.2 % 
0 1 0 -1.6 % 
0 1 1 0% (center) 
1 0 0 0 0 +1.6% 

0 0 0 +3.2 % 
0 0 0 +4.8% 
0 0 1 +6.4% 
0 0 0 +8.0% 
0 0 1 +9.6% 
0 1 0 +11.2 % 
0 1 1 1 +12.8 % 
1 0 0 0 +14.4 % 

0 0 1 +16.0% 
0 1 0 +17.6 % 
0 1 1 +19.2 % 

0 0 +20.8 % 
0 1 +22.4 % 

0 +24.0% 
+25.6 % 

CONTROL REGISTER #3 

veo Coarse Center Frequency Control 

MSB 

CF4 CF3 CF2 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 
0 
0 
0 1 
1 0 

0 
0 
0 
1 
1 

CONTROL REGISTER #4 

Divide by N Control 

MSB 

CONTROL REGISTER #5 

Divide by M Control 

MSB 

CFl CFO 
0 0 
0 

0 
1 

0 0 
0 1 

0 
1 

0 0 
0 1 

0 
1 1 
0 0 
0 1 

0 
1 1 
0 0 
0 1 
1 0 
1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 

0 
1 

0 0 
0 1 

0 
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FoMHZ 
17MHz 
18MHz 
19MHz 
20 MHz 
21 MHz 
22 MHz 
23 MHz 
24 MHz 
25 MHz 
26 MHz 
27 MHz 
28 MHz 
29 MHz 
30 MHz 
31 MHz 
31 MHz 
33 MHz 
34 MHz 
35 MHz 
36 MHz 
37 MHz 
38 MHz 
39 MHz 
40 MHz 
41 MHz 
42 MHz 
43 MHz 
44 MHz 
45 MHz 
46 MHz 
47 MHz 
48 MHz 



CONTROL REGISTER #6 

Divide by M & Nand endec control 

MSB 

RAW = 0 On board (1, 7)RLL endec enabled NRZ data 
output on NRZOUT and 1 X clock output on 
RRC pins. 

RAW = 1 Onboard (1, 7) RLL endec is disabled. Encoded 
synchronized data on NRZOUT pin and YCO 
clock output (2X clock) is available on the RRC 
pin for (2, 7)RLL code. 

M & N are given by : 

M = M6 x 26 + MS x 25 + M4 x 24 + M3 x 23 + M2 x 22 
+ M1 x 21 + 1 

or 

M = 64 x M6 + 32 x MS + 16 x M4 + 8 x M3 + 4 x M2 
+ 2 x M1 + 1 

and 

N = N6 X 26 + NS x 25 + N4 x 24 + N3 x 23 + N2 x 22 
+ N1 x 21 + 1 

or 

N = 64 x N6 + 32 x NS + 16 x N4 + 8 x N3 + 4 x N2 + 
2 x N1 + 1 

Note: The 7-bit M & N values are updated (latched) 
internally only when the most significant bit (M6 or N6) 
is written to, irrespective of changes in any other bits. 

ORDERING INFORMATION 

PART NUMBER VCC RANGE 

ML6311 CH2 2.7Vto 3.3V 

ML6311 CH3 3.0V to 3.6 

ML6311 CHS 4.SVto S.SV 

CONTROL REGISTER #7 

Power Down Control 

MSB 

ML6311 

BUF = 1 This bit enables the ECL output buffers so that 
the test signals ORO and YC02CLK are made 
available to the user. 

BUF = 0 This disables the ECL output buffer. The two 
pins (ECL output buffer) must be left open for 
zero power consumption. 

CPG = 0 Implies PLLDS Charge Pump Gain is 1 X in 
training mode and 3X in the read mode. 

CPG = 1 Implies PLLDS (Data Separator) Charge Pump 
Gain is 2X in training mode and 4X in the 
read mode. 

Bit configuration for power down modes 

PDNB PM2 PMl PMO MODE 
0 0 0 SLEEP 
0 0 1 Reserved 
0 1 0 IDLE 
0 1 1 PLLFS 
1 0 0 READ 

0 WRITE 
1 0 NORMAL 

1 1 1 1 Reserved 
0 X X X PDOWN 

Note: PDOWN dissipation is the same as SLEEP mode 

TEMPERATURE RANGE PACKAGE 

O°C to 70°C 32-pin TQFP (H32) 

O°C to 70°C 32-pin TQFP (H32) 

O°C to 70°C 32-pin TQFP (H32) 
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GENERAL DESCRIPTION 

The ML6320 is a BiCMOS monolithic read/write circuit 
designed for use with two-terminal recording heads, in the 
next generation disk drives operating on 3V supplies. In 
addition it can also support a SV supply, available as a 
bonding option. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. The ML6320 incorporates internal 4000 
damping resistors which are required for the write 
operation to the disk. When the device is switched to read 
mode, the damping resistors are switched out to allow the 
ful/ signal to be amplified, thus aI/owing for better noise 
immunity. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by control/ing the read channel 
common mode output voltage shift in the write mode. 

The ML6320CR-3 operates on 2.7V to 3.6V and is 
available in a 20-pin SSOP package. This is pin 
compatible with the SSI 32R2300R and VTC VM3200 
family of 3V devices. The ML6320CS-S operates on 
4.7SV to S.2SV and is available in a 20-pin SOIC 
package. This is pin compatible with the ML461 OR, SSI 
32C2020R and VTC VM7200 family of SV devices. 

BLOCK DIAGRAM 
VCC GND WUS 

~. ~ I 

I WRITE UNSAFE I 
DETECTOR 

=t:J MODE ~J t 
SELECT 

RDX 

April 1994 
PRELIMINARY 

ML6320 

3V /5V 4-Channel Thin-Film 
Read/Write Circuit 

FEATURES 

• Operating supply range for the ML6320CR-3 is 2.7V 
to 3.6V (3V part) 

• Operating supply range for the ML6320CS-S is 4.7SV 
to S.2SV (SV part) 

• Low Power Dissipation: 
PlDlE < 3mW, 
PREAD < 100mW (Nominal Read) (@ 3.6V) 

• Read Mode gain = 2S0VN 

• Damping resistors switched out in Read mode 

• Nominal input noise = 0.6nV/fHz 

• Nominal input capacitance < lSpF typical 

• Write Current range = 3-30mA 

• Head Inductance range = 0.2 to SIlH 

• Enhanced system write to read recovery time 

• Power supply fault protection provided 

• Supports two terminal thin film heads 

• Write Unsafe detection circuitry onboard 
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ML6320 

PIN CONNECTION 

ML6320 
(S20W) 

GND Cs 

HOX RNt 
HOY WC 

HIX ROY 

H1Y ROX 

H2X HSO 

H2Y HSI 

H3X NC 

H3Y WOI 

VCC WUS 

TOP VIEW 

PIN DESCRIPTION 

NAME TYPE FUNCTION NAME TYPE FUNCTION 

HSO, HSl Head Select: Selects one of fou r heads 

CS Chip Select: A high inhibits the chip 

RDX,RDY 0 X, Y Read Data: Differential read data -output 

R/W Read/Write: A high selects read mode 
WC Write Current: Used to set the 

magnitude of the write current 
WUS 0 Write Unsafe: A high indicates an 

unsafe writing condition 
VCC +3 volt supply (2.7V to 3.6V) 

- ML6320CR-3 
WDI Write Data In: Changes the direction 

of the current in the head 
+5 volt supply (4.75V to 5.25V) 
- ML6320CS-5 

HOX - H3X I/O X,Y Head Connectors 
HOY - H3Y 

GND Ground 

'Micro Linear 5-401 



ML6320 

ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (Vee) ........................... -0.3 to +7VDC 

RECOMMENDED OPERATING 
CONDITIONS 

Write Current Ow) ................................................... 40mA 
Digital Input Voltage (VIN) ............. -0.3 to VCC + O.3VDC 

DC Supply Voltage (Vee) ............................. 2.7V to 5.25V 

Head Port Voltage (VH) .................. -0.3 to VCC + O.3VDC 
Operating Junction Temperature (TJ) ......... +25° to + 110°C 

Output Current: (RDX, RDY 10) .............................. -lOmA 
Output Current: (WUS) .......................................... + 12mA 
Storage Temperature TSTG ................................. -65 to + 150°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN TYP MAX UNIT 

Supply Current Read Mode 26 mA 
Vee = 2.7V to 3.6V Write Mode 20+ Iw mA 

Idle Mode, CS and R/W = Vee 0.8 mA 

Supply Current Read Mode 26 mA 
Vee = 4.75V to 5.25V Write Mode 20+ Iw mA 

Idle Mode, CS and R/W = Vee 1.0 mA 

Power Dissipation Read Mode 93 mW 
Vee =3.6V Write Mode, Iw = 20mA 144 mW 

Idle Mode 2.9 mW 

Power Dissipation Read Mode 136 mW 
Vee = 5.25V Write Mode, Iw = 20mA 210 mW 

Idle Mode 5.25 mW 

DIGITAL INPUTS 

Input Low Voltage 0.8 VDC 

Input High Voltage 2.0 VDC 

Input low Current V1L = 0.8V . -0.1 mA 

Input low Current, CS and R/W pins V1L = 0.8V, Vee = 5.25V -0.48 mA 

Input low Current, CS and R/W pins VIL = 0.8V, Vee = 3.6V -0.30 mA 

Input High Current VIH = 2.0V 10 I!A 
wus Output low Voltage IOL= 2 mA max 0.5 VDC 

VCC Fault Voltage Iw<0.2 mA 2.25 2.45 2.65 VDC 

WRITE CHARACTERISTICS 

Write Current Constant "K" 36.8 40 43.2 mNmA 

Write Current Voltage 1.15 1.25 1.35 V 

Differential Head 
Voltage Swing 3.4 6 Vp_p 

Unselected Head Current 0.6 mA (pk) 

Head Differential 
load Capacitance 40 pF 

Head Differential 
load Resistance RD 250 350 450 n 
WDI Transition Frequency WUS= low 0.75 MHz 

Write Current Range (iw) 3 30 mA 
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ML6320 

ELECTRICAL CHARACTERISTICS 
PARAMETER I CONDITIONS MIN TYP MAX UNITS 

READ CHARACTERISTICS CL (RDX,RDY) < 20 pF, RL (RDX, RDY) = t kn 

Differential Voltage Gain VIN = 1 mVp_p @ 1 MHz 210 250 285 VN 

Voltage BW 
-ldB IZsl < 50, VIN = 1 mVp_p 20 MHz 
-3dB 40 MHz 

Input Noise Voltage BW = 15MHz, LH= 0, RH = 0 0.63 0.75 nV/'J'Hz 

Differential Input Capacitance VIN = 1 mVp_p, f = 5MHz 15 pF 

Differential Input resistance VIN = 1 mVp_p, f = 5MHz 500 0 

Dynamic Range AC input voltage where gain falls to 
90% of its small signal gain value, 
f= 5MHz 3 mVp_p 

Common Mode Rejection Ratio VIN = 0 volts DC + 100mVp_p@ 5MHz 45 dB 

Power Supply Rejection Ratio lOOmVp_p@ SMHz on Vee 40 dB 

Channel Separation Unselected channels driven with 
VIN = 0 volts DC + 100mVp_p 45 dB 

Output Offset Voltage -350 +350 mV 

Single-Ended Output Resistance f= 5MHz 40 0 

Output Current AC coupled load, RDX to RDY 1.5 mA 

Common Mode Output 3Voperation Vee -1.5 Vee- 1.B Vee - 2.1 VDC 

SWITCHING CHARACTERISTICS Iw = 20mA, RH = 300, LH = tl1H, fOATA = 5MHz 

Read to Write R/W to 90% of write current 0.6 1.0 I!S 

Write to Read R/W to 90% of 100mV 
Read signal envelope 0.5 1.0 I!S -Unselect to Select CS to 90% of write current or 
90% of lOOmV, 10MHz 0.6 1.0 I1s 

Select to Unselect CS to 10% of write current 0.4 1.0 I!S 

HSO-1 to any head To 90% of 100mV 10MHz 
Read signal envelope 0.2 1.0 I!S 

WUS 
Safe to Unsafe (TD1) 0.6 2.0 3.6 I!S 
Unsafe to Safe (TD2) 0.2 1.0 I!S 

Head Current: LH = 0, RH = 0 
WDI to Ix - Iy (TD3) From 50% points 32 ns 
Asymmetry WDI has 1 ns rise/fall time 1.0 ns 
Rise/Fall Time 10% to 90% points 12 ns 
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Ml6320 

TIMING DIAGRAM 

HEAD 
CURRENT 

(Ix -Iy) 

Figure 1. Write Mode. 

MODE SELECT 

CS R/W MODE 

0 0 Write 

0 1 Read 

1 0 Idle 

1 1 Idle 

FUNCTIONAL DESCRIPTION 

The ML6320 has the ability to address up to 4 two
terminal thin-film heads and provide write drive or read 
amplification. Head selection and mode control are 
described in the tables below. The TTL inputs RiW and es 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HSl have internal pull-downs. 
Internal clamp circuitry will protect the ML6320 from a 
head short to ground condition in any mode. The 
damping resistors are switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both es and R/W low selects write mode which 
configures the ML6320 as a current switch and activates 
the Write Unsafe (WUS) detector circuitry. Head current is 
toggled between the X and Y side of the selected head on 
each high to low transition of the Write Data Input (WDI). 
A preceding read or idle mode select initializes the Write 
Data Flip-Flop to pass write current through the "X" side 
of the head. The current calculations are shown below: 

HEAD SELECT 

HSl HSO 

0 0 

a 1 

1 0 

1 1 

Write current (peak) is given by: 

where 

Iw K x vwe 
RWe 

HEAD 

0 

1 

2 

3 

Rwe is connected from pin we to GND 

Actual head current is given by: 

where 

I - Iw 
X'Y-l+ RH 

RD 

RH = head + external wire resistance 
RD = damping resistance 

In the write mode a 400Q damping resistor is switched in 
across the Hx, Hy ports. 
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VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under any of the 
conditions given below. After the fault condition is 
removed, two negative transitions on WDI are required to 
clearWUS. 

- Write Data Input frequency too low 

- Device in Read or Idle Mode 

- No write current 

- Chip is disabled or head is open 

To ensure proper operation in detecting a head open 
condition, it is recommended that the product of 
Iw x RDmin should be greater than 2.4V, or in other words: 

2.4V 
Iw =--=10mA 

250Q 

ORDERING INFORMATION 

ML6320 
READ MODE OPERATION 

The Read mode configures the ML6320 as a low noise 
differential amplifier and deactivates the write current 
generator. The RDX and RDY output are driven by emitter 
followers. They should be AC coupled to the load. The 
(X,Y) inputs are non-inverting to the (X,Y) outputs. In the 
Idle or Write mode, the read amplifier is deactivated and 
RDX, RDY outputs become high impedance. This 
facilitates multiple RNV applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML6320 supports the feature by which the internal 
damping resistors are switched out in the read mode, 
which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than 2mW. 

PART ."\lUMBER TEMPERATURE RANGE PACKAGE 

ML6320CR-3 
ML6320CS-5 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

20-Pin SSOP (R20) 
20-Pin SOIC (S20W) 
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GENERAL DESCRIPTION 
The Ml8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TIL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 

The Ml8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The Ml8464C internally 
connects the time channel output to the D flip-flop. 

BLOCK DIAGRAM 

AMP 
IN 

I 

6.5V 

11 

GATE 
CHANNEl 

21 INPUT 22 

4V 

20 

October 1990 

ML8464B, ML8464C 

Pulse Detector 
FEATURES 
• Wide differential input signal range 20-660 mVp_p 
• TIL compatible digital Inputs and Output 
• Externally gain controlled input differential amplifier 
• Variable hysteresis comparator with gating circuitry 
• Differentiator with externally programmable time 

constants 
• Standard 12V power requirement 
• Available in 24-pin DIP package, or a 28-pin surface 

mount PCC 
• Improved pulse pairing (±1 ns max.) 
• Handles RLL (1, 7) or (2, 7) data to 24 MB/s 

Ml84648 FEATURES 

• Direct replacement for DP8464B 

TIME 
CHANNEl 

2 INPUT 

4V 

DIFFERENTIAL 
COMPARATOR 
WITH 
HYSTERESIS 

Ro Co 

1-____ ;=12 ~~~ PULSE 

L...-_-.-_---l 

13 TIME ,---L--------r PULSE 

10 14 

IN 
(ML84868 
ONLY} 

READ/WRITE VREF DIGITAL 
GROUND 

ANALOG SET CHANNEL SET PULSE ENCODED 
GROUND HYSTERESIS ALIGNMENT WIDTH DATA OUT 

• ML8464C ONLY 
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PIN CONNEOIONS 

CD+ 

TIME CHANNEl INPUT + 

SET HYSTERESIS 

VREf 

NC 

AMPIN+ 

AMP IN

NC 

Vee 

SET PULSE WIDTH 

CD-

TIME CHANNEL INPUT

GATE CHANNEL INPUT 

GATE CHANNEL INPUT 

ANALOG GROUND 

AMP OUT-

AMPOUT+ 

DIGITAL GROUND 

CAGe 

CHANNEL ALIGNMENT OUT 

READ/WRITE ENCODED DATA OUT 

~PU~~ ~PU~~ 

(TOP VIEW) 
NC::;: No Connect 
, THIS PIN IS A NO CONNECT ON THE ML8464C. 

PIN DESCRIPTION 
NAME FUNOION 

Amp In+, Amp In- Differential inputs to the Ampli
fier. The output of the read/write 
head amplifier should be capa
citively coupled to these pins. 

Amp Out+, Amp Out- Differential outputs of the 
Amplifier. These outputs should 
be capacitively coupled to the 
gating channel filter and to the 
time channel filter. 

Gate Channel Inputs Differential inputs to the AGC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 

Time Channel Input+, Differential inputs to the time 
Time Channel Input- channel differentiator. A filter is 

required between these pins and 
Amp Out pins to band limit the 
noise and to correct for any 
phase distortion due to read 
circuitry. Also inputs must be 
capacitively coupled to prevent 
disturbing the DC input level. 

CD+, CD- External differentiator network 
is c.onnected between these 
two pins. 

Set Hysteresis DC voltage on this pin sets the 
amount of hysteresis on the 
differential comparator. 

VREF AGC circuit adjusts the gain of 
the amplifier to make the differ
ential peak to peak voltage on 
the Gate Channel. Input is four 
times the DC voltage on this pin. 

CAGe External capacitor between this 
pin and Analog ground is 
connected for the N:.c. 

~l8464B, ~l8464C 

TIME 
SET CHANNEL 

HYSTERESIS~ CD+ / INPUT-
TIME I GATE CHANNEL CHANNEL 

VREF INPUT + CD- INPUT 
\ \ I I 

GATE CHANNEL INPUT 

ANALOG GROUND 

AMP OUT-

NC 

NC 

AMPIN+ 

AMPIN

NC 

28-Pin PLCC AMP OUT + 

Vee 

NC 

NC 

DIGITAL GROUND 

CAGe 

12 13 14 15 16 17 18 

SET! TI~E iENCbDED\ ~C 
PULSE PULSE DATA oui \ 

WIDTH OUT CHANNEL 
READ/WRITE TIME PULSE IN' ALIGNMENT 

NAME 

Set Pulse Width 

Read/Write 

Channel Alignment 

Time Pulse In 
(ML8464B only) 

Time Pulse Out 

Encoded Data Out 

Vee 
GND 

AGND 

FUNOION 

External capacitor between this 
pin and Digital ground is 
connected to control the pulse 
width of the Encoded Data Out. 

TIL input. When low, the chip is 
in read mode and active. When 
High, the chip is forced into 
stand by mode. 

Buffered output of the differ
ential comparator with hysteresis. 
This output is TIL on the 
ML8464B, and is open emitter 
on ML8464C. The ML8464C is 
specified with a 2KO pull-down 
resistor to ground. 

This is the TIL input to the 
clock of the D flip-flop. Usually 
it is connected to the Time 
Pulse Out pin. 
ML8464B: This is the TIL output 
from the bidirectional one shot 
following the differentiator. 
Usually it is connected to the 
Time Pulse In pin. 
ML8464C: Open emitter-follower 
test point. 

TIL output. Leading edge of 
this pin indicates the time 
position of the peaks. 

12V power supply. 

Digital ground. Digital signals 
should be referenced to this pin. 

Analog ground. Analog signals 
should be referenced to this pin. 
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FUNCTIONAL DESCRIPTION 
The output from the read/write amplifier is AC coupled 
to the amp input of the Ml8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the VREF pin. The AGC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the VREF. Typically the signal 
on the amp out will be set for 4Vp_p differential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_p differential. The user 
should therefore set O.SV on VREF which can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 

The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However; if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14V 
TIL Input Voltage ...................................... 5.5V 
TIL Output Voltage .................................... 5.5V 
Input Voltage .................... " .. ,.................. 5.5V 
Differential I n put Voltage ................................ + 3V 
8JA for 24-Pin Plastic DIP (Copper lead Frame) .... 60°C/Watt 
8JA for 28-Pin PlCC (Copper lead Frame) ......... 60°C/Watt 
Storage Temperature Range ................ -65°C to +150°C 

comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator and 
bidirectional one shot. This pulse will clock the new 
data at the D input through to the output. In this way, 
when the differentiator is responding to noise at the 
baseline, the output of the D flip-flop is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
is twice the DC voltage on the Set Hysteresis pin. For 
instance, if the voltage on the Set Hysteresis pin is 0.3v, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresis is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions of TA = 0 to 70oe, Vee = 12.0V ± 10%, VREF = 0.5\1, Set Hysteresis = 0.3\1, 
Read/Write = O.SV unless otherwise noted. (All pin numbers refer to DIP package.) 

SYMBOL PARAMETER I MIN lYP MAX UNITS CONDITIONS 

AMPLIFIER 

llNAI Amp In Impedance 0.8 1.0 1.5 kn 

AVMIN Min Voltage Gain 6.0 VIV AC Output 4Vp_p Differential 

AVMAX Max Voltage Gain 180 VIV AC Output 4Vp_p Differential 

VCAGC Voltage on CAGC 4.5 5.5 V Av = 6.0 
2.8 3.4 V Av = 180 

GATE CHANNEL 

llNGCI Gate Channel Input Impedance 1.75 2.5 3.25 kn 

ICAGC- Current that charges CAGC -1.5 -2.5 -3.5 mA Pin 16 = 3.9V 
Pin 21 - Pin 22 = 1.3V 

ICAGC+ Current that discharges CAGC 1 5 IlA Pin 16 = 5.0V 
Pin 21 - Pin 22 = 0.7V 

IVREF V REF Input Bias Current -0.01 -100 IlA 

VTHAGC AGC Threshold 0.88 1.0 1.12 V Pin 16 = 4.2V See Note 1 

ISH Set Hysteresis Bias Current -60 -100 IlA 

VTHSH Set Hysteresis Threshold 0.48 0.6 0.72 V See Note 2 

TIME CHANNEL 

llNTC Time Channel Input Impedance 3.5 5 6.5 kO 

ICD Current into pins 1 & 24 that 2.1 2.7 3.4 mA 
discharges CD 

WRITE MODE 

llNAI Amplifier Input Impedance in 100 SOO 0 Pin 11 = 2V 
Write Mode 

ICAGC Pin 16 Current in Write Mode 1.0 5.0 !1A Pin 11 = 2V 
Pin 16 = 3.9V 
Pin 21 - Pin 22 = 1.3V 

DIGITAL PINS 

VIH High level Input Voltage 2.0 V Ml8464B: Pins 11, 13 

VIL low level Input Voltage 0.8 V Ml8464C: Pin 11 

VI Input Clamp Voltage -1.5 V Vcc = 10.8Y, II = -18mA 

IIH High level Input Current 20 IlA VCC = 13.2Y, VI = 2.7V 

II Input Current at Maximum 1 mA Vcc = 13.2Y, 
Input Voltage VI = 5.5V 

IlL low level Input Current -200 IlA V cc = 13.2Y, VI = O.5V 

VOH High level Output Voltage 2.4 V V cc = 10.8Y, VIOH = -401lA 
See notes 3, 7 

VOL low level Output Voltage 0.5 V V cc = 10.8Y, IOL = 800IlA, see note 7 

losc Output Short Circuit Current -100 mA Vcc = 13.2Y, Vo = OV 

Icc Supply Current 54 75 mA VCC = H.2V 
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ML8464B, ML8464C 

DC ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditions of TA = 0 to 70·C, Vcc = 12.0V ± 10%, VREF = O.SY, Set Hysteresis = 0.3Y, 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer to DIP package.) 

SYMBOL I PARAMETER MIN TYP MAX UNITS CONDITIONS 

DIGITAL PINS (Continued) 

VOHCA Channel Alignment Pin VOH (Note 3) 
Ml8464B 2.4 V IOH = -40pA 
Ml8464C 7.6 V 10kO load to GND 

VmCA Channel Alignment Pin VOL (Note 3) 
Ml8464B 0.4 V 1m = 800pA 
Ml8464C 6.9 V 10kO load to GND 

VOHTP Time Pulse Out Pin VOH 
Ml8464B 2.4 V 10kO load to GND 
Ml8464C 9.6 V 10kO load to GND 

VmTP Time Pulse Out Pin VOL 
Ml8464B 0.4 V 10kO load to GND 
ML8464C B.6 V 10kO load to GND 

AC ELECTRICAL CHARACTERISTICS 
Over recommended operating temperature and supply range of Vcc = 10.8 to H.2Y, TA = 0 to 70·C. 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

Ml8464·1 
tp_p Pulse Pairing ±0.5 ±1.0 ns 

Ml8464·1.5 
f = 2.5MHz 

tp_p Pulse Pairing. ±0.8 ±1.5 ns 
VIN = 4OmVp_p differential 
See note 4 

Ml8464·2 
tp_p Pulse Pairing ±1.5 ±3.0 ns 

Note 1: The AGC threshold is defined as the voltage across the gate channel input when the voltage on CAGe is 4.2V. 
Note 2: The Set Hysteresis threshold is defined as the voltage across the gate channel input when the channel alignment output voltage 

changes state. 
Note 3: To prevent inductive coupling from the digital outputs to amplifier inputs, the TTL outputs should not drive more than one AlS TTL 

load. 
Note 4: The filter and diiferentiator network are described in the pulse pairing set·up. 
Note 5: All limits are guaranteed by 100% testing or alternate methods. 
Note 6: The 1.5 ns pulse pairing specification is available only on the Ml8464C, not the Ml8464B. 
Note 7: Ml8464B: Pins 12, 14, 15 

Ml8464C: Pins 14 and 15 only. 
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0.5V 
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R2 

C5 

R3 

20 

19 

18 
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16 

15 
R7 R5 R6 

14 

-= 

DATA OUT 

PULSE PAIRING SET UP 

PARTS LIST 

R1 .................... 2200 C1 .................... 82pF 
R4 .................... 6800 C2, C3, C6 ........... O.01I1F 
R2, R3 ................. 2400 C4 ................... 100pF 
RS, R6 ................ 3.3kO CS .................... 1SpF 
R7 ................... 100kO C7, C8 ...... .. .. .. 0.0022pF 
L1 .................... 1.5I1H C9 .................... 47pF 
L2, l3 ................ 4.7I1H 

* The connection between pins 12 and 13 is required only for the ML8464B. 

PULSE PAIRING MEASUREMENT 
The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 

the pulse associated with the negative peak. Pulse 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing for the part is ±3ns. 
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r --

5-412 

ML8464C 

TIME PULSE IN 
IS NO CONNECT 

CHANNEL VOH = T.GV TYP 
ALIGN (TEST POINl] VOL = T.OV 2K HMD 

Ml84648 

--------------, 

CHANNEL 
ALIGN OUT TIL 

I 

I 

I 

I 
____ ...J 
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TIME PULSE OUT 
(TEST POINl] 

VOH = 9.GV TYP 
VOL = B.GV 10K LOAD 

TIL 
OUTPUT 

TIME PULSE OUT 
TIL 
VOL;;:: .4V MAX 
VOH = 2.BV MIN 

TIME PULSE INPUT 
TIL 
VIL = .BV MAX 
V,H = 2.4V MIN 



~L8464B, ~L8464C 

DIFFERENCES BETWEEN ML8464C AND ML8464B 

THE EXTERNAL DELAY 

The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of an external 
delay filter. The Ml8464C has no TIL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 

TEST POINTS 

The Ml8464B has two TIL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECl 
configuration. Hence, the voltage levels are not similar 
at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are VOH = 9.6\1, VOL = 8.6V and at pin 
15 are VOH = 1.6\1, VOL = 1.0V. 

ORDERING INFORMATION 

PART NUMBER TEMP. RANGE 

ML8464C-1CP O°C to +70°C 
ML8464C-1CQ O°C to +70°C 
ML8464C-1.5CP O°C to +70°C 
ML8464C-1.5CQ O°C to +70°C 
ML8464C-2CP O°C to +70°C 
ML8464C-2CQ O°C to +70°C 

ML8464B-1CP O°C to +70°C 
ML8464B-1CQ O°C to +70°C 
ML8464B-2CP O°C to +70°C 
ML8464B-2CQ O°C to +70°C 

AGC GAIN CONTROL FACTOR 

The AGC reference level is a DC voltage externally set 
at VREF (pin 4). Increasing this DC voltage will increase 
the gain of the gain controlled amplifier. 

AGC gain control factor = 

VOUT PEAK = peak of the AGC amp 

VREF 
2.5Vpp 

AGC gain control factor = -- = 5 for Ml8464B 
O.5VDC 
2.0Vpp 

= -- = 4 for Ml8464C 
O.5VDC 

Thus, at VREF = O.5Voc, VOUT AGC = 2.5V for Ml8464B 
and 2.0V for ML8464C. This smaller signal amplitude 
should be taken into consideration at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for VREF and control voltage at pin 3 that 
optimizes the Ml8464B performance may not 
necessarily optimize the ML8464C performance. 

PACKAGE PULSE PAIRING 

MOLDED DIP (P24) ±1 ns 
MOLDED PCC (Q28) ±1 ns 
MOLDED DIP (P24) ±1.5 ns 
MOLDED PCC (Q28) ±1.5 ns 
MOLDED DIP (P24) ±3 ns 
MOLDED PCC (Q28) ±3 ns 

MOLDED DIP (P24) ±1 ns 
MOLDED PCC (Q28) ±1 ns 
MOLDED DIP (P24) ±3 ns 
MOLDED PCC (Q28) ±3 ns 
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.~Micro Linear 
Bus Products 

Selection Guide 

PACMan™ Adaptive Clock Generators 

felK Maximum Maximum 
No. of Clock Range Round Trip tSKEWR at the Clock Feedback 

Part Number Outputs (MHz) Delay (ns) Load (ps) Source Package Method 

ML6500 8 10-80 10 500 Internal or 44-Pin PLCC Parallel (2 trace) 
External 

ML6508 8 10-80 10 500 External 44-Pin PLCC Parallel (2 trace) 

ML6510 8 10-80 or 10 500 External 44-Pin PLCC Series (Single trace) 
10-130 

SCSI Terminators 
Disconnect 
Capacitance 

Part Number No. of Lines (pF) Package Features 

ML6509 9 <5 16-Pin SOIC Low power mode for laptop internal ternimation 
20-Pin TSSOP Disconnect controlled by hardware or software 

ML6599 9 <5 16-Pin SOIC Low insertion current for hot-pluggable applications 
20-Pin TSSOP 

High Speed Buffers/Transceivers 
tPlH, tpHl Ground 

Part Number Function (ns) Bounce (mV) Package Features 

ML65244 Dual Quad <1.5 <400 20-Pin SOIC TTL compatible -Buffer 20-Pin QSOP Control inputs 

ML65245 Octal <1.5 <400 20-Pin SOIC TTL compatible 
Transceiver 20-Pin QSOP Control inputs 

ML65541 Octal <1.5 <400 20-Pin SOIC TTL compatible 
Buffer 20-Pin QSOP Control inputs 
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,~ Micro Linear 
September 1994 

PRELIMINARY 

ML6500 

Programmable Adaptive Clock Manager (PACMan™) 

GENERAL DESCRIPTION 
The ML6S00 (pACMan™) is a Programmable Adaptive 
Clock Manager which offers an ideal solution for 
managing high speed synchronous clock distribution in 
next generation, high speed personal computer and 
workstation system designs. It provides a PLL clock 
generator and eight channels of deskew buffers that 
adaptively compensate for clock skew using a separate 
feedback trace. Additionally, the ML6S00 can also be 
programmed to be driven by an extemal clock, thus 
emulating a SLAVE function, if desired. In the SLAVE 
mode the ML6S00 offers 4X, 2X, 1 X and O.SX clocks, or 
any ratio realizable between M & N within the maximum 
frequency limits. 

The Programmable clock generator in the PACMan™ is 
implemented using a low jitter PLL with on-chip loop 
filter. The PACMan™ deskew buffers adaptively 
compensate for clock skew on PC boards. An internal 
skew sense circu it is used to sense the skew caused by the 
PCB trace and load delays. The sensing is done through a 
feedback loop from the load and the skew is corrected 
adaptively via a unique phase control delay circuit to 
provide low load-to-Ioad skew, at the end of the PCB 
traces. The chip configuration can be programmed to 
generate the desired output frequency using the internal 
ROM or an external serial EEPROM or a standard two-wire 
serial microprocessor interface. The reference clock can 
be generated by the internal oscillator (using an external 
crystal) or it can also be an external clock input. 

SYSTEM BLOCK DIAGRAM 

cPU 

CLK 

CLOCK SUBSYSTEM 

~. . 
~ 

ML6500 " 8 • . XTAL 

'-- CLOCK OUT TO 
COMPONENTS 

" 

·I'ACM ..... 

FEATURES 

• MASTER mode for clock generation using an on-chip 
crystal oscillator as a reference 

• SLAVE mode for clock generation using a clock input 
as a reference, providing low input to output clock 
phase error 

• Programmable clock generator PLL with on-chip loop 
filter and low jitter 

• 8 independent, automatically deskewed clock outputs 
with up to Sns of on-board deskew range (1 Ons round 
trip) 

• Controlled edge rate TTL-compatible CMOS clock 
outputs capable of driving 400 PCB traces 

• 10 to 80MHz Input and output clock frequency range 

• Less than SOOps skew between inputs at the device 
loads; less than 300ps with first order matching 

• Frequency multiplication or division 

• Lock output indicates PLL and deskew buffer lock 

• Test mode operation allows PLL and deskew buffer 
bypass for board debug 

• Supports industry standard processors like PentiumiM 
Intel80486iM Mips R40001M SPARC;M 68040;M 
PowerPC1M Alpha;M etc. 

LOCAL BUS 

l I CACHE ~ CONTROLLER I RAM 

; ~;- r' 

I MEMORY BUS I 
CONTROLLER 

+ t 
1 

MEMORY BUS 
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ML6500 

BLOCK DIAGRAM 
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ROMMSB 

MClK 

MDOUT 

PIN CONNECTION 
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~ 
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PIN DESCRIPTION 

PIN NUMBER 

28 

20 

19 

21 

22 

23 

32 

29 

16,14,9,7, 
44,42,37,35 

18,12,11,5, 
2,40,39,33 

3,31 
25 

4,30,24 

15 

8 

43 

36 

17,13,10,6, 
1,41,38,34 

26 
27 

NAME 

ROMMSB 

MDoUT 

MDIN 

MClK 

RESET 

lOCK 

XTAl 

ClKIN 

ClK[0-7J 

FB[0-7J 

AVCC[1-3J 

AGND[1-3J 

DVCC01 

DVCC23 

DVCC4s 

DVCC67 

DGND[0-7J 

RClKl 
RClKH 

ML6500 

DESCRIPTION 

MSB of the internal ROM address. Tie to GND if not used. See section on 
Programming the Ml6s00. 

Programming pin. See section on Programming the Ml6s00. 

Programming pin. See section on Programming the Ml6s00. 

Programming pin. See section on Programming the Ml6500. 

Reset all internal circuits. Asserted polarity is low. 

Indicates when the Pll and deskew buffers have locked. Asserted polarity 
is high. 

Crystal connection for MASTER mode is between this pin and GND. Connect 
pin to GND if XTAl oscillator is not used. 

Input reference clock for SLAVE mode. Connect to GND if not used. 

Clock outputs. 

Clock feedback inputs for the deskew buffers. 

Analog circuitry supply pins, separated from noisy digital supply pins to 
provide isolation. All supplies are nominally +SV 

Analog circuitry ground pins. 

Digital supply pin for ClKO and ClK1 output buffers. Nominally +SV 

Digital supply pin for ClK2 and ClK3 output buffers. Nominally +SV 

Digital supply pin for ClK4 and ClKs output buffers. Nominally +SV 

Digital supply pin for ClK6 and ClK7 output buffers. r~ominally +SV 

Digital ground pins for ClK [0-7J output buffers. Each clock output buffer has 
its own ground pin to avoid crosstalk and ground bounce problems. 

Differential reference clock outputs used to minimize part-to-part skew 
when building clock trees with other PACMan integrated circuits. 
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ML6500 

ABSOLUTE MAXIMUM RATINGS 
vee Supply Voltage Range ............................. -O.3V to 6V 
Input Voltage Range .................................... -O.3V to vee 
Output eu rrent 

CLK[0-7J ........................................................ 70mA 
All other outputs ............................................. 10mA 

Junction Temperature .............................................. 150°C 
Storage Temperature ................................ -65°C to 150°C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions of DVee = AVeC = 5V ± 5% and ambient 
temperature between ooe and 70°e. Loading conditions are specified individually. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

SUPPY 

IDVCC Suppy current for each pair All clock outputs open, fCLKX = 0 50 ~ 
of clock outputs 

CL = 20pF, Zo = son, 50 mA 
fOUT= 80MHz 

IAVCCl Static supply current, AVCCl pin 100 mA 

IAVCC2 Static supply current, AVCC2 pin 35 mA 

IAVCC3 Static supply current, AVCC3 pin 1 mA 

LOW FREQUENCY INPUTS AND OUTPUTS (ROMMSB, MDoUT, MDIN, MCLK, RESET, LOCK) 

VIH High level input voltage DVCC-0.5 V 

VIL Low level input voltage DGND +0.5 V 

VOH High level output IOH =-100~ DVCC-0.5 V 
voltage, MCLK and MDiN 

VOL Low level output IOL = +200 J.lA GND + 0.5 V 
voltage, MCLK and MDIN 

VOH High level output IOH =-100~ 2.4 V 
voltage, LOCK output IOH =-1O~ DVCC-0.5 V 

VOL Low level output IOL = +1 mA 0.4 V 
voltage, LOCK output 

liN Static input current 10 J.lA 

CIN Input capacitance 5 pF 

HIGH FREQUENCY INPUTS AND OUTPUTS (CLKIN, FB [0-7], CLK [0-7]) 

VIH High level input 2.0 V 
voltage 

VIL Low level input 0.8 V 
voltage 

IIH High level input current VIH = 2.4V, MS = 0 -100 J.lA 

IlL Low level input current VIL = O.4V, MS = 0 400 ~ 

VOH High level output IOH =-60mA 2.4 V 
voltage 

VOL Low level output IOL = +60mA 0.4 V 
voltage 
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ML6500 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNIT 

AC CHARACTERISTICS rise time, fall time and duty cycle are measured for a generic load; (see load Conditions section). 

tR Rise time, lOAD [0-7J output O.B -72.0V 150 1500 ps 

tF Fall time, lOAD [0-7] output 2.0 -70.BV 150 1500 ps 

fiN Input frequency, ClKIN pin 10 BO MHz 

fouT Output frequency, ClK [0-7J 10 BO MHz 
output 

fyco Pll VCO operati ng frequency BO 160 MHz 

fXTAL Crystal oscillator range 10 20 MHz 

DC Output duty cycle Measured at device load, at 1.5V 40 60 % 

tllnER Output jitter Cycle-to-cycle 75 ps 

Peak-to-peak 150 ps 

tLOCK Pll and deskew lock time After programming is complete 11 ms 

SKEW CHARACTERISTICS All skew measurements are made at the load, at 1.5V threshold each output load can vary independently 
within the specified range for a generic load (see load Conditions section). 

tSKEWR Output-to-output rising 500 ps 
edge skew 

tSKEWF Output-to-output Output clock frequency ~ 50MHz 1.5 ns 
falling edge skew 

tSKEWIO CLKIN input to any 6500 in 1 X slave mode, N = M = 0 600 ps 
lOAD [0-7J output 
Maximum rising edge skew 6500 in slave mode, N ~ 2, M ~ 2 1.25 ns 

tRANGE Round trip delay CLKX to FBX Output frequency < 50MHz 0 10 ns 
pin; output ClK period = !eLK Output frequency ~ 50MHz 0 !eu<i2 

tSKEWS Output-to-output rising 250 ps 
edge skew, between matched 
loads 

PROGRAMMING TIMING CHARACTERISTICS 

tRESET RESET assertion pu Ise 50 ns 
width 

tAl AUX mode MClK high time 2000 ns 

tA2 AUX mode MCLK low time 2000 ns 

tA3 AUX mode MDoUT data 10 ns 
hold time 

tA4 AUX mode MDouT data 10 ns 
setup time 

tAS AUX mode MClK period 5000 ns 

tMl MAIN mode MCLK high time 900 ns 

tM2 MAIN mode MClK low time 900 ns 

tM3 MAIN mode MClK period 1BOO ns 

tM4 MAIN mode 900 ns 
MClK to MDoUT valid 
(EEPROM read time) 

$~Micro Linear 6-7 
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ML6500 
ML6500 configured with MIS = 0 (Slave Mode), (tSKEWIO 
does not apply for MIS = 1; other skew characteristics 
are the same): 

ClKIN 

LOAD [0·71 
15t Order Match 

OR 

LOAD [0-71 with 
no 1 sf order match 

Note: All skew is measured at the device load tnput pin, NOT at the Ml650D 
clock output pin. Skew is always a positive number, regardless of which 
edge IS leading and which IS trailing. 

AC/SKEW CHARACTERISTICS LOAD CONDITIONS 

6-8 

FBX 

GENERIC 
LOAD 

CLKX 

----------

FBX 

FIRST·ORDER 

MATCHED LOADS 

CLKX 

FBY 

CLKY 

5V 

82 PCB trace impedance 
Zo = 500 

130 l Matched length ~~ r and impedance -?:" I 

umped 
LO ~ 20pF 

___ !~t~I!:~u!!'!.t~~~e~!. ~ ~~N.E! ___ 
5V 

82 

130 

-?:" 

.. 
5V 

82 

130 

1"';:-

.. 

PCB trace 
Zo =500 

l Matched length r and impedance 

Length Lx 

PCB trace 
Zo= 500 

l Matched length r and impedance 

Length Lv 

• 

Lumped 
CLX 5 20pF 

~ 
IClX-Cl 
ILx - Lvi 

vi < 5 pF 
<4" 

Lumped 
CLY ~ 20pF 

... If 
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FUNCTIONAL DESCRIPTION 

Micro Linear's ML6500 is the first clock generator chip to 
use a feedback mechanism to adaptively (on a real time 
basis), eliminate clock skew in high speed personal 
computer and workstation system designs. Figure 1 shows 
a basic configuration of the ML6500 in a system. The 
skew problem results due to the delaying of clock signals 
in the system, as shown in Figure 2. Clock skew results 
from variation in factors like trace length, PCB trace 
characteristics, load capacitance, parasitic capacitance, 
temperature and supply variations, etc. Figure 2 shows a 
representation of the clock skew problem from a timing 
perspective. It shows a worst case example where the 
clock signal is delayed so much that its rising edge 
completely misses the data it is intended to strobe. Using 
a clock deskew mechanism, this problem can be 
eliminated and the strobe with the appropriate setup and 
hold times with respect to the data bus can be generated. 

cpu DATA 
REMOTE 

CHIP 

I 

ClOCK#O I 
~ FEEDBACK #0 

:::c.-
CLOCK#. 

MICRO LINEAR 
FEEDBACK#. ML6500 

CLOCK CHIP · • • 
~ 
~K#7 

Figure 1. Basic System Configuration Using the ML6500. 

ML6500 
The ML6500 has eight deskew buffers, each with its own 
independent feedback and error correction circuit. The 
deskew buffer eliminates skew by using feedback from a 
remote chip to measure the clock error and then corrects 
it by generating the appropriate skew to the clock output 
to compensate. By connecting an external crystal for 
reference, the onboard low jitter PLL-based clock 
generator can be used to generate the desired clock 
output frequency. 

Figure 2. The Skew Problem. 
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ML6500 
CLOCK GENERATION (MASTER mode) MIS bit = 1 

The ML6500 has an integrated clock generator that can be 
programmed via an external EEPROM, a serial bus, or the 
on-chip ROM. Shown in Figure 3 is a block diagram of 
the ML6500 clock generation mechanism. In the MASTER 
mode (MIS bit set = 1), the full resolution of the PLL 
frequency synthesizer is available (M register 6 bits, N 
register 7 bits). The input frequency is defined by the 
crystal oscillator. The phase relationship between input 
clock and output clock is not well-defined in the MASTER 
mode. The VCO frequency is defined by the formula: 

fyeo = fREF x ( N + 1 ) 
M+l 

Where FREF is the frequency of the crystal. The VCO 
frequency must remain in the range 80-160 MHz. The 
primary output clock is defined by the formula: 

fOUT = fyec/2R 

Rl RO INPUT/OUTPUT RANGE 

o o Not valid: Defaults to R = 01 

o 40-80 MHz 

o 20-40 MHz 

10-20 MHz 

Note: R implies Rl, RO 

FROM 
CRYSTAL 

OSCillATOR 

ClK'N 
(TTL INPUT) 

Example: Using a 14.318 MHz crystal for the input 
frequency. 
Desired output frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz) 
Set N = 82 (1010010) and M = 8 (001000), 
MIS = 1 

Then, fyeo = 14.318 x (83/9) = 132.044 MHz 
fOUT = 132.044 MHz/21 = 66.022 MHz 

Eight individually deskewed copies of the clock are 
provided by the PACMan. 

The deskew buffers compensate internally for board-level 
skew caused by the PCB trace length variations and 
device load variations. This is accomplished by sensing 
the round trip delay via the return trace, and then delaying 
or advancing the clock edge so that all 8 output clocks 
arrive at their loads in phase. Each of the eight clock lines 
can have any length PCB trace (up to 5nec each way or 
1/4th of the output clock period, whichever is smaller) 
and the device loads can vary from line to line. The 
PACMan will automatically compensate for these 
variations, keeping the device load clocks in phase. 
(Although PACMan will compensate for skew caused by 
loading, excessive capacitive loading can cause rise/fall 
time degradation at the ioad.) Cascading the ML6500 in 
slave mode, to the master ML6500 should be done using 
a deskewed output from master to slave. Alternatively, 
a ML6508 can be cascaded using the reference clock 
outputs (RCLKH and RCLKL). 

MIs 

SYS-CLK 
TO DESKEW BUFFERS 

RCLKH 

RCLKl 

Figure 3. ML6500 Clock Generation Block Diagram. 
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CLOCK REGENERATION 
(ML6500 Slave mode) MIS bit = 0 

The ML6500 can also function in a clock regeneration 
mode (SLAVE mode) to assist in building clock trees or to 
expand the number of de-skewed clock lines. When the 
ML6500 functions in the slave mode, it has the ability to 
do clock multiplication or division as well, while 
maintaining low skew between the input clock and the 
device loads. It can generate a 2x or 4x or 0.5x frequency 
multiplication or division from input to output (e.g. 
33 MHz input, 66 MHz output or 66 MHz input, 33 MHz 
output, etc.). It also can generate a 1 x frequency output. 
To operate the ML6500 in the slave mode, set the 
MIS bit = O. Then the veo frequency is defined by: 

and the output frequency is still: 

four = fycol2R (setting R= 00 defaults to R = 01) 

The veo still must remain in the range 80-160 MHz, 
and the minimum phase detector input frequency is 
625 kHz = (80 MHz/128). Thus the product of (N + 1) and 
2R should be limited to 128: 

(N + 1) X 2R !> 128 to make sure that the 
phase detector inputs 
remain above the minimum 
frequency. 

Example: Generating a 2x clock input frequency = 33 MHz 

Set R = 01 (output range40 - 80 MHz), N = 5 (0000101), 
M = 2 (000010), MIS = 0 

[ (N+l)X2R] [6X21] 
fyco=fREFx (M+l) =33MHzx -3- =132MHz 

four = fycol2R = 132 MHz/21 = 66 MHz 

Example: Generating a 1 x clock Input frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz), set M = 0 
(000000), N = 0 (0000000), M/S = 0 

fyCO = 66MHz x [ 1 X121] = 132MHz 

four = fycol2R = 132 MHz/21 = 66 MHz 

For doing frequency multiplication and division in slave 
mode, keep M ~ 2 and N ~ 2 for the lowest skew 
between input dock and output dock. 

ML6500 
ADAPTIVE DESKEW BUFFERS 

Each copy of the primary clock is driven by an adaptive 
deskew buffer. The deskew buffer compensates for skew 
time automatically in accordance to the flight time delay 
it senses on the feedback line. 

Figure 4 shows the simplified functional block diagram of 
the deskew circuit. The phase of the sense signal and the 
drive signal is presented to a three-input phase 
comparator and compared with the reference signal. The 
phase comparator then controls the voltage controlled 
delay in the output drive line to match the delay of the 
fixed reference delay line. Therefore, the sum of the delay 
of the driver circuit, peB trace delay, rise time delay at the 
load and the adjustable delay will always equal the fixed 
maximum delay. 

The sense circuit has an internal level detect such that any 
skew caused by loading is also accounted for. Since the 
delay of the circuit is matched for the entire loop, the 
phase of all the drivers are in close alignment at the inputs 
of the load. 

CLOCK IN 

FIXED 
MAX 

DELAY 

Figure 4. Deskew Circuit Block Diagram. 

LOAD CONDITIONS 

LOAD 

The ML6500 has been designed to drive the wide range of 
load conditions that are encountered in a high frequency 
system. The eight output clock loads can vary individually 
within a wide range of trace length, impedance and 
lumped capacitive load, but each load should remain 
within the designated range for a generic load, to insure 
the lowest skew and the best signal integrity. The outgoing 
and return trace should be matched in length and 
impedance, and the trace should include a termination at 
the feedback (FB#) pin. All eight output clock traces are 
generally the same impedance with the same termination 
resistor values. The clock skew can be further minimized 
by providing some first order matching between any two 
loads that require particularly well matched clocks. For 
the best matching, use adjacent clock outputs with 
matched loads. 
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Ml6500 

FRX 

GENERIC 
lOAD 

ClKX 

----------

FRX 

FIRST·ORDER 

MATCHED LOADS 

ClKX 

FRY 

rll(V 

5V 

Rl 

R2 

"*" 

PCB trace impedance 
Zo = 40n 10 65n 

l Malched length r and impedance 

Lumped 
Cw s 20pF II 

___ !~t~I~~~d_t~~~e~t_:.~~N~!. ___ 
5V 

Rl 

R2 

I~ 

.. 
5V 

Rl 

R2 

I';~ 

PCB trace 
impedance Zox 

L--h r and impedance 

• I 

lumped 
ClX ~ 20pF 

length lx -: 

PCB trace 
impedance lox 

ICLX-C Lyl <5pF 
< 4" iLx-lyl 

40n~Zo X S 55n 
= ZOy and Zox 

l· .......... ·h r and impedance 

.' ..,-

Lumped 
ClY ~ 20pF 

I 
-_ ... I .. • -L 

length ly 

Termination resistors should have a Thevenin voltage of 
approximately 3V and a Thevenin resistance equal to the 
impedance of the PCB trace, Zo: 

MAX. AVG. RESISTOR 
TRACE RECOMMENDED POWER DISSIPATION 

IMPEDANCE VALUES W!GENERIC LOAD 

ZO Rl R2 Rl R2 

400 68 100 160 mW 100mW 
500 82 130 150mW 70mW 
63Q 110 160 120mW 70mW 

CRYSTAL OSCillATOR AND EXTERNAL ClOCKS 

If the crystal oscillator is used, the crystal should be 
placed physically as close as possible to the XTAL and 
AGND2 pins as possible. No other external components 
are required. The XTAL pin can also be driven by an 
external clock signal. There is no well-defined phase 
difference between input and output clocks in MASTER 
mode. If a well-defined phase difference is required, the 
ML6500 should be used in SLAVE mode (MIS = 0), and 
the CLKIN input used for the external clock (up to 80 
MHz). 

RESET AND LOCK 

When RESET is de-asserted, the internal programming 
logic will become active and load in the configuration bits 
(see Programming the ML6500). Once the configuration is 
loaded, the PLL will lock onto the reference signal, and 
then the deskew blocks will adapt to the load conditions. 
When all eight output clocks are stable and deskewed, 
LOCK will be asserted. The asserted polarity of lock is 
high. Thus, LOCK can be used to indicate that the system 
is ready, or it can be used to drive the RESET input of 
another PACMan in a clock tree. 

5Vr------------------------------------
AVCC] 

o 

RESET 

LOCK 

..jlRESET I-

ti------Inl----
I I 
I I 
I I 

I 
I 
I 

--'Uto~1 
PROGRAM IN THE 
CONfiGURATION 

i l 
I 

-.LJ.-lLOCK--I 

PROGRAM IN THE 
CONFIGURATION 

RESET may be reasserted at any time to reset the chip 
operations. Following a RESET assertion of valid pulse 
width (see Programming Electrical Characteristics), the 
ML6500 must again be loaded with a configuration, then 
it will re-Iock and reassert lock when all eight clock 
outputs are stable and deskewed . 
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PROGRAMMING THE ML6500 

The configuration of the ML6500 is programmed by 
loading 17 bits into the configuration shift register. To load 
these bits the user has 3 options: MAIN, AUX or ROM 
modes. Which mode is used is determined by the logic 
level on the MDIN pin when RESET is deasserted. If MDIN 
is tied high, the ML6500 will assume AUX mode; if its tied 
low, ROM mode. If MDIN is high-impedance (i.e. tied to 
the input of an EEPROM), it will assume MAIN mode. 

1.MAIN Mode 

In this mode, the ML6500 will read the 17 configuration 
bits from an external serial EEPROM, such as the 93C46, 
using the industry standard 3-wire serial I/O protocol. The 
serial EEPROM should be a 1 K organized in 64 x 16 bits 
and the PACMan will read the 17 configuration bits out of 
the two least significant 16-bit words. To use this mode, 
simply connect the EEPROM serial data input pin to MDIN 
(ML6500 pin 19), the EEPROM serial data output pin to 
MDoUT (ML6500 pin 20), and the EEPROM serial data 
clock pin to MCLK (ML6500 pin 21). Afte~ power up~ 
when RESET is deasserted, the ML6500 will automatically 
generate the address and clock to read out the 19 
configuration bits. Refer MAIN Mode waveform In 

Figure 5. 

RESET 
->-

MCLK 
(Driven by 

ML6500) 

MDIN 
(Driven by 

ML6500) 

MDOUT 
(Driven by 
EEPROM) 

CS 

lK SERIAL 
ML6500 

EEPROM 

-::F ROMMSB (64 X 16 BIT) 

CLOCK 
CLK MCLK 

OPCODES ADDRESS 
DATA IN MDIN 

DATA 
DATA OUT MDOUT 

~ RESET 

MAIN Mode Configuration. 

I I 
I I 

I I I I 
OPO A5 A4 A3 A2 
o 0 o 0 0 

I 
I 
I 

Al 
o 

ML6500 
2. AUX Mode 

When MDIN is tied to VCC, programming the PACMan 
will occur via the AUX Mode. This mode shifts the 17 
configuration bits into the shift register directly from the 
MDoUT pin. The first 17 clock rising ed~es provided . 
externally on the MCLK pin after RESET IS deasserted will 
be used to load the shift register data, which should be 
provided on the MDoUT pin. See figure 6. 

~ PROCESSOR 
ML6500 

~ 
ROMMSB 

CLOCK 
MCLK 

~ MDIN 

DATA 
MDoUT 

AUX Mode Configuration. 

MCLK 
(lnpul 10 ML6500) 

, , 
MDOUT ~ ••• ~ 
(Input to ML6500 ~ 

--: IA3 1+ -I IA4:-

Figure 6. AUX Mode Waveforms 

..:'yu26 

••• ~~D_l_5 ____________ _ 

~----------~----------~'~ 

16 bits dala at adddress 0 1 bit at address 1 

Figure 5. MAIN Mode Waveforms. 
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ML6500 
3. ROM Mode 

When MDIN is tied to GND, programming the PACMan 
will occur via the ROM Mode. This mode reads the 17 
configuration bits directly from an on chip ROM. The 
selection of one of the eight preset configuration codes is 
accomplished by means of the pins ROMMSB, MClK and 
MDoUT as shown in Table 1. In the table Code 1 is for 1 X 
slave configuration, with output clock in the frequency 
range of 40-80 MHz. Codes 2-7 assume use of a 14.318 
MHz crystal in the master mode to generate some of the 
common clock frequencies. Code 0 is TEST mode for low 
frequency testing (Pll is bypassed); the output clocks will 
follow the ClKIN input. 

TABLE 1 

Selection Bits Input VCO 
CODE ROMMSB MCLK MDoUT Freq. (MHz) Freq.(MHz) 

0 0 0 0 0-50 -

1 0 0 1 40-80 80-160 

2 0 1 0 14.318 131.73 

3 0 1 1 14.318 100.23 

4 1 0 0 14.318 119.91 

5 1 0 1 14.318 131.73 

6 1 1 0 14.318 149.32 

7 1 1 1 14.318 159.88 

1M and N registers are represented In deCimal format. 

REGISTER DEFINITIONS 

BITS REGISTER SIZE FUNCTION 

Ml6500 

ROM jO----IROMMSB -----I ROM 

ADDRESS o----IMClK ------18 X 19 BIT 
BITS 

o----IMDoUT -----I 

Output 
Freq.(MHz) 

0-50 

40-80 

32.93 

50.11 

59.96 

65.86 

74.66 

79.94 

ROM Mode Configuration. 

Configuration Code 
MIS Rl,RO Ml Nl TEST 

0 - - - 1 

0 01 0 0 0 

1 10 4 45 0 

1 01 1 13 0 

1 01 7 66 0 

1 01 4 45 0 

1 01 6 72 0 

1 01 5 66 0 

TO SHIFT 
REGISTER 

SERIAL 
DATA IN 

10 -16 N 7 bit This register is used to defme the ratio for the desired frequency of the primary clock. 

8-9 R 2 bit This register defines the frequency of the primary clocks, elK [0-7]. 

7 MIS 1 bit Used to select master/slave operation. 

6 TEST 1 bit If TEST = 1, Pll will be bypassed to allow low frequency testing. Set TEST = 0 for 
normal operation 

0-5 M 6 bit This register is used to define the ratio for the desired frequency of the primary clock. 

ML6500 SHIFT REGISTER CHAIN 

NO Nl N2 N3 N4 N5 N6 RO Rl MIS TEST MO Ml M2 M3 M4 M5 

SERIAL DATA IN_ 
(from EEPROM, 

lSB MSB lSB MSB lSB MSB or I..l Processor, 
or internal ROM) 
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APPLICATIONS 

ZERO SKEW CLOCK GENERATION 

The most advantageous feature of using PACMan is its 
ability to deliver multiple copies of the clock to the load 
with very low skew. Because of its unique ability in 
deskewing, trace length and load consideration are no 
longer critical in board design and true "zero" deskew can 
now be realized. 

Because of the unique deskewing scheme, neither the 
trace length nor the device loads need to be equal. This is 
true for loads, <20pF. Higher loads can be driven if they 
are placed close to the clock chip, to guarantee signal 
integrity. 

CLOCK 
DRIVER 

to-Isl 

I" --I 
to-IS2 

lsI 

1-- ~I 
Is2 

to-Is3 II" ~I 
Is3 

IsO isO IsO 
r--'--

ONE TWO THREE 
DEVICE DEVICE DEVICE 
LOAD LOAD LOAD 

'---

LOW SKEW CLOCK DISTRIBUTION 

Clock distribution design is usually not a trivial task, 
especially when multiple clock chips are needed. By 
using closely grouped PACMans, 16 or more clock lines 
can be created with low part-to-part skew. Additional 
groups of clocks can be clustered and driven from de
skewed clock lines, to minimize the number of long
distance clock lines. 

TO REMOTE GROUP 
OF CLUSTERED LOADS 

ML6500 

BOARD TO BOARD SYNCHRONIZATION 

Distribution of the synchronous clock could present 
significant difficulty at high frequency. With the system 
clock generated by the ML6500, a zero skew clock 
delivery to a backplane is now possible. By using the 
ML6508 slave chip or the ML6500 in slave mode at the 
receiver end, a near zero delay clock link can be 
accomplished between the mother board and the satellite 
boards. 

Because the 6500 has frequency doubling capability, a 
lower frequency signal can be used to route across a back 
plane. 

I t- f-- ML6508 
ML6500 OR 

ML6500 
(SLAVE MODE) 

EXAMPLE CONFIGURATION 

Shown in Figure 7 is an example configuration using 
the ML6500 (Master) and ML6508 (Slave) in tandem to 
generate eight 66 MHz clocks and eight 33MHz low-skew 
clocks. This requires only a single crystal and the 
termination resistors. Configurations are loaded from the __ 
internal ROM. PCB traces 0 to 15 are each 50Q 
impedance and the load capacitances CLO-CL15 are 0 to 
20pF each. Outgoing and return trace length for all loads 
are matched (ie. the load is tapped at the center point of 
the loop), but no matching is required among separate 
clock outputs. All traces are shown with a Thevenin 
termination at the feedback (FB) pin. 

LOAD[0·7) 

LOAD[1I-15) 
33 MHz 

... ISKfWR (or ISKEWB) 
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ML6500 

SYSTEM 

14.3 

6-16 

CLKO 

RESETLOW_ RESET t:"" 

fi6 
66 MHz 

V~ 
82 

ROMMSB FBO 

JCLO 130 

~ 
MCLK 

~ 
MD'N 

MDOUT 
CLKI 

ML6500 '['"" 

~ MASTER ~82 
MODE FBI 

J ? 130 · =- • · . 

66 MHz 

XTAL · . 
18 MHz ris ~ CLK'N CLK7 

r~ t:"" • LOAD7 

82 • 66 MHz 

LOCK FB7 T CL6 
RCLKH RCLKL 

lJO ~ 
~ 

CLK'NH CLK'NL CLKO 

'F It 33 MHz 
82 

FBO 

JCL8 

RESET 
? 130 

=-
ML6508 CLKI 

O.5X t:"" 

~ ,.--- ROMMSB MODE 82 
33 MHz 

~ MCLK FBI 

I 130 
~ MD'N · ~ · · · · · V-L 

MDOUT CLK7 

~ 
["" LOADIS 

82 1~3MHZ 
FB7 , 

LOCK JCllS 

+ 
130 

-==-

Figure 7. Example use of the ML6500 (Master Mode) in tandem with the 
ML6500 (Slave Mode) to generate multiple frequency clocks. Master mode ML6500 generates 

seven 66 MHz clocks while the slave mode ML6500 generates eight 33 MHz clocks. 
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ML6500 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6500CQ 44-pin PLCC (Q44) 

-
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PRELIMINARY 

ML6500/08EVAL 

Programmable Adaptive Clock 
Manager (PACMan™) Evaluation Kit 

GENERAL DESCRIPTION 

The ML6500 and ML6508 are programmable adaptive 
clock manager masters and slaves capable of 
automatically adjusting clock skew to within 500ps at 
the load. This evaluation kit is designed to exercise the 
devices with varying PC trace lengths and loading to 
mimic a "real" system. The board can accommodate 
either the ML6500 master or the ML6508 slave for 
evaluation purposes. 

KIT COMPONENTS 

• ML6500/08EVAL Users Guide 

• ML6500/08 Data Sheet 

• Application Note #21 

• Gerber file on 3.5" disk 

• Complete assembled and tested ML6500EVAL or 
ML6508EVAL Board 

BLOCK DIAGRAM 

v cs 
RESET 

l;i 
lOCK 

NC DI 
0" MDIN 
,,~ 

NC 

... 
~e ROMMSB 

ClK MCLK 

GND 
DO MDOUT 

EXTERNAL 1 CLOCK 
INPUT OR 
ON-BOARD 
CRYSTAL 

,..--------I 
I 
I 
I 
I 
I 
I 
I 

11 
XTAl 

EVAL KIT OPERATION 

The EVAL kit is shipped with ML6500 master if the 
ML6500EVAL is ordered or with the ML6508 slave for the 
ML6508EVAL. The jumpers are set so that the parts self
program in the "ROM Mode". A 66MHz clock frequency 
from the on-board 14.318MHz crystal is setup for initial 
evaluation of the ML6500EVAL. The ML6508EVAL needs 
an external PECL clock connected to CLKINH and CLK1NL 
for operation. For power, simply provide +5V for Vee into 
the banana jack marked VCC "+" and Ground connected 
to GND "_". Ceramic surface mount capacitors in the 
values of 5 to 20pF are used to emulate a realistic single 
or multiple IC clock load. There are through hole solder 
pads for either sockets or capacitors to make it easier to 
change values. Different clock frequencies from 10 to 
80MHz can be chosen by changing the jumper pins. 

DESKEW BUFFER 1 

DESKEW BUFFER 7 

TERMINATION 

f80 
(from 
remote 
chip) 

CLKO 
(t. 
remote 
chip) 

f81 

elKl 

f87 

VCC 

8m 

non 

LOAD CAPACITOR 
OT020pF 

1-
ClKO = 2S 

SCOPE 
PROBE 

-",;;"..-_----' JACK 

elKl 3.5" 
elK3 4.5" 
CLK4 9.0" 
CLKS 9.0" 
CLK6 ADJUSTABLE 
CLK7 6.0" 

The ML6500/08 Evaluation kit. The board can be configured for different clock 
frequencies and used as a master or slave clock manager. 
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PRELIMINARY 

ML6508 

Programmable Adaptive Clock Manager (PACMan™) 

GENERAL DESCRIPTION 

The ML6S08 is a Programmable Adaptive Clock Manager 
which offers an ideal solution for managing high speed 
synchronous clock distribution in next generation, high 
speed personal computer and workstation system designs. 
It provides eight channels of deskew buffers that 
adaptively compensate for clock skew using a separate 
feedback trace. The input clock can be either TTL or 
PECL, selected by a bit in the control register. Frequency 
multiplication or division is possible using the M&N 
divider ratio, within the maximum frequency limit of 
80MHz. O.SX, 1 X, 2X and 4X clocks, or any ratio between 
M and N can be easily realized. 

The ML6S08 is implemented using a low jitter PLL with 
on-chip loop filter. The ML6S08 deskew buffers adaptively 
compensate for clock skew on PC boards. An internal 
skew sense circuit is used to sense the skew caused by the 
PCB trace and load delays. The sensing is done through a 
feedback loop from the load and the skew is corrected 
adaptively via a unique phase control delay circuit to 
provide low load-to-Ioad skew, at the end of the PCB 
traces. Additionally, the ML6508 supports PECL reference 
clock outputs for use in the generation of clock trees with 
minimal part-to-part skew. The chip configuration can be 
programmed to generate the desired output frequency 
using the internal ROM or an external serial EEPROM or a 
standard two-wire serial microprocessor interface. 

SYSTEM BLOCK DIAGRAM 

CLOCK SUBSYSTEM 

cpu 

CLK 

FEATURES 

• SLAVE mode for clock generation using a clock input 
as a reference providing low input to output clock 
phase error. 

• Input clocks can be either TTL or PECL with low 
input to output clock phase error 

• 8 independent, automatically deskewed clock 
outputs with up to Sns of on-board deskew range 
(10ns round trip) 

• Controlled edge rate TTL-compatible CMOS clock 
outputs capable of driving 40n PCB traces 

• 10 to 80MHz Input and output clock frequency range 

• Less than SOOps skew between inputs at the 
device loads; less than 300ps with first-order matching 

• Small-swing reference clock outputs for minimizing 
part-to-part skew 

• Frequency multiplication or division 

• Lock output indicates PLL and deskew buffer lock 

• Test mode operation allows PLL and deskew buffer 
bypass for board debug 

• Supports industry standard processors like PentiumiM 
Intel80486iM Mips R40001M SPARClM 68040TM 
PowerPClM Alpha;M etc. 

CLOCK IN-n~~~iE!!l1l==~ 
)J., ML6508 8 • I---+-I----ir--<'--+---t-'--+--<I--t+--. 

CLOCK OUT TO 
COMPONENTS 

MEMORY BUS 
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ML6508 

BLOCK DIAGRAM 

RESE1 

LOCK 

ROMMSB 

MClK 

MDOUT 

PIN CONNECTION 

6-20 

--------------------------------------. 

RClKH RCLKl 

M c 
Z 
<.J 
C 

ClK3 

DVCC23 

CLK2 

DGND2 

FB2 

FBI 

DGND1 

ClK1 

DVCCOI 

ClKO 

DGNDO 

C> 

if 

DESKEW BUFFER 1 

DESKEW BUFFER 7 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I -----------------------------------

.. '" '" Q 
~ 

c .. c u 
M 

Z .. Z ; ~ ::2 z 
'" <.J <.J <.J 

if < < if c u C 0 c if 

1 44 43 42 41 
FB6 

DGND6 

CLK6 

DVCC67 

ML6508 CLK7 

44-LEAD PLCC (Q44) DGND7 

TOP VIEW FB7 

ROMMSB 

AVCC2 

AGND2 

CLK'Nl 

Z ... ~ I~ '" 8 M .... l: :t 
Q ::> 

9 u ~ .. Z 0 U Z ~ U 0 ~ ::E c ::E <.J '" ::E < < '" U 
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FBO 
(from remote chip) 

ClKO 
(to remote chip) 

FBI 

CLK1 

FB7 

CLK7 



PIN DESCRIPTION 

PIN NUMBER 

32 

20 

19 

21 

22 

23 

28 
29 

16,14,9,7, 
44,42,37,35 

18,12,11,5, 
2,40,39,33 

3,31 
25 

4,30,24 

15 

8 

43 

36 

17,13,10,6, 
1,41,38, 34 

26 
27 

NAME 

ROMMSB 

MDoUT 

MDIN 

MClK 

RESET 

LOCK 

ClKINH 
ClKINL 

ClK[0--7] 

FB[0-7] 

AVCC[1-3] 

AGND[1-3] 

DVCC01 

DVCC23 

DVCC45 

DVCC67 

DGND[0-7] 

RClKl 
RClKH 

ML6508 

DESCRIPTION 

MSB of the internal ROM address. Tie to GND if not used. See section on 
Programming the Ml6S08. 

Programming pin. See section on Programming the Ml6S08. 

Programming pin. See section on Programming the Ml6S08. 

Programming pin. See section on Programming the Ml6508. 

Reset all internal circuits. Asserted polarity is low. 

Indicates when the PLL and deskew buffers have locked. Asserted polarity is 
high. 

Input clock pins. For TIL clock reference use ClKINH pin 
shorted to the ClKINL pin. For PECl clock reference drive pins differentially. 
Input clock type is selected by the CS bit in the shift register. 

Clock outputs 

Clock feedback inputs for the deskew buffers 

Analog circuitry supply pins, separated from noisy digital supply pins to 
provide isolation. All supplies are nominally +SV. 

Analog circuitry ground pins 

Digital supply pin for ClKO and ClK1 output buffers. Nominally +5V. 

Digital supply pin for ClK2 and ClK3 output buffers. Nominally +Sv. 

Digital supply pin for ClK4 and ClKS output buffers. Nominally +SV. 

Digital supply pin for ClK6 and ClK7 output buffers. Nominally +SV. 

Digital ground pins for ClK [0--7] output buffers. Each clock output buffer has 
its own ground pin to avoid crosstalk and ground bounce problems. 

Differential reference clock output used to minimize part-to-part skew 
when building clock trees with other PACMan integrated circuits. 
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ML6508 

ABSOLUTE MAXIMUM RATINGS 
vee Supply Voltage Range ............................. -O.3V to 6V Junction Temperature .............................................. 1500 e 
Input Voltage Range .................................... -O.3V to vee Storage Temperature ................................ -65°e to 1500 e 
Output eurrent 

eLK[O-7J ........................................................ 70mA 
All other outputs ............................................. 10mA 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions of vee = 5V ± 5% and ambient 
temperature between ooe and 70°C. Loading conditions are specified individually. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

SUPPLY 

IDVCC Supply Current for each pair All clock outputs open, fcLKx = 0 50 
of clock outputs 

CL = 20pF, Zo = son 50 
foul = BOMHz 

IAVCC1 Static supply current, AVCC1 pin 100 

IAVCC2 Static supply current, AVCC2 pin 35 

IAVCC3 Static supply current, AVCC3 pin 1 
--

LOW FREQUENCY INPUTS AND OUTPUTS (ROMMSB, MDoUl, MDIN, MCLK, RESET, LOCK) 

VIH High level input voltage DVCC-0.5 

VIL Low level input voltage DGND + 0.5 

VOH High level output IOH = -1 00 I1A DVCC-0.5 
voltage, MCLK and MDIN 

VOL Low level output IOL = +200 I1A DGND + 0.5 
voltage, MCLK and MDIN 

VOH High level output IOH = -100 I1A 2.4 
voltage, LOCK output IOH = -10 I1A DVCC-0.5 

VOL Low level output IOL = +1 mA 004 
voltage, LOCK output 

liN Static input current 10 

CIN Input capacitance 5 

HIGH FREQUENCY INPUTS AND OUTPUTS (CLKINH, CLKINL, FB[O-7], CLK[0-7]) 

VIH High level input voltage CS = 0 (TTL Input Clock) 2.0 

CS = 1 (PECL Input Clock) AVCC - 1.165 AVCC-O.BB 

VIL Low level input voltage CS = 0 (TTL Input Clock) O.B 

CS = 1 (pECL Input Clock) AVCC -1.B10 AVCC - 10475 

VICM Common mode input voltage CS = 1 (PECL Input Clock) 2.0 AVCC -004 
range for PECL reference clocks 

IIH High level input current VIH = 2AV 100 

IlL Low level input current VIL = OAV -400 

VOH High level output IOH =-60mA 204 
voltage 

VOL Low level output IOL = +60mA 004 
voltage 
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ML6508 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNIT 

AC CHARACtERISTICS rise time, fall time and duty cycle are measured for a generic load; (see load Conditions section). 

tR Rise time, lOAD [0-7] output O.S -t 2.0V 150 1500 ps 

tF Fall time, lOAD [0-7] output 2.0 -t O.SV 150 1500 ps 

fiN Input frequency, ClK'N pin 10 SO MHz 

fOUl Output frequency, ClK [0-7] 10 SO MHz 
output 

fvco PLL VCO operati ng frequency SO 160 MHz 

DC Output duty cycle Measured at device load, at 1.5V 40 60 % 

tJlTTER Output jitter Cycle-to cycle 75 ps 

Peak-to-peak 150 ps 

tLOCK Pll and deskew lock time After programming is complete 11 ms 

SKEW CHARACTERISTICS All skew measurements are made at the load, at 1.5V threshold each output load can vary independently 
within the specified range for a generic load (see load Conditions section). 

tSKEWR Output to output rising 500 
edge skew, all clocks 

tSKEWF Output to output Output clock frequency;:' 50MHz 1.5 
falling edge skew 

tSKEWIO ClK'N input to any N =M=O 600 
lOAD [0-7] output 
Maximum rising edge skew N ;:'2, M;:,2 1.25 

tRANGE Round trip delay CLKX to FBX Output frequency < 50MHz 0 10 
pin; output ClK period = tClK Output frequency;:' 50MHz 0 tcuJ2 

tSKEWB Output-to-output Providing first (see lOAD 250 
rising edge skew, between conditions) order matching 
matched loads order matching between outputs 

PART-TO-PART SKEW CHARACTERISTICS Skew measured at the loads, at 1.5V threshold. Reference clock output pins drive 
clock input pins of another Ml650S. 

tpPl Total load-to-Ioad skew between Slave chip CS = 1, CM = 1 and TBD 
multiple chips interfaced with N = 0, M = 0; RClK outputs to 
reference clock pins. ClK'N inputs distance less than 2" 

tpP2 Total load-to-Ioad skew between Slave chip CS = 1, CM = 1 and TBO 
multiple chips interfaced with N ;:, 2, M ;:, 2; RClK outputs to 
reference clock pins. ClK'N inputs distance less than 2" 

PROGRAMMING TIMING CHARACTERISTICS 

tRESET RESET assertion pulse 50 
width 

tAl AUX mode MClK high time 2000 

tA2 AUX mode MClK low time 2000 

tA3 AUX mode MOOUl data 10 
hold time 

tM AUX mode MOOUl data 10 
setup time 

.~Micro Linear 
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ML6508 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNIT 

PROGRAMMING TIMING CHARACTERISTICS (Continued) 

tAS AUX mode MCLK period 

tM! MAIN mode MCLK high time 

tM2 MAIN mode MCLK low time 

tM3 MAIN mode MCLK period 

tM4 MAIN mode 
MCLK to MDoUT valid 
(EEPROM read time) 

ML6508 configured with bit eM = 0: 

PECLINPUT CL:.:O..;;C:.:KS~.IjI-____ J\' _____ I'-____ I'-_ 

OR 

TTL INPUT CLOCK 
--:=rL.~tSKEWlO 

LOAD [0·7] 
1st Order Match 

OR 

LOAD [0·71 with 
no 1st order match 

5000 

900 

900 

1800 

900 

AVCC-0.4V 

CLKINH--V ~ 
CLKINL --A_-_ ...... ""t 
VI 2.0 V 

ns 

ns 

ns 

ns 

ns 

Note: All skew IS measured at the deVice load Input pm, NOT at the Ml6508 clock output pin. Skew is always a positive number, regardless of which edge IS leading and 
which is trailing. 

AC/SKEW CHARACTERISTICS LOAD CONDITIONS 

FBX 

GENERIC 
LOAD 

CLKX 

----------

FBX 

FIRST·ORDER 

MATCHED LOADS 

CLKX 

FBY 

CLKY 

6-24 

SV 

82 PCB trace impedance 
Zo=SOQ 

130 l Matched length r and impedance 
-~ ri 

:J: 
umped 

CLO $ 20pF 

ML6S00 
OR 

ML6S08 

, 
RCLKH RCLKL 

___ !~~ ..':~.!~.'l..t~~ ~e~r ~ ~N2! ___ 

I I SV 

82 PCB trace impedance 
Zo=SOQ 

130 l Matched length 
~ r and impedance 

.. 
Length Lx 

~ 

SV 

82 PCB trace impedance 
Zo=SOQ 

130 l Matched length 
~ r and impedance 

.. 
Length Ly 

,. 

'l 
ICLX-C Lyl <SpF 

<4" ILX-Lyl 

q 

CLKINH CLKINL 

ML6S08 
SLAVE CHIP 

(CM=I,CS=I) 

LOAD[O·71 

LOAD[8-IS) 
--+WI 
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FUNCTIONAL DESCRIPTION 

Micro Linear's ML6508 is the first clock chip to use a 
feedback mechanism to adaptively (on a real time basis), 
eliminate clock skew in high speed personal computer 
and workstation system designs. Figure 1 shows a basic 
configuration of the ML6508 in a system. The skew 
problem results due to the delaying of clock signals in the 
system, as shown in Figure 2. Clock skew results from 
variation in factors like trace length, PCB trace 
characteristics, load capacitance, parasitic capacitance, 
temperature and supply variations, etc. Figure 2 shows a 
representation of the clock skew problem from a timing 
perspective. it shows a worst case example where the 
clock signal is delayed so much that its rising edge 
completely misses the data it is intended to strobe. 
Using a clock deskew mechanism, this problem can be 
eliminated and the strobe with the appropriate setup and 
hold times with respect to the data bus can be generated. 

The ML6508 has eight deskew buffers, each with its own 
independent feedback and error correction circuit. The 
deskew buffer eliminates skew by using feedback from a 
remote chip to measure the clock error and then corrects 
it by generating the appropriate skew to the clock output 
to compensate. 

Eight individually deskewed copies of the clock are 
provided by the ML6508. 

CLOCK .1 REMOTE cPU DATA )I GENERATOR 

I 
CHIP 

I 
CLOCK#O I 

L..- FEEDBACK #0 

CLOCK IN 
CLOCK #1 

MICRO LINEAR 
FEEDBACK #1 ML6508 

CLOCK CHIP · · · 
~ 
~K#7 

Figure 1. Basic System Configuration Using the ML6508. 

ML6508 

The deskew buffers compensate internally for board-level 
skew caused by the PCB trace length variations and 
device load variations. This is accomplished by sensing 
the round trip delay via the return trace, and then delaying 
or advancing the clock edge so that all 8 output clocks 
arrive at their loads in phase. Each of the eight clock lines 
can have any length PCB trace (up to 5ns each way or 
1/4th of the output clock period, whichever is smaller) 
and the device loads can vary from line to line. The 
ML6508 will automatically compensate for these 
variations, keeping the device load clocks in phase. 
Although ML6508 will compensate for skew caused by 
loading, excessive capacitive loading can cause rise/fall 
time degradation at the load. Cascading the ML6500 to 
the ML6508 should be done using the PECL reference 
clock outputs, to minimize part-to-part skew. 

CLOCK REGENERATION 

The programmable adaptive clock deskew can function in 
a clock regeneration mode to assist in building clock trees 
or to expand the number of de-skewed clock lines. in this 
mode, it has the ability to do clock multiplication or 
division as well, while maintaining low skew between 

WRITE 
SIGNAL 

CLOCK AT 
REMOTE CHIP 

I 
I 
I 

DATA AT ~ 
REMOTE CHIP ----....... --<~>---+----

WRITE 
SIGNAL 

CLOCK AT 
REMOTE CHIP 

Figure 2. The Skew Problem . 
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ML6508 

CLK'NH 

CLK'NL 

ECl INPUT BUfFER 

SYS_CLK 

RClKH 

RCLKL 

TEST 

TO DESKEW BUfFERS 

Figure 3. Ml6508 Clock Generation Block Diagram. 

input clock and output clocks. It can thus generate a 2x or 
4x or 0.5x frequency multiplication or division from input 
to output (e.g. 33 MHz input, 66 MHz output or 66 MHz 
input, 33 MHz output, etc.). It also can generate a 1 x 
frequency output. The veo frequency is defined by: 

[
(N+l)X2R] 

fvco = fREF x (M + 1) 

and the output frequency is still given by: 

fOUT = fvcol2R (setting R = 00 defaults to R = 01) 

Rl RO INPUT/OUTPUT RANGE 

o o Not valid: Defaults to R = 01 

o 40-80 MHz 

o 20-40 MHz 

10-20 MHz 

Note: R Implies Rl, RO 

The veo still must remain in the range 80-160 MHz, and 
the minimum phase detector input frequency is 625kHz = 
(80 MHz/128). Thus the product of (N + 1) and 2R should 
be limited to 128: 

(N + 1) X 2R :,; 128 to make sure that the 
phase detector inputs 
remain above the minimum 
frequency. 

Example: Generating a 2x clock input frequency = 33 MHz 

Set R = 01 (output range 40 - 80 MHz), N = 5 (0000101), 
M = 2 (000010), MIS = a 

[ (N+l)X2R] [6X21] 
fvco=fREFx (M+l) =33MHzx -3- =132MHz 

fOUT = fveol2R = 132 MHz/21 = 66 MHz 

Example: Generating a 1 x clock Input frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz), set M = a 
(000000), N = a (0000000), M/S = 0 

fveo = 66MHz x [ 1 X121] = 132MHz 

FOUT = Fveol2R = 132 MHz/21 = 66 MHz 

For doing frequency multiplication and division, keep 
M ;:: 2 and N ;:: 2 for the lowest skew between input 
clock and output clock. Several configurations for doing 
frequency multiplication and division are included in the 
8 configurations stored in the on-chip ROM (see 
PROGRAMMING the ML6508). 
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ADAPTIVE DESKEW BUFFERS 

Each copy of the clock is driven by an adaptive deskew 
buffer. The deskew buffer compensates for skew time 
automatically in accordance to the flight time delay it 
senses on the feedback line. 

Figure 4 shows the simplified functional block diagram of 
the deskew circuit. The phase of the sense signal and the 
drive signal is presented to a three-input phase 
comparator and compared with the reference signal. The 
phase comparator then controls the voltage controlled 
delay in the output drive line to match the delay of the 
fixed reference delay line. Therefore, the sum of the delay 
of the driver circuit, PCB trace delay, rise time delay at the 
load and the adjustable delay will always equal the fixed 
maximum delay. 

FIXED 
MAX 

CLOCK IN DELAY 

Figure 4. Deskew Circuit Block Diagram. 

LOAD 

The sense circuit has an internal level detect such that any 
skew caused by loading is also accounted for. Since the 
delay of the circuit is matched for the entire loop, the 
phase of all the drivers are in close alignment at the inputs 
of the load. 

LOAD CONDITIONS 

The Ml6508 has been designed to drive the wide range of 
load conditions that are encountered in a high frequency 
system. The eight output clock loads can vary individually 
within a wide range of trace length, impedance and lumped 
capacitive load, but each load should remain within the 
designated range for a generic load, to insure the lowest 
skew and the best signal integrity. The outgoing and return 
trace should be matched in length and impedance, and the 
trace should include a termination at the feedback (FB#) pin. 
All eight output clock traces are generally the same 
impedance with the same termination resistor values. The 
clock skew can be further minimized by providing some first 
order matching between any two loads that require 
particularly well matched clocks. For best matching use 
adjacent clock outputs with matched loads. 

FBX 

GENERIC 
LOAD 

ClKX 

----------

FBX 

FIRST-ORDER 

MATCHED LOADS 

CLKX 

FBY 

ClKY 

5V 

Rl PCB trace impedance 
lo = 400 to 650 

R2 l Matched length r and impedance 
~ 

Ml6508 

~~ 
I 

umped 
CLO S 20pF 

___ !~t!I~~u~'!.t~~ ~e~r -:. ~~N~! ___ 
5V 

Rl 

R2 

I~ 

.. 
5V 

Rl 

R2 

I~ 

.. 

PCB trace 
impedance lox 

l Matched length r and impedance 

Length LX 

PCB trace 
impedance Zox 

~ 

Lumped 
CLX'; 20pF 

~ 
ICLX-C Lyl<5pF 

<411 ILx -Lyl 
400SZo x,,550 
and Zox = loy 

l~-h r and impedance 

. J 
Lumped 
CLY'; 20pF 

Length Ly 

Termination resistors should have a Thevenin voltage of 
approximately 3V and a Thevenin resistance equal to the 
impedance of the PCB trace, Zo: 

MAX. AVG. RESISTOR 
TRACE RECOMMENDED POWER DISSIPATION 

IMPEDANCE VALUES W/GENERIC LOAD 

ZO Rl R2 Rl R2 

400 68 100 160mW 100mW 
500 82 130 lS0mW 70mW 
630 110 160 120mW 70mW 

EXTERNAL INPUT CLOCKS 

The external input clock to the Ml6508 can be either a 
differential Pseudo-ECl clock or a single-ended TTL clock. 
This is selected using the CS bit in the serial shift register. 
For the single-ended TTL clock tie the ClKINH and ClKINL 
pins together. The Ml6508 ensures that there is a well
defined phase difference between the input and output 
clocks. • 
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ML6508 
RESET AND LOCK 

When RESET is de-asserted, the internal programming 
logic will become active and load in the configuration bits 
(see Programming the ML6508). Once the configuration is 
loaded, the PLL will lock onto the reference signal, and 
then the deskew blocks will adapt to the load conditions. 
When all eight output clocks are stable and deskewed, 
LOCK will be asserted. The asserted polarity of lock is 
high. Thus, LOCK can be used to indicate that the system 
is ready, or it can be used to drive the RESET input of 
another PACMan in a clock tree. 

5V r ------------------------------------
AVCC] 

o -..j 'RESET 1_ 

RESET tl----------'nl----
I I 
I I 
I I 

i LJ i l 
I I 

-LP"Oc'K/ -.1 1"-'LOcK--I 

PROGRAM IN THE PROGRAMIN THE 

LOCK 

CONFIGURATION CONFIGURATION 

RESET may be reasserted at any time to reset the chip 
operations. Following a RESET assertion of valid pulse 
width (see Programming Electrical Characteristics), the 
ML6508 must again be loaded with a configuration, then 
it will re-Iock and reassert lock when all eight clock 
outputs are stable and deskewed. 

PROGRAMMING THE Ml6508 

The configuration of the ML6508 is programmed by 
loading 18 bits into the configuration shift register. To load 
these bits, the user has 3 options: MAiN, AUX or ROM 
modes. Which mode is used is determined by the logic 
level on the MDIN pin when RESET is deasserted. if MDIN 
is tied high, the ML6508 will assume AUX mode; if its tied 
low, ROM mode. if MDIN is high-impedance (Le. tied to 
the input of an EEPROM), it will assume MAiN mode. 

1. MAIN Mode 

in this mode, the ML6508 will read the 18 configuration 
bits from an external serial EEPROM, such as the 93C46, 
using the industry standard 3-wire serial I/O protocol. The 
serial EEPROM should be a 1 K organized in 64 x 16 bits and 
the PACMan will read the 18 configuration bits out of the 
two least significant 16-bit words. To use this mode, simply 
connect the EEPROM serial data input pin to MDIN (ML6508 
pin 19), the EEPROM serial data output pin to MDoUT 
(ML6508 pin 20), and the EEPROM serial data clock pin to 
MCLK (ML6508 pin 21) and CS pin for the EEPROM should 
be tied to the RESET signal. After power up, when RESET is 
deasserted, the ML6508 will automatically generate the 
address and clock to read out the 18 configuration bits. 
Refer MAiN Mode waveform in Figure 5. 

lK SERIAL 
ML6508 

EEPROM 
(64 X 16 BIT) -:F 

ROMMSB 

CLK --
CLOCK 

MCLK 
RESET OPCODES 
~r-- CS ADDRESS 

DATA IN MDrN 

DATA 
DATA OUT MDOUT 

RESET 

MAIN Mode Configuration. 

2. AUX Mode 

When MDIN is tied to VCC, programming the ML6508 
will occur via the AUX Mode. This mode shifts the 18 
configuration bits into the shift register directly from the 
MDoUT pin. The first 18 clock rising edges provided 
externally on the MCLK pin after RESET is deasserted will 
be used to load the shift register data, which should be 
provided on the MDoUT pin. See figure 6. 

I'PROCESSOR 
ML6508 

~ 
ROMMSB 

CLOCK 
MCLK 

~ MDIN 

DATA 
MDOUT 

AUX Mode Configuration. 

3. ROM Mode 

When MDIN is tied to GND, programming the ML6508 
will occur via the ROM Mode. This mode reads the 18 
configuration bits directly from an on chip ROM. The 
selection of one of the eight preset configuration codes is 
accomplished by means of the pins ROMMSB, MCLK and 
MDoUT as shown in Table 1. The TEST mode 
configuration (code 7) is enabled when the TEST bit is set. 
in this mode the PLL is bypassed for low frequency testing. 
Codes 0-2 are used when the ML6508 clock inputs are 
driven from another PACMan's reference clock outputs. 
Code 3 is used when zero phase error is desired between 
input and load clocks. 

ML6508 

ROM jO-----IROMMSB ------I ROM 

ADDRESS O-----IMCLK -----18 X 19 BIT 
BITS 

o-----IMDoUT -----I 

ROM Mode Configuration • 

TO SHIFT 
REGISTER 

SERIAL 
DATA IN 
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MCLK 
(Driven by 

ML6508) 

MDIN 
(Driven by 

ML6508) 

MDOUT 
(Driven by 
EEPROM) 

TABLE 1 

CODE DESCRIPTION 

0 PECL Input Clock, 1 x mode 

Ml6508 

••• ~~D_l_4 __ __ 

~----------~----------~~ 
16 bits data at adddress 0 2 bits at address 1 

Figure 5. MAIN Mode Waveforms. 

MCLK 
(Inpul 10 ML6508) 

, , 

~~~~:'ML6508)~'" ~ 
--: IAl ~ -I IA4:_ 

Figure 6. AUX Mode Waveforms. 

SELECTION BITS INPUT OUTPUT CONFIGURATION CODE 

FREQ FREQ 
ROMMSB MCLK MDoUT (MHz) (MHz) CS CM Rl, RO M N TEST 

0 0 0 40-80 40-80 1 1 01 0 0 0 

1 PECL Input Clock, 0.5x modE 0 0 1 40-80 20-40 1 1 10 5 2 0 

2 PECl Input Clock, 2x mode 0 1 0 20-40 40-80 1 1 01 2 5 0 

3 PECl Input Clock, 1 x mode 0 1 1 40-80 40-80 1 0 01 0 0 0 

4 TIL Input Clock, 1 x mode 1 0 0 40-80 40-80 0 0 01 0 0 0 

5 TIL Input Clock, 0.5x mode 1 0 1 40-80 20-40 0 0 10 5 2 0 

6 TTL Input Clock, 2x mode 1 1 0 20-40 40-80 0 0 01 2 5 0 

7 TEST mode, TIL Input clock 1 1 1 0-50 0-50 0 - - - - 1 
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ML6508 

REGISTER DEFINITIONS 

BITS REGISTER SIZE 

11 - 17 N 7 bit 

9-10 R 2 bit 

8 CM 1bit 

7 CS 1 bit 

6 TEST 1 bit 

0-5 M 6 bit 

ML6508 SHIFT REGISTER CHAIN 

6-30 

SERIAL DATA IN_ 
(from EEPROM, 
or J.LProcessor, 
or internal ROM) 

LSB 

FUNCTION 

This register is used to define the ratio for the desired frequency of the primary clock. 

This register defines the frequency of the primary clocks, ClK [0-7]. 

Set CM = 1 when the PECl input reference clock is from another 6500/08 reference 
clock output. Set CM = 0 if the clock reference is TTL or PECl from an external source 
and minimum phase error between input and output is desired. 

CS = 0 selects TTL input clock, CS = 1, selects PECl input clock. 

When set to 1, the Pll is bypassed for low frequency testing. 

This register is used to define the ratio for the desired frequency of the primary clock. 

MSB LSD MSB LSD MSD 
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APPLICATIONS 

ZERO SKEW CLOCK GENERATION 

The most advantageous feature of using PACMan is its 
ability to deliver multiple copies of the clock to the load 
with very low skew. Because of its unique ability in 
deskewing, trace length and load consideration are no 
longer critical in board design. 

Because of the unique deskewing scheme, neither the 
trace length nor the device loads need to be equal. This is 
true for loads, <20pF. Higher loads can be driven if they 
are placed close to the clock chip, to guarantee signal 
integrity. 

CLOCK 
DRIVER 

to-tsl 

'OIl 
~, 

10-152 
151 

'OIl 
-, 

152 

10-153 
1,011 ~, 

153 

150 150 150 
r-'--

ONE TWO THREE 
DEVICE DEVICE DEVICE 
LOAD LOAD LOAD 

'7--

LOW SKEW CLOCK DISTRIBUTION 

Clock distribution design is usually not a trivial task, 
especially when multiple clock chips are needed. By 
using closely grouped PACMans, 16 or more clock lines 
can be created with low part-to-part skew. Additional 
groups of clocks can be clustered and driven from de
skewed clock lines, to minimize the number of long
distance clock lines. 

TO REMOTE GROUP 
OF CLUSTERED LOADS 

ML6508 

BOARD TO BOARD SYNCHRONIZATION 

Distribution of the synchronous clock could present 
significant difficulty at high frequency. With the system 
clock generated by the ML6S08, a zero skew clock 
delivery to a backplane is now possible. By using the 
ML6S08 slave chip or the ML6S00 in slave mode at the 
receiver end, a near zero delay clock link can be 
accomplished between the mother board and the satellite 
boards. 

Because the PACMan has frequency doubling capability, a 
lower frequency signal can be used to route across a back 
plane. 

I I-r- ML6508 
ML6500 OR 

ML6500 
(SLAVE MODE) 

EXAMPLE CONFIGURATION 

Shown in Figure 7 is an example configuration using 
the ML6S00 (Master) and ML6S08 (Slave) in tandem to 
generate eight 66 MHz clocks and eight 33MHz low-skew 
clocks. This requires only a single crystal and the 
termination resistors. Configurations are loaded from the 
internal ROM. PCB traces 0 to 1S are each son 
impedance and the load capacitances CLO-CL 15 are 0 to 
20pF each. Outgoing and return trace length for all loads 
are matched (ie. the load is tapped at the center point of 
the loop), but no matching is required among separate 
clock outputs. All traces are shown with a Thevenin 
termination at the feedback (FB) pin. 

LOAD[0-7) 

LOAD[8-15) 
33 MHz 
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ML6508 

SYSTEM RESET LOW 

VCC 

+------1 ROMMSB 

CLKO 

LOADO 

82 
66 MHz 

FBo~1I1I1I1I1m1l1l1l1l1ll 
130 

CLK1~1I1I1I1I1I1I1I1I1I1I1I1I1I. '------1 MDOUT 
ML6500 
MASTER 
MODE 

82 
LOAD1 66 MHz 

6-32 

FBI PCB TRACE I 

130 

XTAL 

14.318MHzD CLK'N CLK7 r -=- LOAD7 

82 
66 MHz 

LOCK FB7 

J CL6 RCLKH RCLKL 
130 

-=-

CLK'NH CLK'Nl CLKO 

82 
LOAD8 33 MHz 

FBO PCB TRA( E H 

130 
RESET 

ML6508 CLKI 

O.5X 
ROMMSB MODE 82 

MCLK FBI 

MD'N 
130 

VCC 

MDOUT CLK7 

LOAD15 

-=- 82 33 MHz 

LOCK 
FB7 

JCLl5 
130 

-=-ALL_CLOCK_READY 

Figure 7. Example use of the ML6500 (Master) in tandem with the 
ML6508 (Slave) to generate multiple frequency clocks. Master mode ML6500 generates 

eight 66 MHz clocks while the slave ML6508 generates eight 33 MHz clocks. 
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ML6508 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Ml6508CQ 44-pin PlCC (Q44) 

-
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GENERAL DESCRIPTION 

The ML6S09 BiCMOS SCSI terminator provides active 
termination in a SCSI system with single-ended drivers 
and receivers, in full compliance with the SCSI-1, SCSI-2 
and SCSI-3 recommendations. It provides a 2.8SV 
reference through an internal 1 V dropout linear regulator. 
Active SCSI termination helps the system designer to 
effectively control analog transmission line effects like 
ringing, noise, crosstalk, ground bounce, etc. In addition it 
provides greater immunity to voltage drops on the 
TERMPWR line of the SCSI bus. The desired V-I 
characteristics for signal negation requires that the 
terminator source 0-24mA while maintaining 2.8SV and 
for signal assertion preferably follow a linear slope of 
11 on. The ML6S09 attempts to provide a V-I 
characteristic optimized to minimize the transmission line 
effects during both signal assertion and negation, using a 
MOSFET based architecture. The desired V-I characteristic 
is achieved by trimming one resistor in the control block. 
It provides negative clamping for signal assertion 
transients and current sink capability, to handle active 
negation driver overshoots above 2.8SV, which is 
currently accomplished with external components in SCSI 
subsystems today. It provides a disconnect mode, where 
the terminator is completely disconnected from the SCSI 
bus and the output capacitance is < SpF, typically. 

BLOCK DIAGRAM TERMPWR 

2.85V 

GND~~----~ 

September 1994 

ML6509 

Active SCSI Terminator 
FEATURES 

• Fully monolithic IC solution providing active 
termination for 9 lines of the SCSI bus 

• Low dropout voltage (1 V) linear regulator, trimmed for 
accurate termination current, with 300mA current 
source capability 

• Output capacitance typically <SpF 

• Disconnect mode - Logic pin to disconnect terminator 
from the SCSI bus, <100~ 

• Lowpower mode - For power conscious, portable 
system & peripheral applications, using less than 6" 
cables. (Equivalent to almA current drive with a 
2.Skn termination) 

• Current sinking - can sink current> 1 OmA per line to 
handle active negation driver overshoots above 2.8SV 

• Negative clamping on all lines to handle signal 
assertion transients 

• Regulator can source 200mA and sink SOmA while 
maintaining regulation 

• Current limit & thermal shutdown protection 

• Small and low profile package options; 16-pin SOIC 
(300 mil), 20-pin TSSOP (1 mil height) 

216mA I 
(MAX) .. 

r---
1 

1 
2.85V 

----I 

1 

1 
-+-
1 
1 
1 
1 
1 
1 

V.EF CONTROL: 

,.----------------1~--' r----!~ __ :: ______ ~<:~_J 

NCLAMP = Negative Clamp 

6-34 

MOSFETs WITH IMAX = 24mA 
NORMAL MODE 

9 TERMINATION LINES 

MOSFETs WITH IMAX = lmA 
LOW POWER MODE 

Circuit design patent pending . 
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GENERAL DESCRIPTION (Continued) 

One unique feature of the ML6509 is its support for a Low 
Power mode, for use in Notebook and portable computer 
applications, where it provides almA (approximately 
2.5KQ termination) for less than 6" cable lengths. This 
minimizes the battery drain significantly in such systems. 

PIN CONFIGURATION 
16-Pin SOIC 

TERMPWR L9 

NC L8 

NC L7 

GND VREF 

DISCNKT L6 

LPWR LS 

Ll L4 

L2 L3 

PIN DESCRIPTION 

NAME DESCRIPTION 

TERMPWR Termination Power. Should be connected 
to the SCSI TERMPWR line. A lOI1F 
tantalum local bypass capacitor is 
recommended per system, as shown in 
the application diagram 

L 1 Signal Termination 1. SCSI Bus line 1 

L2 Signal Termination 2. SCSI Bus line 2 

L3 Signal Termination 3. SCSI Bus line 3 

L4 Signal Termination 4. SCSI Bus line 4 

L5 Signal Termination 5. SCSI Bus line 5 

L6 Signal Termination 6. SCSI Bus line 6 

L7 Signal Termination 7. SCSI Bus line 7 

L8 Signal Termination 8. SCSI Bus line 8 

L9 Signal Termination 9. SCSI Bus line 9 

NOTE: The DISCNKT and LPWR lines have 200kQ mternal pullup resIstors 
connected to the supply. These pins should be left floating for normal 
operation and should be connected to ground to enable the function. 

ML6509 

Current limiting and thermal shutdown protection are also 
provided. The ML6509 provides 9 lines of termination in 
the industry's smallest package - 20-pin TSSOP. The nine 
line configuration is optimal for wide SCSI's 18, 27, or 45 
line termination needs. 

20-Pin TSSOP 

TERMPWR L9 

HS L8 

NC HS 

GND L7 

NC VREF 

DISCNKT L6 

LPWR L5 

HS L4 

Ll HS 

L2 L3 

NAME DESCRIPTION 

YREF 2.85YREF Output. External decoupling 
with a lOI1F tantalum in parallel with a 
O.lI1F ceramic capacitor is 
recommended, as shown in the 
application diagram. 

DISCNKT Disconnect Terminator. Logic input to 
disconnect the terminator from the bus 
when the SCSI device no longer needs 
termination due to not being the last 
device on the bus or otherwise. Active 
low input. 

LPWR Low Power Mode. Logic input to switch 
the terminator mode to a ~2.5kQ 
termination, with almA drive capability, 
meant for power conscious battery 
applications which use SCSI devices 
supporting cable lengths less than six 
inches. Active low input. 

GND Ground. Signal Ground (OY) 
HS Heat Sink Ground. Should be connected 

to GND. 
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ML6509 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Signal line Voltage ............................. -0.3 to TERMPWR +O.3V TERMPWR Voltage .................................................. 4V to 5.25V 
Regulator Output Current ................................... -100 to 300mA Operating Temperature ........................................... O°C to 70°C 
TERMPWR Voltage •.................................................. -0.3 to +7V 
Storage Temperature ........................................... -65°C to 150°C 
Soldering Temperature ..................................... 260°C for 10 sec 
Thermal Impedance (eJA) 

SOIC .......................................................................... 95°C/W 
TSSOP ................................................................... '" 110°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise stated, these specifications apply for 4V::; TERMPWR ::; S.2SV, and T A = ooe to 70°C 

PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

SUPPLY 

TERMPWR Supply Current L l-L9 = open, DISCNKT = open 3.5 5 mA 

L l-L9 = 0.2 V, DISCNKT = open 225 mA 

DISCNKT = a (active) 70 100 j.lA 

INPUT 

Input Low Voltage LPWR, DISCNKT 1.0 V 

Input High Voltage LPWR, DISCNKT TERMPWR V 
-1.0 

OUTPUT 

Output High Voltage Measuring each signal line while 2.8 2.85 2.9 V 
other eight are high 

Maximum Output Current VOUT = 0.2V, Measuring each signal 24 mA 
(Normal Mode) line while the other eight are high 

Maximum Output Current VOUT = 0.2V, LPWR = 0, and 0.8 1 1.2 mA 
(Lowpower Mode) measuring each signal line while the 

other eight are high 

Output Clamp Level lOUT = -30mA (Note 1) -0.15 a 0.15 V 

Current Sink Capability VOUT = 3.2V (per line) 7 12 mA 

Output Capacitance L 1 thru L9, DISCNKT = a 4 5 pF 
(ML Method) 2Vp_p 100kHz square wave applied 

biased at 1 V D.C. (Note 2) 

Output Capacitance L1 thru 19, DISCNKT = a 6 7 pF 
(X3T9.2/855D method) OAVp_p, 1 MHz square wave applied 

biased at O.5V D.C. (Note 1) 

REGULATOR 

Output Voltage Sourcing 0-200mA 2.8 2.85 2.9 V 

Sinking 0-50mA (Note 1) 2.8 2.85 2.95 V 

Dropout Voltage ll-l9 = 0.2V, VOUT= 2.85V 1.0 1.2 V 

Short Circuit Current Regulator output = OV 100 mA 

Regulator output = 5V 300 mA 

Thermal Shutdown 170 °C 

Note 1: Parameter guaranteed by characterization only. 
Note 2: Only one pin IS checked In the production test environment. Otherwise parameter IS guaranteed by characterization and correlation. 
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FUNCTIONAL DESCRIPTION 

The SCSI Terminator helps in decreasing the transmission 
line effects with precise termination. Termination is 
conventionally provided at the beginning and end of the 
SCSI bus, however when additional peripherals are added, 
the termination needs to be disabled from the current 
device and enabled on the last device on the bus. Existing 
termination schemes use a SIP (Single-In-Line package) 
which is plugged into a socket on the PC board of the 
SCSI peripheral. To remove the termination, the user 
needs to pull the resistor SIP out of its socket. With the 
higher levels of system integration, this is no longer a 
simple task. With the increasing use of higher data rates 
and cable lengths in SCSI subsystems, the need for active 
termination is becoming necessary. Active termination 
also minimizes power dissipation and can be activated or 
deactivated under software control, thus eliminating the 
need for end user intervention. The V-I characteristics of 
popular SCSI termination schemes are shown in Figure 3. 
Theoretically the desired V-I characteristics are the Boulay 
type for signal assertion (high to low) and the Ideal type 
for signal negation. The ML6509 with its MOSFET based 
nonlinear termination element attempts to provide the 
most optimum V-I characteristics - optimized for both 
signal assertion and negation. 

The ML6509 provides active termination for nine signal 
lines, thus accommodating basic SCSI which requires 18 
lines to be terminated and wide SCSI which requires 27, 
36 or 45 lines to be terminated. The ML6509 integrates an 
accurate voltage reference (1 V dropout voltage) and nine 
MOSFET based termination lines. A single internal resistor 
is trimmed to tune the V-I characteristic of the MOSFETs as 
shown in figure 1. The voltage reference circuit produces 
a precise 2.85V level and is capable of sourcing at least 
24mA into each of the nine terminating lines when low 
(active). When the signal line is negated (driver turns off), 
the terminator pulls the signal line to 2.85V (quiescent 
state). When all signal lines are inactive, the regulator will 
source about 300mA. 

3.0V 
2.B44V 

> 

o 

~ 
"-

I---

NORMAL TERMINATION MODE 

IDEAL 
~- -- -- -- -- -- -I 

r-.... ........ I 

"- ........... "- ML6S09 I 

"- "-"- I 
"- \ "- I 

\ I 

I-- ~s~~~~! 11 on) 
"- I , l "-

"- I 

"" \! 
'\, 1--- --

22.4mA 30.0mA 
IL 3.00mA/div 

ML6509 

The ML6509 SCSI Terminator provides two control 
signals, DISCNKT & LPWR which are active low signals 
and have an internal 200kn pull-up resistor. The 
DISCNKT input when asserted low, isolates the ML6509 
from the signal I ines and effectively removes the 
terminator from the SCSI Bus with a disconnect mode 
current of less than 1001lA. The LPWR input, when 
asserted low, puts the ML6509 in the low power 
termination mode by providing only almA drive 
capability with an effective termination impedance of 
2.5kn. This is intended for power conscious portable 
system and peripheral applications where the cable 
lengths are small, thus resulting is fast signal transitions 
and practically no transmission line effects, while 
consuming very minimum power (9mA worst case if all 
lines were active). At the same time, if this portable system 
were connected with an external SCSI peripheral, over a 
long cable, the normal terminator mode could be enabled 
to ensure compliance with the SCSI standard and maintain 
data integrity. In addition the ML6509 provides for 
negative clamping of signal transients and also supports 
current sink capability in excess of 10mA per signal line, 
to handle active negation driver overshoot above 2.85V, a 
common occurrence with SCSI transceivers. These 
functions need to be handled with external components in 
SCSI subsystems today. Thus the ML6509 helps in 
eliminating a number of external components. 

Disconnect mode capacitance is a very critical parameter 
in SCSI systems. The ML6509 provides the lowest 
capacitance contribution of max 5pF and this is 
guaranteed by production test. 

Figure 2 gives an application diagram showing a typical 
SCSI bus configuration. To ensure proper operation, the 
TERMPWR pin must be connected to the SCSI ~ 
TERMPWR line. Each ML6509 requires parallel O.l~F and ~ 
10~F capacitors connected between VREF and GND pins 
and the TERMPWR line needs a lOIlF bypass capacitor 
per SCSI system. 

> 

3.00V 
2.BSV r--.... 

........... 

LOWPOWER TERMINATION MODE 

~ 

'" 
'\ , 

\ 
\ , 
\ 

' ..... 
lmA 

IL 0.2mA/div 

2mA 

Figure 1. Trimmed V-I Characteristic of the ML6509 
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ML6509 

v 

Thus in an 8-bit wide SCSI bus arrangement ("A" Cable), 
two ML6509's would be needed at each end of the SCSI 
cable in order to terminate the 18 active signal lines. 
16-bit wide SCSI would use three ML6509's, while 32-bit 
wide SCSI bus would require five ML6509's. 

285V .. =-_____________ ---, 

In a typical SCSI subsystem, the open collector driver in 
the SCSI transceiver, when asserted, pulls low and when 
negated, the termination resistance serves as the pull-up. 
Also shown in figure 2, is a typical cable response to a 
pulse. The receiving end of the cable will exhibit a single 
time delay. When negated, the initial step will reach an 
intermediate level defined as VSTEP. With the higher SCSI 
data rates, sampling could occur during this step portion. 
In order to get the most noise margin, the step needs to be 
as high as possible to prevent false triggering. For this 
reason the regulator voltage and the resistor defining the 
MOSFETs characteristic is trimmed to ensure that the 10 is 
as close as possible to the SCSI max current specification. 
VSTEP is defined as follows: 

VSTEP = VOL + (10 x Zo) 

where 

2.7V 

2.5V 

O.2V 

TERMINATOR (SOURCE) 
DRIVER (SINK) 

20rnA 
40mA 

24mA 
48mA 

VOL is the Driver output low voltage, 
Figure 3. V-l Characteristics of Various 

SCSI Termination Schemes 
10 is current from receiving terminator 

Zo is characteristic impedance of cable. 
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DISCNKT /---, SCSI CABLE 

1 
1 
1 
1 

1 
1 
1 

1 SCSI XCVR - 1 I _______ .:.J . 

1 
1 
1 
1 
1 
1 
1 
1 - SCSI XCVR 1 L.:. _______ I . 
1--------1 
: 1 

1-~r_~--------4~-------~~_rI~~ 

~ 1 1 
1 
1 
1 

1 1 

: SCSI XCVR _: 
L _______ :.J 

I 

VREGI~VREG 
: ----- VSTEP 

i ___________ -_-_-_-_-_-_-..:_~o.:.· 
LINE LINE 

ASSERTED NEGATED 

1 
1 
1 
1 1 
1 1 
I,:, 1 L ________ J 

Figure 2. Application Diagram Showing Typical SCSI Bus Configuration with the ML6509 
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ML6509 
This is a very important characteristic that the terminator 
helps overcome by increasing the noise margin and 
boosting the step as high as possible. This capability for 
the ML6509 implementation is illustrated in the attached 
simulation graphs which show the terminator performance 
under different cable impedance situations and a 
comparison is shown with the standard Boulay terminator, 
under identical conditions. 

APPLICATION INFORMATION 

ML6509 EVALUATION BOARD 

Shown below is the schematic, board component layout, 
and parts list of the ML6509 SCSI Terminator evaluation 
board. This evaluation board provides termination for 18 
lines of SCSI signals and can be connected as the last 
device on a standard SCSI Bus system. The SCSI Bus 
signals can then be monitored to see the impact of the 
ML6509 Active SCSI Terminator in minimizing the 
transmission line effects. In addition the disconnect mode 
and lowpower mode can also be evaluated with respect to 
power dissipation and output capacitance. 

TRANSIENT RESPONSE (ACTUAL) 
(Approximately 11 on, 10 feet long, ribbon cable stock) 

- / 
I 
I 
I 

2.0V:..----- -----I-
I 
I 

O.BV ---- -- -
____ ..I __ 

_ J 
r.J --v 

I 
I 

ML6509 EVAL BOARD PARTS LIST 

PART# DESCRIPTION 

IC1,IC2 ML6509 Active SCSI Terminator 

Cl 10J.LF, 6V Tantalum Chip Capacitor 
( Philips 49MCl 06C006KOASFT) 

C2,C3 10J.LF, 4V Tantalum Chip Capacitor 
( Philips 49MCl 06C004KOASFT) 

C4,C5 0.1 J.LF Ceramic Chip Capacitor 
( Philips Cl 04K1206XFNT ) 

SWl Two Position DIP Switch (C&K 8002 ) 

)1 50-pin SCSI Header Connector 
(AMP 1-103311-0) 

..-. -
I 

_____ 1 ______ _ 

v 
V1(2) = 796.9mV V2(2) =2.0V A V(2) = 1.203V 
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ML6509 

TYPICAL APPLICATION CIRCUIT 

L9 

t. 

L7 

SWl 
r-------I 
I I 

VREF 

...... C4 .J... C2 LO ..LC5..LO 

J l t5 J 1 
t. 

~ L3 
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SIGNAL ASSERTION/NEGATION WAVEFORMS (SIMULATED) 
Conditions Low Cable impedance of 11 on (worst case) 

tD = 10ns 
10 segment distributed L-C, SCSI Bus Model 
Driver end of cable not terminated 

DRIVER 
END 

ML6509 SCSI TERMINATOR 

2V ------------- -------------- ---------------

O.8V ------------- -------------- ---------------

TERMINATOR 
END 2V ----------___________________ ----________ _ 

O.8V ---------------- ------------- --------------

DRIVER 
END 

BOULAY TERMINATOR 

200ns 300ns 

IAlM.J\AI I~I'~,~,..,. ,···Y·W"'" 
2V ------------- -------------- ---------------

O.8V ------------- -------------- ---------------

TERMINATOR 1-------"" 
END 

2V ---------------

O.8V 

lOOns 

1h.A. 

TIME (SECONDS) 

200ns 

'Micro Linear 

300ns 

ML6509 

-
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ML6509 

SIGNAL ASSERTION/NEGATION WAVEFORMS(SIMULATED) 
Conditions Low Cable impedance of 550 (worst case) 

tD = lOns 

6-42 

10 segment distributed L-C, SCSI Bus Model 
Driver end of cable not terminated 

DRIVER 
END 

ivii65u~ SL~I II:KMINATOR 

2V --------------

O.8V -------------- ~------------r_--------------
TERMINATOR 

END 

2V --------------- ------------- ~------------
O.8V 

DRIVER 
END 

lOOns 

TIME (SECONDS) 

BOULAY TERMINATOR 

200ns 300ns 

2V -------------- --------------- -------------

o.sv -------------- -------------- --------------

TERMIN.ATOR 
END 

2V --------------- --------------~~--------
O.8V 

lOOns 200ns 300ns 

TIME (SECONDS) 
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ORDERING INFORMATION 

PART NUMBER 

Ml6509CS 
Ml6509CT 

TEMPERATURE RANGE 

O°C to +70°C 
O°C to +70°C 

i1II.J:=. Micro Linear 

PACKAGE 

16-pin SOIC (S16W) 
20-pin TSSOP (T20) 

ML6509 

-
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ML6509EVAL 

Active SCSI Terminator Evaluation Kit 
GENERAL DESCRIPTION 

The ML6S09 BiCMOS SCSI terminator provides active 
termination in a SCSI system with single-ended drivers 
and receivers. in full comolianc" with thp <;rSL 1. SC5!-2 
and SCSI-3 recommendations. It provides a 2.8SV 
reference through an internal 1 V dropout linear regulator. 
Active SCSI termination helps the system designer to 
effectively control analog transmission line effects like 
ringing, noise, crosstalk, ground bounce, etc. In addition it 
provides greater immunity to voltage drops on the 
TERMPWR line of the SCSI bus. The desired V-I 
characteristics for signal negation requires that the 
terminator source 0-24mA while maintaining 2.8SV and 
for signal assertion preferably follow a linear slope of 
11 on. The ML6S09 attempts to provide a V-I 
characteristic optimized to minimize the transmission line 
effects during both signal assertion and negation, using a 
MOSFET based architecture. The desired V-I characteristic 
is achieved by trimming one resistor in the control block. 
It provides negative clamping for signal assertion 
transients and current sink capability, to handle active 
negation driver overshoots above 2.8SV, which is 
currently accomplished with external components in SCSI 
subsystems today. It provides a disconnect mode, where 
the terminator is completely disconnected from the SCSI 
bus and the output capacitance is < SpF, typically. 

SCHEMATIC 

L9r-r-----, 

L8 

LL7L}----, 

SW1 
[-------, 
I I 

FEATURES 

• Fully monolithic IC solution providing active 
termination for 9 lines of the SCSI bus 

• LOW dropout voltage (lV) linear regulator, trimmed for 
accurate termination current, with 300mA current 
source capability 

• Output capacitance < SpF, typically 

• Disconnect mode - Logic pin to'disconnect terminator 
from the SCSI bus, <100~A 

• Lowpower mode - For power conscious, portable 
system ,& peripheral applications, using less than 6" 
cables. (Equivalent to almA current drive with a 
2.SKn termination) 

• Current sinking - can sink current up to 10mA per line 
to handle active negation driver overshoots above 
2.8SV up to 3.2V 

• Negative clamping on all lines to handle signal 
assertion transients 

• Regulator can source 200mA and sink SOmA while 
maintaining regulation 

• Current limit & thermal shutdown protection 

• Small and low profile package options; 16-pin SOIC 
(300 mi/), 20-pin TSSOP (1 mil height) 

• SO Pin connector for direct connection to SCSI bus 
ribbon cable 

• Dip switches to control the low power and 
disconnect mode 

Jl 

50~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PRELIMINARY 

ML6510 

Series Programmable Adaptive 
Clock Manager (PACMan™) 

GENERAL DESCRIPTION 
The Ml651 0 (Super PACManTM) is a Programmable 
Adaptive Clock Manager which offers an ideal solution for 
managing high speed synchronous clock distribution in 
next generation, high speed personal computer and 
workstation system designs. It provides eight channels of 
deskew buffers that adaptively compensate for clock skew 
using only a single trace. The input clock can be either 
TTL or PECl, selected by a bit in the control register. 
Frequency multiplication or division is possible using the 
M&N divider ratio, within the maximum frequency limit. 
0.5X, 1 X, 2X and 4X clocks can be easily realized. 

The Ml6510 is implemented using a low jitter Pll with 
on-chip loop filter. The Ml651 0 deskew buffers adaptively 
compensate for clock skew on PC boards. An internal 
skew sense circuit is used to sense the skew caused by the 
PCB trace and load delays. The sensing is done by 
detecting a reflection from the load and the skew is 
corrected adaptively via a unique phase control delay 
circuit to provide low load-to-Ioad skew, at the end of the 
PCB traces. Additionally, the Ml6510 supports PECl 
reference clock outputs for use in the generation of clock 
trees with minimal part-ta-part skew. The chip configuration 
can be programmed to generate the desired output 
frequency using the internal ROM or an external serial 
EEPROM or a standard two-wire serial microprocessor 
interface. 

SYSTEM BLOCK DIAGRAM 

cPU 

ClK 

CLOCK SUBSYSTEM 

CLOCK IN . 
B • 

l~J~===~ClOCKOUTTO 
COMPONENTS 

FEATURES 
• Input clocks can be either TTL or PECl with low 

input to output clock phase error 

• 8 independent, automatically deskewed clock 
outputs with up to 5ns of on-board deskew range 
(10ns round trip) 

• Controlled edge rate TTL-compatible CMOS clock 
outputs capable of driving 400 PCB traces 

• 10 to 80MHz (6510-80) or 10 to 130MHz (6510-130) 
input and output clock frequency range 

• less than 500ps skew between inputs at the 
device loads 

• Small-swing reference clock outputs for minimizing 
part-to-part skew 

• Frequency multiplication or division is possible using 
the M&N divider ratio 

• lock output indicates Pll and deskew buffer lock 

• Test mode operation allows Pll and deskew buffer 
bypass for board debug 

• Supports industry standard processors like Pentium;M 
Inte180486;M Mips R4000JM SPARCYM 68040TM 
PowerPCYM AlphaTM etc. 

MEMORY BUS 
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BLOCK DIAGRAM 

ClK'NL ClK'NH 

j----

: !-~r==:;_I 

RESET 

lOCK 

MD'N 

ROMMSB 

MClK 

MDOUT 

, , , , , , , , , , , , 

PIN CONNECTION 
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FBO 
(from remote chip) 

- -... -...., .... Lft.U 

(10 remole chip) 

FBI 

ClKl 

FB7 

ClK7 

FB6 

DGND6 

ClK6 

DVCC67 

ClK7 

DGND7 

FB7 

ROMMSB 

AVCC2 

AGND2 
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PIN DESCRIPTION 

PIN NUMBER 

32 

20 

19 

21 

22 

23 

28 
29 

16,14,9,7, 
44,42,37,35 

18,12,11,5, 
2,40,39,33 

3,31 
25 

4,30,24 

15 

8 

43 

36 

17,13,10,6, 
1,41,38,34 

26 
27 

NAME 

ROMMSB 

MDoUl 

MDIN 

MCLK 

RESET 

LOCK 

CLKINH 
CLKINL 

CLK[0-7] 

FB[0-7] 

AVCC[1-3] 

AGND[1-3] 

DVCCOl 

DVCC23 

DVCC45 

DVCC67 

DGND[0-7] 

RCLKL 
RCLKH 

ML6510 

DESCRIPTION 

MSB of the internal ROM address. Tie to GN D if not used. See section on 
Programming the ML651 o. 
Programming pin. See section on Programming the ML651 o. 
Programming pin. See section on Programming the ML651 O. 

Programming pin. See section on Programming the ML651 O. 

Reset all internal circuits. Asserted polarity is low. 

Indicates when the PLL and deskew buffers have locked. Asserted polarity is 
high. 

Input clock pins. For TTL clock reference use CLKINH pin 
shorted to the CLKINL pin. For PECL clock reference drive pins differentially. 
Input clock type is selected by the CS bit in the shift register. 

Clock outputs 

Clock feedback inputs for the deskew buffers 

Analog circuitry supply pins, separated from noisy digital supply pins to 
provide isolation. All supplies are nominally +5V. 

Analog circuitry ground pins 

Digital supply pin for CLKO and CLKl output buffers. Nominally +5V. 

Digital supply pin for ClK2 and ClK3 output buffers. Nominally +5V. 

Digital supply pin for CLK4 and ClK5 output buffers. Nominally +5V. 

Digital supply pin for ClK6 and ClK7 output buffers. Nominally +5V. 

Digital ground pins for ClK [0-7] output buffers. Each clock output buffer has 
its own ground pin to avoid crosstalk and ground bounce problems. 

Differential reference clock output used to minimize 
part-to-part skew when building clock trees with other PACMan 
integrated circuits. 
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ML6510 

ABSOLUTE MAXIMUM RATINGS 
vee Supply Voltage Range ............................. -0.3V to 6V Junction Temperature .............................................. 150°C 

Input Voltage Range .................................... -D.3V to VCC Storage Temperature ................................ -65°C to 150°C 

Output Current 
CLKlO-7J ........................................................ 70mA 
All other outputs ............................................. 1 OmA 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions of DVCC = AVCC = 5V ± 5% and ambient 
temperature between O°C and 70°C. Loading conditions are specified individually. 

SYMBOL I· PARAMETER CONDITIONS MIN MAX UNIT 

SUPPLY 

DVCCXX Supply Current for each pair fCLKX = 0 50 /!A 
of clock outputs 

CL = 20pF, Zo = 50n 40 mA 
fOUT= 80MHz 

IAVeCl Static supply current, AVCCI pin 100 mA 

IAVCC2 Static supply current, AVCC2 pin 35 mA 

IAVCC3 Static supply current, AVCC3 pin 1 mA 

LOW FREQUENCY INPUTS AND OUTPUTS (ROMMSB, MDoUT' MDIN, MCLK, RESET, LOCK) 

VIH High level input voltage DVCC-0.5 V 

VIL Low level input voltage DGND + 0.5 V 

VOH High level output voltage, IOH = -100 !!A DVCC-0.5 V 
MCLK and MDIN 

VOL Low level output voltage, IOL = +200 !!A DGND +0.5 V 
MCLK and MDIN 

VOH High level output voltage, IOH = -100 !!A 2.4 V 
LOCK output IOH = -10 !!A DVCC-0.5 V 

VOL Low level output voltage, IOL = +1 mA 0.4 V 
LOCK output 

liN Static input current 10 /!A 

CIN I nput capacitance 5 pF 

HIGH FREQUENCY INPUTS AND OUTPUTS (CLKINH, CLKINL, FBI0-7J, CLKI0-7]) 

VIH High level input voltage CS = 0 (TTL Input Clock) 2.0 V 

CS = 1 (PECL Input Clock) AVCC -1.165 AVCC -0.88 V 

VIL Low level input voltage CS = 0 (TTL Input Clock) 0.8 V 

CS = 1 (PECL Input Clock) AVCC-1.81O AVCC-l.475 V 

VICM Common mode input voltage CS = 1 (PECL Input Clock) 2.0 AVCC-O.4 V 
range for PECL reference clocks 

IIH High level input current VIH = 2.4V 100 !!A 

IlL Low level input current VIL = O.4V --400 !!A 

VOH High level output voltage IOH =-60mA 2.4 V 

VOL Low level output voltage IOL = +60mA 0.4 V 

6-48 'Micro Linear 



Ml6510 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNIT 

AC CHARACTERISTICS rise time, fall time and duty cycle are measured for a generic load; (see load Conditions section). 

tR Rise time, lOAD [0-7] output 0.8 -7 2.0V 150 1500 ps 

tF Fall time, lOAD [0-7] output 2.0 -70.8V 150 1500 ps 

fiN Input frequency, ClKIN pin 10 80 MHz 

fOUT Output frequency, ClK [0-7] ML651O-80 10 80 MHz 
output 

Ml6510-130 10 130 MHz 

fvco Pll VCO operating frequency 80 160 MHz 

DC Output duty cycle Measured at device load, at 1.5V 40 60 % 

tJlTTER Output jitter Cycle-to-cycle 75 ps 

Peak-to-peak 150 ps 

tLOCK PlL and deskew lock time After programming is complete 11 ms 

SKEW CHARACTERISTICS All skew measurements are made at the load, at 1.5V threshold each output load can vary independently 
within the specified range for a generic load (see load Conditions section). 

tSKEWR Output to output rising 500 ps 
edge skew, all clocks 

tSKEWF Output to output Output clock frequency ~ 50MHz 1.5 ns 
falling edge skew 

tSKEWIO ClKIN input to any N= M=O 600 ps 
lOAD [0-7] output 
rising edge skew N ~ 2, M~ 2 1.25 ns 

tRANGE Round trip delay CLKX to FBX Output frequency < SOMHz 0 10 ns 
pin; output ClK period = tClK Output frequency ~ 50MHz 0 tcud2 

tSKEWS Output-to-output rising Providing first (see lOAD 250 ps 
edge skew, between matched conditions) order matching 
loads order matching between outputs 

PART-TO-PART SKEW CHARACTERISTICS Skew measured at the loads, at 1.5V threshold. Reference clock output pins drive clock 
input pins of another ML6510. 

tpPI Totalload-to-Ioad skew between Slave chip CS = 1, CM = 1 and TBD ps 
multiple chips interfaced with N = 0, M = 0; RClK outputs to 
reference clock pins. ClKIN inputs distance less than 2" 

tpP2 Total load-to-Ioad skew between Slave chip CS = 1, CM = 1 and TBD ps 
multiple chips interfaced with N ;:" 2, M ~ 2; RClK outputs to 
reference clock pins. ClKIN inputs distance less than 2" 

PROGRAMMING TIMING CHARACTERISTICS 

(RESET RESET assertion pulse 50 ns 
width 

tAl AUX mode MCLK high time 2000 ns 

tA2 AUX mode MClK low time 2000 ns 

tA3 AUX mode MDoUT data 10 ns 
hold time 

tA4 AUX mode MDoUT data 10 ns 
setup time 

tAS AUX mode MClK period 5000 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL I PARAMETER CONDITIONS 

PROGRAMMING TIMING CHARACTERISTICS (continued) 

tM! MAIN mode MClK high time 

tM2 MAIN mode MClK low time 

tM3 MAIN mode MClK period 

tM4 MAIN mode 
MClK to MDoUT valid 

I lttt'KUM read tIme) 

ML6510 configured with bit eM = 0: 

PECL INPUT CLOCKS ____ ~------__ ,,_--------J~-------J'~ 
OR 

TTL INPUT CLOCK 

OR 

LOAD [0-7] with 
no 1 st order match 

tSKEWF 

MIN TYP MAX UNIT 

900 ns 

900 ns 

1800 ns 

900 ns 

AVCC-O,4V 

ClKINH--V ~ 
ClK'NL ----"'----~"----T 

2.0 V 

Note: All skew is measured at the deVICe load input pin, NOT at the Ml651 0 clock output pin. Skew IS always a positive number, regardless of whIch edge IS leadmg and 
which is trailmg. 

6-50 'Micro Linear 



AC/SKEW CHARACTERISTICS LOAD CONDITIONS 

ML6Sl0-80 
GENERIC 

LOAD FBX ---"1 PCB trace impedance 

• H j Zo = son LOAD Lumped 
CLKX ::hCL ~ 20pF 

One way trip delay < tRANCEl2 ~ 

FBX ---"1 

CLKX 

ML6Sl0-80 
FIRST-ORDER 

MATCHED LOADS 

. ~1 I 
PCB trace impedance 
Zo = son LOAD Lumped 

I CLX S 20pF 
.. Length Lx ~ ~ 

* ICLX-CLyl <5pF 
ILX-Lyl <4" 
lox =ZOY 

FBY~ PCB trace impedance 

~~R\il~~Zo~=~s~o~n~~~~~LO;..A~D Lumped CLKY I CL Y S 20pF 

OIl Length Ly ~ :=: 

* One way trip delay < tRANCEl2 

ML6510 

RCLKH RCLKL 

I I fISTANCE<2 
LOAD[0-71 

CLKINH CLKINL 

ML6Sl0 
SLAVE CHIP 

(CM=l, CS=l) I LOAD[8-1SI 

LOAD[1l-1SI 

ML6Sl0-l30 
GENERIC 

LOAD FBX 

CLKX 

----------

FBX 

CLKX 

ML6Sl0-130 
FIRST-ORDER 

MATCHED LOADS 

FBY 

CLKY 

'Micro Linear 

ML6510 

r---- PCB trace impedance 
R2 Zo = son LOAD L umped 

.bC 

R3 ~ 
L ~ 20pF 

~ One way trip delay < tRANCEl 
----------------------

r----
PCB trace impedance 

R2 Zo= son 

.. 
Length Lx 

R3 

~ 

r--
PCB trace impedance 

~ 
Zo= son 

.. 
Length Ly 

R3 

'-

~ 

~ 

LOAD Lumped 
CLXS20pF 

* ICLX- CLyl < SpF 
yl < 4" 
loy 

ILx-L 
Zox= 

LOAD Lumped 
CLY S 20pF 

* One way trip delay < tRANCEl2 
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ML6510 

FUNCTIONAL DESCRIPTION 

Micro Linear's ML651 0 is the first clock chip to use a 
feedback mechanism to adaptively (on a real time basis), 
eliminate clock skew in high speed personal computer 
and workstation system designs. Figure 1 shows a basic 
configuration of the ML651 0 in a system. The skew 
problem results due to the delaying of clock signals in the 
system, as shown in Figure 2. Clock skew results from 
variation in factors like trace length, PCB trace 
characteristics, load capacitance, parasitic capacitance, 
temperature and supply variations, etc. Figure 2 shows a 
rewesemation of the clock skew problem from a timing 
perspective. It shows a worst case example where the 
clock signal is delayed so much that its rising edge 
completely misses the data it is intended to strobe. 
Using a clock deskew mechanism, this problem can be 
eliminated and the strobe with the appropriate setup and 
hold times with respect to the data bus can be generated. 

The ML651 0 has eight deskew buffers, each with its own 
independent the reflection and error correction circuit. 
The deskew buffer eliminates skew by using the reflection 
from a remote chip to measure the clock error and then 
corrects it by generating the appropriate skew to the clock 
output to compensate. 

Eight individually deskewed copies of the clock are 
provided by the ML6510. 

CLOCK REMOTE cpu DATA GENERATOR CHIP 

I 
CLOCK#O I 

- FEEOBACK#O 

CLOCK IN 
CLOCK #1 

MICRO LINEAR 
FEEDBACK #1 ML6510 

CLOCK CHIP · · · 
~ 
~K#7 

Figure 1. Basic System Configuration Using the ML6510. 

The deskew buffers compensate internally for board-level 
skew caused by the PCB trace length variations and 
device load variations. This is accomplished by sensing 
the round trip delay via a reflected signal, and then 
delaying or advancing the clock edge so that all 8 output 
clocks arrive at their loads in phase. Each of the eight 
clock lines can have any length PCB trace (up to 5ns each 
way or 1/4th of the output clock period, whichever is 
smaller) and the device loads can vary from line to line. 
The ML651 0 will ;llltnm-?tic?I!~, C0!:!~e~s~t~ fc;'"'th(:;c 
variations, keeping the device load clocks in phase. 
Although ML6510 will compensate for skew caused by 
loading, excessive capacitive loading can cause rise/fall 
time degradation at the load. Cascading one ML651 0 to 
another ML651 0 should be done using the PEeL reference 
clock outputs, to minimize part-to-part skew. 

CLOCK REGENERATION 

The programmable adaptive clock deskew can function in 
a clock regeneration mode to assist in building clock trees 
or to expand the number of deskewed clock lines. In this 
mode, it has the ability to do clock multiplication or 
division as well, while maintaining low skew between 

WRITE 
SIGNAL !----:------!I 

I 
I 
I 

CLOCK AT 
REMOTE CHIP 

I 
I 
I 

DATA AT ~ 
REMOTE CHIP ___ -4-_-<~>----I---

WRITE 
SIGNAL 

CLOCK AT 
REMOTE CHIP 

I 

Figure 2. The Skew Problem. 
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ClK'NH 

ClK'NL 

ECl INPUT BUFFER 

ML6510 

SYS_CLK 
TO DESKEW BUFFERS 

Figure 3. Ml6510 Clock Generation Block Diagram. 

input clock and output clocks. It can thus generate a 2x or 
4x or 0.5x frequency multiplication or division from input 
to output (e.g. 33 MHz input, 66 MHz output or 66 MHz 
input, 33 MHz output, etc.). It also can generate a 1 x 
frequency output. The veo frequency is defined by: 

[
(N+l)X2R] 

fveo = fREF x (M + 1) 

and the output frequency is still given by: 

fOUT = fyeo/2R 

Rl RO INPUT/OUTPUT RANGE 

o o 80-130 MHz 

o 40-80 MHz 

o 20-40 MHz 

10-20 MHz 

Note: R Implies Rl, RO; for ·80 version, Not valid" Defaults to R = 01 

The veo still must remain in the range 80-160 MHz, and 
the minimum phase detector input frequency is 625kHz = 
(80 MHz/128). Thus the product of (N + 1) and 2R should 
be limited to 128: 

(N + 1) X 2R:o; 128 to make sure that the 
phase detector inputs 
remain above the minimum 
frequency. 

Example: Generating a 2x clock input frequency = 33 MHz 

Set R = 01 (output range 40 - 80 MHz), N = 5 (00001 01), 
M = 2 (000010), M/S = 0 

fyeo = fREF x[(N(:l~~r]= 33MHZX[ 6;21] = 132MHz 

fOUT = fveo/2R = 132 MHz/21 = 66 MHz 

Example: Generating a 1 x clock Input frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz), set M = 0 
(000000), N = 0 (0000000), M/S = 0 

fveo = 66MHz x [ 1 X121] = 132MHz 

fOUT = fveo/2R = 132 MHz/21 = 66 MHz 

For doing frequency multiplication and division, keep 
M ~ 2 and N ~ 2 for the lowest skew between input 
clock and output clock. Several configurations for doing 
frequency multiplication and division are included in the 
8 configurations stored in the on-chip ROM (see 
PROGRAMMING the ML6510). 
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Ml6510 
ADAPTIVE DESKEW BUFFERS 

Each copy of the clock is driven by an adaptive deskew 
buffer. The deskew buffer compensates for skew time 
automatically in accordance to the flight time delay it 
senses from the reflection on the transmission line. 

Figure 4 shows the simplified functional block diagram of 
the deskew circuit. The phase of the sense signal and the 
driver signal is presented to a three-input phase 
comparator and compared with the reference signal. The 
phase comparator then controls the voltage controlled 
delay in the output drive line to match the delav of the 
tlxed reference delay line. Therefore, the sum of the delay 
of the driver circuit, PCB trace delay, rise time delay at the 
load and the adjustable delay will always equal the fixed 
maximum delay. 

The sense circuit has an internal level detect such that any 
skew caused by loading is also accounted for. Since the 
delay of the circuit is matched for the entire loop, the 
phase of all the drivers are in close alignment at the inputs 
of the load. 

FIXED 
MAX 

CLOCK IN DELAY 

Figure 4. Deskew Circuit Block Diagram . 

LOAD 

LOAD CONDITIONS 

The ML651 0 has been designed to drive the wide range of 
load conditions that are encountered in a high frequency 
system. The eight output clock loads can each vary within a 
range of trace length and lumped capacitive load, and the 
ML6510 will maintain the low skew characteristics specified 
in Electrical Characteristics. The clock skew can be further 
minimized by providing some first-order matching 
between any two loads that require particularly well
matched clocks. 

Thp MI ht;l 0-130 r-'''0d'-!ce~ 1 5'.' :;\'\':~b ~t the !cad ai-Ii:! 
requires a single external termination resistor for each 
output. The ML651 0-130 produces a 3V swing at the load 
and requires two external termination resistors for each 
output. The FB input pin is connected to the other side of 
the termination resistor R1 or R2, with a short connection. 
Termination resistor valves should be chosen as follows: 

R1=Zo R2 = 1.5xZo R3=3xZo 

TRACE RESISTOR 
IMPEDANCE VALUES 

ZO Rl R2 R3 

40n 40 60 120 
son 50 75 150 
63n 63 95 189 
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ML651D-80 

G~~':c FBX ~ PCB Irace im~edance 
Rl lo = 400 \0 50 LOAD Lumped 

CLKX 
::bCL S 20pF 

One way Irip delay < IRANGV2 ~ 
---------- ----------------------------

FBX W ~~ ::ri ;::t;~ance LOAD Lumped 
CLKX """l CLX S 20pF .. 

Length Lx 
.. 
~ ML651 0-80 

FIRST-ORDER 
MATCHED LOADS ICLX-C,yl <5pF 

ILx-Lyl < 4" 
Zox = lOY 

FBY GJ PCB trace im~ance 
Zo=4001o 50 LOAD Lumped 

CLKY CLyS20pF .. .. 
Length Ly 

~ 
One way trip delay < IRANGV2 

EXTERNAL INPUT CLOCKS 

The external input clock to the ML651 0 can be either a 
differential Pseudo-ECL clock or a single-ended TTL clock. 
This is selected using the CS bit in the serial shift register. 
For the single-ended TTL clock tie the CLKINH and CLKINL 
pins together. The ML651 0 ensures that there is a well
defined phase difference between the input and output 
clocks. 

RESET AND LOCK 

When RESET is de-asserted, the internal programming 
logic will become active, loading in the configuration bits 
(see Programming the ML651 0). Once the configuration is 
loaded, the PLL will lock onto the reference signal, and 
then the deskew blocks will adapt to the load conditions. 
When all eight output clocks are stable and deskewed, 
LOCK will be asserted. The asserted polarity of lock is 
high. Thus, LOCK can be used to indicate that the system 
is ready, or it can be used to drive the RESET input of 
another PACMan in a clock tree. 

ML6510 
ML6510-130 

G~~!~C FBX r-- PCB trace im~edance 
R2 Zo = 400 \0 sn LOAD Lumped 

CLKX ""leL S 20pF 

R3 ~ 

---------- __ =~ _ ~~e_~r ~i~ ~~a! ~ ~~~~ _______ 

FBX -
PCB trace im~ance 

R2 Zo=4001o 50 LOAD Lumped 
CLKX """l CLX S 20pF .. .. 

Lenglh Lx 

~ R3 
ML6510-130 

* FIRST-ORDER 
MATCHED LOADS IC,X-C,yl <5pF 

ILx-Lyl <4" 
lox =Zoy 

FBY r--
PCB trace im~ance 

R2 Zo=400lo 50 LOAD Lumped 
CLKY ::bCLY S 20pF .. 

Length Ly .. 
R3 ~ -~ 
One way Irlp delay < IRANGV2 

5V'r------------------------------------
CHIPj 
VCC 0 

+jIRESET I-
RESET ____ --Itr-------,Ui------

I I 
I I 
I I 

i tl i r 
LOCK ---~--t-I -~-L~--'K ... II.-ILOCK--l 

PROGRAMIN THE PROGRAMIN THE 
CONFIGURATION CONFIGURATION 

RESET may be reasserted at any time to reset the chip 
operations. Following a RESET assertion of valid pulse 
width (see Programming Electrical Characteristics), the 
ML6510 must again be loaded with a configuration, then 
it will re-Iock and reassert lock when all eight clock 
outputs are stable and deskewed. 

'Micro Linear 6-55 

-



ML6510 
PROGRAMMING THE ML6510 
The configuration of the Ml651 0 is programmed by 
loading 18 (Ml651 0-80) or 19 (Ml651 0-130) bits into the 
configuration shift register. To load these bits, the user has 
3 options: MAIN, AUX or ROM modes. Which mode is 
used is determined by the logic level on the MDIN pin 
when RESET is deasserted. If MDIN is tied high, the 
Ml6510 will assume AUX mode; if its tied low, ROM 
mode. If MDIN is high-impedance (i.e. tied to the input of 
an EEPROM), it will assume MAIN mode. 

i. MAiN Marie 

In this mode, the Ml6510 will read the configuration bits 
from an external serial EEPROM, such as the 93C46, using 
the industry standard 3-wire serial VO protocol. The serial 
EEPROM should be a 1 K organized in 64 x 16 bits and the 
PACMan will read the configuration bits out of the two least 
significant 16-bit words. To use this mode, Simply connect 
the EEPROM serial data input pin to MDIN (ML6510 pin 19), 
the EEPROM serial data output pin to MDoUT (Ml651 0 pin 
20), and the EEPROM serial data clock pin to MClK 
(Ml6510 pin 21) and CS pin for the EEPROM should be tied 
to the RESET signal. After power up, when RESET is 
deasserted, the ML651 0 will automatically generate the 
address and clock to read out the configuration bits. Refer 
MAIN Mode waveform in Figure 5. 

2..~ 

MCLK 
(Driven by 

ML6510) 

MDIN 
(Driven by 

ML6S10) 

MDOUT 
(Driven by 
EEPROM) 

lKSERIAL 
EEPROM 

*" 
(64 X 16 BIT) 

CLK 
CLOCK 

cs OPCODES 
ADDRESS 

DATA IN 

DATA 
DATA OUT 

MAIN Mode Configuration. 

ML6S10 

ROMMSB 

MCLK 

MD'N 

MDOUT 

iEID 

2. AUX Mode 

When MDIN is tied to VCC, programming the Ml651 0 
will occur via the AUX Mode. This mode shifts the 
configuration bits into the shift register directly from the 
MDoUT pin. The first 18 (Ml651 0-80) or 19 (Ml6510-
130) clock rising edges provided externally on the MCLK 
pin after RESET is deasserted will be used to load the shift 
register data, which should be provided on the MDoUT 
pin. See figure 6. 

I II PROCESSOR ML6S10 

~ ROMMSB 

3. ROM Mode 

CLOCK - MCLK 

DATA 

vcc 
tMD'N 

MDOUT 

AUX Mode Configuration. 

When MDIN is tied to GND, programming the ML651 0 
will occur via the ROM Mode. This mode reads the 
configuration bits directly from an on chip ROM. The 
selection of one of the eight preset configuration codes is 
accomplished by means of the pins ROMMSB, MClK and 
MDoUT as shown in Tables 1 and 2. The TEST mode 
configuration (code 7) is enabled when the TEST bit is set. 
In this mode the PlL is bypassed for low frequency testing. 
Codes 0-2 are used when the Ml6510 clock inputs are 
driven from another PACMan's reference clock outputs. 
Code 3 is used when zero phase error is desired between 
input and load clocks. 

ML6510 

ROM j ADDRESS 
BITS 

ROMMSB 

ROM 
MCLK 

8X19BIT1 

MDOUT 

TO SHIfT REGISTER 

-=F" MD'N SERIAL DATA IN 

ROM Mode Configuration. 

:§slFL.F[F' • • • 25 26 27 I 1(28) 
~_ ... J 

••• ~ 014 X (Dt3) 

16 bits data at adddress 0 2 bits at address 1 

Figure.s. MAIN Mode Waveforms. (3 bits for ML651 0-130) 
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ML651 0 

TABLE 1: ML6S10-80 ROM CODES 
SELECTION BITS INPUT OUTPUT CONFIGURATION CODE 

FREQ FREQ 
CODE DESCRIPTION ROMMSB MCLK MDoUT (MHz) (MHz) CS CM Rl, RO M N 

0 PECl Input Clock, 1 x mode 0 0 0 40-80 40-80 1 1 01 0 0 

1 PECllnput Clock, 0.5x mode 0 0 1 40-80 20-40 1 1 10 5 2 

2 PECL Input Clock, 2x mode 0 1 0 20-40 40-80 1 1 01 2 5 

3 PECl Input Clock, 1 x mode 0 1 1 40-80 40-80 1 0 01 0 0 

4 TIL Input Clock, 1 x mode 1 0 0 40-80 40-80 0 0 01 0 0 

5 TIL Input Clock, 0.5x mode 1 0 1 40-80 20-40 0 0 10 5 2 

6 TIL Input Clock, 2x mode 1 1 0 20-40 40-80 0 0 01 2 5 

7 TEST mode, TIL Input clock 1 1 1 0-50 0-50 0 - - - -

TABLE 2: ML6S10-130 ROM CODES 
SELECTION BITS INPUT OUTPUT CONFIGURATION CODE 

FREQ FREQ 
CODE DESCRIPTION ROMMSB MCLK MDoUT (MHz) (MHz) CS CM Rl, RO M N DDSK 

0 PECl Input Clock, 1 x mode 0 0 0 80-130 80-130 1 1 00 0 0 0 

1 PECl Input Clock, 0.5x mode 0 0 1 80-160 40-80 1 1 01 5 2 0 

2 PECl Input Clock, 2x mode 0 1 0 40-65 80-130 1 1 00 2 5 0 

3 PECl Input Clock, 1 x mode 0 1 1 80-130 80-130 1 0 00 0 0 0 

4 TIL Input Clock, 1 x mode 1 0 0 80-130 80-130 0 0 00 0 0 0 

5 TIL Input Clock, 0.5x mode 1 0 1 80-130 40-65 0 0 01 5 2 0 

6 TIL Input Clock, 2x mode 1 1 0 40-65 80-130 0 0 00 2 5 0 

7 TEST mode, TIL Input clock 1 1 1 0-50 0-50 0 - - - - -

MClK 
(Input to Ml6510) 

, , 
MDoUT ~~ 
(lnputtoML6510~···~ 

.... tA3 1+ +j tA4:-

Figure 6. AUX Mode Waveform. 
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ML6510 

REGISTER DEFINITIONS 
REGISTER SIZE FUNCTION 

N 7 bit This register is used to define the ratio for the desired frequency of the primary clock. 

R 2 bit This register defines the frequency of the primary clocks, ClK [0-71. 

CM 1 bit Set CM = 1 when the PECl input reference clock is from another 6510 reference clock output. Set 
CM = 0 if the clock reference is TTL or PECl from an external source and minimum phase error 
between input and output is desired. 

CS 1 bit CS = 0 selects TTL input clock, CS = 1 selects PECl input clock. 

TEST 1 bit When set to 1, the Pll is bypassed for low frequency testing. 

M 6 bit This register is used to define the ratio for the desired frequency of the primary clock. 

DDSK 1 bit When DDSK is set to 1, deskew is disabled. The chip will provide low skew clocks at the chip output 
pins, but trace length variations will not be compensated. When DDSK is set to 0, normal deskew will 
provide low skew clocks at the loads. This bit is only for Ml651 0-130. 

ML651 0-80 SHIFT REGISTER CHAIN 
NO Nl N2 N3 N4 N5 N6 RO Rl CM CS TEST MO Ml M2 M3 M4 M5 

SERIAL DATA IN_ 
(from EEPROM, 

LSD MSD LSD MSD LSD MSD or ~rocessor, 
or internal ROM) 

ML6510-130 SHIFT REGISTER CHAIN 

NO Nl N2 N3 N4 N5 N6 RO Rl DDSK eM es TEST MO Ml M2 M3 M4 M5 

SERIAL DATA IN_ 
(from EEPROM, 

LSB MSB LSD MSB LSB MSB or )J.Processor, 
or internal ROM) 
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APPLICATIONS 

ZERO SKEW CLOCK GENERATION 

The most advantageous feature of using PACMan is its 
ability to deliver multiple copies of the clock to the load 
with very low skew. Because of its unique ability in 
deskewing, trace length and load consideration are no 
longer critical in board design. 

Because of the unique deskewing scheme, neither the 
trace length nor the device loads need to be equal. This is 
true for loads, <20pF. Higher loads can be driven if they 
are placed close to the clock chip, to guarantee signal 
integrity. 

CLOCK 
DRIVER 

10-151 
I- "I 

10-152 
tsl 

I- "I 
ts2 

~tS3~ 
ts] 

1$0 1$0 tsO 

ONE TWO THREE 
DEVICE DEVICE DEVICE 
LOAD LOAD LOAD 

L.....--

LOW SKEW CLOCK DISTRIBUTION 

Clock distribution design is usually not a trivial task, 
especially when multiple clock chips are needed. By 
using closely grouped PACMans, 16 or more clock lines 
can be created with low part-to-part skew. Additional 
groups of clocks can be clustered and driven from 
deskewed clock lines, to minimize the number of long
distance clock lines. 

TO REMOTE GROUP 
OF CLUSTERED LOADS 

ML6510 

BOARD TO BOARD SYNCHRONIZATION 

Distribution of the synchronous clock could present 
significant difficulty at high frequency. With the system 
clock generated by the ML651 0, a zero skew clock 
delivery to a backplane is now possible. By using the 
ML6510 slave chip or the ML651 0 in slave mode at the 
receiver end, a near zero delay clock link can be 
accomplished between the mother board and the satellite 
boards. 

Because the PACMan has frequency doubling capability, a 
lower frequency signal can be used to route across a back 
plane. 

I ML651 0 l-f-- I ML651 0 

I (SLAVE MODE) 

I 

EXAMPLE CONFIGURATION 

Shown in Figure 7 is an example configuration using 
two ML651 0 chips in tandem to generate eight 66 MHz 
clocks and eight 33MHz low-skew clocks from a 66MHz 
input reference. This requires only the termination 
resistors. Configurations are loaded from the internal 
ROM. PCB traces 0 to 15 are each son impedance and 
the load capacitances CLO-CL15 are 0 to 20pF each. No 
trace length matching is required among separate clock 
outputs. All traces are shown with a series termination at 
the output. 

LOAD[D-7] 

LOAD[U·15] 
33 MHz 
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ML6510 

6-60 

50 lOADO 
CLKO 66 MHz 

SYSTEM RESET lOW RESET 

l ClO 
YCC FBO 

ROMMSB 

MClK 

MDIN 
50 lOADl 

MDOUT 
...... "'. "y"y" bbMnz 

ML651 0-80 
-: TTL lX FBI l CLl MODE 

• • • 
66MHz ClKtNH 

TTL REFERENCE 50 lOAD7 ClKINL ClK7 66 MHz 

FB7 l Cl7 lOCK 
RClKH RCLKl 

66MHz 

ClKINH ClKINL 50 lOAD8 
ClKO ---r3MHZ 

FBO l CLB 

RESET 

50 LOAD9 
ML651 0-80 ClKl 33 MHz 

PECL 0.5X 

l Cl9 

ROMMSB MODE FBI 

MClK 

• 
MDIN • • 

YCC 
50 

lOAD15 33 MHz MDOUT ClK7 

-: 
FB7 l CLl5 

lOCK 

All_ClOCK...READY 

Figure 7. Example use of two ML6510-80 to generate multiple frequency clocks. 
First ML651 0-80 generates eight 66MHz clocks while second ML651 0-80 takes 66MHz 

small-swing reference from the first chip and generates eight 33MHz clocks. 
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ML6510 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML6510CQ-80 O°C to +70°C 44-pin PLCC (Q44) 

M,L6510CQ-130 O°C to +70°C 44-pin PLCC (Q44) 

--
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PRELIMINARY 

ML65244 

High Speed Dual Quad Buffer/Line Driver 
GENERAL DESCRIPTION 

The ML65244 is a BiCMOS, non-inverting dual quad 
buffer/line driver. Its 8-channels suooort a orooagation 
deldyof 1.5ns, while driving a 50pF load @ 50 MHz 
switching frequency and have tri-state outputs making 
them ideal for very high speed bus oriented applications. 
This increased performance is provided without a 
significant increase in power dissipation, thus increasing 
system reliability. The ML65244 high speed buffer uses a 
unique analog implementation over the conventional 
inverter approaches and hence does not waste precious 
nanoseconds waiting for signals to settle. It achieves its 
low and predictable delay as the output closely follows 
the input, including the rise and fall times. The ML65244 
follows the pinout and functionality of the industry 
standard FCT244 buffer/line driver and is intended for 
appl ications where propagation delay is critical to the 
system design. The ML65244 is available in SOIC and 
QSOP packages. 

Note: This part was previously numbered ML6582. 

BLOCK DIAGRAM 

Ai ------+-----------~ 

YBi----~~------~--< 

lG---\ 

FEATURES 

• Fastest buffer/line driver - 1.5ns propagation delay 
• c", .... o h:. TTl 1 .... , ..... 11... .. ++ ........ /1; .......... ,..I .. :.,,,, ... A,: .. h .... ; <" ....... ...... 
_ ........... ...., IV ..... 'L- , ............. , ........... ,'-" .............. y .... , •• ,U ... ,I ... u ..... '-

capability on the output (two 4-bit sections) 

• TTL compatible input and output levels 

• Schottky diode clamps on all inputs to handle 
undershoot and overshoot 

• Onboard schottky diodes minimizes noise 

• Reduced output swing of 0 - 4.1 volts 

• Ground bounce controlled outputs, typically less 
than 400mV (See Figure 1) 

• Small area, low profile, 20-pin QSOP and industry 
standard SOIC packages 

• Industry standard FCT244 type pinout 

• Applications involve, high speed cache memory, main 
memory, processor bus buffering and graphics cards 

>----------+--------.... Y Ai 

1-----------+--------.... Bi 

't-------II2G 
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ML65244 

PIN CONFIGURATION 

20·Pin SOIC, QSOP 

IG Vee 
AO 2G 

YBO YAO 

Al BO 

YBI YAI 

A2 Bl 

YB2 YA2 

A3 B2 

YB3 YA3 

GND B3 

TOP VIEW 

PIN DESCRIPTION FUNCTION TABLE 

NAME I/O DESCRIPTION lG/2G Ai/Bi YAi/yBi 
Ai Data Bus A 

High X Tri-state 
YAi 0 Data Bus A Low Low Low 
Bi Data Bus B Low High High 

YBi 0 Data Bus B 

lG Output Enable for data bus A 

2G Output Enable for data bus B 

GND Signal Ground 

Vee + SV supply -
ABSOLUTE MAXIMUM RATINGS TYPICAL CAPACITANCE 

Supply voltage ......................................... -0.3 to + 7VDC 
DC Output voltage .................................. -0.3 to + 7VDC 

Pins SOIC QSOP Units 

DC Input voltage ..................................... -0.3 to + 7VDC 1 & 19 4 4 pF 
AC Input voltage (PW < 20ns) ................................ -3.0V 
Storage temperature ................................ -65°C to 150°C 

10&20 6 6 pF 

Junction temperature .............................................. 150°C 2-9,11-18 8 8 pF 
Max output sink current per pin ............................ 120mA 
Thermal Impedance (alA) 

Note: Capacitance is based on characterization data only 

SOIC ............................................................... 90°C!W 
QSOP .............................................................. 9S°C!W 
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ML65244 

ElECTRICAL CHARACTERISTICS 
Unless otherwise stated, these specifications apply for: Vee = 5.0 ± 5%V, TA = ooe to 70 0 e 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX 

AC ELECTRICAL CHARACTERISTICS (CLOAD = 50pF, RLOAD = SOon) 

tpLH, tpHL Propagation delay Ai to YAi, Bi to YBi (Note 5) 1.3 1.5 

tOE Output enable time 7 10 
1G, 2G to YAi!YBi 

too Output disable time (Note 3) 10 
I 1 G, 2G to YAi!YBi 

DC ELECTRICAL CHARACTERISTICS (CLOAD = 50pF, RLOAD = =) 

VIH Input high voltage Logic HIGH 2.0 

VIL Input low voltage Logic LOW 0.8 

IIH Input high current Per pm, TTL logic high input 0.5 1.5 

IlL Input low current Per pin, TTL logic low input 2.4 3.5 

IHI·Z lri-state output current Vee = 5.25V, 0 < VIN < Vee 5 

los Short circuit current Vee = 5.25V, Vo = GND -60 -225 
(Notes 1 & 3) 

VIC Input clamp voltage Vee = 4.75V, liN = 18mA -0.7 -1.2 
(Note 3) 

VOH Output high voltage Vee = 4.75V, IOH = 1001JA 2.4 
(Notes 2 & 4) 

VOL Output low voltage Vee = 4.75V, IOL = 25mA 0.55 
(Notes 2 & 4) 

VOFF VIN - VOUT per buffer Vee = 4.75V (Note 2) 0 100 200 

lee Quiescent Power Vee = 5.25V, Freq = OHz, 55 80 
Supply Current Inputs/outputs open 

Note 1: Not more than one output should be shorted for more than a second 
Note 2: This IS a true analog buffer In the Imear region, the output tracks the Input With an offset (VOFF) For YOH, YIN = 2.6V, YOH MIN includes VOfF 

For VOlI YIN = OV, VOL MAX includes VOff 
Note 3: Guaranteed by deSign only 

Note 4: See figure 2 for IOH versus YOH and IOL versus VOL data. 

Note 5: One Ime sWitching, see figure 3, tpLHI tpHL versus Cl_ 
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ML65244 

FUNCTIONAL DESCRIPTION 

The ML65244 is a very high speed, 8-bit, non-inverting 
buffer/line driver with tri-state outputs which are ideally 
suited for bus-oriented applications. It achieves a 1.5ns 
propagation delay into a 50pF load at 50 MHz because of 
the fact that the ML65244 supports an analog design 
approach (a true unity gain buffer), as compared to the 
conventional digital inverter type approaches. The 
ML65244 achieves its low and predictable propagation 
delay by having its output follow its input with a small 
nUrnt nt '"' ... ,.""nln,..,f h .. nri .. nrl r'nilli""lt(' Tho. olltru.t rico 

;~~nall' ti~;;~iil-~I~;~i;'~~t~'h't'h~~;~f the-i~p~t .. _-
waveform. All inputs and outputs have schottky clamp 
diodes for handling undershoot or overshoot noise 
suppression in un-terminated applications. All outputs 
have ground bounce suppression (which is typically of the 
order of 400mV), high drive output capability with almost 
immediate response to the input signal and low output 
skew. The 1m current drive spec of a buffer/line driver is 
often interpreted as a measure of the buffer/line drivers 
ability to sink current in a dynamic sense. This may be 
true for CMOS buffer/line drivers, but it is not true for the 
ML65244. This is because the ML65244's sink or source 
current capability depends on the difference between the 
output and the input. The ML65244 can sink or source 
more than 100 milliamps to a load capacitor when the 
load is switching because in this case, the difference 
between the input and output is large. 1m is only 
significant as a DC specification and in the case of the 
ML65244 it is 25mA. The output enable (ic & 2G) inputs 

vee 
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Rl ... 
or IN) 
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~ 1--.... Q5 
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enable the selected port for output or tri-state. 
The ML65244 follows the pinout and functionality of the 
industry standard FCT 244 series of buffer/line drivers 
and is intended to replace them in designs where the 
propagation delay is a critical part of the system 
consideration. The user needs to exercise caution in their 
design as the ML65244 will load an active bus when Vee 
is removed from the device. 

ARCHITECTURAL DESCRIPTION 
,..... _I __ IL ~r __ "' __ _ I." ______ oL"LI __ " __ I_ "o __ aL.& 
UUdl \..luau UUIICI,IIIIC' UIIVCI::t die U UllIV51\ .. UCVIl,..C;' UIc1l 

are capable of driving load capacitances several times 
larger than their input capacitance. The ML65244 is 
configured so that the Ai inputs 8Q..to the YAi ~uts, with 
the output enable controlled by 1 G. Similarly 2G controls 
the Bi inputs which go to the YBi outputs. 

Until now, these buffer/line drivers were typically 
implemented in CMOS logic and made to be TTL 
compatible by sizing the input devices appropriately. In 
order to buffer large capacitances with CMOS logic, it is 
necessary to cascade an even number of inverters, each 
successive inverter larger than the preceding, eventually 
leading to an inverter that will drive the required load 
capacitance at the required frequency. Each inverter stage 
represents an additional delay in the gating process 
because in order for a single gate to switch, the input must 
slew more than half of the supply voltage. The best of 
these CMOS buffers has managed to drive a 50pF load 
capacitance with a delay of 3.2ns. 

h..,.Q2 

R7 

R2 
OUT 

J-.-...,.Q6 

h..,. Q7 

R6 

Figure 5. One buffer cell of the ML65244 
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Micro Linear has produced an dual quad buffer/I ine driver 
with a delay less than 1.5ns by using a unique circuit 
architecture that does not require cascaded logic gates. 
The ML65244 uses feedback techniques to produce an 
output that follows the input. If the output voltage is not 
close to the input then the feedback will source enough 
current to the load capacitance to correct the discrepancy. 

The basic architecture of the ML65244 is shown in Figure 5. 
It is implemented on a 1 .5j..lm BiCMOS process. However, 
in this particular circuit, all of the active devices are NPNs 
- the fastest devices available in the process. 

In this circuit, there are two paths to the output. One path 
sources current to the load capacitance when the signal is 
asserted and the other path sinks current from the output 
when the signal is negated. 

The assertion path is the emitter follower path consisting 
of the level shift transistor Ql, the output transistor Q2 
and the bias resistor R8. It sources current to the output 
through the 75Q resistor R7 which is bypassed by another 
NPN (not shown) during fast input transients. The 
negation path is a current differencing opamp connected 
in a follower configuration. The active components in this 
amplifier are transistors Q3-Q7. R3-R6 are bias resistors, 
and Rl and R2 are the feedback resistors. The key to 
understanding the operation of the current differencing 
opamp is to know that the current in transistors Q3 and 
Q5 are the same at all times and that the voltages at the 
bases of Q4 and Q6 are roughly the same. If the output is 
higher than the input, then an error current will flow 
through R2. This error current will flow into the base of 
Q6 and be multiplied by ~ squared to the collector of Q7 
thus closing the loop. The larger the discrepancy between 
the output and input, the larger the feedback current, and 
the harder Q7 sinks current from the load capacitor. 

ORDERING INFORMATION 

PART NUMBER SPEED 

ML65244CS 1.5ns 
ML65244CK 1.5ns 

Ml65244 
A number of MOSFETs that are not shown in Figure 5 
have been used in the ML65244. These MOSFETs were 
used to tri-state dormant buffers. For instance, the 
feedback resistors Rl and R2 were implemented as 
resistive transmission gates to ensure that disabled buffers 
do not load the lines they are connected to. Similarly, 
there is a PMOS in series with R8 that is normally on but 
shuts off for disable. Other MOSFETs have been included 
to ensure that disabled buffers consume no power. 

TERMINATION 

R7 in Figure 5 also acts as a termination resistance. This 
75Q resistor is in series with the output and therefore 
helps suppress noise caused by transmission line effects 
such as reflections from mismatched impedances. Systems 
designers using CMOS transceivers commonly have to use 
extemal resistors in series with each transceiver output to 
suppress this noise. Hence, systems designers using the 
ML65244 may not have to use these extemal resistors. 

APPLICATIONS 

There are a wide variety of existing and future needs for 
an extremely fast buffers in high speed processor system 
designs like Pentium, PowerPC, Mips, Spare, Alpha and 
other RISC processors. The applications are either in the 
cache memory area or the main memory (DRAM) area. 
Besides these, the fast buffer could find applications in 
high speed graphics and multimedia applications. The 
high capacitive loading due to multiplexed address lines 
on the system bus demand external buffers to take up the 
excess drive current. The needed current to skew the 
transitions between rise and fall times must be done 
without adding excessive propagation delay. The devices 
are equipped with schottky diodes to clean up ringing 
from overshoot and undershoot caused by reflections in 
un-terminated board traces. 

TEMPERATURE RANGE PACKAGE 

O°C to +70°C 20-Pin SOIC (S20) 
O°C to +70°C 20-Pin QSOP (K20) 

Intel, Pentium, PCI are regIstered trademarks of Intel Corporation MIps, Alpha and Spare are registered trademarks of Slllcon Graphics, DEC and 
Sun Mlcrosystems respectively 
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ML65245 

High Speed Octal Buffer Transceiver 
GENERAL DESCRIPTION 

The ML65245 is a BiCMOS, non-inverting octal 

~ra_nscei~e:: I~ ~-~hann_e!s ~~pp~~a ?!~~~~atio~ ~~Iay of 
1.')lI~1 Willie urlvlIlg d .:JUfJr IUdU S.:JU IYlnL ~WllLlIIII~ 

frequency and have tri-state outputs making them ideal for 
very high speed bus oriented applications. This increased 
performance is provided without a significant increase in 
power dissipation, thus increasing system reliability. The 
ML65245 high speed buffer uses a unique analog 
implementation over the conventional inverter 
approaches and hence does not waste precious 
nanoseconds waiting for signals to settle. 
It achieves its low and predictable delay as the output 
closely follows the input, including the rise and fall times. 
The ML65245 follows the pinout and functionality of the 
industry standard FCT family of transceivers and is 
intended for applications where propagation delay is 
critical to the system design. The ML65245 is available in 
SOIC and QSOP packages. 

Note: This part was previously numbered ML6580. 

BLOCK DIAGRAM 

T/R 

FEATURES 

• Fastest transceiver - 1.5ns propagation delay 

• Fast 8-bit TTL level transceiver with tri-state capability 
on the output 

• TTL compatible input and output levels 

• Schottky diode clamps on all inputs to handle 
undershoot and overshoot 

• On board schottky diodes minimizes noise 

• Reduced output swing of 0 - 4.1 volts 

• Ground bounce controlled outputs, typically less 
than 400mV (See Figure 1) 

• Small area, low profile, 20-pin QSOP and industry 
standard SOIC packages 

• Industry standard FCT245 type pinout 

• Applications involve, high speed cache memory, main 
memory, processor bus buffering and graphics cards 

r-+--;:F---. Hi 

OE 
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ML65245 

PIN CONFIGURATION 

20-Pin SOIC, QSOP 

TiR Vee 
AO DE 
At BO 

A2 Bt 

A3 B2 

A4 B3 

AS B4 

A6 85 

A7 B6 

GND B7 

TOP VIEW 

PIN DESCRIPTION FUNCTION TABLE 
NAME I/O DESCRIPTION 

Ai I/O Data Bus A 

Bi I/O Data Bus B 

TIR Direction select 

OE Output Enable 

OE TIR A B Function 

High Don't care Tri-state Tri-state Disable 

Low Low Output Input Bus B to Bus A 

Low High Input Output BusA to Bus B 

GND Signal Ground 

Vee + SV supply 

II1II 
ABSOLUTE MAXIMUM RATINGS TYPICAL CAPACITANCE 
Supply voltage ......................................... -0.3 to + 7VDC 
DC Output voltage .................................. -0.3 to + 7VDC 

Pins SOIC QSOP Units 

DC Input voltage ..................................... -0.3 to + 7VDC 1 & 19 4 4 pF 
AC Input voltage (PW < 20ns) ................................ -3.0V 
Storage temperature ................................ -65°C to 150°C 10 & 20 6 6 pF 

Junction temperature .............................................. 150°C 2-9,11-18 8 8 pF 
Max output sink current per pin ............................ 120mA 
Thermal Impedance (alA) 

Note: Capacitance is based on characterization data only 

SOIC ............................................................... 90°C!W 
QSOP ...•.......................................................... 95°C/W 

'Micro Linear 6-69 



ML65245 

ELECTRICAL CHARACTERISTICS 
Unless otherwise stated, these specifications apply for: Vee = 5.0 ± 5%V, TA = O°C to 70°C 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX 

AC ELECTRICAL CHARACTERISTICS (CLOAD = 50pF, RLOAD = 500a) 

tpLH, tpHL Propagation delay Ai to/from Bi (Note 5) 1.3 1.5 

toE Output enable time 7 10 
OE, T/R to Ai/Bi 

tOD Output disable time (Note 3) 10 
OF T/R tn AilRi 

DC ELECTRICAL CHARACTERISTICS (unless otherwise stated CLOAD = 50pF, RLOAD = ~) 

VIH Input high voltage Logic HIGH 2.0 

VIL Input low voltage Logic LOW O.B 

IIH Input high current Per pin, TTL logic high input 0.5 1.5 

IlL Input low current Per pin, TTL logic low input 2.4 3.5 

IHI-Z Tri-state output current Vce = 5.25V, 0 < VIN < Vee 5 

los Short circuit current Vee = 5.25V, Vo = GND -60 -225 
(Notes 1 & 3) 

Vie Input clamp voltage Vee = 4.75V, liN = lBmA -0.7 -1.2 
(Note 3) 

VOH Output high voltage Vee = 4.75V, 10H = 100j.tA 2.4 
(Notes 2 & 4) 

VOL Output low voltage Vee = 4.75V, IOL = 25mA 0.55 
(Notes 2 & 4) 

VOFF VIN - VOUT per buffer Vee = 4.75V (Note 2) 0 100 200 

lee Qu iescent Power Vee = 5.25V, f = OHz, 55 BO 
Supply Current Inputs/outputs open 

Note 1: Not more than one output should be shorted for more than a second. 
Note 2: This IS a true analog buffer. In the linear region, the output tracks the mput with an offset (VOFF). For VOH, VIN = 2.6V, VOH MIN includes VOFF. 

For VOL, VIN = OV, VOL MAX includes VOFF 

Note 3: Guaranteed by design only. 
Note 4: See figure 2 for IOH versus VOH and IOL versus VOL data. 
Note 5: One line switching, see figure 3, tpLH, tpHl versus CL. 
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Figure 1. Ground Bounce Comparison, Four Outputs Switching into 50pF Loads. 
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ML65245 

FUNCTIONAL DESCRIPTION 

The ML65245 is a very high speed, 8-bit, non-inverting 
transceiver with tri-state outputs which are ideally suited 
for bus-oriented applications. It achieves a 1.5ns 
propagation delay into a 50pF load at 50 MHz because of 
the fact that the ML65245 supports an analog design 
approach (a true unity gain buffer), as compared to the 
conventional digital inverter type approaches. The 
ML65245 achieves its low and predictable propagation 
delay by having its output follow its input with a small 
Off~f>t of a cOllol" of hllnnrpn miliiv"lt< Th .. ""tn"t ric .. 
and fall times ~iII closely match thos~ of the-i~p~t- .-
waveform. All inputs and outputs have schottky clamp 
diodes for handling undershoot or overshoot noise 
suppression in un-terminated applications. All outputs 
have ground bounce suppression (which is typically of the 
order of 400mV), high drive output capability with almost 
immediate response to the input signal and low output 
skew. The IOl current drive spec of a transceiver is often 
interpreted as a measure of the transceivers ability to sink 
current in a dynamic sense. This may be true for CMOS 
transceivers, but it is not true for the ML65245. This is 
because the ML65245's sink or source current capability 
depends on the difference between the output and the 
input. The ML65245 can sink or source more than 100 
milliamps to a load capacitor when the load is switching 
because in this case, the difference between the input and 
output is large. 1m is only significant as a DC specification 
and in the case of the ML65245 it is 25mA. The transmit! 
receive (T/R) input determines the direction of data flow 
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either from A to B or B to A, while the output enable (OE) 
input enables the selected port for output or tri-state. The 
ML65245 follows the pinout and functionality of the 
industry standard FCT series of transceivers and is 
intended to replace them in designs where the 
propagation delay is a critical part of the system 
consideration. The user needs to exercise caution in their 
design as the ML65245 will load an active bus when Vee 
is removed from the device. 

ARCHITECTURAL DESCRIPTION 

Octal transceivers are 8 bit logic devices that are capable 
of driving load capacitances several times larger than their 
input capacitance. These transceivers have eight inputs 
labeled A and eight labeled B. They can be programmed 
to transmit from A to B or from B to A or to go into a 
disable state in which both A and B are high impedance. 

Until now, these transceivers were typically implemented 
in CMOS logic and made to be TTL compatible by sizing 
the input devices appropriately. In order to buffer large 
capacitances with CMOS logic, it is necessary to cascade 
an even number of inverters, each successive inverter 
larger than the preceding, eventually leading to an inverter 
that will drive the required load capacitance at the 
required frequency. Each inverter stage represents an 
additional delay in the gating process because in order 
for a single gate to switch, the input must slew more than 
half of the supply voltage. The best of these CMOS buffers 
has managed to drive a 50pF load capacitance with a 
delay of 3.2ns. 

""Q2 

R7 

R2 
OUT 

""Q6 

1---..,Q7 

R6 

Figure 5. One buffer cell of the ML65245 
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Micro Linear has produced an octal transceiver with a 
delay less than 1.5ns by using a unique circuit 
architecture that does not require cascaded logic gates. 
The ML65245 uses feedback techniques to produce an 
output that follows the input. If the output voltage is not 
close to the input then the feedback will source enough 
current to the load capacitance to correct the discrepancy. 

The basic architecture of the ML65245 is shown in 
Figure 5. It is implemented on a 1.511m BiCMOS process. 
However, in this particular circuit, all of the active devices 
are NPNs - the fastest devices available in the process. 

In this circuit, there are two paths to the output. One path 
sources current to the load capacitance when the signal is 
asserted and the other path sinks current from the output 
when the signal is negated. 

The assertion path is the emitter follower path consisting 
of the level shift transistor Q1, the output transistor Q2 
and the bias resistor R8. It sources current to the output 
through the 750 resistor R7 which is bypassed by another 
NPN (not shown) during fast input transients. The 
negation path is a current differencing opamp connected 
in a follower configuration. The active components in this 
amplifier are transistors Q3-Q7. R3-R6 are bias resistors, 
and R 1 and R2 are the feedback resistors. The key to 
understanding the operation of the current differencing 
opamp is to know that the current in transistors Q3 and 
Q5 are the same at all times and that the voltages at the 
bases of Q4 and Q6 are roughly the same. If the output is 
higher than the input, then an error current will flow 
through R2. This error current will flow into the base of 
Q6 and be multiplied by ~ squared to the collector of Q7 
thus closing the loop. The larger the discrepancy between 
the output and input, the larger the feedback current, and 
the harder Q7 sinks current from the load capacitor. 

A number of MOSFETs that are not shown in Figure 5 
have been used in the ML65245. These MOSFETs were 
used to tri-state dormant buffers. For instance, the 
feedback resistors R1 and R2 were implemented as 
resistive transmission gates to ensure that disabled buffers 
do not load the lines they are connected to. Similarly, 
there is a PMOS in series with R8 that is normally on but 
shuts off for disable. Other MOSFETs have been included 
to ensure that disabled buffers consume no power. 

TERMINATION 

R7 in figure 5 also acts as a termination resistance. This 
750 resistor is in series with the output and therefore 
helps suppress noise caused by transmission line effects 
such as reflections from mismatched impedances. Systems 
designers using CMOS transceivers commonly have to use 
external resistors in series with each transceiver output to 
suppress this noise. Hence, systems designers using the 
ML65245 may not have to use these external resistors. 

ML65245 

APPLICATIONS DESCRIPTION 

There are a wide variety of existing and future needs for 
an extremely fast buffer/transceiver in high speed 
processor system designs like Pentium, PowerPC, Mips, 
Sparc, Alpha and other RISC processors. The applications 
are either in the cache memory area or the main memory 
(DRAM) area. Besides these, the fast buffer could find 
applications in high speed graphics and multimedia 
applications. The high capacitive loading due to 
multiplexed address lines on the system bus demand 
external buffers to take up the excess drive current. The 
needed current to skew the transitions between rise and 
fall times must be done without adding excessive 
propagation delay. The devices are equipped with 
schottky diodes to clean up ringing from overshoot and 
undershoot caused by reflections in un-terminated board 
traces. 

APPLICATION 1 

BUFFERING MAIN MEMORY 

An example main memory application is shown in 
Figure 6 for the Intel PCI chipset with the Pentium 
processor. This discussion is only intended as a general 
reference. For details please refer to the appropriate Intel 
documentation. This system has a 66MHz host processor 
and a 33MHz main (DRAM) memory bus. The main 
memory row and column addresses (RAS & CAS) and 
write enable (WE) signals are provided by the PCMC chip 
(PCI Cache and Memory Controller) device. The DRAM 
SliMs put a heavy load on the PCMC and must be 
buffered. Three buffered copies of the address signals and 
write enable are required to drive the six row array. The 
ML65245 provides the buffered signals and gives extra 
margin to be able to use slower memory modules instead 
of the normally required 50/70ns. The burst read (page
hit) performance is typically 7-4-4-4 at 66MHz for 70ns 
DRAMs or 6-3-3-3 at 66MHz for SOns DRAMs. This 
usually translates to significantly higher costs. With the 
speed improvement offered by the ML65245, a 6-3-3-3 
burst with 60ns DRAMs may be achievable. The extra 
margin comes from the 1.5ns propagation delay of the 
buffer. External resistor arrays are not necessary. Th is 
becomes even more of an issue in future PCI systems 
which may operate at 80MHz and beyond. 

This kind of main memory application for the ML65245 
could potentially extend to other kinds of processor 
systems which do not require latched buffering. Figure 7 
shows a main memory design example with the ML65245 
for the Mips R4XOO RISC processor based system without 
secondary cache. The faster propagation delay essentially 
translates to a faster main memory access. 
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Figure 6. ML65245 in a main memory application for a Pentium based system. The high drive and low propagation 
delay are essential to buffer the write enable and memory addresses to the main memory SliMs. 

,----- CONTROL 

CDRAM CDRAM 
or ...... or 

DRAM DRAM ADDR 
R4XOOTM ;-----

150/75 MHz 

ML65245 ML65245 ML65245 

CONTROL 

MEMORYI/O 
ADDRESS/DATA CONTROLLER 

Figure 7. The ML65245 in a non-cache, main memory RISC application. The main memory could be DRAM or 
CacheDRAM. The ML65245 can be used as a data I/O transceiver as well as an address buffer, as shown above. 
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APPLICATION 2 

BUFFERING CACHE MEMORY 

With the advent of higher power operating systems like 
Windows NT, NeXT Step, Cairo, etc., RISC processor 
designs are gaining momentum like Mips R4000 series. In 
these systems the interface to secondary cache has a 
critical path in the address and bus control pins. As shown 
in Figure 8, any time (propagation delay) saved in the 
buffer translates to a slower SRAM access requirement and 
hence less expensive. Currently the secondary cache bus 
operates at 75MHz. In order to meet the 13ns cycle time, 

ADDR ~ ML65245 

R4XOO OE 
150/75 MHz CS 

DATA BUS 

ML65245 

the SRAM and Buffer must meet a total access time of 
12ns. With the ML65245 for a buffer, the required SRAM 
access time is 10ns at 75MHz and 18ns at 50MHz. With 
the fastest FCT buffer available (3.2ns), the SRAM access 
time required in the above scenarios would be 8ns and 
15ns respectively. This access time difference could mean 
the difference between using expensive BiCMOS SRAMs 
versus less expensive CMOS SRAMs. 

I 

SRAM 
10n5 ...... 

SECONDARY CACHE MODULE 

SRAM 
10n5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , _______________________________________________ 1 

Figure 8. ML65245 in a R4XOO secondary cache application. The address and control signal path is critical and 
loads the R4XOO output pins. The ML65245 buffer alleviates the load on the R4XOO and because it is fast, 

slower, less expensive SRAMs can be used. 

ADDR ADDR1 

WE --+---'\ I 
~------' 

DATA-------------<===============>~-------

Figure 9. Timing waveform showing address buffer switching rate (tA + tH) in a secondary cach module. 
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ORDERING INFORMATION 

PART NUMBER SPEED TEMPERATURE RANGE PACKAGE 

Ml65245CS 1.5ns O°C to +70°C 20-Pin SOIC (520) 
Ml65245CK 1.5ns O°C to +70°C 20-Pin QSOP (K20) 

Intel, Pentium, PO are registered trademarks of Intel Corporation. Mips, Alpha and Spare are registered trademarks of Silicon Graphics, DEC and 
Sun Microsystems respectively. 
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PRELIMINARY 

ML65541 

High Speed Octal Buffer/Line Driver 
GENERAL DESCRIPTION 

The ML65541 is a BiCMOS, non-inverting octal buffer/ 
line driver. Its 8-channels support a propagation delay of 
1.5ns, while driving a 50pF load @ 50 MHz switching 
frequency and have tri-state outputs making them ideal for 
very high speed bus oriented applications. This increased 
performance is provided without a significant increase in 
power dissipation, thus increasing system reliability. The 
ML65541 high speed buffer uses a unique analog 
implementation over the conventional inverter 
approaches and hence does not waste precious 
nanoseconds waiting for signals to settle. It achieves its 
low and predictable delay as the output closely follows 
the input, including the rise and fall times. The ML65541 
follows the pinout and functionality of the industry 
standard FCT541 family of buffer/line driver and is 
intended for applications where propagation delay is 
critical to the system design. The ML65541 is available in 
SOIC and QSOP packages. 

Note: This part was previously numbered ML6581. 

BLOCK DIAGRAM 

AO----~~--------~ 

A7------~----_+--~ 

FEATURES 

• Fastest buffer/line driver - 1.5ns propagation delay 

• Fast 8-bit TTL level buffer/line driver with tri-state 
capabi I ity on the output 

• TTL compatible input and output levels 

• Schottky diode clamps on all inputs to handle 
undershoot and overshoot 

• Onboard schottky diodes minimizes noise 

• Reduced output swing of 0 - 4.1 volts 

• Ground bounce controlled outputs, typically less 
than 400mV (See Figure 1) 

• Small area, low profile, 20-pin QSOP and industry 
standard SOIC packages 

• Industry standard FCT541 type pinout 

• Applications involve, high speed cache memory, main 
memory, processor bus buffering and graphics cards 

">------------+--------.... BO 

~-----------4---------B7 
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PIN CONFIGURATION 

20-Pin SOIC, QSOP 

OEl Vee 
AO OEl 

Al 80 

A2 81 

A3 B2 

A4 B3 

A5 84 

A6 85 

A7 86 

GND 87 

TOP VIEW 

PIN DESCRIPTION FUNCTION TABLE 

NAME I/O DESCRIPTION OE1/0E2 A 
Ai I Data Bus A 

Bi 0 Data Bus B 
High X 

low low 
OEl &0E2 Output Enable 

GND Signal Ground 
low High 

Vee + 5V supply 

ABSOLUTE MAXIMUM RATINGS TYPICAL CAPACITANCE 

Supply voltage ......................................... -D.3 to + 7VDC 
DC Output voltage .................................. -D.3 to + 7VDC 
DC Input voltage .............•....................... -D.3 to + 7VDC 
AC Input voltage (PW < 20ns) ....••.•...•......•............. -3.0V 
Storage temperature ................................ -65°C to 150°C 
Junction temperature ..............•..........•...•....•........... 150°C 

Pins 

1 & 19 

10 & 20 

2-9, 11-18 

SOIC QSOP 

4 4 

6 6 

8 8 
Max output sink current per pin ............................ 120mA 
Thermal Impedance (alA) 

Note: Capacitance is based on characterization data only 

SOIC ........................•......................•............... 90°C/W 
QSOP ......•..........•....••..•..........•.....................•.. 95°C/W 
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ML65541 

ELECTRICAL CHARACTERISTICS 
Unless otherwise stated, these specifications apply for: Vee = 5.0 ± 5%V, TA = Doe to 700 e 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

AC ELECTRICAL CHARACTERISTICS (CLOAD = 50pF, RLOAD = 5000) 

tpLH, tpHL Propagation delay Ai to Bi (Note 5) 1.3 1.5 ns 

tOE Output enable time 7 10 ns 
OE1, OE2 to Bi 

too Output disable time (Note 3) 10 ns 
OE1, OE2 to Bi 

DC ELECTRICAL CHARACTERISTICS (CLOAD = 50pF, RLOAD = 00) 

VIH Input high voltage Logic HIGH 2.0 V 

VIL Input low voltage Logic LOW 0.8 V 

IIH Input high current Per pin, TIL logic high input 0.5 1.5 mA 

IlL Input low current Per pin, TIL logic low input 2.4 3.5 mA 

IHI-Z Tri-state output current Vee = 5.25V, 0 < VIN < Vee 5 J.lA 

los Short circuit current Vee = 5.25V, Vo = GND -60 -225 mA 
(Notes 1 & 3) 

VIC Input clamp voltage Vee = 4.75V, liN = 18mA -0.7 -1.2 V 
(Note 3) 

VOH Output high voltage Vee = 4.75V, 10H = 100J.lA 2.4 V 
(Notes 2 & 4) 

VOL Output low voltage Vee = 4.75\1, 10L = 25mA 0.55 V 
(Notes 2 & 4) 

VOFF VIN - VOUT per buffer Vee = 4.75V (Note 2) 0 100 200 mV 

Icc Qu iescent Power Vee = 5.25V, f = OHz, 55 80 mA 
Supply Current Inputs/outputs open 

Note 1: Not more than one output should be shorted for more than a second. 
Note 2: This IS a true analog buffer. In the linear region, the output tracks the input with an offset (VOFf)' For VOH, VIN = 2.6V, VOH MIN includes VOFF . 

For VOL, VIN = OV, VOL MAX includes VOFF 

Note 3: Guaranteed by design only. 
Note 4: See figure 2 for IOH versus VOH and IOL versus VOL data. 
Note 5: One line switching, see figure 3, tPLH, tpHl versus Cl-

INPUT 

OUTPUT 

tit. tF = 4ns 
3V 

~.5V 1.5V 
OV 

~
~tPLH ---.. ..... tPHL 

3V 
1.5V 1.5V 

OV 
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1 

v .VI v 

CHll.00V CH21.00V 10.0 .. CHll.00V CH21.00V 10.0.. 

74FCT541 ML65541 

Figure 1. Ground Bounce Comparison, Four Outputs Switching into 50pF Loads. 
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Figure 2a. Typical VOL Versus IOL 
for One Buffer Output. 
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Figure 3. Propagation Delay (tPLH, tpHL) Versus Load 
Capacitance, One Output Switching. 
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Figure 2b. Typical VOH Versus 10H 
for One Buffer Output. 
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Figure 4. Icc Versus Frequency for Various Load 
Capacitances, Four Outputs Switching. 
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FUNCTIONAL DESCRIPTION 

The ML65541 is a very high speed, 8-bit, non-inverting 
buffer/line driver with tri-state outputs which are ideally 
suited for bus-oriented applications. It achieves a 1.5ns 
propagation delay into a 50pF load at 50 MHz because of 
the fact that the ML65541 supports an analog design 
approach (a true unity gain buffer), as compared to the 
conventional digital inverter type approaches. The 
ML65541 achieves its low and predictable propagation 
delay by having its output follow its input with a small 
offset of a couple of hundred millivolts. The output rise 
and fall times will closely match those ofthe input 
waveform. All inputs and outputs have schottky clamp 
diodes for handling undershoot or overshoot noise 
suppression in un-terminated applications. All outputs 
have ground bounce suppression (which is typically of the 
order of 400mV), high drive output capability with almost 
immediate response to the input signal and low output 
skew. The IOL current drive spec of a buffer/line driver is 
often interpreted as a measure of the buffer/line drivers 
ability to sink current in a dynamic sense. This may be 
true for CMOS buffer/line drivers, but it is not true for the 
ML65541. This is because the ML65541 's sink or source 
current capability depends on the difference between the 
output and the input. The ML65541 can sink or source 
more than 100 milliamps to a load capacitor when the 
load is switching because in this case, the difference 
between the input and output is large. IOL is only 
significant as a DC specification and in the case of the 
ML65541 it is 25mA. The output enable (OEl & OE2) 

vee 

R8 

Qt~ 
.....-l 

R3 R4 

Rt 
IN) , 

h.."Q4 

~ f....., QS 

RS 

GND 

ML65541 
inputs enables the selected port for output or tri-state. 
The ML65541 follows the pinout and functionality of the 
industry standard FCT 541 series of buffer/line drivers 
and is intended to replace them in designs where the 
propagation delay is a critical part of the system 
consideration. The user needs to exercise caution in their 
design as the ML65541 will load an active bus when Vee 
is removed from the device. 

ARCHITECTURAL DESCRIPTION 

Octal buffer/line drivers are 8 bit logic devices that are 
capable of driving load capacitances several times larger 
than their input capacitance. These buffer/line drivers 
have eight inputs labeled A and eight outputs labeled B. 

Until now, these buffer/line drivers were typically 
implemented in CMOS logic and made to be TTL 
compatible by sizing the input devices appropriately. In 
order to buffer large capacitances with CMOS logic, it is 
necessary to cascade an even number of inverters, each 
successive inverter larger than the preceding, eventually 
leading to an inverter that will drive the required load 
capacitance at the required frequency. Each inverter stage 
represents an additional delay in the gating process 
because in order for a single gate to switch, the input must 
slew more than half of the supply voltage. The best of 
these CMOS buffers has managed to drive a 50pF load 
capacitance with a delay of 3.2ns. 

I--..,.Q2 

R7 

R2 
OUT 

Q6 

........ Q7 

R6 

Figure 5. One buffer cell ofthe ML65541 
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ML65541 
Micro Linear has produced an octal buffer/line driver with 
a delay less than 1.5ns by using a unique circuit 
architecture that does not require cascaded logic gates. 
The ML65541 uses feedback techniques to produce an 
output that follows the input. If the output voltage is not 
close to the input then the feedback will source enough 
current to the load capacitance to correct the discrepancy. 

The basic architecture of the ML65541 is shown in Figure 5. 
It is implemented on a 1.5JUT1 BiCMOS process. However, 
in this particular circuit, all of the active devices are NPNs 
- the fastest devices available in the process. 

In this circuit, there are two paths to the output. One path 
sources current to the load capacitance when the signal is 
asserted and the other path sinks current from the output 
when the Signal is negated. 

The assertion path is the emitter follower path consisting 
of the level shift transistor Q1, the output transistor Q2 
and the bias resistor R8. It sources current to the output 
through the 750 resistor R7 which is bypassed by another 
NPN (not shown) during fast input transients. The 
negation path is a current differencing opamp connected 
in a follower configuration. The active components in this 
amplifier are transistors Q3-Q7. R3-R6 are bias resistors, 
and R1 and R2 are the feedback resistors. The key to 
understanding the operation of the current differencing 
opamp is to know that the current in transistors Q3 and 
Q5 are the same at all times and that the voltages at the 
bases of Q4 and Q6 are roughly the same. If the output is 
higher than the input, then an error current will flow 
through R2. This error current will flow into the base of 
Q6 and be multiplied by f3 squared to the collector of Q7 
thus closing the loop. The larger the discrepancy between 
the output and input, the larger the feedback current, and 
the harder Q7 sinks current from the load capacitor. 

ORDERING INFORMATION 

PART NUMBER SPEED 

ML65541C5 1.5ns 
ML65541CK 1.5n5 

A number of MOSFETs that are not shown in Figure 5 
have been used in the ML65541. These MOSFETs were 
used to tri-state dormant buffers. For instance, the 
feedback resistors R1 and R2 were implemented as 
resistive transmission gates to ensure that disabled buffers 
do not load the lines they are connected to. Similarly, 
there is a PMOS in series with R8 that is normally on but 
shuts off for disable. Other MOSFETs have been included 
to ensure that disabled buffers consume no power. 

TERMINATION 

R7 in Figure 5 also acts as a termination resistance. This 
750 resistor is in series with the output and therefore 
helps suppress noise caused by transmission line effects 
such as reflections from mismatched impedances. Systems 
designers using CMOS transceivers commonly have to use 
external resistors in series with each transceiver output to 
suppress this noise. Hence, systems designers using the 
ML65541 may not have to use these external resistors. 

APPLICATIONS 

There are a wide variety of existing and future needs for 
an extremely fast buffers in high speed processor system 
designs like Pentium, PowerPC, Mips, Sparc, Alpha and 
other RISC processors. The applications are either in the 
cache memory area or the main memory (DRAM) area. 
Besides these, the fast buffer could find applications in 
high speed graphics and multimedia applications. The 
high capacitive loading due to multiplexed address lines 
on the system bus demand external buffers to take up the 
excess drive current. The needed current to skew the 
transitions between rise and fall times must be done 
without adding excessive propagation delay. The devices 
are equipped with schottky diodes to clean up ringing 
from overshoot and undershoot caused by reflections in 
un-terminated board traces. 

TEMPERATURE RANGE PACKAGE 

O°Cto +70°C 20-Pin SOIC (520) 
O°Cto +70°C 20-Pin QSOP (K20) 

Intel, Pentium, PCI are registered trademarks of Intel Corporation. Mips, Alpha and Spare are registered trademarks of Silicon Graphics, DEC and 
Sun Microsystems respectively. 
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PRELIMINARY 

ML6599 

Hot-Insertable Active SCSI Terminator 
GENERAL DESCRIPTION 

The ML6S99 BiCMOS SCSI terminator provides active 
termination in a SCSI system with single-ended drivers 
and receivers, in full compliance with the SCSI-1, SCSI-2 
and SCSI-3 recommendations. It provides a 2.8SV 
reference through an internal 1 V dropout linear regulator. 
Active SCSI termination helps the system designer to 
effectively control analog transmission line effects like 
ringing, noise, crosstalk, ground bounce, etc. In addition it 
provides support for hot insertability on the SCSI bus. The 
desired V-I characteristics for signal negation requires that 
the terminator source 0-24mA while maintaining 2.8SV 
and for signal assertion preferably follow a linear slope of 
11 on. The ML6S99 provides a V-I characteristic 
optimized to minimize the transmission line effects during 
both signal assertion and negation, using a MOSFET based 
architecture. The desired V-I characteristic is achieved by 
trimming one resistor in the control block. It provides 
negative clamping for signal assertion transients and 
current sink capability, to handle active negation driver 
overshoots above 2.8SV, which is currently accomplished 
with external components in SCSI subsystems. It provides 
a disconnect mode, where the terminator is completely 
disconnected from the SCSI bus and the output 
capacitance is typically < SpF. 

BLOCK DIAGRAM TERMPWR 

2.8SV 

FEATURES 

• Fully monolithic IC solution providing active 
termination for 9 lines of the SCSI bus 

• Provides on board support for hot-insertability on the 
SCSI bus 

• Low dropout voltage (1 V) linear regulator, trimmed for 
accurate termination current 

• Output capacitance typically < 5pF 

• Disconnect mode - Logic pin to disconnect terminator 
from the SCSI bus, <1 001lA 

• Current sinking - can sink current in excess of 10mA 
per line to handle active negation driver overshoots 
above 2.8SV 

• Negative clamping on all lines to handle signal 
assertion transients 

• Regulator can source 200mA and sink SOmA while 
maintaining regulation 

• Current limit & thermal shutdown protection 

• Small and low profile package options; 16-pin SOIC 
(300 mil), 20-pin TSSOP (1 mil height) 

VREF 

,---- ---------1 
1 2.8SV 1 
1 1 

1 
1 
1 
1 

GND __ ----------~ 
216mA I 
(MAX) , 

1 

:RTRIM 

1 
1 
1 
1 
1 
1 
1 

VREF CONTROL: 
_ BLOCK 1 

______________ .J 

MOSFETs WITH IMAX = 24mA 

L1 L2 L9 

NCLAMP = Negative Clamp 9 TERMINATION LINES Circuit design patent pending • 
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GENERAL DESCRIPTION (Continued) 

Current limiting and thermal shutdown protection are also 
provided. The ML6599 provides 9 lines of termination in 
the industry's smallest package - 20-pin TSSOP. The nine 
line configuration is optimal for wide SCSI's 18,27, or 45 
line termination needs. 

PIN CONFIGURATION 
16-Pin SOIC 

TERMPWR L9 

NC L8 

NC L7 

CND VREF 

DISCNKT L6 

NC l5 

11 L4 

L2 L3 

PIN DESCRIPTION 

NAME DESCRIPTION 

TERMPWR Termination Power. Should be connected 
to the SCSI TERMPWR line. A lOI1F 
tantalum local bypass capacitor is 
recommended per system, as shown in 
the application diagram 

L 1 Signal Termination 1. SCSI Bus line 1 

L2 Signal Termination 2. SCSI Bus line 2 

L3 Signal Termination 3. SCSI Bus line 3 

L4 Signal Termination 4. SCSI Bus line 4 

L5 Signal Termination 5. SCSI Bus line 5 

L6 Signal Termination 6. SCSI Bus line 6 

L7 Signal Termination 7. SCSI Bus line 7 

L8 Signal Termination 8. SCSI Bus line 8 

L9 Signal Termination 9. SCSI Bus line 9 

NOTE: The DISCNKT line has a 2001d:! Internal pullup re'IStor connected to the 
,upply. Thi' pin ,hould be left floating for normal operation and ,hould 
be connected to ground to enable the function 

20-Pin TSSOP 

TERMPWR L9 

HS L8 

NC HS 

CND L7 

NC VREF 

DISCNKT L6 

NC L5 

HS L4 

Ll HS 

L2 L3 

NAME DESCRIPTION 

VREF 2.85VREF Output. External decoupling 
with a lOI1F tantalum in parallel with a 
O.lI1F ceramic capacitor is 
recommended, as shown in the 
application diagram. 

DISCNKT Disconnect Terminator. Logic input to 
disconnect the terminator from the bus 
when the SCSI device no longer needs 
termination due to not being the last 
device on the bus or otherwise. Active 
low input. 

GND Ground. Signal Ground (OV) 

HS Heat Sink Ground. Should be 
connected to GND. 
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ABSOLUTE MAXIMUM RATINGS 
Signal Line Voltage .................. -0.3 to TERMPWR + O.3V 

RECOMMENDED OPERATING 
CONDITIONS 

Regulator Output Current ......................... -1 00 to 300mA 
TERMPWR Voltage ........................................... -0.3 to 7V 

TERMPWR Voltage ........................................ 4V to S.2SV 

Storage Temperature ................................. -65°C to 150°C 
Operating Temperature .................................. O°C to 70°C 

Soldering Temperature ................................. 260°C for lOs 
Thermal Impedance (alA) 

SOIC ................................................................ 9SoC!VV 
TSSOP ............................................................ 11 O°C!VV 

ELECTRICAL CHARACTERISTICS 
Unless otherwise stated, these specifications apply for 4V:S; TERMPWR :s; S.2SY, and TA = O°C to 70°C 

PARAMETER CONDITIONS MIN UNITS 

SUPPLY 

TERMPWR Supply Current L l-L9 = open, DISCNKT = open 3.5 5 mA 

L l-L9 = 0.2 V, DISCNKT = open 225 mA 

Disconnect Mode Current DISCNKT = 0 (active) 75 100 IJA 
INPUT 

Input Low Voltage DISCNKT V 

Input High Voltage DISCNKT TERMPWR - 1 .0 V 

OUTPUT 

Output High Voltage Measuring each signal line 2.8 2.85 2.9 V 
while other eight are high 

Maximum Output Current Your = 0.2V, Measuring each signal 24 mA 
(Normal Mode) line while the other eight are high 

Hot Insertion Peak Current TERMPWR = OV, VREF = OV 23 IJA 
Any signal line (L1-L9) at 2.85V 

Output Clamp Level lour = -30mA (Note 1) -0.15 0 0.15 V 

Current Sink Capability Your = 3.2V (per line) 7 12 mA 

Output Capacitance L1 thru L9, DtSCNKT = 0 5 pF 
(ML Method) 2Vp_p 100kHz square wave 

applied biased at 1 V D.C. (Note 2) 

Output Capacitance L 1 thru L9, DtSCNKT = 0 7 pF 
(X3T9.2!855D method) O.4Vp_p, 1 MHz square wave 

applied biased at O.5V D.C. (Note 1) 

REGULATOR 

Regulator Output Voltage Sourcing 0-200mA 2.8 2.85 2.9 V 

Sinking 0-50mA (Note 1) 2.8 2.85 2.95 V 

Regulator Dropout Voltage Ll-L9 = 0.2V, Vour= 2.85V 1.0 1.2 V 

Regulator Short Circuit Current Regulator output = OV 100 mA 

Regulator output = 5V 300 mA 

Thermal Shutdown 170 °C 

Note 1: Parameter guaranteed by charactenzatlon only. 
Note 2: Only one pm is checked in the production test environment. OtherwIse parameter is guaranteed by characterization and correlation. 
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FUNCTIONAL DESCRIPTION 

The SCSI Terminator helps in decreasing the transmission 
line effects with precise termination. Termination is 
conventionally provided at the beginning and end of the 
SCSI bus, however when additional peripherals are added, 
the termination needs to be disabled from the current 
device and enabled on the last device on the bus. Existing 
termination schemes use a SIP (Single-In-Line package) 
which is plugged into a socket on the PC board of the 
SCSI peripheral. To remove the termination, the user 
needs to pull the resistor SIP out of its socket. With the 
higher levels of system integration, this is no longer a 
simple task. With the increasing use of higher data rates 
and cable lengths in SCSI subsystems, the need for active 
termination is becoming necessary. Active termination 
also minimizes power dissipation and can be activated or 
deactivated under software control, thus eliminating the 
need for end user intervention. The V-I characteristics of 
popular SCSI termination schemes are shown in Figure 3. 
Theoretically the desired V-I characteristics are the Boulay 
type for signal assertion (high to low) and the Ideal type 
for signal negation. The ML6599 with its MOSFET based 
nonlinear termination element attempts to provide the 
most optimum V-I characteristics - optimized for both 
signal assertion and negation. 

The ML6599 provides active termination for nine signal 
lines, thus accommodating basic SCSI which requires 18 
lines to be terminated and wide SCSI which requires 27, 
36 or 45 lines to be terminated. The ML6599 integrates an 
accurate voltage reference (1 V dropout voltage) and nine 
MOSFET based termination lines. A single internal resistor 
is trimmed to tune the V-I characteristic of the MOSFETs as 
shown in figure 1. The voltage reference circuit produces 
a precise 2.85V level and is capable of sourcing at least 
24mA into each of the nine terminating lines when low 
(active). When the signal line is negated (driver turns off), 
the terminator pulls the signal line to 2.85V (quiescent 
state). The regulator will source about 200mA and sink 
50mA while maintaining regulation of 2.85V typically. 

3.0V 
2.844V 

> 

o 

~ 
" 

I--

NORMAL TERMINATION MODE 

,- -- - -- -- _IQ~~ 

........... ....... I 
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- ~s~~~~ 1100) 

, 
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IL 3.oomAldiv 

Figure 1. Trimmed V-I Characteristic of the ML6599 

The ML6599 SCSI Terminator provides an active low 
control signal, DISCNKT which has an internal 200K.Q 
pull-up resistor. The DISCNKT input when asserted low, 
isolates the ML6599 from the signal lines and effectively 
removes the terminator from the SCSI Bus with a 
disconnect mode current of less than 100J.lA. In addition 
the ML6599 provides for negative clamping of Signal 
transients and also supports current sink capability in 
excess of 10mA per signal line, to handle active negation 
driver overshoot above 2.85V a common occurrence with 
SCSI transceivers. These functions need to be handled 
with external components in SCSI subsystems today. Thus 
the ML6599 helps in eliminating a number of external 
components. 

Disconnect mode capacitance is a very critical parameter 
in SCSI systems. The ML6599 provides the lowest 
capacitance contribution of max 5pF and this is 
guaranteed by production test. 

HOT INSERTABILITY 

"Hot" insertion of a SCSI device refers to the act of 
plugging a SCSI device which is initially unpowered into a 
powered SCSI bus. The SCSI device subsequently draws 
power from the TERMPWR line during its startup routine 
and thereafter. "Hot" removal refers to the act of removing 
a powered SCSI device from a powered SCSI bus. A 
device which performs both tasks with no physical 
damage to itself or other devices on the bus, nor which 
alters the existing state of the bus by drawing excessive 
currents, is termed "Hot-swappable." 

The ML6599 Hot-Insertable SCSI terminator typically 
draws 23J.lA from any given output line (L 1-L9) during a 
hot insertion/removal procedure, thereby protecting itself 
and preserving the state of the bus. The ML6599 design is 
a slight modification of the ML6509 Low-capacitance 
SCSI Terminator design. The low current is achieved by 
effectively shorting the gate to drain of the output PMOS 
device until the 2.85V reference (VREF) has powered up. A 
second PMOS in series with a Schottky diode is used as 
the shorting bypass device. After VREF reaches sufficient 
level, the bypass device is turned off and the part operates 
the same as the ML6509. The low-power mode option is 
not offered on the ML6599. 

As outlined in Annex G of the ANSI SCSI-3 Parallel 
Interface Specification (X3T9.2/855D), "The SCSI bus 
termination shall be external to the device being inserted 
or removed." In other words, any terminator connected to 
a device being hot inserted/removed should be inactive 
(accomplished by grounding the DISCNKT pin in the case 
of the ML6599). If the terminator being inserted/removed 
were in the active state, then at some point in time, the 
bus would be terminated by either 1 or 3 terminators. In 
either case, data integrity on the bus is compromised. 
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ML6599 
Figure 2 gives an application diagram showing a typical 
SCSI bus configuration. To ensure proper operation, the 
TERMPWR pin must be connected to the SCSI 

v 

TERM POWER line. Each ML6599 requires parallel 0.1 ~F 
and 1 O~F capacitors connected between VREF and GND 
pins and the TERMPWR line needs a 1 O~F bypass 
capacitor per SCSI system. 

285V ... =-_____________ -, 

Thus in an 8-bit wide SCSI bus arrangement ("A" Cable), 
two ML6599's would be needed at each end of the SCSI 
cable in order to terminate the 18 active signal lines. Thus 
16-bit wide SCSI would use three ML6599's, while 32-bit 
wide SCSI bus would require five ML6599's. 

2.7V 

2.5V 

O.2V 

TERMINATOR (SOURCE) 
DRIVER (SINK) 

20rnA 
40mA 

IDEAL 

24mA 
48mA 

In a typical SCSI subsystem, the open collector driver in 
the SCSI transceiver, when asserted, pulls low and when 
negated, the termination resistance serves as the pull-up. 
Also shown in Figure 2, is a typical cable response to a 
pulse. The receiving end of the cable will exhibit a single 
time delay. When negated, the initial step will reach an 
intermediate level defined as VSTEP. With the higher SCSI 
data rates, sampling could occur during this step portion. 
In order to get the most noise margin, the step needs to be 
as high as possible to prevent false triggering. For this 
reason the regulator voltage and the resistor defining the 
MOSFETs characteristic is trimmed to ensure that the 10 is 
as close as possible to the SCSI max current specification. 

Figure 3. V-1 Characteristics of Various 
SCSI Termination Schemes 

O.lpF 
lOpF 

TERMPWR LINE " 

ML6599 

TERMPWR 

I \ 
I \ 
I \ 
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SCSI CABLE 

I 
I 
I 
I 
I 
I 

ML6599 

I I 
I I 
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\ I 
\ I • 

\ " 1--------1 
\ : : 1 

~~~------------~------------~~~, 
~ 1 1 

1 
I 
I 
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Figure 2. Application Diagram Showing Typical SCSI Bus Configuration with the ML6599 
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ML6599 
VSTEP is defined as follows: 

VSTEP = VOL + (10 x Zo) 

where 

VOL is the Driver output low voltage, 

10 is current from receiving terminator 

Zo is characteristic impedance of cable. 

This is a very important characteristic that the terminator 
helps overcome by increasing the noise margin and 
boosting the step as high as possible. This capability for 
the ML6599 implementation is illustrated in the attached 
simulation graphs which show the terminator performance 
under different cable impedance situations and a 
comparison is shown with the standard Boulay terminator, 
under identical conditions. 

APPLICATION INFORMATION 

ML6599 EVALUATION BOARD 

Shown below is the schematic, board component layout, 
and parts list of the ML6599 SCSI Terminator evaluation 
board. Actually the ML6509 evaluation board is used for 
evaluating the ML6599 also. This evaluation board 
provides termination for 18 lines of SCSI signals and can 
be connected as the last device on a standard SCSI Bus 
system. The SCSI Bus signals can then be monitored to see 

TRANSIENT RESPONSE (ACTUAL) 
(Approximately 11 Of.!, 10 feet long, ribbon cable stock) 

..... - / I , 

I 
I 
I 

2.0V,---- -----I-
I 
I 
I 

O.8V ---- -- -- -----
- ___ -I __ 

j 

v 

I 
I 

the impact of the ML6599 Active SCSI Terminator in 
minimizing the transmission line effects. In addition the 
disconnect mode can be evaluated with respect to power 
dissipation and output capacitance. 

Ml6599 EVAl BOARD PARTS LIST 

PART# DESCRIPTION 

IC1,IC2 ML6599 Active SCSI Terminator 

C1 10j.lF, 6V Tantalum Chip Capacitor 
( Philips 49MC1 06C006KOASFT) 

C2,C3 10j.lF, 4V Tantalum Chip Capacitor 
( Philips 49MC1 06C004KOASFT) 

C4,C5 O.lj.lF Ceramic Chip Capacitor 
( Philips C1 04K1206XFNT ) 

SW1 Two Position DIP Switch (C&K BD02 ) 

J1 50-pin SCSI Header Connector 
(AMP 1-103311-0) 

-I 

----- t----

J 
\I V2 

Vl(2) = 796.9mV V2(2) = 2.0V 6 V(2) = 1.203V 
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TYPICAL APPLICATION CIRCUIT 

ORDERING INFORMATION 

PART NUMBER 

Ml6599C5 
Ml6599CT 

TEMPERA lURE RANGE 

O·Cto +70·C 
O·C to +70·C 

'Micro Unear 

PACKAGE 

16-pin SOIC (S16W) 
20-pin TSSOP (T20) 

ML6599 
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Power Management and Control 
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Battery Power Supply ICs 
ML4761 
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ML4861 

ML4861 EVAL 

ML4862 

ML4862EVAl 

Ml4863 

Ml4865 

ML4866 

Ml4868 

Ml4871 

Ml4872 
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High Frequency PWM Controllers 
ML1825 

ML4809 

ML4810 

ML4811 

ML4817 

ML4823 

ML4825 

High Frequency Power Supply Controller ................................................. 7-5 

High Frequency Current Mode PWM Controller ....................................... 7-20 

High Frequency Current Mode PWM Controller ....................................... 7-31 

High Frequency Current Mode PWM Controller ....................................... 7-31 

High Frequency Single Ended PWM Controller ......................................... 7-93 

High Frequency Current Mode PWM Controller ....................................... 7-136 

High Frequency Current Mode PWM Controller ....................................... 7-153 

ML4826 Power Factor and Dual PWM Combo ....................................................... 7-160 

ML4828 BiCMOS Phase Modulation/Soft Switching Controller ............................... 7-165 

Resonant and Phase Modulation Controllers 
ML4815 

ML4816 

Zero Voltage Switching Resonant Controller ............................................. 7-66 

High Frequency Multi-Mode Resonant Controller ..................................... 7-79 

ML4818 Phase ModulationlSoft Switching Controller ............................................. 7-101 

ML4818EVAL Phase Modulation Controller Evaluation Kit .............................................. 7-112 

LCD Backlight Lamp Controllers 
ML4864 LCD Backlight Lamp Driver with Contrast................................................. 7-232 

ML4864EVAL LCD Backlight with Contrast Evaluation Kit............................................... 7-240 

ML4874 LCD Backlight Lamp Driver ...................................................................... 7-268 

ML4874EVAL Differential Drive LCD Backlight Evaluation Kit ........................................ 7-276 

ML4876 LCD Backlight Lamp Driver with Contrast................................................. 7-287 

ML4876EVAL Differential Drive LCD Backlight with Contrast Evaluation Kit................... 7-294 

Electronic Ballast Control 
ML4830 Electronic Ballast Controller ...................................................................... 7-173 

ML4831 120VAC Dimmable Electronic Ballast ....................................................... 7-186 

ML4831 EVAL 120VAC Dimmable Electronic Ballast Evaluation Kit................................. 7-199 
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Power Management and Control 

Selection Guide 

High Frequency PWM Controllers 
Part Reference MaxOSC Output Output Soft UV Cycle-by.cycle Sync 

Number Accuracy Frequency Driver Current Start Lockout ILiMIT Input Package Type 

ML4809 ±2% 1 MHz Push 2A Peak ./ ./ ./ ./ 24-Pin DIP 
Pull 28-Pin PLCC 

ML4810 ±2% 1 MHz Push 2A Peak ./ ./ ./ l6-Pin DIP 
Pull 

ML4811 ±2% 1 MHz Push 2A Peak ./ ./ ./ ./ 20-Pin DIP 
Pull 20-Pin PLCC 

ML4817 ±2% 1 MHz Single 2APeak ./ ./ ./ l6-Pin DIP 
Ended l6-Pin SOIC 

ML4823 ±l% 1 MHz Single 2A Peak ./ ./ ./ l6-Pin DIP/SOIC 
Ended 20-Pin PLCC 

ML4825 ±2% 1 MHz Push 2A Peak ./ ./ ./ l6-Pin DIP/SOIC 
Pull 20-Pin PLCC 

Power Factor Controllers 

VIN 
Part Reference PFC Power Power Output Output Soft OV UV Feed Brownout Package 

Number Accuracy Topology Factor Range Voltage Current Start Protection Lockout Forward Protection Type 

ML4812 ±l% Peak 0.99 >50W Vour>VIN lA ./ ./ ./ ./ 16-Pin DIP 
Current Peak 20-Pin PLCC 
Boost 

ML4813 ±l% Flyback 0.99 <250W Your lA ./ ./ ./ ./ l6-Pin DIP -Independent Peak l6-Pin SOIC 
OfVIN 

ML4821 ±2% Average 0.99 >500W Vour>VIN lA ./ ./ ./ ./ ./ l8-Pin DIP 
Current Peak 20-Pin SOIC 
Boost 
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Resonant and Phase Modulation Controllers 
Part Reference MaxOSC Output Output Soft UV Feed 

Number Accuracy Frequency Driver Current Start Lockout Forward Package Type 

ML481 5 ±2o/. 2 MHz Single 2A Peak .I .I .I l6-Pin DIP 
Ended 20-Pin PLCC 

ML4816 ±2o/. 2.5 MHz Push 1.SA Peak .I .I .I 20-Pin DIP 
Pull 20-Pin SOIC 

ML4818 ±lo/. 500kHz Push 1.SA Peak .I .I .I 20-Pin DIP 
Pull 20-Pin SOIC 

ML4828 ±lo/. 1 MHz Push SOOmA Peak .I .I .I 20-Pin DIP 
Pull 20-Pin SOIC 

PFC/PWM Combo Controllers 
Maximum PWM PWM VIN 

Part Reference PFC/PWM PFC Output Output Soft UV Current Feed Brownout Package 
Number Accuracy Frequency Topology Driver Current Start Lockout Limit Forward Protection Type 

ML4819 ±lo/. PFC-SOO kHz Peak Single lA .I .I 20-Pin DIP 
PWM-SOO kHz Current Ended Peak 20-Pin SOIC 

Boost 

ML4824-l ±l.S% PFC-SOO kHz Average Sihgle O.SA .I .I .I .I .I l6-Pin DIP 
PWM-SOO kHz Current Ended Peak l6-Pin SOIC-W 

Boost 

ML4824-2 ±l.S% PFC-2S0 kHz Average Single O.SA .I .I .I .I .I l6-Pin DIP 
PWM-sookHz Current Ended Peak l6-Pin SOIC-W 

Boost 

ML4826-l ±l.So/. PFC-SOO kHz Average Push O.SA .I .I .I .I .I 20-Pin DIP 
PWM-SOO kHz Current Pull Peak 20-Pin SOIC 

Boost 

ML4826-2 ±l.S% PFC-2S0 kHz Average Push O.SA .I .I .I .I .I 20-Pin DIP 
PWM-SookHz Current Pull Peak 20-Pin sale 

Boost 
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Battery and Distributed Power Conversion Products 
Step-Up: 

Maximum Input 
Output Conversion Quiescent Voltage Output Total 

Part Current Efficiency Current Range Voltage Regulation 
Number (mA) ("!o) (IIA) (V) (V) ("!o) Package Type Architecture Features 

ML4761 500 90 70 1 to 2.5 to 6 3 8-Pin SOIC PFM Adjustable Output 
VouT -O·2 

ML4851 250 90 80 1 to 5,3.3 3 8-Pin SOIC PFM Low Battery Detect 
Vour-O·2 

ML4861 500 90 70 1 to 6, 5, 3.3 3 8-pfnSOIC PFM Low Battery Detect 
~OUT-O.2 

ML4865 300 90 50 1.8 to 12,15 3 8-Pin SOIC PFM Shutdown to Ground, 
rvour-O.2 Low Battery Detect 

ML4868 500 90 70 1 to 
rvour-O.2 

5,3.3 3 8-Pin SOIC PFM Low Battery Detect 

ML4871 750 90 30 1.8to 5,3.3 3 8-Pin SOIC PFM Low Battery Detect 
rvour-O.2 

ML4872 750 90 30 1.8 to 5,3.3 3 8-Pin SOIC PFM Shutdown 
Vour -O.2 

ML4875 300 90 80 1 to 5,3.3,3 3 8-Pin SOIC PFM Shutdown to Ground, 

~our-O.2 Low Battery Detect 

ML4890 100 85 180 1 to 6.5 5,3.3,3 3 8-Pin SOIC PFM/l..DO <5mV Output Ripple, 
Shutdown to Ground 

ML4961 500 90 70 1 to 2.5 to 6 3 8-Pin SOIC PFM Adjustable Output, 
Vour...{)·2 Low Battery Detect 

Step-Down: 

ML4866 Burst Mode 

Flyback (Step-Up/Down): -ML4863 Controller 85 125 3.15to15 5 or 3 8-Pin SOIC PFM Shutdown to Ground, 
Multiple Multiple Outputs via 

Transformer 

ML4890 100 85 180 1 to 6.5 5,3.3,3 3 8-Pin SOIC PFM/l..DO <5mV Output Ripple, 
Shutdown to Ground 
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Multiple Output Switching Regulator Controllers 
Quiescent Power 

Output Voltage Current Architecture Input Management Conversion 

Part Full No Shut· Voltage FET Efficiency 
Number A B C Load Load A B C down Package (V) Drivers (%) 

ML4862 2.5Vto 2.5Vto 12V' 10mA 130fJA* PWM PWM Linear Yes 32·Pin 5.5 to 4 93 
VIN-l VIN-l sOle 24 

ML4863 5.0V Fixed by Fixed by 3mA 100fJA Flyback Flyback Flyback Yes 8·Pin 3.15 to 0 85 
turns turns PFM PFM PFM sOle 15 
ratio ratio 

ML4873 2.5Vto 2.5V to 12V 10mA 130fJA* PWM PWM Linear Yes 28-Pin 5.5 to 1 93 
VIN-l VIN-l sOle 30 

ML4880 3.0 to 4.0 to 2.5Vto 30mA 300fJA* PFM PFM PFM Yes 24-Pin 5.5 to 0 90 
3.5V 5.0V 18V sOle 18 

*AII outputs shut down. 

LCD Backlight Lamp Controllers 
Part Number Function Key Features Package Options 

ML4864 LeD Backlight Lamp Driver with Contrast Dimming, 95% efficiency, Positive or SSOP-20 
Negative Contrast 

ML4874 LCD Backlight Lamp Driver Differential Drive, Dimming, 95% efficiency SOIC-16 
SSOP·20 

ML4876 LCD Backlight Lamp Driver with Contrast Differential Drive, Dimming, 95% efficiency SSOP-20 
Positive or Negative Contrast 
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'Micro Linear ML1825 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML 1825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V. 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

BLOCK DIAGRAM 

6 f-C-'-'IT_I ___ -t 

1.25V 

~11f-'+-----; 

E/A OUT 

The ML 1825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is a pin for pin replacement for the 
UC1825 controller. 

FEATURES 
• Practical Operation at Switching Frequencies to 10MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppression 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
• 5.1\1, ±1% Trimmed Bandgap Reference 
• Pin Compatible Replacement for UC1825 
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PIN CONNECTION 
ML1825 

16-Pin DIP 

PIN DESCRIPTION 
PIN # NAME FUNCTION PIN # 

1 INV Inverting input to error amp. 9 

2 NI Non-inverting input to error amp. 

3 EtA OUT Output of error amplifier and 
input to main comparator. 10 

4 CLOCK Oscillator output. 11 

5 R(T) Timing Resistor for Oscillator -
sets charging current for oscillator 

12 timing capacitor (pin 6). 

6 C(T) Timing Capacitor for Oscillator. 
13 

7 RAMP Non-Inverting input to main 
comparator. Connected to Cm for 

14 Voltage Mode operation or to 
current sense resistor for current 15 
mode. 16 

8 SOFT START Normally connected to Soft Start 
Capacitor. 

NAME 

I(LlM)tS.D. 

GND 

OUT A 

PWR GND 

Ve 

OUT B 

Vee 
5.1V REF 
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FUNCTION 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

Analog Signal Ground. 

High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the High 
Current Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the IC 

Buffered output for the 5.1 V 
voltage reference. 



Ml1825 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Supply Voltage (Pins 15, 13) .............................. 30V Temperature Range 
Output Current, Source or Sink (pins 11, 14) ML1825M ................................ -55°C to +125°C 

DC .................................................. O.5A 
Pulse (O.5JlS) ............................••....•....... 2.0A 

Analog Inputs 
(Pins 1, 2, 7) ................................... -O.3V to 7V 
(Pins 9, 8) ..................................... -O.3V to 6V 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional deVICe operation is not 
Implied. 

Clock Output Current (Pin 4) .......................... -5mA 
Error Amplifier Output Current (Pin 3) .................. 5mA 
Soft Start Sink Current (Pin 8) ......................... 20mA 
Oscillator Charging Current (Pin 5) .................... -5mA 
Junction Temperature 

ML4825M ........................................... 150°C 
ML48251, ML4825C .................................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................ +260°C 
Thermal Resistance (D)A) 

Ceramic DIP ...................................... 65°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 3.65KQ, CT = 1000pF, TA = Operating Temperature Range, Vee = 15\1. 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < 30V, (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

Output Voltage T) = 25°C, 10 = 1mA 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V 2 20 mV 

Load Regu lation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < T) < 150°C, (note 1) .2 .4 % 

Total Variation line, load, temp (note 1) 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 p.V 

Long Term Stability T) = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Error Amplifier Section 

Input Offset Voltage 10 mV 

Input Bias Current .6 3 p.A 

Input Offset Current .1 1 p.A 

Open Loop Gain 1 < Vo < 4V 60 95 dB 
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ElEO'RICAl CHARAO'ERISTICS (Continued) 
Unless otherwise specified, RT = 3.65KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V. 

PARAMETER CONDITIONS MIN TYP MAX 

Error Amplifier Section (Continued) 

CMRR 1.5 < VeM < 5.5V 75 95 

PSRR 10 < Vee < 30V 85 110 

Output Sink Current VplN 3 = 1V 1 2.5 

Output Source Current VPIN 3 = 4V -.5 -1.3 

Output High Voltage I PIN 3 = -O.5mA 4.0 4.7 5.0 

Output Low Voltage IplN 3 = lmA 0 0.5 1.0 

Unity Gain Bandwidth (note 1) 3 5.5 

Slew Rate (note 1) 6 12 

PWM Comparator Section 

Pin 7 Bias Current VPIN 7 = OV -1 -5 

Duty Cycle Range 0 80 

Pin 3 Zero DC Threshold VplN 7 = OV 1.1 1.25 

Delay to Output (note 1) 50 80 

Soft-Start Section 

Charge Current VPIN 8 = 0.5V 

Discharge Current VPIN 8 = 1V 

Current Limit/Shutdown Section 

Pin 9 Bias Current OV < VPIN 9 < 4V +15 

Current Limit Threshold .9 1 1.1 

Shutdown Threshold 1.25 1.4 1.55 

Delay to Output (note 1) 50 80 

Output Section 

lour = 20mA .25 .4 
Output Low level 

lOUT = 200mA 1.2 2.2 

lOUT = -20mA 13.0 13.5 
Output High level 

lOUT = -200mA 12.0 13.0 

Collector Leakage Ve = 30V 100 500 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 

Under-Voltage Lockout Section 

Start Threshold 

UVLO Hysteresis 

Supply Current 

Start Up Current Vee = 8V 

Icc VplN 1, 7, 9 = Ov, VPIN 2 = lV, 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 
OSCILlATOR 

The ML 1825 oscillator charges the external capacitor 
(Cl) with a current (lSET) equal to 3/RsET. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T OSC = TRAMP + T DEADllME 

where: TRAMP = C (Ramp Valley to Peak)lIsET 

and: T DEADllME = C (Ramp Valley to Peak)IIQ1 

RAMP VALLEY 

Figure 1. Oscillator Block Diagram 
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Figure 2. Osallator Tming Resistance vs Frequency 
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Figure 3. Oscillator Deadtime vs Frequency 
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ERROR AMPLIFIER 

The ML 1825 error amplifier is a 5.5MHz bandwidth 
12V/JiS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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rJgure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The Ml1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

r vee 

Figure 7. Simplified Schematic 
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SOFT START AND CURRENT LIMIT 

The Ml1825 employs two current limits. When the 
voltage at pin 9 exceeds 1V, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pin 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ORDERING INFORMATION 

PART NUMBER 

ML182SM] 

TEMPERATURE 
RANGE 

-55°C to +12SoC 

'Micro Unear 

ML1825 

PACKAGE 

Hermetic DIP U16) 
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ML4761 

Adjustable Output Low Voltage Boost Regulator 

GENERAL DESCRIPTION 

The ML4761 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4761 ideal for 1 cell 
applications. The ML4761 is capable of start-up with input 
voltages as low as 1 V, and the output voltage can be set 
anywhere between 2.SV and 6V by an external resistor 
divider connected to the SENSE pin. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4761 requires a minimum number of 
external components to build a very small adjustable 
regulator circuit capable of achieving conversion 
efficiencies in excess of 90%. 

The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage (UVLO). 

BLOCK DIAGRAM 

+ 

V,N r-------------- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I mVREF 

FEATURES 

• Guaranteed full load start-up and operation at 1 V input 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Minimum external components 

• Low ON resistance internal switching FETs 

• Micropower operation 

• Adjustable output voltage (2.SV to 6V) 

CI 
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PIN CONNECTION 

PIN DESCRIPTION 

PIN 
NO. NAME FUNCTION 

VIN Battery input voltage 

2 VREF 200mV reference output 

3 GND Analog signal ground 

ML4761 
8-Pin sOle (S08) 

VINCa PWRGND 

VREF 2 7 RESET 

GND 3 • V, 

SENSE 4 5 Vour 

TOP VIEW 

PIN 
NO. NAME 

5 VOUT 

6 VL 

7 RESET 

ML4761 

FUNCTION 

Boost regulator output 

Boost inductor connection 

Output goes low when regulation 

4 SENSE Programming pin for setting the 
cannot be achieved 

output voltage 8 PWR GND Return for the NMOS output 
transistor. 
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ML4761 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Temperature Range 
ML4761CS ................................................ O°C to +70°C 
ML4761 ES ............................................ -20°C to +70°C 
ML4761IS ............................................. -40°C to +85°C 

Voltage on any pin ....................................................... 7V 
Peak Switch Current, I(pEAK) .......................................... 2A 
Average Switch Current, I(AVG) ............................... 500mA 

VIN Operating Range 
ML4761CS ..................................... 1.0V to VOUT -O.2V 
ML4761 ES, ML4761IS ................... 1.lV to VOUT -O.2V 

Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ................... +260°C 
Thermal Resistance (eIA) ..................................... 11 O°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VIN = Operating Voltage Range, T A = Operating Temperature Range 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Supply 

VIN Current VIN = VOUT- 0.2V 45 55 I-lA 
VOUT Quiescent Current 3 5 J.lA 

VL Quiescent Current 1 J.lA 

Reference 

Output Voltage (VREF) o < iPIN2 < -51-lA mV 

PFM Regulator 

Pu Ise Width (TON) 9 10 11 J.lS 

SENSE Comparator 190 200 210 mV 
Threshold Voltage (VSENSE) 

Load Regulation See Figure 1 
VIN = 1 .lV, lOUT::; 25mA 4.85 5.0 5.15 V 
VIN = 2.4V, lOUT::; 135mA 4.85 5.0 5.15 V 

Undervoltage Lockout Threshold 0.85 0.95 V 

RESET Comparator 

RESET Output High Voltage (VOH) IOH = -1 001-lA V 

RESET Output Low Voltage (VOl) 1m = 100J.lA V 
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Figure 1. Application Test Circuit. 

Figure 2. PFM Regulator Block Diagram. 
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ML4761 

FUNCTIONAL DESCRIPTION 
The Ml4761 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when VOUT is at or above the 
desired output voltage, drawing 451JA from VIN, and BIJA 
from VOUT through the feedback resistors R1 and R2. 
When VOUT drops below the desired output level, the 
output of amplifier A 1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A 1 set signal 
and creates a pulse at the gate of the NMOS transistor Q1. 
The NMOS transistor will charge the inductor II for lOllS, 
resulting in a peak current given by: 

I - TONx\'JN _ 1 Oils X \'IN (1) 
L(PEAK) - 11 - 11 

For reliable operation, II should be chosen so that IL(PEAK) 
does not exceed 2A. 

When the one-shot times out, the NMOS FET releases the 
VL pin, allowing the inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 
transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If VOUT is still low, the flip-flop will immediately 
initiate another pulse. The output capacitor (C1) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 

INDUCTOR 
CURRENT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I I 

r--------'l~~~~~ 
Q(ONE SHOT) Q1 ON :!!!J- Q1 ON ~ 

Q1 &Q20FF 

Figure 3. PFM Inductor Current Waveforms and Timing. 

RESET COMPARATOR 

An additional comparator is provided to detect low VIN. 
The inverting input of the comparator is internally 
connected to VREF, while the non-inverting input is 
connected to the undervoltage lockout circuit. The output 
of the comparator is the RESET pin, which swings from 
VOUT to GND when an undervoltage condition is 
detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too Iowa 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 

2 
- _V,:.:..IN",(M:.::I.:.:Nl,---x_T..;:;O",Nl,"-M",I,-,N),-X_11..;. (2) 

lMAX -
2 x VOUT x louT(MAx) 

where 11 is the efficiency, typically between O.B and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. Interpolation 
between the different curves will give a reasonable 
starting point for an inductor value. 
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Figure 4. Output Current vs. Input Voltage. 
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Figure 5. Typical Efficiency as a Function of VIN. 

Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 1 O~H, the 
efficiency drops to between 70% and 75%. With 56~H, 
the efficiency exceeds 90% and there is little room for 
improvement. At values greater than 1 OO~H, the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 

t(PEAK) 
TONlMAX) x VlNlMAX) 

LMIN 
(3) 

When comparing various inductors, it is important to keep 
in mind that suppliers use different criteria to determine 
their ratings. Many use a conservative current level, where 
inductance has dropped to 90% of its normal level. In any 
case, it is a good idea to try inductors of various current 
ratings with the ML4761 to determine which inductor is 
the best choice. Check efficiency and maximum output 
current, and if a current probe is available, look at the 
inductor current to see if it looks like the waveform shown 
in Figure 3. For additional information, see Application 
Note 29. 

Suitable inductors can be purchased from the following 
suppliers: 

Coilcraft (708) 639-6400 

Coiltronics (407) 241-7876 

Dale 

Sumida 

(605) 665-9301 

(708) 956-0666 
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ML4761 
OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 

2 2 
AV - TON x\ljN 

OUT - 2xLxCx(VOUT -\ljN) 
(4) 

For a 2AV input, and SV output, a 27ILH inductor, and a 
47ILF capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
I-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of lOOILF, an ESR 
of less than 0.1 n, and an ESL of less than SnH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 

Matsuo 

Sprague 

(714) 969-2491 

(603) 224-1961 

If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 

INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 47ILF and lOOILF. This provides 
the benefits of preventing input ripple from affecting the 
ML4761 control circuitry, and it also improves efficiency 
by reducing I-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

SETTING THE OUTPUT VOLTAGE 

The adjustable output can be set to any voltage between 
2.SV and 6V by connecting a resistor divider to the 
SENSE pin as shown in the block diagram. The resistor 
values Rl and R2 can be calculated using the following 
equation: 

V -02 (Rl +R2) OUT- . x---
R2 

(5) 

The value of R2 should be 40kn or less to minimize bias 
current errors. Rl is then found by rearranging the 
equation: 

Rl=R2X(VOUT -1) 
0.2 

(6) 

It is important to note that the accuracy of these resistors 
directly affects the accuracy of the output voltage. The 
SENSE pin threshold variation is ±3%, and the tolerances 
of Rl and R2 will add to this to determine the total output 
variation. 

REFERENCE CAPACITOR 

Under some circumstances input ripple cannot be 
reduced effectively. This occurs primarily in applications 
where inductor currents are high, causing excess output 
ripple due to "pulse grouping", where the charge
discharge pulses are not evenly spaced in time. In such 
cases it may be necessary to decouple the reference pin 
(VREF) with a small 1 OnF to 1 OOnF ceramic capacitor. This 
is particularly true if the ripple voltage at VIN is greater 
than 100mY. 

In some applications, input noise may cause output ripple 
to become excessive due to "pulse grouping", where the 
charge-discharge pulses are not evenly spaced in time. In 
such cases it may be necessary to add a small 20pF to 
1 OOpF ceramic feedforward capacitor (CFF) from the VIN 
pin to the SENSE pin. 

LAYOUT 
Good PC board layout practices will ensure the proper 
operation of the ML4761. Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4761 

• Use short trace lengths from the inductor to the VL pin 
and from the output capacitor to the VOUT pin 

• Use a single point ground for the ML4761 ground pins, 
and the input and output capacitors 
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ML4761 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Ml4761CS O°C to+70°C 8-Pin SOIC (508) 

Ml4761ES -20°C to +70°C 8-Pin SOIC (508) 

Ml4761IS -40°C to +85°C 8-Pin SOIC (508) 

-
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PRELIMINARY 

ML4809 

High Frequency PWM Controller 
GENERAL DESCRIPTION 

The ML4809 High Frequency PWM Controller is a full
featured IC controller optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1 MHz. 
Propagation delays are minimized while slew rate and 
bandwidth are maximized for reliable high frequency 
operation. This controller is designed to work in either 
voltage or current mode and provides for input voltage 
feed forward. 

A 1.1 V threshold current limit comparator provides cycle
by-cycle current limit while exceeding a 1.5V threshold 
initiates a soft-start cycle. The soft start pin doubles as a 
maximum duty cycle clamp. All logic is fully latched to 
provide jitter-free operation and prohibit multiple pulsing. 
An under-voltage lockout circuit with 7V of hysteresis 
assures low startup current and drives the outputs low. 

The ML4809 is fabricated on a 40V bipolar process from 
the FB3480 Power Supply Controller Array. Customized 
versions of this controller are easily implemented. This 
controller is similar to the UC1825 controller, however the 
ML4809 includes many features not found on the 1825. 
These features are set in Italics. 

BLOCK DIAGRAM 

I:!!!I RAMP 
4 CMPIN 

24 PRESET TOGGLE 

EAOUT 

1 INV 

11 SOFT START 

12 RESET DELAY 

FEATURES 

• Practical operation at switching frequencies to 1 .OMHz 

• High current (2A peak) dual totem pole outputs 

• Wide bandwidth error amplifier 

• Fully latched logic with double pulse suppression 

• Pulse-by-pulse current limiting 

• Soft start and max. duty cycle control 

• 5.1 V ±2% trimmed bandgap reference 

• Under voltage lockout: 16 V start with 7V hysteresis 

• Programmable ramp compensation circuit 

• VCO input for synchronization or frequency control 

• External clock input for synchronization 

• Toggle preset for synchronization 

• Comparator blanker for better noise immunity/stability 

• Separate error amplifier output pin for loop filtering 
versatility 

• Fast shut down path from current limit to outputs 

• Outputs preset to known condition after under voltage 
lockout 

• Soft start latch ensures full soft start cycle 

• Programmable soft start delay 
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ML4809 

PIN CONFIGURATION 
ML4809 ML4809 

24-Pin DIP (P24N) 28-Pin PCC (Q28) 
~ 

G .. 
" ~ INV PRESET TOGGLE 5 
g 

$ I;; 
<.J 

NI RAMPCOMP 0 .. 
~ <.J > :a ~ ;! z ~ .. 

E!AOUT S.lV REF z .. .,; 

CMPIN Vee 

V(VCO) OUTB Vee 
CLOCK IN POWERVe 

OUTB 
CLOCK OUT PWRGND 

R(T) OUT A 
POWERVe 

C(T) SIGNALGND POWERGND 

RAMP I(LlM)/S.D. OUT A 

SOFT START RC (BLANK) R(T) NC 
RESET DELAY Q·FF 

C(T) SIGNALGND 

TOP VIEW .. to g ~ 
,. C <.J 

~ ~ 
z .,; z ... :5 Q ~ 

~ I;; e 
~ 51 :a <.J .. .. 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

INY Inverting input to error amp. 13 Q-FF An emitter follower output which is 

2 NI Non-inverting input to error amp. 
high for B active. 

3 E/A OUT Output of error ampl ifier. 
14 RC(BLANK) Con nect resistor and capacitor to 

ground for blanker function. 
4 CMPIN Main comparator input. 15 I(LlM)/S.D. Current limit sense pin. Normally 
5 Y(YCO) A control voltage input which sets connected to sense resistor. 

the YCO frequency. May be tied to 16 GND Analog signal ground. -5.1 Y REF (22) for fixed frequency 
operation. 17 OUTA High current totem pole output. This 

6 CLOCK IN A "1" level blanks the outputs and 
output is the first one energized after 

prepares the chip for the next cycle 
power on reset. 

by toggling the T flip flop. 18 PWRGND Return for the high current totem 

7 CLOCK OUT Oscillator output. This is an ernitter 
pole outputs. 

follower output. 19 POWERVe Positive supply for the high current 

8 R(T) Timing resistor for oscillator - sets 
totem pole outputs. 

charging current for oscillator timing 20 OUTB High current totem pole output. 
capacitor (pin 9). 

21 Vee Positive supply for the IC 
9 C(T) Timing capacitor for oscillator. 

22 5.1V REF Buffered output for the 5.1 V voltage 
10 RAMP Non-inverting input to main reference. 

comparator. Connected to C(T) for 
23 RAMPCOMP Connect resistor to GND for ramp voltage mode operation or to current 

sense resistor for current mode. compensation. 

11 SOFT START Normally connected to soft start 24 PRESET Presets the toggle flip-flop. Tie to GND 

capacitor. TOGGLE to disable. 

12 RESET DELAY Connect to capacitor for time delay 
before new soft-start cycle begins 
after 1AV current limit is reached. 
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ML4809 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (pins 21, 19) ...................................... 36V 
Output Current, Source or Sink (Pins 17, 20) 

DC ....................................................................... O.sA 
Pulse (O.sl1s) ......................................................... 2.0A 

Input Voltage 
(Pins 1, 2, 4, 5, 10) .................................... -0.3V to 7V 
(Pins 8, 9, 11, 12, 15, 24) ........................... -O.3V to 6V 

Logic Output Current (Pins 7, 13) ........................... -SmA 
Blanker Charge Current (Pin 14) ............................. -SmA 
Error Amplifier Output Current (Pin 3) ...................... SmA 
Soft Start Sink Current (pin 11) ................................ 20mA 
Oscillator Charging Current (Pin 8) ......................... -SmA 
Junction Temperature 

ML4809M ........................................................... 150°C 
ML48091, ML4809C ........................................... 125°C 

ELECTRICAL CHARACTERISTICS 

Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (elA) 

Plastic DIP ....................................................... 50°C/W 
Ceramic DIP .................................................... 55°C/W 
Plastic Chip Carrier (PCC) ................................ 5S oC/W 

OPERATING CONDITIONS 

Temperature Range 
ML4809C ................................................ O°C to +70°C 

Absolute maximum ratings are those values beyond which the devICe could be 
permanently damaged. Absolute maximum ratmgs are stress ratings only and 
functional device operation IS not implied. 

Unless otherwise specified, RT = 6.2KQ, CT = 1000pF, V(VCO) = VREF, RL (Pins 7,13) = SKQ, 
TA = Operating Temperature Range, Vee = lSV. (Note 3) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°(, (note 1) 380 430 470 KHz 

Voltage Stability 10V < Vee < 30V, (note 1) 0.2 4 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 370 430 490 KHz 

Clock Out High 3.9 4.5 V 

Clock Out low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

V(VCO) Control Range 1 5.5 V 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1 mA 5.00 5.10 5.20 V 

line Regulation lOV < Vec < 30V 2 20 mV 

load Regulation 1 mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°(, (note 1) 0.2 0.4 % 

Total Variation line, load, temp, (note 1) 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz 50 ILV 

long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV, TA ~ O°C -15 -50 -100 mA 

TA < O°C -15 -50 -120 mA 

Under-Voltage Lockout Section 

Start Threshold v 
UVlO Hysteresis v 
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ML4809 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Error Amplifier Section 

Input Offset Voltage TA = 25°C ±15 mV 

±20 mV 

Input Bias Current 0.6 3 flA 
Input Offset Current 0.1 1 flA 
Open Loop Gain 1 <Vo<4V 60 96 dB 

CMRR 1.5 < VCM < 5.5V, TA 2: O°C 75 95 dB 

1.5 < VCM < 5.5V, TA < O°C 65 95 dB 

PSRR 10 < Vcc < 30V, TA 2: O°C 80 110 dB 

10 < Vcc < 30V, TA < O°C 70 110 dB 

Output Sink Current VPIN 3 = IV 1 2.5 mA 

Output Source Current VPIN 3 = 4V -0.5 -1.3 mA 

Output High Voltage IplN 3 = lmA 3.5 4.3 5.0 V 

Output Low Voltage IpIN3 = lmA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 V/!1S 

PWM Comparator Section 

Pin 10 Bias Current VPIN 10 = OV, VPIN 23 = open, -1 -10 flA 
VPIN9 = 2V 

Duty Cycle Range TA 2: O°C 0 70 % 

TA < O°C 0 65 % 

Pin 4 Zero DC Threshold VPIN 7 = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Ramp Compensation 

Pin 10 Current I VPIN 9 = 2V, RplN 23 = 6.8KO 250 300 350 -soft-Start/Reset Delay Section 

Charge Current (Pin 11) VPIN 11 = 0.5V -3 -9 -20 flA 
Discharge Current (Pin 11) VPIN 11 = IV 1 mA 

Discharge Current (Pin 12) VPIN 12 = IV 3 9 20 flA 
Charge Current (pin 12) VPIN 12 = 0.5V -0.4 mA 

Current LimiVShutdown Section 

Pin 15 Bias Current OV < VPIN 15 < 4V ±20 flA 
Current Limit Threshold 1.0 1.1 1.2 V 

Shutdown Threshold 1.35 1.50 1.65 V 

Delay to Output (note 1) 40 70 ns 

Blanker Section 

TBlANK (note 1), RC = 5.1 KO, 68pF ns 
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ML4809 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

Output Section 

Output low level lOUT = 20mA 0.25 0.4 

lOUT = 200mA 1.2 2.2 

Output High level lOUT =-20mA 13.0 13.5 

lOUT = -200mA 12.0 13.0 

Collector leakage Vc = 30V 100 500 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 

Logic Inputs/Outputs 

Pin 24 Threshold (note 2) VREF - 0.98 

Pin 13 VOH (note 2) VREF - 0.65 

Pin 13 VOL (note 2) VREF - 1.3 

Supply Current 

Start Up Current (note 2) Vcc = BV, TA = 25°C 1.1 3.0 

Vcc = 8V, TA < 25°C 3.5 

Icc VPIN 1, 10, 15 = OV, VPIN 2 = lV, 29 38 
TA = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: The thresholds on the logic input pins are set by a reference generator that IS: VTH = VREF - (1.5 x VSE). The logic outputs sWing from: VOH = VREF - VSE 

to VOL = VREF - 2 x VSE' VBE is nominally O.65V and varies with temperature. Logic Inputs and outputs will track each other with temperature vanation. 
Note 3: Smce the Under Voltage Lockout start-up threshold is 16V, the supply is first raised to 20V to activate the Ie and then lowered to 15V to conduct 

the electrical testmg. 
Note 4: Reference short circuit current, Supply current and Start~up ICC decrease with increasmg temperature. 

FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4809 Voltage Controlled Oscillator charges the 
external capacitor (C T) with a current (ICHARGE) equal to 
V{VCO)/RT' When the capacitor voltage reaches the upper 
threshold (Ramp Peak), the comparator changes state and 
the capacitor discharges to the lower threshold (Ramp 
Valley) through Ql, While the capacitor is discharging, 
Q2 provides a high pulse. For Fixed Frequency Operation, 
V(VCO) can be tied to VREF. 

RT 

I 
I 
I 
I 
I 

S.1V 

UNITS 

V 

V 

V 

V 

!!A 
ns 

V 

V 

V 

mA 

mA 

mA 

The Oscillator period can be described by the following 
relationship: 

: - I 

T osc = TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to Peak)/lcHARGE 

and: T DEADTIME = C (Ramp Valley to Peak)/IDIS 

An approximate expression for the oscillator frequency in 
fixed frequency operation (where V{VCO) = VREF) is: 

c 2.48 
'osc=-

RTCT 

I ':" - I 
~ ____________________________ J 

CLOCK n n 
--::-TD-----'~ '----~ 

RAMP PEAK 
-~------------ ---

CT 
- ------- ------ --

RAMP VALLEY 

Figure 1. Oscillator Block Diagram. 
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Figure 4. Oscillator Deadtime vs 
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ERROR AMPLIFIER 

The ML4809 error amplifier is a 3.5MHz bandwidth 6V/fJ.S 
slew rate op-amp with provision for limiting the positive 

4 

VI~: / (\ 
I 

VOUT \1\ 1/ 
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1 
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Figure 6. Unity Gain Slew Rate. 
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Figure 3. Oscillator Frequency vs V(VeO) 
(Re = 6.2m, 1000pF). 
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output voltage swing (Output Inhibit line) for ease in 
implementing the soft start function. 
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Figure 7. Open Loop Frequency Response. 
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ML4809 
OUTPUT DRIVER STAGE 

The ML4809 Output Driver is a 2A peak output high 
speed totem pole circuit designed to drive capacitive 
loads, such as power MOSFET transistors. 

3 
/' 

V ...... ........ 
soue-fr r-2 

I--'" 
/ 

SIlY 
V 

o 
o 0.5 1.0 1.5 

lOUT (A) 

Figure 8. Saturation Curves. 
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I 
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ve 
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I 
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Figure 9. Simplified Schematic. 

SOFT START, CURRENT LIMIT, AND RESET DELAY 

The ML4809 employs two current limits. When the 
voltage at pin 15 (I(UM)/S.D.) exceeds 1.1 V, the outputs 
immediately pull low and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 15 
reaches 1.5V before the outputs have turned off, a soft start 
cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off" until the voltage at pin 
11 reaches 1.1 V, ensuring a complete soft start cycle. The 
duty cycle on start up is limited by limiting the output 
voltage of the error amplifier voltage to the voltage at pin 11. 
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o 
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\ 
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\ 
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05 

-0.2 
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Figure lOa. Rise/Fall Time (Ct = 1000pF). 

~ 15 

5 
~ 10 

o 

J f\ 
2 
IL(A) 

'\ V 
II \ 

-2 

J 1\ 
o 100 200 300 400 500 

TIME (ns) 

Figure lOb. Rise/Fall Time (CL = 10000pF). 
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Figure 11. Supply Current vs Temperature. 

The ML4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined by 
the RESET DELAY capacitor on pin 12. This capacitor is 
normally charged to a voltage equal to VPIN 11 - O.7V and 
is limited to VREF. After the 1 .5V I imit is reached, the 
capacitor is allowed to slowly discharge through the 91lA 
current sink. When this capacitor and the Soft Start 
Capacitor both have discharged to 1.1 V, the outputs are 
enabled and the new soft start cycle begins. During Under 
Voltage Lockout, both capacitors will be discharged to 
prepare for a new cycle. 

Since the emitter follower which drives pin 12 presents a 
load on Pin 11, the Soft Start Capacitor's effective value 
will be increased by: 

CEFFECT = CPIN 11 + (CPIN d~) 
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where ~ varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor from 
VREF to pin 11 to charge the Soft Start Cap (select a resistor 
which keeps the charge current below 2mA). 

1.4V 

IV 

Figure 12. Normal (Cycle by Cycle) and 
"Runaway" Current Timing. 

TURN OFF DRIVERS 
TOGGLE T ·FLIP FLOP 

~~~~----~-. 
TURN OFF DRIVERS 
INITIATE SOFT START 
CYCLE 

Figure 13. Current Limit, Soft Start and Reset Delay. 

UNDERVOLTAGE LOCKOUT 

In the circuit in Figure 14, the ML4809 remains in a low 
quiescent drain (1.1 mAl during T1 while C1 charges 
through R(S) to 16V. After Vee rises to 16V the ML4809 
begins running. C1 provides the energy needed to run the 
gate drive and ML4809 until the auxilary winding can 
provide sustaining energy for the control circuit, 
preventing C1 from draining below the 9V lockout 
threshold. The 7V of hysteresis in the Undervoltage 
Lockout circuit allows the ML4809 to start from a bleed 
resistor/capacitor easily. While the ML4809 is in the 
standby (Lockout) condition, OUTA and OUTB will be 
pulled low. 

ML4809 
RAMP COMPENSATION 

In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 

Notice that the waveform of (1) and the waveform of ramp 
(2) have different average current values. (1) is an example 
of a waveform for high line and (2) an example of low 
line. Since the controllers all regulate based on the peak 
value of the current in the circuit, and the control variable 
really wants to be the average current, adding some of the 
oscillator ramp to comparator input (shown here for 
clarity as a subtraction of the comparator reference input, 
which is the output of the error amplifier) allows the peak 
current control to more closely approximate the average 
current. 

B+ BRIDGE 

+ -.t--
RECTIFIER 

+ 

ML4809 

16V 

1----- T(l) -----+I 

1 AUXILARY 
1 WINDING 1- ____ _ 

Figure 14. Typical Off-Line Start-Up Circuit and Timing. 
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ML4809 
In the actual implementation, an external resistor (pin 23) 
sets a current which will be equal to VRAMP/R1 and will 
appear on the comparator input pin. Since the sense 
resistor is a low impedance point, putting another resistor 
(R2) in series with the VSENSE pin (10) causes a voltage to 
add to the ramp voltage which is equal to VRAMP (R2/R1). 

I 

VE ~ -L 

~ 
I 
I 
I 
I 

UNCOMPENSATED 

~IAVG(2) 
IAVG(1) 

1 _______________________________ _ 

I 

VEl? 

!7-- >&:: IAVG 

I 
: WITH RAMP COMPENSATION 
I 
1 ______ --------------------------

Figure 15. The Effect of Ramp Compensation 

TO 
TRANSFORMER 

Figure 16. Ramp Compensation and 
Blanker Block Diagram. 

MAIN COMPARATOR BLANKER 

When CMP IN (EA OUT) is at a low level, spikes which 
occur on RAMP (which is connected to a current sense 
resistor or transformer) when the power MOSFETs first turn 
on can cause the cycle to terminate early. The result of 
early termination can cause instabilities. Three problems 
occur which all contribute to this spike. 

1. Inductance in the sense resistor. 

2. Inter-winding capacitance in the transformer. 

3. Reverse recovery current in the rectifier in the opposite 
FET intrinsic diode (or from the secondary diodes). 

BLANKER 
DISABLES COMPARATOR 
DURING SHADED TIME 

INDUCTANCE DIODE RECOVERY 

Figure 17. Unintended Early Cycle Termination. 

The first two problems usually cause a fairly short spike 
which is easy to filter out with just a simple RC before the 
comparator input without causing unacceptable phase 
delay at the input, since there is not much area 
underneath the spike. The third problem can have 
significant energy, and a filter with a low enough pole to 
reduce the "spike" to a level low enough not to cause 
early cycle termination would cause excessive phase shift. 

The solution is to provide a blanking pulse to the 
comparator at the beginning of the cycle. The width of 
this pulse is programmed by an external RC. When 
CLOCK IN is high, a buffer in the ML4809 charges the 
capacitor on pin 14 to 4V. When CLOCK goes low, the 
capacitor discharges through the external resistor. The 
outputs are held low until the voltage at pin 14 falls below 
3.2V. The buffer driving pin 14 is limited to SmA output 
current. The Blanking period can be calculated by the 
expression: 

To - RBLANKCBLANK 
BLANK - 2.83 

SYNCHRONIZATION INPUTS AND OUTPUTS 

When using the Clock (pin 7) or Q (pin 13) outputs, a 
SKQ pull down resistor is recommended. These outputs 
are open emitters. Clock has an internal (37SJ..lA) current 
sink load while Q is unloaded. Both will exhibit 
significant timing skew due to PC board capacitance if not 
loaded. 

Clock Output and External Input 

Used to synchronize multiple supplies. For synchronized 
operation of multiple ML4809's, tie the CLOCK OUT from 
the "master" to the CLOCK IN of the slaves. 

Toggle Preset and Q Output 

In multiple supply systems, this is important for 
synchronization. To synchronize multiple chips, connect 
the Q output from the "master" ML4809 to the Preset 
Input of the "slave" in a daisy chain". For non
synchronized operation this input would be connected 
toGND. 
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OTHER FEATURES 

Fast Shut Down Path from Current Limit to Outputs 

Provides a 30ns path to the outputs which begins to turn 
off the outputs while the longer latching path is 
propagating. In a normal UC1825, it can be as much as 
80ns until the over-current condition shuts down the 
outputs. 

Separate Error Amplifier Output Pin for loop Filtering 
Versatility 

This is especially useful for: 

1. Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 

2. High power supplies - current sharing: In system 
design with more than one supply running, in order to 
ensure that the supplies share current equally it is often 
necessary to have a "master" circuit control the PWM 
operation of each of the "slaves". This is most easily 
accomplished by an "or" (where the lowest output 
dominates) of the Error Amp outputs which is 
impossible if the output of the amp is internally 
connected to the input of the comparator. 

CT 

ML4809 

i :1---t-------11 I t~P I 
100 L.. __ "--__ -1. __ -'-_--' 

10 100 1000 

CBLANK (pFl 

Figure 18. T BLANK vs. CBLANK (RBLANK = 5.1 Kil). 

APPLICATIONS 

Figure 19 shows the ML4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 17 and 20. 
These diodes are necessary in order to prevent transients 
from driving these pins negative with respect to GND 
which would cause the IC to malfunction. 

Care should be exercised in layout: 

1. Avoid Ground Loops. Use "star" grounding. 

2. Bypass the Vee line with a high frequency capacitor 
which is physically close to the Ie. 

3. Avoid running signal lines near power lines. 

4. Employ "ground planing". 

Cs I I _________ 1 

RS 

Figure 19. Ml4809 Typical Application 
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ML4809 

ORDERING INFORMATION 

7-30 

PART NUMBER 

ML4809CP 
ML4809CQ 

TEMPERATURE RANGE 

O°C to +70°C 
O°C to +70°C 

.~Micro Linear 

PACKAGE 

Molded DIP (P24N) 
Molded PCC (Q28) 
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PRELIMINARY 

ML4810, ML4811 

High Frequency Power Supply Controller 
GENERAL DESCRIPTION 

The ML481 0 and ML4811 High Frequency PWM 
Controllers are optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1 MHz. The 
ML4810/11 contain a unique overload protection circuit 
which helps to limit stress on the output devices and 
reliably performs a soft-start reset. Propagation delays are 
minimal through the comparators and logic for reliable 
high frequency operation and slew rate and bandwidth 
are maximized on the error amplifier. These controllers 
are designed to work in either voltage or current mode 
and provide for input voltage feed forward. 

A 1.1 V threshold current limit comparator provides a 
cycle-by-cycle current limit. An integrating circuit 
"counts" the number of times the 1.1 V limit was reached. 
A soft-start cycle is initiated if the cycle-by-cycle current 
limit is repeatedly activated. A reset delay function is 
provided on the ML4811. All logic is fully latched to 
provide jitter-free operation and prevent multiple pulsing. 
An under-voltage lockout circuit with 7V of hysteresis 
assures low startup current and drives the outputs low 
during fault condition. 

BLOCK DIAGRAM 

The ML481 0/11 are fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller can therefore be 
easily implemented. Please refer to the FB3480 data sheet 
for more information. These controllers are similar to the 
UC1825 controller, however these controllers include 
many features not found on the 1825. These features are 
set in Italics. 

FEATURES 

• Integrating Soft Start Reset 

• High current (2A peak) dual totem pole outputs 

• Practical operation to 1 MHz (foscl 

• 5.1 V ±2% trimmed bandgap reference 

• Under voltage lockout with 7V hysteresis 

• Soft Start Reset Delay (ML4811) 

• Oscillator synchronization function (ML4811) 

• Soft Start latch ensures full 50ft start cycle 

• Outputs pull low for undervoitage lockout 

• Accurately controlled oscillator ramp discharge current 

• All timing currents "slaved" to Rr for precise control 

CLOCK 

POWER vc 16 

~ ________________ ~0~U~l~A~14 

OUTO 
~----------------~--~17 

POWER GND 
L---------------~~~~15 

S.lV VREF 19 
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ML4810, ML4811 

PIN CONFIGURATION 
Ml4810 

16-Pin DIP (P16) 

INV 5.1V REF 

NI Vee 

E/AOUT OUTD 

RCRESET POWERVe 

RT PWRGND 

CT OUTA 

RAMP GND 

SOFT START luMlS.D. 

Ml481 0 
16-Pin SOIC (S16W) 

INV 5.1V REF 

NI Vee 

E/AOUT OUTD 

RCRESET POWERVe 

RT PWRGND 

CT OUTA 

RAMP GND 

SOFT START luMlS·D. 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION 

INV Inverting input to error amp. 

2 NI Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and input to 
main comparator. 

4 RCRESET Timing elements for Integrating Soft 
Start reset. 

5 CLOCK Oscillator output. 

6 RT Timing resistor for oscillator - sets 
charging current for oscillator timing 
capacitor (pin 6). 

7 CT Timing capacitor for oscillator. 

8 RAMP Non-inverting input to main 
comparator. Connected to C T for 
voltage mode operation or to cu rrent 
sense resistor for current mode. 

9 SOFT START Normally connected to Soft Start 
capacitor. 

10 SYNC A high going pulse terminates the 
PWM cycle and discharges CT. 

Ml4811 
20-Pin DIP (P20) 

INV RESET DELAY 

NI 5.1V REF 

E/A OUT Vee 

RCRESET OUTD 

CLOCK POWERVe 

RT PWRGND 

CT OUTA 

RAMP GND 

SOFT START luwS.D. 

SYNC OVP 

Ml4811 
20-Pin SOIC (S20W) 

INV RESET DELAY 

NI 5.1V REF 

~O~ ~e 

RCRESET OUTD 

CLOCK POWER Ve 

RT PWRGND 

CT OUIA 

RAMP GND 

SOFT START luWS.D. 

SYNC OVP 
---''--:==:---r---' 

PIN# NAME FUNCTION 

11 OVP Exceeding 2.5V terminates the PWM 
cycle and inhibits the outputs. 

12 lu'ws.D· Current limit sense pin. Normally 
connected to current sense resistor. 

13 GND Analog signal ground. 

14 OUTA High current totem pole output. This 
output is the first one energized after 
power on reset. 

15 PWRGND Return for the high current totem 
pole outputs. 

16 Ve Positive supply for the high ,current 
totem pole outputs. 

17 OUTB High current totem pole output. 

18 Vee Positive supply for the Ie. 

19 5.1V REF Buffered output for the 5.1 V voltage 
reference. 

20 RESET DELAY Timing capacitor to determine the 
amount of delay between fault. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 18, 16) ...................................... 2SV 
Output Current, Source or Sink (Pins 14, 17) 

DC ....................................................................... O.SA 
Pulse (O.S~s) ......................................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 8) .............................................. -O.3V to 7V 
(Pins 9, 10, 11, 12, 20) ............................... -O.3V to 6V 

Clock Output Current (Pins 5) ................................. -SmA 
Error Amplifier Output Current (Pin 3) ...................... SmA 
Junction Temperature 

ML4811 M ........................................................... 150°C 
ML48111, ML4810C, ML4811C, ML481 01 .......... 125°C 

Storage Temperature Range ................... -65°C to + 150°C 

ELECTRICAL CHARACTERISTICS 

Ml4810, Ml4811 

Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (alA) 

Plastic DIP ....................................................... 6SoC/W 
Ceramic DIP .................................................... 6S oC/W 
Plastic SOIC ..................................................... 6S oC/W 

OPERATING CONDITIONS 

Temperature Range 
ML4810C, ML4811C ............................... O°C to +70°C 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 

Unless otherwise specified, Rr = 3.6SKn, Cr = 1 OOOpF, TA = Operating Temperature Range, Vee = lSV. 

PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vcc < 25V, (note 1) 0.2 4 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak 2.8 V 

Ramp Valley 1.0 V 

Ramp Valley to Peak 1.6 2.3 V 

Sync Input Threshold 0.8 1.0 1.4 V 

Sync Input Current VPIN 10 =4V IlA 

Reference Section 

Output Voltage TJ = 25°C, 10 = lmA 5.00 5.10 5.20 V 

Line Regulation 10V < Vcc < 25V 2 20 mV 

Load Regulation lmA<lo<10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C, (note 1) 0.2 0.4 % 

Total Variation I ine, load, temp, (note 1) 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz 50 IlV 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREf = OV -15 -50 -100 mA 

U nder-Voltage Lockout Section 

Start Threshold V 

UVLO Hysteresis V 
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ML4810, ML4811 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.65KQ, CT = lOOOpF, TA = Operating Temperature Range, Vee = 15V. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current 

Start Up Current Ml4810 Vee = 8V, TA;:' O°C 2.0 3.5 mA 
Vee = 8V, TA<O°C 2.5 4.0 mA 

Ml4811 Vee = 8V, TA;:' O°C 2.5 4.0 mA 
Vee = 8V, TA < O°C 3 4.5 mA 

lee Ml4810 VPIN1 7.9 = OV, VPIN 2 = lV, TA = 25°C 32 46 mA 

Ml4811 VPIN1 7,9 = OV, VPIN 2 = 1 V, TA = 25°C 38 55 mA 

Error Amplifier Section 

Input Offset Voltage ±20 mV 

Input Bias Current 0.6 3 IlA 
Input Offset Current 0.1 1 IlA 
Open loop Gain 1<Vo<4V 60 96 dB 

CMRR 1.5 < VeM < 5.5V 65 95 dB 

PSRR 10 < Vee < 30V 75 90 dB 

Output Sink Current VPIN 3 = lV 1 2.5 mA 

Output Source Current VPIN 3 = 4V -0.5 -1.3 mA 

Output High Voltage IPIN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IpIN3 = lmA 0 0.5 1.0 V 

Unity Gain Bandwidth Note 1 3 5.5 MHz 

Slew Rate Note 1 6 12 VI/LS 
PWM Comparator Section 

Pin 8 Bias Current VPIN8 =OV -1 -5 IlA 
Duty Cycle Range 0 75 % 

Pin 3 Zero DC Threshold 1.1 1.25 V 

Delay to Output Note 1 50 80 ns 

Soft-Start Section 

Charge Current (Pin 9) IMl4811 VPIN9 = lV, VPIN4, 12 = 0 -35 -55 -75 IlA 
Discharge Current (Pin 9) VPIN 9 = 3V, VPIN 4 > 2.5 1 5 mA 

VPIN 9 = 3V, VPIN 12 > 1.65, VPIN 4 < 2 1 5 mA 

Charge Current (Pin 20) VPIN 20 = lV 1 5 mA 

Discharge Current (Pin 20) Requires external discharge resistor 0 IlA 
Current Limit/Shutdown Section 

Pin 12 Bias Current OV < VPIN 12 < 4V +15 IlA 
Current limit Threshold Ml4810 1.2 1.3 1.4 V 

Ml4811 0.95 1.1 1.3 V 

Reset Threshold (Pin 12) Ml4810 VPIN 4 < 2V 1.60 1.75 1.90 V 

Ml4811 VPIN4 < 2V 1.4 1.50 1.8 V 

Delay to Output Note 1 40 70 ns 

Pin 4 Charging Current VPIN 12 = 2V 120 150 180 IlA 
Restart Threshold (Pin 4) 2 2.45 3 V 

OVP Shutdown Threshold (Pin 11) 2.4 2.7 2.8 V 

OVP Input Current VPIN 11 = 3V 40 50 60 IlA 
Charge Current (Pin 8) Ml481 0 VPIN 8 = 1 V, VPIN 4 9 = 0 -40 -50 -60 IlA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN lYP MAX I UNITS 

Output Section 

Output Low Level lOUT = 20mA .25 .4 V 

lOUT = 200mA 1.2 2.2 V 

Output High Level lOUT = -20mA 12.5 13.5 V 

lOUT = -200mA 12.0 13.0 V 

Collector Leakage Vc = 30V 100 500 IlA 

Rise/Fall Time CL = 1000pF, (note 1) 30 80 ns 

Note 1: This parameter not 100% tested in production but guaranteed by design. 

FUNCTIONAL DESCRIPTION 
SOFf STARr AND CURRENT LIMIT - INTEGRATING 
SOFf STARr RESET 

The ML4810/11 offers a unique system of fault detection 
and reset. Most PWM controllers use a two threshold 
method which relies on the buildup of current in the 
output inductor during a fault. This buildup occurs 
because: 

1. Inductor di/dt is a small number when the switch is 
off under load fault (short circuit) conditions, since 
V l is small. 

2. Some energy is delivered to the inductor since the 
IC must first detect the over-current because there is 
a finite delay before the output switch can turn off. 

~~C_~~--VTH'n-- J-L -- J-L ---
--SWITCH CURRENT 
---DIODE CURRENT 

Figure 1. Current Waveforms for Slow Turn-Off System 
with Load Fault 

This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays, very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller never detecting the load fault and continuing 
to pump full current to the load indefinitely, causing 
heating in the output rectifiers and inductor. 

--SWITCH CURRENT 
- - - DIODE CURRENT 

Figure 2. Current Waveforms for High Speed System with 
Load Fault 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

When the switch current crosses the 1.1V threshold A1 
signals the F1 to terminate the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.45\1, AS turns 
on F2 to discharge soft start capacitor C1. Charge is 
continually bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 

fROM ose. 

v+ 1-1L-

:I-__ +-<~ fROM osc. 
:.:JL..Jl 

Figure 3. Integrating Soft Start Reset 
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ML4810, ML4811 

out" the surge with the switch protected by the cycle 
by cycle limit. R1 and C1 can be selected to track 
diode heating, or to ride out various system surge 
requirements as required. 

If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

OSCILLATOR 

The ML4811 oscillator charges the external capacitor 
(CT) with a current (lSET) equal to 3/RT. When the 
capacitor voltage reaches the upper threshold (Ramp 

1111 

VI1I 1- - - - - - -
- - -----=- - --:::-- - --

Figure 4. Switching Current and Pin 4 Voltage - Nonna! 

VI1I 

Figure 5. Switching Current and Pin 4 Voltage - Load Fault 

Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the oscillator can be initiated 
by applying a high level to the Sync pin. A short pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the Ml4811 to 
an external clock. The pulse can be equal to the 
desired deadtime (T D) or the deadtime can be 
determined by 1015 and CT, whichever is greater. 

The Oscillator period can be described by the 
following relationship: 

where: 
and: 

T osc - TRAMP + T OEAOTIME 

TRAMP = C (Ramp Valley to Peak)IISET 
T OEAOTIME = C (Ramp Valley to Peak)IIQ1 

,...------ - - ---------, 
~NC 1~0r_----------------, 

I 
ISET 

+-
I 3V 
I 

5V 

7r---~~~~~~ 

I 
I 
I 
I 
I 
I 
I 
I _ I L ____________________ ~ 

CLOCK ----In"-----,n 
10---11_ 

RAMP PEAK -~--~---~--

RAMP VALLEY :TL ___ ~ ___ j __ 

Figure 6. Simplified 0sciUat0r Block Diagram and Tuning 

100 lK 10K lOOK 1M 

FREQ 1Hz) 

fIgUre 7. Oscillator Tuning Resistance w. Frequency 
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ERROR AMPLIFIER 

The Ml4811 error amplifier is a 5.5MHz bandwidth 
12V/psec slew rate op-amp with provision for limiting 
the positive output voltage swing (Output Inhibit line) 
for ease in implementing the soft start function. 

160 

140 

I 120 

100 

80 
10K 

1.00F / 

470pf ./ 
lOOK 1M 

FREQ (Hz) 

Figure 8. Oscillator Deadtime vs Frequeocy 
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Figure 9. Oscillator Deadtime vs cm (3:5 Rm :5 l00KO) 
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Figure 10. Unity Gain Slew Rate 

ML4810, ML4811 

OUTPUT DRIVER STAGE 

The Ml4811 Output Driver is a ']A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

100 
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Figure 11. Open Loop Frequeocy Response 
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Figure 12. Simplified Schematic 
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Figure 13. Saturation Curves 
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Figure 14. Rise/Fall Time (CL = 1000pF) 

50 

45 

i 40 
_ 35 

a 30 
l:l 
.. 25 

~ 20 

I 15 

~ 10 

5 

r":: roo-

"" 
I I 
I ML4811 

~ 
ML4810 --r-

-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE ('0 

Figure 16. Supply Current vs. Temperature 

ORDERING INFORMATION 

PART NUMBER 

ML481DCP 
ML4810CS 
ML4811CP 
ML4811CS 

~ 
15 

5 10 
~ 

J '\ 

( 

l 

\ / 
\ 

\ 

2 
ILIN 

-2 

o 100 200 300 400 500 

TIME (ns) 

Figure 15. Rise/Fall Time (CL = 10,OOOpF) 

TEMPERATURE RANGE 

DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 

PACKAGE 

16-Pin Molded DIP (P16) 
16-Pin Molded SOIC (S16W) 
2D-Pin Molded DIP (P2D) 
2D-Pin Molded SOIC (S2DW) 
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GENERAL DESCRIPTION 
The Ml4812 is designed to optimally facilitate a "boost" 
type power factor correction system. Special care has 
been taken in the design of the Ml4812 to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, ramp compensation, as well as a high current 
output. In addition, start-up is simplified by an under
voltage lockout circuit with 6V hysteresis. 

In a typical application, the Ml4812 functions as a current 
mode regulator. The current which is necessary to 
terminate the cycle is a product of the sinusoidal line 
voltage times the output of the error amplifier which is 
regulating the output DC voltage. Ramp compensation is 
programmable with an external resistor, to provide stable 
operation when the duty cycle exceeds SO%. 

BLOCK DIAGRAM (Pin Out shown is for DIP) 

oVP -"-'~---t 

sv 
I(SENSE) -'-1~----'-~ 

MULTIPLIER ~I-----~-------, 

EA OUT -"-1-----------, 

INV ...;4+ ___ --1 

sv 

I(SINE) .!6~ .... -:---_+-~ 

I(RAMP COMp) 
RAMPCOMP ..!.7-l-____ --'+-'--_~r· 

cm1~6t_------------~~~_, 
Rm ~81_-------_i 

• I(MUL 1) ~ I(SINE) x I(EA) - [I(RAMP COMP) + 21 

Patented 

September 1994 

ML4812 

Power Factor Controller 

FEATURES 

• Precision buffered SV reference (±O.S%) 

• Current input multiplier reduces external components 
and improves noise immunity 

• Programmable ramp compensation circuit 

• 1 A peak current totem-pole output drive 

• Over-voltage comparator eliminates output "runaway" 
due to load removal 

• Wide common mode range in current sense 
comparators for better noise immunity 

• large oscillator amplitude for better noise immunity 

,...-_________ -1-='0 SHUTDOWN 

R Q(----; ......... > ___ -f..!1.::..2 OUT 

L-____ -r'~1 ~RGND 

+5V 

UNDER 
VOLTAGE 
LOCKOUT 

t-___ -r'''''-4 5V VREF 

t-r---r''''-3 vee 

32V 

15 SIGNAL GND 

.-..--'V\,..,...------~t-9~ CLOCK 
1K 
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PIN CONFIGURATION 

ML4812 
16-Pin DIP (P16) 

I(SENSE) C(T) 

MULTIPLIER SIGNAL GND 

EA OUT 5V VREF 

INV Vee 

OVP OUT 

I(SINE) PWR GND 

RAMP COMP SHUTDOWN 

R(T) '-___ .-Ir CLOCK 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

I(SENSE) Input from the current sense 
transformer (Tl) to the PWM 
comparator (+). 

2 MULTIPLIER Output of current multiplier. 

3 EA OUT 

4 INV 

5 OVP 

A resistor to ground on this pin 
converts the current to a voltage. 
This pin is clamped to 5V and tied 
to the PWM comparator (-). 

Output of error ampl ifier. 

Inverting input to error amplifier. 

Input to over voltage comparator. 

6 I(SINE) Current multiplier input. 

7 RAMP COMP Buffered output from the oscillator 
ramp [Cm]. A resistor to ground sets 
the current which is internally 
subtracted from the product of 
I(SINE) and I(EA) in the multiplier. 

I(SINE) 

PIN# NAME 

8 R(T) 

ML4812 
20-Pin pee (Q20) 

'" Q 

~ 
Z 
~ 

Ii .... 
§ < 

~ E 
z 

::> u ~ ~ z u 

SV VREF 

Vee 

NC 

OUT 

PWRGND 

.. E u ,. z 

~ .. z ~ ~ 
U Q .. ... 

! ::> 
:c 
'" 

TOP VIEW 

FUNCTION 

Oscillator timing resistor pin. A 5V 
source sets a current in the external 
resistor which is mirrored to charge 
Cm. 

9 CLOCK Digital clock output. 

10 SHUTDOWN A TIL compatible low level on this 
pin turns off the output. 

11 PWRGND Return for the high current totem 
pole output. 

12 OUT High current totem pole output. 

13 Vee Positive Supply for the Ie. 

14 5VVREF Buffered output for the 5V voltage 
reference. 

15 SIGNAL GND Analog signal ground. 

16 Cm Timing capacitor for the oscillator. 
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ABSOLUTE MAXIMUM RATINGS Storage Temperature Range ................... -65°C to + 150°C 
Absolute maximum ratmgs are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation IS not implied. 

Lead Temperature (soldering 10 sec.) ................... +260°C 
Thermal Resistance (8lA) 

Supply Current {led ............................................... 30mA Plastic Chip Carrier (PCC) - Q ........................ 60°C!W 

Output Current Source or Sink (pin 12) Plastic DIP - P ............................................... 65°C!W 

DC .•..................................................................... 1.0A Ceramic DIP - J ............................................. 65°C!W 

Output Energy (capacitive load per cycle) ................... 51lJ OPERATING CONDITIONS 
Multiplier I(SINE) Input (pin 6) ............................... 1.2mA 
Error Amp Sink Current (pin 3) ................................ 10mA Temperature Range 
Oscillator Charge Current ......................................... 2mA ML4812C ................................................ O°C to +70°C 
Analog Inputs (pins 1, 4, 5) ......................... -O.3V to 5.5V ML48121 .............................................. -40°C to +85°C 
Junction Temperature ............................................. 150°C ML4812M .......................................... -55°C to + 125°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 14KO, C T = 1 OOOpF, TA = Operating Temperature Range, Vee = 15V (note 2), 
Pin numbers refer to 16-pin DIP package. 

PARAMETER I CONDITIONS MIN TYP MAX 

Oscillator 

Initial Accuracy TJ = 25°C 91 98 105 

Voltage Stability 12V<Vcc<18V 0.3 

Temperature Stability 2 

Total Variation line, temp. 90 108 

Ramp Valley to Peak 3.3 

R(T) Voltage 4.8 5.0 5.2 

Discharge Current (pin 8 open) TJ = 25°C, VPIN 16 = 2V 7.8 8.4 9.0 

VplN 16 = 2V 7.3 8.4 9.3 

Clock Out Voltage Low RL = 16Kn 0.2 0.5 

Clock Out Voltage High RL = 16Kn 3.0 3.5 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1 mA 4.95 5.00 5.05 

Line Regulation 12V < Vee < 25V 2 20 

Load Regu lation 1 mA < 10 < 20mA 2 20 

Temperature Stability 0.4 

Total Variation line, load, temp. 4.9 5.1 

Output Noise Voltage 10Hz to 10KHz 50 

Long Term Stability TJ = 125°C, 1000 Hrs (notel) 5 25 

Short Circuit Current VREF = OV -30 -85 -180 

Error Amplifier Section 

Input Offset Voltage ±15 

Input Bias Current -0.1 -1.0 

Open Loop Gain 1 < VPIN 3 < 5V 60 75 

PSRR 12V < Vee < 25V 60 75 

Output Sink Current VPIN 3 = 1.IV, VPIN 4 = 6.2V 2 12 

Output Source Current VPIN 3 = 5.0V, VPIN 4 = 4.8V -0.5 -1.0 

Output High Voltage IplN 3 = -0.5mA, VPIN 4 = 4.8V 5.3 5.5 

Output Low Voltage IplN 3 = 1 mA, VPIN 4 = 6.2V 0.5 1.0 

Unity Gain Bandwidth 1.0 

'Micro Linear 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Multiplier 

I(SINE) Input Voltage I(SINE) = 5001lA 0.4 0.7 0.9 V 

Output Current (pin 2) I(SINE) = 5001lA, Pin 4 = VREF -20mV 460 480 510 IlA 
I(SINE) = 5001lA, Pin 4 = VREF + 20mV 3 10 IlA 
I(SINE) = 1 mA, Pin 4 = VREF - 20mV 900 950 1020 ~A 

I(SINE) = 5001lA, Pin 4 = VREF - 20mV, 455 IlA 
I PIN 7 = 501lA 

Bandwidth 200 KHz 

PSRR 12V < Vee < 25V 70 dB 

OVP Comparator 

Input Offset Voltage Output Off -25 +5 mV 

Hysteresis Output On 95 105 115 mV 

Input Bias Current -0.3 -3 IlA 
Propagation Delay 150 ns 

PWM Comparator: I(SENSE) 

Input Offset Voltage ±15 mV 

Input Offset Current ±1 mA 

Input Common Mode Range -0.2 5.5 V 

Input Bias Current -2 -10 ~A 

Propagation Delay 150 ns 

ILiMIT Trip Point VPIN 2 = 5.5V 4.8 5 5.2 V 

Output SectIon 

Output Voltage Low IOUT=-20mA 0.1 0.4 V 

lOUT = -200mA 1.6 2.2 V 

Output Voltage High lOUT = 20mA 13 13.5 V 

lOUT = 200mA 12 13.4 V 

Output Voltage Low in UVLO lOUT = -SmA, Vee = 8V 0.1 0.8 V 

Output Rise/Fall Time CL = 1000pF 50 ns 

Shut Down Input VIH 2.0 V 

VIL 0.8 V 

IlL, VPIN 10 = OV -1.5 mA 

IIH, VPIN 10 = 5V 10 IlA 
Under-Voltage Lockout 

Start-Up Threshold 15 16 17 V 

Shut-Down Threshold 9 10 11 V 

VREF Good Threshold 4.4 V 

Total DeVIce 

Supply Current Start-Up, Vee = 14V, TJ = 25°C 0.8 1.2 mA 

Operating, TJ = 25°C 20 25 mA 

Internal Shunt Zener Voltage lee = 30mA 25 30 34 V 

Note 1: This parameter not 100% tested In production but guaranteed by design. 
Note 2: Vee is raised above the Start· Up Threshold first to activate the Ie, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4812 oscillator charges the external capacitor (C T) 
with a current (lSET) equal to 5/RSET' When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Ql. While the capacitor is discharging, 
Q2 provides a high pulse. 

The Oscillator period can be described by the following 
relationship: 

T OSC = TRAMP + T DEADTIME 

where: 

and: 

50 

~ 
30 

" 20 

~ 
i!i 
" ~ 10 

3: 8 
i= 
/i 

1 _ CT X VRAMP VALLEY TO PEAK 
RAMP -

1 _ CT X VRAMP VALLEY TO PEAK 
DEADTIME - 8AmA -ISET 

r----------------------, 
I 

r---~----------~~5V I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I _ I 
1- __ -____________________ I 

CLOCK n n 
-----' '--------" 

To-.! ~ 

RAMP PEAK -~T~--./'\----~---

RAMP VALLEY ~~ _____ V" ____ .t_ 
Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator Timing Resistance vs. Frequency 

ML4812 
OUTPUT DRIVER STAGE 

The ML4812 Output Driver is a lA peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 

:L-f-~OURCE SATURATION I 
-Vee (LOAD TO GROUND) vee = 15V ~ 

TA = 25'C I 80~s PULSED LOAD tJ -1.0 

~ 
~ -2.0 

Z o -
120 Hz RATE 

TA =_55°C 

I ./ S 
:J 3.0 

~ TA~-55'C -'" 
5 2.0 / -- TA= 25'C-

LL SINK SATURATION I 
~ I (LOAD TO Vecl I 

I GND" I 

5 
o 1.0 

$ o 
o 200 400 600 800 

10, OUTPUT LOAD CURRENT (mA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4812 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

r-------------------
I 

+5V +8V 

I 1 ___________________ 1 

Figure 4. Error Amplifier Configuration 

_100~--~-----r----~----~----r_--_, 
co :s Vee = 15V 
z 80 I---''''-'''''''' ____ l--__ --+ ____ -+Vo = 1.0V TO 5.0V 30 
~ RL == lOOK - ifi 
w TA=25°C ~ 
\j60 60~ 

g ~ 
40 90 ~ 

~q 
_ 20 120 !a 
~ ~ 
o 0 150 .. 

~ 
<~0~--~----~----~----~----~~~180 

10 100 1.0K 10K lOOK 1.0M 10M 
I, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and 
Phase vs Frequency 
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ML4812 
MULTIPLIER 

The ML4812 multiplier is a linear current input multiplier 
to provide high immunity to the disturbances caused by 
high power switching. The rectified line input sine wave is 
converted to a current via a dripping resistor. In this way, 
small amounts of ground noise produce an insignificant 
effect on the reference to the PWM comparator. 

The output of the multiplier is a current proportional to: 

lOUT oc I(SINE) x I(EA) 

where I(SINE) is the current in the dropping resistor, and 
I(EA) is a current proportional to the output of the error 
amplifier. When the error amplifier is saturated high, the 
output of the multiplier is approximately equal to the 
I(SINE) input current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output. The multiplier 
output is clamped to 5V to provide current limiting. 

Ramp compensation is accomplished by subtracting 1/2 of 
the current flowing out of pin 7 through a buffer transistor 
driven by C(T) which is set by an external resistor. 

ERROR CURRENT 

7 RAMPCOMP 

16 C(T) 

9V 

I(SINE)x 
ERROR CURRENT -
I(RAMP COMP)/2 

5V 

Figure 6. Multiplier Block Diagram 

SINE INPUT CURRENT (~A) 

Figure 7. Multiplier Linearity 

~ 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4812 remains in the UVLO 
condition; output low and quiescent current low. The IC 
becomes operational when Vee reaches 16 V. When Vee 
drops below 1 av, the UVLO condition is imposed. During 
the UVLO condition, the 5V VREF pin is "off", making it 
usable as a "flag" for starting up a downstream PWM 
converter. 

>--___ ---_5V VREF 

vee 

Figure 8. Under-Voltage Lockout Block Diagram 
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Figure 9a. Total Supply Current vs. Supply Voltage 
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Figure 9b. Supply Current (led vs. Temperature 

7-44 'Micro Linear 



:> 
S 

o 
.......... 

..... vic = l~V_ 
tJ -4.0 
Z 

~ 
~ -B.O 

~ 

i'-o.. 
t'-.. 

"""III 
....... i'oo.. 

~ 
~ -12 f"'... TA =_55°C _ 
w 
u 
~ -16 

$ 
~ -20 

~ 
-24 

o 20 

TA = 125°C 

40 60 

........ 

A = 25°C 
I 

80 100 

IREF, REFERENCE SOURCE CURRENT (rnA) 

Figure 10. Reference Load Regulation 

APPLICATIONS 

INPUT INDUCTOR (L1) SELECTION 

120 

The central component in the regulator is the input boost 
inductor. The value of this inductor controls various 
critical operational aspects of the regulator. If the value is 
too low, the input current distortion will be high and will 
result in low power factor and increased noise at the 
input. This will require more input filtering. In addition, 
when the value of the inductor is low the inductor dries 
out (runs out of current) at low currents. Thus the power 
factor will decrease at lower power levels and/or higher 
line voltages. If the inductor value is too high, then for a 
given operating current the required size of the inductor 
core will be large and/or the required number of turns will 
be high. So a balance must be reached between distortion 
and core size. 

One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 

_ YIN Vour ----
1-DON 

Where DON is the duty cycle [T ON/(T ON + T OFF)]. The 
input boost inductor will dry out when the following 
condition is satisfied: 

or 

YlNDRY = [1- DON(max)] x Your 

VINDRY: Voltage where the inductor dries out. 
Your: Output dc voltage. 

(1 ) 

(3) 

ML4812 
Effectively, the above relationship shows that the resetting 
volt-seconds are more than setting volt-seconds. In energy 
transfer terms this means that less energy is stored in the 
inductor during the ON time than it is asked to deliver 
during the OFF time. The net result is that the inductor 
dries out. 

The recommended maximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump its 
energy to the output cap?citors. 

For example: 

if: Your = 380V and 
DON (max) = 0.95 

then substituting in (3) yields VINDRY = 20V. The effect of 
drying out is an increase in distortion at low voltages. 

For a given output power, the instantaneous val ue of the 
input current is a function of the input sinusoidal voltage 
waveform, i.e. as the input voltage sweeps from zero volts 
to a maximum value equal to its peak so does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of the 
input inductor: 

Step 1: Find minimum operating current. 

I (min) _ 1.414x~N(min) 
,N PEAK - V1N(max) 

VIN(max) = 260V 

PIN(min) = SOW 

then: IIN(min)PEAK = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
fou nd instep 1 was chosen. 

then: ILORY = 100mA 

(4) 

Step 3: The value of the inductance can now be found 
using previously calculated data. 

L 1 = YlNDRY x DON (max) 

ILORy x fosc 

-:--:=.2:o.0V~x~O,-".9C.:<S,..-,- = 2mH 
1 OOmA x 100KHz 

(5) 

The inductor can be allowed to decrease in value when 
the current sweeps from minimum to maximum value. 
This allows the use of smaller core sizes. The only 
requirement is that the ramp compensation must be 
adequate for the lower inductance value of the core so 
that there is adequate compensation at high current. 
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630V 

0, 
lN5406 

0'0 
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1. ALL UNSPECIFIED DIODES ARE lN4148. 
2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATT. 
3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V. 

,-----------------------------1 
I I I OfF-LINE START-UP 

IC, 
1C7i6 
2 15 
3 141 
4 13 
5 12 
6 11 
7 10 
8 9 
"'MiAi'i'2 

Rr 

Rsc ~7.5K 

13k 

•• SEE NOTES BELOW 

CT2nF 

I AND BIAS SUPPL V 

I I Rc 
'0 

I~C9 ...I.,.Ca 
To.'.F T O.'.F 

GND 

P3 IS USED AT INITAL TURN·ON TO 
CHECK THE IC FOR PROPER OPERATION. 
APPLY ~ 16VDC. 

c, 
'.F 
630V 

4. ADJUST R2A AND RSA WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOLTAGES RIA, R18, R4A, R48 = 178K 1%, 
R28 = 4.75 1 %, R58 = 4.53K 1 %. 

Q, = 2N2222 OR EQUIVALENT. 

USE JUMPERS INSTEAD OF R2A AND R5A (POTS). 

FOR HIGHER POWER USE MORE Vcc DECOUPLING. 
2ltF OR MORE 8E REQUIRED AT lKW LEVELS. 

'2 

380VDC 
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Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor correction 
the above value of L 1 can be optimized after a 
few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron cores 
are typical choices for core material. The core material 
selected should have a high saturation point and 
acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4119PLOO-3C8 made by Ferroxcube. This ungapped core 
will require a total gap of 0.180" for this application. 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

For example: 

f 1.36 
osc=~ 

T T 
(6) 

Step 1: At 100KHz with 95% duty cycle T OFF = 500ns 
calculate CT using the following formula: 

C - TOFF X IDIS 1000pF 
T - Vosc 

(7) 

Step 2: Calculate the required value of the timing resistor. 

1.36 
100KHz x 1 OOOpF 

(8) 

= 13.6KQ choose RT = 14KQ. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4812 is provided internally. 
Rather than adding slope to the non inverting input of the 
PWM comparator it is actually subtracted from the voltage 
present at the inverting input of the PWM comparator. The 
amount of slope compensation should be at least 50% of 
the downslope of the inductor current during off time as 
reflected to the inverting input of the PWM comparator. 
Note that slope compensation is required only when the 
inductor current is continuous and the duty cycle is more 
than 50%. The downslope of the inductor current at the 
verge of discontinuity can be found using the expression 
given below: 

380V-20V =0.18A/J.ls (9) 
2mH 

The downslope as reflected to the input of the PWM 
comparator is given by: 

(10) 

Ml4812 
Where Rs is the current sense resistor and Nc is the turns 
ratio of the current transformer (Tl) used. In general, current 
transformers simplify the sensing of switch currents 
especially at high power levels where the use of sense 
resistors is complicated by the amount of power they have 
to dissipate. Normally the primary side of the transformer 
consists of a single turn and the secondary consists of 
several turns of either enameled magnet wire or insulated 
wire. The diameter of the ferrite core used in this example 
is 0.5" (SPANG/Magnetics F41206-TC). The rectifying 
diode at the output of the current transformer can be a 
1 N4148 for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to sense 
the switch current, the sensed signal has to be amplified to 
the proper level before it is applied to the ML4812. 

The value of the ramp compensation (SCPWM) as seen at 
the inverting terminal of the PWM comparator is: 

SC _ 2.5xRM 
PWM - RT xCT xRsc 

The required value for Rsc can therefore be found by 
equating: 

SCPWM = Asc X SPWM 

where Asc is the amount of slope compensation and 
solvi ng for Rsc. 

(11 ) 

The value of RM (pin 2) depends on the selection of Rp 
(pin 6) 

260x 1.414 = 750K 
0.5mA 

RM = VCLAMP X Rp = 4.9 x 750K 28.8K 
ViN(min)PEAK 90 x 1.414 

The peak of the inductor current can be found 
approximately by: 

(12) 

(13) 

I = 1.414xPOUT = 1.414x200 3.14A (14) 
LPEAK VIN(min)RMS 90 

Selection of Nc which depends on the maximum switch 
current, assume 4A for this example is 80 turns. 

4.9x80 =100Q 
4 

(15) 

Where Rs is the sense resistor, and VCLAMP is the current 
clamp at the inverting input of the PWM comparator. This 
clamp is internally set to 5V. In actual application it is a 
good idea to assume a value less than 5V to avoid 
unwanted current limiting action due to component 
tolerances. In this application VCLAMP was chosen as 4.9V. 

Having calculated Rs the value SPWM and of Rsc can now 
be calculated: 

S =380V-20 x l00=0.225V/lls 
PWM 2mH 80 t"' 
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(16) 
R = 2.5 x 28.8K = 33K 

se 0.7 x (0.225 x 1 06) X 14K X 1nF 

The following values were used in the calculation: 

RM = 28.8K Ase = 0.7 
RT = 14K C T = 1 nF 

VOLTAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components are 
calculated based on the operating output voltage. Note 
that voltage safety regulations require the use of sense 
resistors that have adequate voltage rating. As a rule of 
thumb if 1/4W resistors are available, two of them should 
be used in series. The input bias current of the error 
amplifier is approximately 0.51JA, therefore the current 
available from the voltage sense resistors should be 
significantly higher than this value. Since two 1/4W 
resistors have to be used the total power rating is 1/2W. 
The operating power is set to be Oo4W then with 380V 
output voltage the value can be calculated as follows: 

Rl = (380V)2 /Oo4W = 360K (17) 

Choose two 178K, 1 % connected in series. 

Then R2 can be calculated using the formula below: 

R2 = VREF xR1 =5Vx356K 4.747K 
VOUT - VREF 380V - 5V 

(18) 

Choose 4.75K, 1 %. One more critical component in the 
voltage regulation loop is the feedback capacitor for the 
error amplifier. The voltage loop bandwidth should be set 
such that it rejects the 120Hz ripple which is present at 
the output. If this ripple is not adequately attenuated it will 
cause distortion on the input current waveform. Typical 
bandwidths range anywhere from a few Hertz to 15Hz. 
The main compromise 'is between transient response and 
distortion. The feedback capacitor can be calculated using 
the following formula: 

C _ 1 
F - 3.142xR1 xBW 

(19) 
C = 1 =0044 F 

F 3.142x356Kx2Hz ~ 
OVERVOLTAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no interaction 
with the voltage control loop. Typically it should be set to 
a level where the power components are safe to operate. 
Ten to fifteen volts above VOUT seems to be adequate. 
This sets the maximum transient output voltage to about 
395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R4 = 356K then Rs can 
be calculated as: 

Rs = VREF X R4 = 5V x 356K = 4.564K (20) 
Vovp - VREF 395V -5V 

Choose 4.53K, 1%. 

Note that R1, R2, R4 and Rs should be tight tolerance 
resistors such as 1 % or better. 

CONTROLLER SHUTDOWN 

The ML4812 provides a shutdown pin which could be 
used to shutdown the Ie. Care should be taken when this 
pin is used because power supply sequencing problems 
could arise if another regulator with its own bootstrapping 
follows the ML4812. In such a case a special circuit 
should be used to allow for orderly start up. One way to 
accomplish this is by using the reference voltage of the 
ML4812 to inhibit the other controller IC or to shut down 
its bias supply current. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The ML4812 can be started using a "bleed resistor" from 
the high voltage bus. After the voltage on pin 13 (Vee) 
exceeds 16V, the IC starts up. The energy stored on the 
330~F, C15, capacitor supplies the IC with running power 
until the supplemental winding on L 1 can provide the 
power to sustain operation. 

The values of the start-up resistor R1 0 and capacitor C15 
may need to be optimized depending on the application. 
The charging waveform for the secondary winding of L 1 is 
an inverted chopped sinusoid which reaches its peak 
when the line voltage is at its minimum. In this example, 
C9 = 0.1 /IF, C15 = 330/lF, D8 = 1 N4148, RlO = 39K, 2W. 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor enhancement 
circuit (inside the dotted lines) in Figure 11 is described in 
Application Note 11 in detail. It improves the power factor 
and lowers the input current harmonics. Note that the 
circuit meets the proposed lEe 555 specifications (with the 
enhancement) on the harmonics with a large margin while 
correcting the input power factor to better than 0.99 under 
most steady state operating conditions. 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care during 
breadboard construction and layout. Double sided printed 
circuit boards with ground plane on one side are highly 
recommended. All critical switching leads (power FET, 
output diode, IC output and ground leads, bypass 
capacitors) should be kept as small as possible. This is to 
minimize both the transmission and pick-up of switching 
noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is due 
to fast changing (high di/dt) circulating switching currents. 
The main source is the loop formed by Q1, D5, and 
C3-C4. Therefore this loop should be as small as possible, 
and the above capacitors should be good high frequency 
types. 
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The second form of noise coupling is due to fast changing 
voltages (high dv/dt). The main source in this case is the 
drain of the power FET. The radiated noise in this case can 
be minimized by insulating the drain of the FET from the 
heatsink and then tying the heatsink to the source of the 
FET with a high frequency capacitor (CH in Figure 11). 

ML4812 
The IC has two ground pins named PWR GND and Signal 
GND. These two pins should be connected together with 
a very short lead at the printed circuit board exit point. In 
general grounding is very important and ground loops 
should be avoided. Star grounding schemes are preferred. 

Component Values/Bill of Materials for Figure 11 

Reference Description Reference Description 

Cl, C4 lILF, 630V FILM (250 VAC) Q2 LM781SCT 

C3,CH 6.8nF 1 KV Ceramic disk Q3 2N2222 or equivalent 

CS, C6 680ILF 200V Electrolytic R1A,R1B,R4A,R4B 180KO 

C8,C9 O.lILF SOV Ceramic R2A,RSA lOKO TRIMPOT BOURNS 3299 

Cl0, C19 llLF SOV Ceramic 
or equivalent 

R2B,RSB 3.9KO 
Cll O.OOlILF SOV Ceramic 

R3, R13 22KO 
C15 330ILF 2SV Electrolytic 

C16 lOOILF 2SV Electrolytic 
R6,R7,RPB lS0KO 

C17 lOILF 2SV Electrolytic 
Rl0 39KO,2W 

Rll 33KO 
CF 0.471LF SOV Ceramic 

R12 lKO 
CT 0.0021LF SOV Ceramic 

RG 100 
01,02,03,04,010 1 NS406 (Motorola) 

RM 27Kn 
05 MUR8S0 (Motorola) 

RPA, R1S 360KO 
06,08,09 1 N4148 
011,012,013 RS 100KO 

Fl SA 2S0V 3AG with clips RSC 33KO 

ICl ML4812CP (Micro linear) RT 7.SKO 

11 2mH, 4A IpEAK (see below) Tl SPANG F41206-TC 

Ql IRF840 or MTPN8NSO 
Ns = 80, Np = 1 (see attached) 

Notes: All resistors 1!4W unless otherwise specified. Some reference designators are skipped (e.g. e2, C12, etc.) and do not appear on the schematic. These designators 
were used In previous revisions of the board and are not used on thiS revision. Additional mformatlon on key components is included in the attached appendix. 
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Magnetics Tips (Refer to Figure 11) 

L 1 - Main Inductor: 

One of several toroidal cores can be used for L 1 : 

Material Manufacturer 

Powdered Iron Micrometals 

Powdered Iron Micrometals 

Molypermalloy SPANG (Mag. Inc.) 

The T184-40 core above is the most economical, but has 
lower inductance at high current. This would yield higher 
ripple current and require more line EMI filtering. The 
value for RSC (slope compensation resistor on Pin 7) was 
calculated for the T225-B/90 and should be recalculated 
for other inductor characteristics. Selected pages of the 
Micrometals iron powder core data sheets are attached for 
your convenience. The core manufacturer also has 
additional applications literature available. 

A gapped ferrite core can also be used in place of the 
powdered iron core. One such core is a Ferroxcube core 
#4229PLOO-3CB. This is an un-gapped core. Using 145 
turns of #24 AWe wire, a total air gap of O.lBO" is 
required to give a total inductance of about 2mH. Since 1/ 
2 of the gap wi II be on the outside of the core and 1/2 the 
gap on the inside, putting a 0.09" spacer in the center will 
yield a O.lBO" total gap. To prevent leakage fields from 
generating RFI, a shorted turn of copper tape should be 
wrapped around the gap as shown below: 

For production, a gapped center leg can be ordered from 
most core vendors, eliminating the need for the external 
shorted copper turn when using a pot core. 

Part # Turns (#24AWG) 

T225-8/90 200 

T184-40 120 

58076-A2 (high flux) 180 

T1 - Sense Transformer 

In addition to the core type mentioned in the parts list, the 
following Siemens cores should be suitable for 
substitution and may be more readily available in Europe. 

Material Size Code Part # 

N27 RI6/6.3 864290-K45-X27 

N30 RI6/6.3 864290-K45-X830 

The N27 material is for high frequency and will work 
better above 100KHz but both are adequate. In addition, 
Ferroxcube/Phillips Magnetics core 76BT1BB-3CB can be 
used. 

U.S. Core Vendors: 

Manufacturer Phone Number 

SPANG/Magnetics Inc. (412) 282-8282 

Micrometals (800) 356-5977 

Ferroxcube/Phillips Magnetics (818) 998-7311 

7-50 'Micro Linear 



.., 
o'C. 
e ... 
~ 
..... 
!'J 
;0: 

~ 

ii S" 
"C e fr ... 
'"C 
<:) !: :;; 
~ _. 
.:' n 
'"C a <:) 

:;; 
~ r- ... .., _. ... ::s !l 

I <:) ... 
(") .. ~ ... 
~ 

9-. 
<:) 
::I 
(") :;. ,., 
§: 

'-I 
I 

r..n 
-' 

FUSEFI 

15A 250V 

AC 

IN 

N. 

NOTES: 

C, 

'"H soov 

,-----------------------------1 
I ENHANCEMENT CIRCUIT SEE TEXT Vee 2N2222 I 
I ru ~ I 

: Q3 : 
I \ I 
I 3]OK 22K D2 I 
I Vz I 

: 7GND 3.SV: 
01 

1 NS406 

I I 
I I __________ J 

:sc 
51K 

ML4812 
RT 
6.2K 

1. ALL UNSPECIFIED DIODES ARE lN4148. 
2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATT. 
3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V. 
4. ADJUST R2A AND RSA WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. 

Q3 = 2N2222 OR EQUIVALENT. 

I 

GND 

AT INITIAL TURN-ON TO CHECK 
THE IC FOR PROPER OPERATION, 
APPLY = 16VDC. 

+ 

VOUT 

FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOLTAGES RIA, R18, R4A, R48 = 178K 1%, 
R28 = 4.75 1 %, R58 = 4.53K 1 %. 
USE JUMPERS INSTEAD OF R2A AND R5A (POTS). 
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Ml4812 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4812CP O°C to +70°C Molded DIP (P16) 
ML4812CQ O°C to +70°C Molded DIP (Q20) 

ML48121P -40°C to +85°C Molded DIP (P16) 
ML48121Q -40°C to +85°C Molded DIP (Q20) 

ML4812MJ -55°C to + 125°C Hermetic DIP U16) 
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,~ Micro Linear 
ML4812EVAL 

Power Factor Controller Evaluation Kit 

GENERAL DESCRIPTION FEATURES 

• Power Factor> .99 
The ML4812EVAL kit provides a convenient vehicle to 
evaluate the ML4812 Power Factor Correction circuit. The 
board implements a 200W "boost" type power factor 
correction system. Special care has been taken in the 
layout of this PC board to provide adequate space for 
probes and a large area for ground plane to increase 
system noise immunity. 

• Harmonic currents well below proposed IEC555-2 
limits. 

• 90 to 256VAC input, 380V output to 200W 

• 380VDC output to 200W 

• Over-Voltage Protection 

This kit includes a blank PC board, schematic of a 
complete power factor correction system and 
specifications for the key external components necessary 
to build a prototype Power Factor Correction front end. 
The unit is designed to operate over 90VAC to 256VAC 
line range and can run from no load to a full 200W. 
Higher power levels can be achieved using this board by 
using larger external components. 

• Peak Current sense circuit protects Power MOSFET 

• PC board and ML4812CP controller included 

• Line and Load regulation better than 2% 

• Complete documentation and applications information 

This boost mode converter is set to run with a 380V 
output and achieves power factors of better than .99 over 
a wide range of input line and output load. 

BLOCK DIAGRAM 

KIT COMPONENTS 

• User's Guide 

• ML4812 Datasheet 

• ML4812 Sample 

• Evaluation Board 

• Powder Iron Toroidal Core 

r--__ ,r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --I 

1 BRIDGE 1 
LINE 

FILTER * 1 RECTIFIER 1 

1 

1 

ML4812 
POWER 
FACTOR 

ISENSE 
1 

1,----....., 

t---j CONTROLLER 

Vour+ 1 

vour 1 

PWM 
CONVERTER 

1 
I'------J 

1 ML4812 EVALUATION BOARD : 

~ ________________________________ J 
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PRELIMINARY 

ML4813 

Flyback Power Factor Controller 

GENERAL DESCRIPTION 
The ML4813 is designed to optimally facilitate a 
discontinuous "flyback" or "buck-boost" type power 
factor correction system for low power, low cost 
applications. Special care has been taken in the design 
of the ML4813 to reject system noise. The circuit 
includes a precision reference, oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4813 functions as a 
voltage mode regulator. By maintaining a constant duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output inductor and a 
minimum of external components. 

BLOCK DIAGRAM (pin out shown is for DIP) 

FEATURES 
• Precision buffered 5V reference (±1%) 
• Extra op-amp for output voltage instrumentation 

amplifier 
• Over Current comparator for switch protection 
• Soft Start and 6V hysteresis under-voltage lockout 

for easy low surge off-line starting 
• 1 A Peak Current Totem-Pole' Output Drive 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• Large oscillator amplitude for better noise 

immunity 

APPLICATIONS 
• PC power supplies 
• Lamp Ballasts 

r····················································· ........................................................................................................ ! 
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ML4813 

PIN CONFIGURATION 

ML4813 ML4813 
16-Pin DIP 16-Pin SOIC 

16-P1N DIP 

1(L1MIT) 
1(L1MIT) C(T) 

SOFT START SIGNAL GND 
SOFT START SIGNAL GND 

COMP 
COMP 5V VREF 

V(F8) 
V(F8) Vce 

OVP OUT 
OVP 

OAOUT PWRGND 
OAOUT 

OA- SYNC 
OA-

OM R(T) 
OA+ 

TOP VIEW TOP VIEW 

PIN DESCRIPTION (DIP) 
PIN ** NAME FUNCTION PIN ** NAME FUNCTION 

1(L1MIT) Current limit sense pin. Normally 9 R(T) Oscillator timing resistor pin. A SV 
connected to sense resistor. When source sets a current in the 
this pin exceeds 1V, the PWM external resistor which is mirrored 
cycle is terminated. to charge C(T). 

2 SOFT START Normally connected to a Soft Start 10 SYNC Input used to synchronize the 
capacitor. oscillator to an external source. 

3 COMP Output of error amplifier and 11 PWR GND Return for the High Current 
input to PWM comparator. Totem pole output. -4 V(FB) Control loop feedback voltage. 12 OUT High Current Totem pole output. 

S OVP Input to over voltage comparator. 13 Vee Positive Supply for the Ie. 

6 OAOUT Output of uncommitted op-amp. 14 SV VREF Buffered output for the SV voltage 

7 OA- Negative input of uncommitted reference. 

op-amp. lS SIGNAL GND Analog signal ground. 

8 OA+ Positive input of uncommitted 16 C(T) Timing Capacitor for the Oscillator. 
op-amp. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 
lead Temperature (Soldering 10 sec.) ................. +260°C 

Supply Current (led ................................... 40mA 

Thermal Resistance (8JA) 
Plastic DIP or SOIC ............................... 65°C/W 

Output Current, Source or Sink (pin 12) 
DC ................................................... 1.0A 

Output Energy (capacitive load per cycle) ................ 5/1J 
OPERATING CONDITIONS 

Error Amp Sink Current (pin 3) ........................ 10mA 
Oscillator Charge Current .............................. SmA 

Temperature Range 
Ml4813C ...................................... O°C to 70°C 

Analog Inputs (pins 1, 3-8) ..................... -0.3V to 5.5V 

ELECTRICAL CHARACTERISTICS 
Unless othelWise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (Note 2) 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C 90 97 104 KHz 

Voltage Stability 12V < Vee < 18V 0.3 % 

Temperature Stability 2 % 

Total Variation line, temp. 88 108 KHz 

Ramp Valley 1.0 V 

Ramp Peak 4.3 V 

R(T) Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 8 open) TJ = 25°C, VPIN 16 = 2V 7.5 8.4 9.3 mA 

VPIN 16 = 2V 7.2 8.4 9.5 mA 

Sync Pulse Threshold .8 1.4 2.0 V 

Sync Input Bias Current 350 800 /lA 

Reference Section 

Output Voltage TJ = 25°C, 10 = lmA 4.95 5.00 5.05 V 

line Regulation 12V < Vee < 25V 6 20 mV 

load Regulation lmA < 10 < 20mA 3 20 mV 

Temperature Stability .4 % 

Total Variation line, load, temp. 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 /IV 

long Term Stability TJ = 125°C, 1000 Hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -30 -85 -180 mA 

Error Amplifier Section 

Input Offset Voltage -15 15 mV 

Input Bias Current -0.1 -1.0 /lA 
Open loop Gain 1 < VplN 3 < 5V 60 75 dB 

PSRR 12V < Vee < 25V 60 70 dB 

Output Sink Current VPIN 3 = 1.1v, VPIN 4 = 6.2V 2 12 mA 

Output Source Current V PIN 3 = 5.0V, V PIN 4 = 4.8V -0.5 -1.0 mA 

Output High Voltage IplN 3 = -O.5mA, VPIN 4 = 4.8V 5.3 6.4 V 

Output low Voltage IplN 3 = 2mA, VplN 4 = 6.2V 0.5 1.0 V 

Unity Gain Bandwidth 1.0 MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 141<0, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

Un-Committed Op Amp 

Input Offset Voltage -10 10 mV 

Input Bias Current -0.1 -2.0 JiA 

Input Offset Current -0.35 0.35 JiA 

Open loop Gain 90 dB 

PSRR 80 125 dB 

Output High Voltage IplN 3 = -10mA 6.5 8 V 

Output low Voltage Rl(PIN 6) = 10Kn .2 .5 V 

l(lIMIl) Comparator 

Input Trip Point Output Off .8 1.0 1.2 V 

Input Bias Current -2 -15 pA 

Propagation Delay 150 nS 

OVP Comparator 

Input Trip Point Output Off 5.5 5.6 5.7 V 

Hysteresis Output On 100 mV 

Input Bias Current -0.3 -3 JiA 

PWM Comparator 

Input Common Mode Range -0.2 5.5 V 

Input Bias Current -2 -10 JiA 

Propagation Delay 150 nS 

Soft Start Section 

Soft Start Current (pin 2) I VPIN 2 = 1V 40 60 80 JiA 

Output Section 

Output Voltage low lOUT = 10mA 0.1 0.4 V 

lOUT = 200mA 1.2 2.2 V 

Output Voltage High lOUT = -20mA 13 13.6 V -lOUT = -200mA 12 13.4 V 

Output Voltage low in UVlO lOUT = SmA, Vee = 8V 0.1 0.8 V 

Output Rise/Fall Time CL = 1000pF 50 nS 

under-Voltage lockout 

Start-up Threshold 15 16 17 V 

Shut-Down Threshold 9 10 11 V 

VREF Good Threshold 4.4 V 

Total Device 

Supply Current Start-up, Vee = 14V .9 1.5 mA 

Operating 20 30 mA 

Internal Shunt Zener Voltage lee = 30mA 25 30 34 V 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to 15V. 
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FUNOIONAL DESCRIPTION 
OSCILLATOR 

The Ml4813 oscillator charges the external capacitor 
(CT) with a current (ISET) equal to S/RsET. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

where: 

and: 

T ose = TRAMP + T DEADTIME 

TRAMP = C (Ramp Valley to Peak) -7- ISET 

T DEADTIME = C (Ramp Valley to Peak) -7-
(8AmA - ISET) 

A pulse of a duration shorter than T DEADTIME from an 
external frequency source set to a higher frequency 
than fose can be applied to pin 10 to synchronize the 
oscillator. R(SYNC) and C(SYNC) shorten longer pulses. 

EXTERNAL CLOCK 

bl-NO __ ----l 

R(SYNC) 

cm 

CLOCK n,---n 
To--II-

RAMP PEAK -;~-~----~---

RAMP VALLEY -/_--_V ___ 1 __ 

Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator TlII1ing Resistance vs. Frequency 
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OUTPUT DRIVER STAGE 

The Ml4813 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 

o 
Vee? I SOURCE S,uURATION - Vee· 15V 

~ 10 I (L<MD TO GROUNDI 80ps PULSED L<MD 

r' 
~-2.0 

~ 
::J 
~ 3.0 

i 2.0 

$ 1.0 

o 
o 

TA - 25°C /120 Hz 'rTE 

I 
TA = -55°C 

/' .,.,.. 
TA - _55°C ...-

/ V-
TA' ~5'C-

/ I 
V/ SINK WUR,uION I 

(L<Mj TO veil 
fND\ I 

200 400 600 800 
10, OUTPUT L<MO CURRENT (mAl 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4813 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

100 

-2 0 

----------------, 
I +5V I 
I I 

: .smA J : 

3 1 

I 
I 
I 
I 
I 
I 

1 

------- -- - --------

Figure 4. Error Amplifier Configuration 
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Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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UN-COMMITTED OP-AMP 

The ML4813 contains an un-committed op-amp which 
is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration is not ground referenced. The op
amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 

UNDER VOIJAGE LOCKOUT 

On power-up the ML4813 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vee reaches 16V. When 
Vee drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the 5V VREF pin is "off'; 
making it usable as a "flag" for starting up a down
stream PWM converter. 

Figure 6. Under-Voltage Lockout Block Diagram 
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Figure 7. Reference Load Regulation 
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Figure 8. TOtal Supply Current vs. Supply Voltage 

APPLICATIONS 
The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as: fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output is required. This is not possible with the boost 
topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the flyback power 
factor regulator is from 90 VAC to 260 VAC. 

The regulator operates in the discontinuous inductor 
current conduction mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor _ 
current at the beginning of the "ON" time starts to 
ramp-up from 0 Amps to a value that is determined by 
the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
itself (L). 

CI 

+-..--+---0' VOlJ1+ 

RS 

Figure 9. Block Diagram of the Regulator 
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The expression for the inductor peak current is given 
by: 

Where: 

(1) 

'L(B) = The instantaneous peak inductor current. 
toN = Power switch "on" time. 
VIN(B) = Vp sin 8 = Instantaneous Input Voltage. 
Vp = Input Peak Voltage. 

Figure 10, is a diagram of the relationship between the 
low frequency envelope and the high frequency 
inductor current. Note that for clarity the scale between 
the two waveforms has not been preserved. Normally 
for 60Hz input line and 100KHz switching frequency, 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 

......................... 

- INDUCIOR CURRENT •••••• - SINUSOIDAl PEAk ENVELOPE 

- SWITCH CURRENT -- AVERAGE CURRENT 

Figure 10. Switch and Line Currents in the 
Ryback PFC Orcuit 

The envelope of the peaks of the switch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 

IdB) = Ip sin 8 (2) 

Combining (1) and (2) the following useful relationship 
is obtained: 

lip 
toN = -J2 VRMS 

(3) 

Note that VIN(8) = Vp sin 8, and also Vp = -J2 VRMS. The 
average value of the input triangular current is: 

Where: 

IAVc(8) = toN Ip sin 8 (4) 
2T 

IAVG = Average value of the switch current. 
This is the value of the current at the input of 
the regulator after filtering. 
tON = Switch "on" time. 
T = Period of the switch cycle. 

Substitution of (3) into (4) yields. 
lIp2 

IAVc(8) = 2.828 T VRMS sin 8 (5) 

Equation (5) clearly shows that the average value of the 
switch current is sinusoidal and in phase with the input 
voltage. The peak value of the average current is: 

Llp2 
(6) 

Also: 

-J2 PIN 
IAVG(PEAK) = --- (,7) 

VRMS 

Solving equations (7) and (6) for PIN: 

1 
PIN = - L I~ f (8) 

4 

For optimum performance and the lowest inductor 
peak currents, the inductor current should be at the 
verge of continuity at the lowest operating voltage 
point and at full load. The above can be satisfied if: 

VIN Your 
Ip:5 (9) 

f l(VIN + Your) 

Where: VIN - -J2 x VIN MIN (RMS) 

Finally (8) and (9) can be combined to derive an upper 
bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous mode of 
operation. If the regulator were to operate in the 
continuous mode the average input current would not 
be sinusoidal. 

[ VIN Vour ]2 
L < (10) 

- 2v'fPIN (VIN + Your) 

FlYBACK INDUCTOR CALCUlATION 

Equation (10) gives the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few iterations may be required, for finalizing 
the value. The reason for this is that equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good initial value for 
the inductor is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 

Several core materials are candidates for the inductor, 
such as: powder iron cores, gapped ferrites, moly 
permalloy cores, etc. In the application that will be 
described later, a gapped ferrite core is used. 

There are no particular restrictions on the inductor 
except that the inductance is of correct value and the 
losses are acceptable. 

INPUT BYPASS CAPACITANCE 

The triangular high frequency current is bypassed by 
the input capacitor (q labeled C7 in Figure 12. This is a 
high quality film capacitor with low ESR value for 
minimum losses and heating. A polyester, 
polypropylene or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33pF to 1.5ttF. The 
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next filtering stage of the RFI filter which has an 
inductor as input isolates C7 from the other capacitors 
which may be present at the input circuit. Note that CI 
(C7) can be on either side of the bridge rectifier. The 
preferred location for low crossover distortion is at the 
input side. The voltage ripple across this capacitor is: 

Where: 

D . (P;; V2 PIN 
VC(P-P) = Clf V U - Clf VIN (11) 

VC(p-P) = Peak to peak worst case high 
frequency capacitor voltage. 
D = Switch Duty Cycle. 

Therefore the RFI filter that follows has to be able to 
attenuate VC(p-P) to the levels set by the relevant 
regulatory specifications. 

INPUT TRANSIENT OVERVOlTAGE PROTECfION 

Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regulator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over
voltage protection device should be chosen such that 
enough safety margin is allowed for the power switch. 
A good rule of thumb is: 

Where: 

BVDSS > VZA + VOUT(OVP) (12) 

BVDSS = Drain-Source breakdown voltage for 
the FEr. 
VZA = Activation or clamping voltage of the 
over-voltage transient protector. 
VOUT(OVP) = Maximum output voltage. This is 
set by the OVP function of the controller, and 
will be covered later. 

THE OUTPUT CIRCUIT 

The output circuit for this topology, although it is non
isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 

The output voltage "rides" on the input voltage when 
the (+) output is measured with respect to PGND 
(figure 11). 

The extra OP-AMP provided in the Ml4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output referenced to 
PGND. Resistors RH1, RH2, Rl1, Rl2 are used to scale 
down the voltage. 

ML4813 

TIME 

Figure 11. Output Voltage with Respect to PGND 

Normally RH1 = RH2 = RH and Rl1 = Rl2 = RL. Then 
the voltage designated as Vs in Figure 9 is given by: 

Rl 
Vs = VOUT --- (13) 

RH + RL 

OUTPUT CAPACITANCE 

The output capacitance should be calculated such that 
it has the required output ripple at the worst case 
operating point. In addition the ESR should be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 

Where: 

P 
C> IN (14) 

2mL t:NR VOUT 

C = Total output capacitance. 
PIN = Total input power. 
AVR = Peak output capacitor ripple voltage. 
VOUT = Output Voltage. 
fL = line Frequency times 2 (120 for 60Hz line). 

The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESR value, that can safely bypass 
the RMS currents. 

OUTPUT DIODE 

The output diode can be a "fast" or ultrafast" type 
depending on the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous current mode. The diode should be 
rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 

POWER SWITCH 

If a power FIT is used, it should be sized for the 
required efficiency. lower RDS(ON) devices will yield 
lower losses, but if they are operated at high 
frequencies (100KHz) higher charge dumping losses (112 
CDS VDS2 f) will be experienced. The RMS current value 
through the power FIT and the sensing resistor is: 

'Micro Linear 7-61 

-



" I 
a
N 

, 
I: 
(;' 
a 
r-

i' .. 

i 
;; ... 
!oJ 

~ 

~ 
w 

-<' 
I 
f. 
~. 

~ 

f 
f 
~ 
~ 
f 

PI P2 

~ 
r
~ 

S 
w 



(15) 

Where: 

IRMS = Total RMS current through the power 
FET and sense resistor. 
fl = Line Frequency times 2 (120 for 60Hz line). 
r = fSWITCH/fl . 

Table 1 is provided to assist in calculating (15) above. 
When the power switch is a bipolar transistor (constant 
VCE drop) then the power dissipation produced can be 
calculated by using (16): 

0.9 PIN 
PD = -- VCE (16) 

VRMS 

Where: 

PD = Power dissipation by the transistor 
(conduction losses). 
VRMS = RMS value of the minimum 
input voltage. 
VCE = Collector Emitter forward drop of 
the power transistor. 

OFF-LINE STAKT-UP AND BIAS SUPPLY GENERATION 

A fast starting circuit is shown in figure 12. MOSFET Q2 
quickly charges the lC's Vcc capacitor (C8) when the 
supply is initially turned on. This allows the supply to 
come on less than 1 second after AC power is applied. 
A simpler start-up circuit may be used which replaces 
the active circuit with a 39KO 2W resistor but starts 
more slowly (up to 15 seconds under low line 
conditions). Systems which do not require quick 
starting can reduce cost with the latter start-up method. 

fSWITCH ~ r ku 
(KHz) 

Lsin2 -
r k~l r 

20 167 9.1 
30 250 11.2 
40 333 12.9 
50 417 14.4 
60 500 15.8 
70 583 17.1 
80 667 18.3 
90 750 19.4 
100 833 20.4 
110 917 21.4 
120 1000 22.4 
130 1083 23.3 
140 1167 24.2 
150 1250 25.0 
160 1333 25.7 
170 1417 26.5 
180 1500 27.3 
190 1583 28.0 
200 1667 28.9 

Table 1. Figures for Calculating IRMS (eq. 15) 

ML4813 

POWER FACTOR ENHANCEMENT 

Some combinations of line and load may exhibit 
distortion of the input current waveform. This distortion 
is usually caused by the inductor "ringing" with the 
CDS of the power MOSFET, resulting in a non-zero 
inductor current at the beginning of the next cycle. 
This ringing can be dampened by using R2 and D7 in 
figure 12. Applications which can get by with slightly 
worse power factor can eliminate these components. 

ADJUSTING THE OUTPUT VOITAGE 

The error amplifier creates an error voltage from the 
difference between the output voltage presented on 
pin 6 and the 5V internal reference. Since the output 
voltage is not ground referenced, the ML4813's internal 
op-amp is connected as an instrumentation amplifier 
(figure 13). 

The output voltage is set by a combination of resistors 
which determine the relationship between (VOUT+ -
VOUT-) and the output of the op-amp (pin 6). For the 
following discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing amplifier operation depends on 
the following relationships: 

R15' = R14' 
and 

R12 = R25 + (R18 II R17) 

R12 

R18 

TO ERROR 
AMP AND 

OVP 

Figure 13. Ground Referencing the Output Voltage 

Then: 

( 5V x R18 ) ( R15' ) ( R14' ) 
VOUT = R17 + R18 R15' + R25 R12 + 1 

Since R25 is a low value compared to R15', the second 
term reduces to approximately 1. The third term is set 
at approximately 200. Therefore the above equation 
reduces to: 

( R18 ) 
VOUT"'" 1000 x R17 + R18 

The over voltage comparator has a threshold that is set 
for 1.12 x VOUT when pin 5 and pin 6 are connected 
directly. Figure 14 shows the connection for setting an 
OVP trip point higher than 1.12 x VOUT, where: 
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Figure 14. Setting OVP for a Vovp > 1.12 x VOUT 

( RA+RB) 
VOVP ~ 1.12 x VOUT x ~ 

Figure 15. Setting OVP for a Vovp < 1.12 x VOUT 

Figure 15 shows OVP set for a voltage lower than 1.12 x 
VOUT where: 

( RO + R24) 
VOVP ~ 1.12 x VOUT x RO 

INDUCTOR INFORMATION 

L3 is the flyback inductor and also provides the 
operating power for the control circuitry. A gapped 
ferrite pot core was chosen for this application for it's 
modest high frequency losses with high ripple current 
operation. Some possible choices are: 

Manufacturer Part II Total Gap Np 

Magnetics Inc. F43019 .05" 32 

Ferroxcube (Phillips) 3019 PLOO-3F3 .05" 32 

Ferroxcube (Phillips) 3019 PA 125-3C8 .01" 3B 

The first 2 cores are sold ungapped and require the 
use of a .025" spacer to gap the center leg to yield a 
total gap length of .05". If an ungapped core is used, a 
"shorted turn" should be employed as shown below 
(figure 16) to prevent radiated EMI. The third core listed 
is sold with its center leg pre-gapped (.07" total), hence 
the outside of the core closes completely providing 
shielding without the shorted turn being required. Ns 
should be 3 turns. All windings 1124AWG wire. 

II and l2 inductors are constructed using a powdered 
iron. This is a suitable material for these inductors since 
the high frequency ripple currents (and resulting flux 
excursions) are much less severe than for l3. The core 
selected is: 

SPACER 
.025" 

SHORTED TURN 
(COPPER FOil) 

Figure 16. Construction of EMI Shield for Ungapped Cores 

Manufacturer 
MicroMetals 

COMPONENT 

Cl, C2 
C3, CS, C6 
C4 
C7 
C8 
C9 
Cl0 
Cll, C14 
C12 
C13 
01 thru 04 
05,08 
06,07 
09 
Fl 
Heat Sink 
ll, l2 
l3 
Ql 
Q2 
Q3 
Rl 
R2, R19, R20 
R3 
R4 thru R9 
Rl0 
Rll 
R12 
R13 thru R16 
R17 
R18 
R21 
R22, R23 
R24 
R2S 
Ul 
VRl 

Part II 
T6B-260 

Turns 
BOT 1124AWG 

DESCRIPTION 

0.68pF, 630V 
.00pF, lKV 
330pF,2s0V 
1000pF, SOV 
1000pF, 16V 
lJ.1F,sOV 
6800pF,sOV 
O.lpF, SOV 
4.7pF, SOV 
0.22J.iF, SOV 
1 Ns406 
lN4148 
MUR460 
22V Zener, 1/4 W 
3AG, 3A, 2S0V 
Thermalloy 6398-U-P3 
sOOpH, 1.sA RMS 
160pH, SA peak 
MTHBN60 
IRFB21 
2N2222 
220KO 
4.3KO 
100 
10 
1000 
1.BKO 
4.02KO,1% 
402KO,1% 
8060,1% 
2000 
s10KO 
2KO 
100KO 
3.83KO,1% 
Ml4813CP 
TNR12G431KM 

Note: All resistor values 1/4 W ± 5% unless otherwise specified. All 
capacitor values ±10% unless otherwise specified. 

Table 2. Component Values for Figure 8 
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ORDERING INFORMATION 

PART NUMBER 

ML4813CP 
ML4813CS 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded SOIC (S16W) 

ML4813 

-
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PRELIMINARY 

ML4815 

Zero Voltage Switching Resonant Controller 

GENERAL DESCRIPTION 
The Ml4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing component count. 

The Ml4815 features a monostable multivibrator for 
precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode control with 
maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 

Ml4815 supports pulse-by-pulse (peak) current limiting 
as well as "hiccup" mode for fault protection. The 
controller is designed for operation up to 2M Hz. 
Ml4815 also includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction current. 

FEATURES 
• Supports Single-Switch ZVS Resonant Topology 

with Minimal External Components 
• Ideal for Simple, High Density DC to DC 

Converters 
• Small Converter Frequency Variation from No-Load 

to Full-Load 
• High Current (2A Peak) Totem-Pole Output Drive 

with Low Cross Conduction 
• Precision Buffered 5.1V Reference (±2%) 
• Wideband (5.5MHz), High Slew Rate (12V/pS) Error 

Amp. 
• Under-Voltage Lockout with Low Current Start-Up 
• Integrating Fault Detection/Soft-Start Reset 

BLOCK DIAGRAM (pin out shown is for 16-pin DIP) 

7-66 
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PIN CONNECTIONS 

ML4815 
16-Pin DIP 

16-PIN DIP 

INV VREf 5.1V 

NI Vee 

Ve 

PGND 

I(UM) OUT 

GND 

lie 

FF 

TOP VIEW 

PIN DESCRIPTION 
PIN II NAME FUNOION PIN II 

1 INV Inverting input to error amp. 9 

2 NI Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and 10 

input to main comparator. 

4 RAMP Non-inverting input to main 11 

comparator. Connected to pin 8 12 
for feedforward voltage-mode 13 
control or to pin 5 for current-
mode control. 

5 ((LIM) Current limit sense pin. Normally 
14 

connected to current sense resistor. 

Off-time setting capacitor and 
15 

6 RDCT 
resistor. 16 

7 Rc Resistor to pin 6 to limit CT 
charging rate. 

8 FF Capacitor to generate feedforward 
ramp. 

ML4815 
20-Pin PCC 

INV REF 

Ml4815 

NV NC I Vee 

E/A OUT 

RAMP 

NC 

I(UM) 

RDCT 

NAME 

6 

SOFT START 

RC (RESET) 

GND 

OUT 

PGND 

Ve 

Vee 

5.1V REF 

3 

9 

lie 

2 1 20 19 
18 Ve 

17 NC 

16 PGND 

15 OUT 

14 NC 
10 11 12 13 

I ~.g~ I GND 

FF RC (RESET) 

TOP VIEW 

FUNOION 

Normally connected to Soft Start 
Capacitor and charging resistor. 

Timing Capacitor for over-current 
integration and restart -delay. 

Analog Signal Ground. 

High Current Totem pole output. 

Return for the High Current 
Totem pole output. 

Positive Supply for the High 
Current Totem pole output. 

Positive Supply for the IC 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 
Junction Temperature Absolute maximum ratings are those values beyond which the 

device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

ML481SC ............................................ 12S·C 
Storage Temperature Range ..... . . . . . . . . . .. -6S·C to +lS0·C 
Lead Temperature (Soldering 10 sec) .................. +260·C 
Thermal Resistance (BJA) 

Supply Voltage (Pins 14, 15) .............................. 30V Plastic DIP ........................................ 6S·CfW 
Output Current, Source or Sink (Pin 12) 

DC .................................................. O.SA 
Plastic Chip Carrier (PCC) ......................... 6O·CfW 

Pulsed (0.5ps) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2A 
Analog Inputs (Pins 1, 2, 4, 5, 8, 9, 10) ........... -O.3V to 6V OPERATING CONDITIONS 
Error Amplifier Output Current (pin 3) ................. -SmA 
Soft Start Sink Current (Pin 9) ........................ l00mA Temperature Range 
feedforward Sink Current (Pin 8) ...................... 80mA ML481SC ...................................... O·C to 70·C 
Cr Charging Current (Pin 7) .......................... -SOmA 

ELEORICAL CHARACTERISTICS 
Unless otherwise noted, these specifications apply for CT = 330pF, Rc = lOOn, RD = 2Kfl, Vee = 15V, 
TA = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 

PARAMETER CONDITIONS MIN lYP 

Reference Section 

Output Voltage TJ = 2S·C, 10 = 1mA 5.00 5.10 

Line Regulation 10V < Vcc < 30V 2 

Load Regulation lmA < 10 < 10mA 5 

Temperature Stability -SS·C < TJ < 12S·C, (note 1) .2 

Total Variation line, load, temp (note 1) 4.95 

Output Noise Voltage 10Hz to 10KHz SO 

Long Term Stability TJ = 12S·C, 1000 hrs, (note 1) 5 

Short Circuit Current VREF = OV -15 -50 

Error Amplifier Section 

Input Offset Voltage 

Input Bias Current .6 

Input Offset Current .1 

Open Loop Gain 1 <Vo<4V 60 96 

CMRR 1.5 < VCM < S.5V 75 95 

PSRR 12 < Vcc < 2SV 75 110 

Output Sink Current VPIN 3 - lV 1 2.5 

Output Source Current VPIN 3 - 4V -.5 -1.3 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 

Output Low Voltage IplN 3 = lmA 0 0.5 

Unity Gain Bandwidth (note 1) 3 5.5 

Slew Rate (note 1) 6 12 

RAMP Comparator Section 

Pin 4 Bias Current VPIN 7 = 0 -0.7 

Pin 3 Zero DC Threshold VplN 2 - 2V, VPIN 1 = VplN 3 1.05 1.20 
VPIN 5 = 0, VPIN 6 = l.5V 
VPIN 8 = 2V 

Delay to Output Cl = 0, (note 1) 55 

7-68 'Micro Unear 

MAX UNITS 

5.20 V 

20 mV 

20 mV 

.4 % 

5.25 V 

iN 
25 mV 

-100 mA 

20 mV 

3 pA 

1 pA 

dB 

dB 

dB 

mA 

mA 

5.0 V 

1.0 V 

MHz 

VIps 

pA 

1.55 V 

ns 



ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise noted, these specifications apply for CT = 330pF, Re = 1000, RD = 21<0, Vee = 1SY, 
T A = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 

PARAMETER CONDITIONS MIN TYP 

Current Umit Comparator 

Pin 5 Input Bias Current 0< VP1N 5 < 4V 2 

Current limit Threshold 1.41 

Hysteresis 30 

Delay to Output VP1N 10 = 0, CL = 0 (note 1) 50 

One-Shot Section 

Off-Time Initial Accuracy CL = 0, TA = 25°C 0.45 

Off-Time Voltage Stability CL = 0, 12V < Vee < 25V 5 

Off-Time Temperature Stability CL = 0 (note 1) 5 

Off-Time Total Variation CL = 0, line, temp (note 1) 6 

Feedforward!Maximum On-Time Clamp Section 

Discharge Current VP1N 8 = 2.5V 30 

On-Time Initial Accuracy CFF = 330pF, RFF = 2.7KQ to VREF, 1.0 
CL = 0 

Shutdown! Restart Section 

Pin 10 Charging Current -250 

Overload Shutdown Threshold 2.3 

Restart Threshold 1.1 

Soft-Start Section 

Input Bias Current VP1N 9 = 4V 

Discharge Current VP1N 9 = 1V 

Under-Voltage Lockout Section 

Start Threshold 

UVLO Hysteresis 

Output Section 

Output Low Level lOUT = 20mA 0.25 

lOUT = 200mA 1.2 

Output High Level lOUT = -20mA 13.0 

lOUT = -200mA 12.7 

Rise/Fall Time CL = 1nF (note 1) 30 

Supply Current 

Start Up Current Vce = 8V, TJ = 25°C 2.0 
Vee = 8V, TJ = -40°C 2.5 

Operating lee 28 

'-Micro Linear 
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MAX UNITS 

/1A 

V 

mV 

ns 

/1s 

% 

% 

% 

mA 

f15 

/1A 

V 

V 

/1A 
mA 

V 

V -0.40 V 

2.2 V 

V 

V 

ns 

3.0 mA 
3.5 mA 

38 mA 
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FUNCTIONAL DESCRIPTION 
ML4815 PRINTED CIRCUIT BOARD 
LAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout 
and component placement. To assure proper 
performance of the Ml4815, follow these rules: 1) Use a 
ground plane. 2) Damp or clamp parasitic inductive 
kick energy from the gate of driven MOSFET. Don't 
allow the output pins to ring below ground. A series 
gate resistor or a shunt 1 Amp Schottky diode at the 

ERROR AMPLIFIER CIRCUIT 

output pin will serve this purpose. 3) Bypass Veo Vo 
and VREF. Use 1J.1F monolithic ceramic capacitors for 
Vee and Vc with low equivalent series inductance. 
Allow less than 1 cm of total lead length for each 
capacitor between the bypassed pin and the ground 
plane. 4) Treat the off-time setting capacitor, CT, like a 
bypass capacitor. 

Simplified Schematic 

7-70 

,--- ----------- - - - - - --l 
I ML4815 

I 
I 
I 
I 
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ERROR AMP 
OUTPUT 
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CONTROL METHODS 

In current-mode control, the current transformer 
output is fed into the RAMP comparator input. The 
current-sense waveform is used as the on-time 

modulating ramp. The on-time can be damped to a 
maximum by using RFF and CFF as shown. 

Current-Mode Control with Maximum On-Time Oamp 

r---------------------, 
I I CURRENT : I REF 

VIN~T~I~p5V +ff 16 

-!ON_ 1 l! -
.Il. - - I 

--I"::" - --t1.A i FROM EtA OUT 

I 
I 
I 
I 
I L __ ~ _______________ J 

ifF 

In feedforward voltage-mode control, the on-time 
modulating ramp is generated with an external 
capacitor CFF from pin 8 to the ground. CFF is charged 
through an external resistor RFF. The maximum on-time 

is the time taken to charge CFF to 3.7V. Since the 
charging current depends on VIN, the reSUlting 
maximum on-time varies with VIN. 

Feedforward Control 
V,N 

r-------------_!-c; 
+-----14 ~ 

.../l../1... t-_---'F""iF 

: 1.2SV 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I L_'::' ________ -' 
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OUTPUT SEcrlON 
Totem-Pole MOSFET Drive with Reduced <:r<s-Conduction 

lHRESHOlD V, 

lHRESHOLD Vz 

V, <vz 

RIS~/fALL TIME ICL' lnF) 

.J '\ 
0.2 

ILiAl 
o 

~ 15 

~ ( 
\ 
\ 

-0.2 ~ 15 

~ 10 

o 

II \ 
j 

o 40 80 120 160 200 
TIME Ins) 

When driving power MOSFET's with high equivalent 
gate capacitance (Cc > 3nF), it is advisable to use an 
external1N4148 diode between Vee and Ve pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off of Q7' In this case both Vee and Ve pins 
should have bypass capacitors (C = 1JlF) as close as 
possible to the IC pins. 
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7-72 

1 
0,01 0.03 0.1 0.3 

CL (nF) 
1-1MHz 
T, = 15O'C 
Ie - tOTEM-POLE DRIVER CURRENT 

'OUT iAl 

10 

'Micro Unear 



ONE-SHOT 

The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors Ro Ro and capacitor CT' Assuming 
that CLK is low and Q2 conducts initially, the timing 
capacitor CT is charged to 4V through Rc and Q3' This 
corresponds to the switch conduction cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X2 and disabling Q3' CT is immediately 
discharged through Ro until CT voltage reaches the 
lower threshold (2V) of the Schmitt-trigger X1' At this 
point, X1 output goes high, resetting X2. Q, turns off, 
allowing Q3 to recharge CT to 4V. This time interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of CT, one can express 

T OFF = 0.69 RoC T 

Block Diagram of the One-Shot 

RC 
Rl 

Q4 4V 

EAO 
RAMP 

1.25V 

TRIG 

ML4815 

Timing Diagram of the One-Shot 

The purpose of Rc is to slow the charging transient of 
CT in order to widen the internal reset pulse. Rc is 
usually chosen such that the following inequality is 
satisfied. 

10000 

1000 

100 

~ 10 

~ 
0.1 

0.01 
0.1 

~<0.05 
Rc + Ro 

TOFF \IS Ro 

~ 

Vf.- ~ 

~"'" 

10 

Ro (Kll) 

1~~t 
3~;± lnF 

....- 3JOpf 
lC!'1 F 

100 1000 
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CONSTANT ON-TIME ClAMP (In Current-Mode Only) 

Constant On-Tme Clamp 

I 
REF 161--..,...-------

RFF 0.488R 

TOFF 
FF --....---~J1... 

I 
I 

>-----1 TRIG CLK 

ICFF i 
VREF + 0.488 VBE : 

VBIAS' ---j;;------//r- 1 

::_L ____ LL ____ L! 
I 

CLKLSLJi 
I 
I 
I 
I 
I 
I 

R 

L _______ _ 

In current-mode control, the maximum on-time can be 
damped by using the comparator X1 (figure above). The 
internal transistors Q1, Q2 and diode D2 discharges CFF 
to approximately VSE. The time taken to charge CFF 

( VREF + 0.488 VSE ) 
from VSE to VS1AS = sets the 

1.488 
maximum on-time. The diode D1 compensates the VSE 
dependent CFF valley voltage. It can be shown that 

T ON(MAX) = 1.115 RFF CFF 

and T ON(MAX) is relatively independent of temperature. 

100 

~ 10 

~ 
z 
~ 1 

0.1 
0.1 
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CURRENT-LIMITING, OVERLOAD SHUTDOWN AND FAUll MANAGEMENT 

Overload Protection iBld Fault Management 

Ml4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit threshold (1.4V) of X3' When the sensed 
current exceeds this threshold, the one-shot is triggered 
and the R-S latch ~ is set. The one-shot blanks the 
gate drive and ~ turns on the current source IF. The 
external capacitor CRD, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3V. The packet of charge delivered to CRD in each 
over-current cycle is IF x T OFF (figure below). ~ is reset 
after the off-time elapses. If output short is removed 
before CRD reaches the overload threshold, CRD will be 
discharged through RRD and normal operation will 
resume. Under persistent output short circuit, CRD is 

charged until it reaches 2.3V. The gate drive is 
immediately terminated and the soft-start capacitor is 
discharged. CRD then discharges through RRD towards 
the restart threshold (1.1V). Gate drive remains off until 
CRD is discharged below 1.1V. The time taken for CRD 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup I,lntil the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. The overload shutdown and restart 
sequence for a converter with non-bootstrapped power 
supply Vee is illustrated in figure. 

Current limiting Overload Shutdown and Restart Sequence 
(Non-Bootstrapped Operation) 

CRD CHARGING 
CURRENT 

ClK 

2.4V 

CRD 

ov 

OL _.....!:C:!::U==RR~E:.:.NT!.:l::::lM!!!m=NG=A:.:ND=FAU=I:r:...:Tc:::IM:.:!IN:.::G"-i R~~~ 
1-
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For a bootstrapped converter (where controller Vee is 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller Vee to collapse. 
Undervoltage lockout (UVLO) is activated and the on
chip bandgap reference is disabled. ML4815 dissipates 
only 2mA of supply current during shutdown. Since 

Simplified Vee Bootstrapping Scheme 

V'N--_------' 

1 RBLEEO 

IBLEED 

ML4815 

LR 

IBLEED is higher than the start-up current, Cs will be 
charged towards the UVLO start threshold. When this 
happens, the entire controller becomes operational 
except that the gate drive remains off. Icc jumps to its 
full operational value. Since Vee bootstrapping is not 
yet available, Icc will discharge Cs below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2mA IBlEED will again charge Cs towards the UVLO 
start threshold. The process repeats until CRD is 
discharged below the restart threshold. The shutdown 
and restart sequence is illustrated with the timing 
diagram below. 

Overload Shutdown UVLO and Restart Sequence 
(Bootstrapped Operation) 

OL RESTART DElAY 
-;----1-2 SEC ----0+----

Vee 
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OPEN LOOP lABORATORY TEST FIXTURE 

2.71«1 

4.7K 
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ORDERING INFORMATION 

7-78 

PART NUMBER 

Ml4815CP 
Ml4815CQ 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded PCC (Q20) 
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ADVANCE INFORMATION 

ML4816 

High Frequency Multi-Mode Resonant Controller 

GENERAL DESCRIPTION 
The Ml4816 controller IC is suitable for a wide range 
of resonant converter topologies. This controller can 
be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring constant on-time 
and modulated off-time, as well as frequency 
modulated converters such as Series Resonant 
Converters operating above resonance. 

The Ml4816's oscillator features independent control of 
charging and discharging currents (on-time and off
time). Output frequency can be obtained either 
proportional or inversely proportional to the controlling 
voltage. In addition, both upper and lower frequency 
limits (fMIN and fMAX) can be independently set. 

Both pulse-by-pulse and DC current limiting are 
provided for. Overload protection (shutdown) is 
triggered after a programmable delay time. Restart after 
overload shutdown can be delayed by a programmable 
time. Internal logic disables the gate drive until the 
oscillator is stable. 

BLOCK DIAGRAM 

Vee 

V(D) 

V(Fl 

R(C) 

R(D) 

cm 

EA oUT C>r------, 
3 

INV 
2 

L
I OVERI.Qo\l) PROfECTION 
--------

1 
I(FB) 

4 

The Ml4816 includes under-voltage lockout with 6V 
hysteresis and high current high speed totem pole 
output drivers for high speed drive of external 
MOSFETs. 

FEATURES 
• Supports Zero Current Switched (ZCS) Quasi

Resonant Converters 
• Supports Series Resonant (ZVS) converters 

operating above resonance 
• Wide oscillator frequency range 
• Programmable fMIN and fMAJ( limits 
• Practical Operation to 2.5MHz (fosd 
• Low Start-up Current and Under-Voltage Lockout 

Circuits support Off-line Operation 
• Pulse by Pulse or DC Current limiting 
• Integrating Soft Start Reset (Fault Integration) with 

Programmable Restart Delay 
• High current (1.SA peak) totem-pole output drive 
• Precision buffered SV Reference (±1%) 

VREF 

16 
VC 

14 
OU1i\ 

>-_+-_1;;,,7<> OUTB 

'---__ -""15'0 PWR GND 

RC(RESrn 
SOFT START 

112 

I 
In 

GND 

I(UM) oUT 
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PIN CONFIGURATION 

ML4816 ML4816 
20·Pin DIP 20·Pin SOIC 

IIFBI I(SENSE) I(FB) I(SENSE) 

INV VIREfI 
INV VIREfI 

EA OUT Vee 
EAOUT Vee I(UMIOUT OUTB 

I(UMIOUT OUTB FIUMI VC 

F(LlMI VC VIOl PWRGNO 

VIO) PWRGNO Vifl OUTA 

OUTA 
R(C) RC (RESEl) 

Vifl 
RIOI SOFT STARr 

RIC) RC IRESEl) C(l) GNO 

RIOI SOFT STARr 
TOP VIEW 

C(l) GNO 

TOP VIEW 

PIN DESCRIPTION 

PIN II NAME DESCRIPTION PIN II NAME DESCRIPTION 

I(FB) Input for load current limit. 9 R(D) External resistor from this pin to 

2 INV Inverting input to error amp. GND sets the oscillator discharge 

3 EAOUT Output of error amplifier. 
current (off time). 

10 C(T) Timing capacitor for Oscillator. 
4 l(lIM) OUT Output for load current limit 

amplifier. 11 GND Signal ground. 

5 F(UM) A voltage input sets the 12 SOFT START Normally connected to Soft Start 

maximum on time for the timer. capacitor. 

6 V(D) Controls the cm discharge 13 RC(RESET) Timing elements for Integrating 

current and oscillator off time. fault detection and reset delay 

Connected to error amplifier circuits. 

output for off-time modulation 14 OUTA High Current Totem pole 
and to V(REF) for constant off output A. 
time. 15 PWR GND Return for the High Current 

7 V(F) Controls the charging current Totem Pole outputs. 
and oscillator on time. 16 VC Supply for the High Current 
Connected to error amplifier for Totem Pole outputs. 
on time modulation and 
connected to GND for constant 17 OUTB High Current Totem pole 
on time. output B. 

8 R(C) External timing resistor to either 18 Vee Positive supply for the Ie. 
GND or V(REF) sets the charging 19 V(REF) Buffered output for the S.OV 
current (oscillator on time). This voltage reference. 
pin can either source or sink 

20 I(SENSE) Primary current sense input for current. 
current limit. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (Pins 16, 18) ...................................... 30V 
Output Current, Source or Sink (Pin 12) 

DC ....................................................................... O.SA 
Pulse (0.5I1s) ......................................................... 1.5A 

Analog Inputs 
(pins 1,2,5,6,7, 13) ............................... -0.3 to 6.3V 

Amplifier Output Currents (Pins 3, 4) ........................ SmA 

ELECTRICAL CHARACTERISTICS 

ML4816 
Soft Start Sink Current (Pin 8) ................................ 100mA 
Re Current (pin 8) .................................... -0.5 to +O.SmA 
RD Current (Pin 9) .................................................. -4mA 
Junction Temperature ............................................. 1 50°C 
Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (SIA) 

Plastic DIP or SOIC .......................................... 65°C!W 

OPERATING CONDITIONS 

Temperature Range ...................................... O°C to +70°C 

Unless otherwise specified, CT = 470pF, Vee = 15V. Vee is adjusted above the start threshold before settling at lSV. 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

Reference Section 

Output Voltage TA = 25°C, 10 = -1 mA 4.90 5.00 5.10 V 

Line Regulation 12V~Vcc~25V 2 20 mV 

Load Regulation 1 mA ~ 10 ~ 10mA 5 20 mV 

Temperature Stability TMIN ~ TA ~ TMAx (Note 1) 0.2 0.4 mV/oC 

Total Variation line, load, temp. 4.85 5.15 V 

Output Noise Voltage 10Hz < f < 10KHz 50 ltV 

Long Term Stabi I ity T) = 125°C, 1000 Hrs (Note 1) 5 25 mV 

Short Circuit Current VREF = 0 -40 -70 -100 mA 

Error Amplifier Section 

Non-Inverting Input Voltage 2.37 2.47 2.57 V 

Input Bias Current 3 ItA 
Open-Loop Gain 1 ~Vo~4V 60 dB 

Unity Gain Bandwidth (Note 1) 2.5 2.8 MHz 

PSRR 12V~Vcc~25V 65 dB 

Output Sink Current VPIN 2 = 2.7V, VPIN 3 = 1 V 1 2.8 mA 

Output Source Current VPIN 2 = 2.3V, VPIN 3 = 4V -0.5 -2.2 mA 

Output High Voltage IplN 3 = -O.5mA 5.0 5.5 6.0 V 

Output Low Voltage IpIN3 = lmA 0.5 1.0 V 

Slew Rate 8.5 V/lts 

Current-Limit Amplifier Section 

Non-Inverting Input Voltage 0.145 0.17 0.2 V 

Input Bias Current 3 ItA 
Open-Loop Gain 1 ~Vo~4V 65 dB 

Unity Gain Bandwidth (Note 1) 1.0 1.5 MHz 

PSRR 12V ~ Vcc ~ 25V 55 dB 

Output Sink Current VPIN 1 = lV, VPIN4 = lV 1 1.6 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Current-Limit Amplifier Section (Continued) 

Output Source Current VPIN 1 = OV, VPIN 4 = 4V -0.5 -1.1 rnA 

Output High Voltage IplN 4 = -O.5mA 6.0 7.2 8.0 V 

Output low Voltage IpIN4 = lmA 0.7 1.0 V 

Slew Rate (Note 1) 0.9 V/J.lS 

Current-Sense Section 

Input Bias Current VPIN20=0 -2 !iA 
Current-Sense Threshold 1.20 1.25 1.30 V 

Delay to Pin 13 (Note 1) 80 150 ns 

Soft-Start Section 

Discharging Current VPIN 13 = 4V, VPIN 12 = lV mA 

Charging Current VPIN 13 = 0, VPIN 12 = lV 

Overload Protection Section 

Overload Threshold 3.0 3.2 3.5 V 

Restart Threshold 1.0 1.2 1.4 V 

Pulse-by-pulse Charging Current VPIN 20 = 1.35V, VPIN 13 = 2V -320 !iA 
Current-limit Amp. Controlled Current VPIN 1 = 0, VPIN 13 = 2V 

VPIN4 = lV -2.2 mA 
VPIN4 = 2.5V -0.9 mA 

Voltage-Controlled Timer 

CT Minimum Discharging Current VPIN 6 = 0, VPIN 10 = 3V 14 18.5 22 !iA 
CT Peak Voltage 3.75 V 

CT Valley Voltage 2.1 V 

Rc Minimum Voltage VPIN 5 = VPIN 7 = 0, 0.446VREF 0.455VREF 0.464VREF V 
25m from Pin 8 to GND 

Re Voltage VPIN 5 = 8 + 11 VREF, VPIN 7 = 5V 0.713VREF 0.72VREF 0.742VREF V 
25m from Pin 8 to GND 

RD Minimum Voltage VPIN 6 = 0, 3KO from Pin 9 to GND 0 V 

RD Maximum Voltage VPIN 6 = 5V, 3m from Pin 9 to GND 0.425VREF 0.45VREF 0.475VREF V 

TON TA = 25°C VPIN 5 = VPIN 7 = 0, VPIN 6 = 3V, 0.62 0.68 0.75 J.lS 
25m from Pin 8 to GND, 
3KO from Pin 9 to GND 

Total Variation 12V S; Vee S; 25V (Note 1) 0.60 0.71 0.79 J.lS 
TMIN S; TA S;TMAX 

Output Dead Time TA = 25°C VPIN 5 = VPIN 7 = 0, VPIN 6 = 5V 100 120 145 ns 
(Note 1) 25m from Pin 8 to GND, 

3m from Pin 9 to GND 

Total Variation 12V S; Vee S; 25V (Note 1) 100 120 155 ns 
TMIN S; TA S; TMAx 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Voltage-Controlled Timer (Conti nued) 

Frequency fMAX(l) VPIN 5 = VPIN 7 = 0, VPIN 6 = 5V 1.0 1.2 104 MHz 
25Kn from Pin 8 to GND 
3Kn from Pin 9 to GND 

fMIN(l) VPIN 5 = VPIN 7 = 0, VPIN 6 = lAV 17 22 28 KHz 
25Kn from Pin 8 to GND 
3Kn from Pin 9 to GND 

fMAX(2) VPIN 5 = 8 + 11 VREF, VPIN 7 = 2V 1.1 1.33 1.55 MHz 

VPIN6=5V 
22Kn from Pin 8 to Pin 19 
3Kn from Pin 9 to GND 

fMIN(2) VPIN 5 = 8 + 11 VREF, VPIN 7 = 2V 650 800 850 KHz 

VPIN 6 = 5V 
22Kn from Pin 8 to Pin 19 
3Kn from Pin 9 to GND 

Under Voltage Lockout Section 

Start Threshold v 

Stop Threshold v 
Supply Current 

Start-Up Current Vcc= 15.5V 1.2 1.75 2.3 mA 

Operating Supply Current VPIN 5 = VplN 7 = 0, VPIN 6 = 5V 26 32 38 mA 
25Kn from Pin 8 to GND 
3Kn from Pin 9 to GND 
CLA = CLB = 0, TA = 25°C, 

T MIN ~ T A ~ T MAX 53 mA 

Output Section 

Output Low Level ISINK = 20mA 0.1 004 V 

ISINK = 200mA 0.7 2.2 V 

Output High Level ISOURCE = 20mA 12.0 13.5 V 

ISOURCE = 200mA 11.5 13.0 V -Rise Time CLA = CLB = 1 nF (Note 1) 60 ns 

Fall Time CLA = CLB = 1 nF (Note 1) 60 ns 

Note 1: ThiS parameter IS not 100% tested In production but guaranteed by deSign. 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The oscillator is the core of the ML4816 and is designed 
to allow the maximum flexibility. This oscillator can be 
used in two basic modes of operation: 

Variable Off-Time, Constant On-TIme (Figure 2) 

When using a variable off time control, V(D) is tied to 
the output of the error amplifier. Off time is given by 
equation (1) while the 16pA current sink prevents the 
off time from becoming infinite, thereby providing an 
upper limit to T OFF of: 1. On time proportional to VIN, fixed off time with a 

maximum on time limit (where VIN is the output of 
the error amplifier). Max (T OFF) = Cm x 1.03 x 105 (2) 

2. Off time inversely proportional to VIN, fixed on time. 

8 RIO 

2V~ ~ 83 

RID) + IR(OI o -I 

ClOCK 

I 

n 
I I 
I I 
I I 
I I 
I I 

+V 

IR(O --

n 
RAMP PEAK 

cm VN/\ RAMP VAlLEY I , I 
I ' I I~ TON ----..1 I 

I I 
I I 

TOFF~ : .... -

Figure 1. Oscillator Block Diagram 

The internal CLOCK signal, shown above, turns the 

The on time is given by: 

TON = 0.0605 R(C) C(T) 

---- ---- ----- - -- - --I 

: OSCILLATOR I 

~RIO) ~ RID) VIF)~' 
I ' 
I I 

R(O ! I 

~ RIO flUM) ~ ":" 

~ I I 

6 VIO) cm~ 

:------------------~ 1 
I I 

~ EAOUT : I : "':' 
2.5V I 

I 
I 
I 
I 
I 

i 

Figure 2. Variable Off Time, Constant On TIme 
Oscillator Connections 

1000 
He - 25K 

I-RO -3K 
C- Vcc· 15V 
I-Vo • 0 

:§100 

i 
Ii: 
(2 

10 ./ 

1 
0.1 

./ 

1 10 

CT InF) 

outputs off at its rising edge. Clock remains high and Figure 2a. Max (TOFF) vs. CT 
the outputs stay off as long as C(T) is discharging. The 
discharge time (T OFF) of C(T) is: 

1.65 Cm R(D) 
TOFF = 10 (V(D) _ 2V) + 16pA R(D) (1) 
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10nF 4.7nF 2.2nF 1.0nF 470pF 
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Vo" 3V 
Ro - 3K TO GND 
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Figure 2b. TON vs. R(C) 

Variable On-Time, Constant Off-Time 

220pF 

100pF 

1000 

The on time (TON) is controlled by the current flowing 
from V(REF) through R(C) into B2. The output of B2 is 
internally limited to be no less than 2.27V and no 
greater than F(UM). 

:-------OSCiLtATO; - --- --I 
RID) I I 

r---'V'>I'r---! 9 RID) VID) 6 f-----, 

RIO 
RIC) 8 f--'V\f'v--; 

Rl 

R2 

I I L ________________ ~ 

Figure 3. Variable On Time, Constant Off Time Oscillator 
Connections (rON Proportional to EA OUl) 

ML4816 

10 

g 
z 1 
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0.1 
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Vee 15V 
VD -1.8V 
VF - 5V 
RD 10K 
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lI" 

10nF 47nF 22nF 1 OnF 470pF 

220pF 

L l00pF 

/ / L 

/ V V 

/ 

V V 

V 
10 100 1000 

Re IKfl) 

Figure 3a. Minimum TON for Constant Off-Time 
8 

Configuration with VFlIM = - x VREF 
11 

The on time for figure 3 is given by: 

0.138 R(C) C(T) 
TON = V(REF) _ V(F) 

The maximum on time is given by: 

0.138 R(C) C(T) 
T ON(MAX) = V(REF) _ F(UM) 

where F(UM) > 2.27V. The minimum on time is: 

T ON(MIN) = 0.0506 R(C) C(T) 

ERROR AMPLIFIER 

(4) 

(5) 

(6) 

The Ml4816 error amplifier is a 2.5MHz bandwidth, 
8.5V/tJSec slew rate op-amp with provision for limiting 
the positive output voltage swing to implement the soft 
start function. 

The Error Amplifier input contains protection diodes as 
shown above. INV should not be driven lower than 
2.5V - VBE or higher than 2.5V + VBE. 
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f'JgUre 5. Error Amplifier Open-Loop Gain and 
Phase vs. Frequency 

OUTPUT DRIVER STAGE 

The ML4816 has two high current high speed totem 
pole output drivers each capable of 1.5A peak output, 
designed to quickly switch the gates of capacitive loads, 
such as power MOSFET transistors. 

vee vee 

Figure 6. Power Driver Simplified Schematic 
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~c~~~;= 15V 
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Figure 6a. Output Driver Current Consumption 1(0 
vs. Output Load Capacitance 
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Figure 7. Output Saturation Voltage vs. Output Current 
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Figure 8. Rise/Fall Time 

CURRENT LIMn; FAUIJ DETECTION AND SOFT START 

The ML4816 has two modes of current limiting: Primary 
pulse-by-pulse over-current protection and secondary 
DC average current limiting. 

Primary Puise-by-Pulse Current Limit Circuit 

In this mode, the primary current is compared with a 
1.2SV threshold in comparator X1. When the sensed 
current exceeds the 1.2SV threshold of comparator X1, 
the R-S latch X2 is set, turning on the 320llA current 
source to charge CRST. IF1 remains on until CLOCK 
goes high (T OFF). When CRST has charged to 3.2V, a soft 
start reset occurs. The number of times the outputs 
reach current limit are "remembered" on CRST. Over 
time, CRST is discharged by RRST providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. If the output fault is removed before CRST 
reaches 3.2V, CRST discharges slowly through RRST and 
normal operation resumes. 
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Over-Current Sensing, Overload Shutdown and Fault Management 

TOff 

CLK J1.. 

Xs 

uv (UNDER ~VO~rrAG~E)~==13~ REF·BAD r 

lID 

41--------, 
R 

(3.7 - Vu.ol 
1F2' 1.2Kll 

RC(RESEl) 

R(RST) 

Figure 9. Overload Protection and Fault Management 

Secondary de Current IJmit Orcuit 

In secondary dc current-limiting, the currents in the 
output rectifiers are sensed, full-wave rectified and 
smoothed. The smoothed Signal is fed into the current
limiting amplifier X3' If the sensed current is below the 
0.16V threshold, the output of X3 will go above VREF 
and IF2 will be off. As the sensed current exceeds the 
current-limit threshold, VILO starts to fall and 

IF2 ( ... VREF - VILO - 2VBE ) turns on. 1F2 charges CRST 
12000 

towards the overload threshold (3.2V) of 4 CRST 
charging and temporary recovery through RRS1" here are 
similar to the pulse-by-pulse over-current sensing case 
except that IF2 is continuous. 

Under persistent output short circuit with either form 
of over-current protection, CRST is charged until it 
reaches 3.2V. The gate drives are immediately 
terminated and the soft -start capacitor Css is 
discharged. CRST then discharges through RRST toward 
the restart threshold (1.2V). Gate drives remain off until _ 
CRST is discharged below 1.2V. The time taken for CRST 
to discharge to the restart threshold is the resta.rt-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. 

The overload shutdown and restart sequences for both 
over-current protection schemes with non-bootstrapped 
Vee are illustrated in Figures 10 and 11. 
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Figure 10. Over-Current Sensing, Overload Shutdown and 
Restart Sequence (Non-Bootstrapped Vee! 
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Figure 11. Secondary de Current Sensing, Overload 
Shutdown and Restart Sequence 
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Figure 12. Simplified Vee Bootstrapping Scheme in Half-Bridge Configuration 

For a bootstrapped converter, where controller Vee is 
obtained from an auxiliary winding of the main 
transformer, (see Figure 12) overload shutdown causes 
both the converter output and the controller V cc to 
collapse. Undervoltage lockout (UVlO) is activated and 
the on-chip bandgap reference is disabled. Ml4816 
dissipates only 1.5mA during shutdown. Since IBLEED is 
higher than the start-up current, Cs will be charged 
towards the UVlO start threshold. When this happens, 
the entire controller becomes operational except that 
the gate drives remain off. Icc jumps to its full 
operational value. Since Vcc bootstrapping is not yet 
available, Icc will discharge Cs below the UVlO stop 
threshold. The on-chip reference will again be disabled 
with the controller supply current reduced to 1.5mA 
IBLEED will again charge Cs towards the UVlO start 
threshold. The process repeats until CRST is discharged 
below the restart threshold. The shutdown and restart 
sequence is illustrated in Figure 13. 

The over-current timing and shutdown sequence can 
be disabled by grounding pin 13. 

~::-~-----:-----
12'1 --~-----~--

I I 

OL -.-J-SHUTDOWN~ 
UVLOSTAKr __ 1.. _________ 1 __ _ 

I I ,: I 
Vee I I , I 

UVLOSTOP __ ' ____ L ___ .I. :.L __ ~ 
I I I I I I 

I I 

VREO 

Figure 13. Overload Shutdown, UVID and Restart 
Sequence (Bootstrapped Operation) 
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Auxiliary Output Current-Limiting (RC(RESET) Pin Grounded) 

Constant current at power inverter output can be 
obtained by utilizing the current-limit amplifier with pin 
13 shorted to ground. The ILO pin is connected to the 
EAO pin through two external OR-ing diodes Dl and 
D2 (Figure 14). Rl is used as a pull-up resistor. The 
current-limiting loop activates and takes control if the 
voltage at the inverting input IFB of the current-limit 
amplifier exceeds the 160mV threshold and ILO is 
pulled below EAo. The schematic shows that either the 
main error amplifier or the current-limiting amplifier 
controls the switching frequency of the converter. The 
voltage to the IFB pin comes from the output of a 
current sensor which produces a signal proportional to 
the output current. 

SENSED OUTPUT VOUAGE 

: IF. 2~Ni:f".?UTPUT 

I 
I 
I 
I 
I 
I 
:RC(RESEll 

rm-. 
. 'T'..L L ____________ ~ ~ 

Figure 14. Auxiliary Output Current-Limiting 

UVLO UV 

EN 

REF 

I -= CBYPASS 4.4V 

ML4816 

First-Pulse Inhibit 

ML4816 features a unique scheme to prevent input 
transformer from saturating during initial start-up. 
Before Vee rises above the undervoltage lockout 
(UVLO) start threshold, the bandgap reference is 
disabled. Since the bias circuit of the timer requires a 
reference output of at least 4VsE to operate, the timing 
capacitor CT remains fully discharged. As Vee crosses 
UVLO start threshold at to, the reference becomes 
enabled. The reference output rises at a rate 
determined by the reference short-circuit current and 
the external bypass capacitor. CT remains discharged 
until VREF exceeds 4VSE' There is no gate drive until 
VREF reaches the "reference-good" level (4.4V) (see 
Figure 16). Once VREF exceeds 4VSE (tl), CT is charged 
towards the upper threshold of the oscilllator/timer. 
Although the gate drives are enabled at tp the first
pulse inhibit latch continues to blank the outputs. This 
latch is reset when CT voltage crosses the upper 
oscillator threshold at t3. OUTA is gated on after the 
CLK pulse elapses. 

Without the first-pulse inhibit circuit, the first OUTA 
pulse would be on for time TONI which could be as 
much as 2 to 3 times longer than the desired TON time. 
The first-pulse inhibit latch ensures no abnormally long 
first gate drive pulse, independent of VREF rise time. 

Q!---++-.,--"", 

R 

FIRST PULSE 
INHIBIT 

J OVERIO<\D 

13r--------------1 

RC(RESEll 
ClK 

1.2V/3.2V 
TIMER 

Figure 15. Operation of UVLO and the First-Pulse Inhibit Circuit 
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Open Loop Laboratory lest Fixture 
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This test fixture is useful for exercising many of the 
Ml4816's functions and measuring their specifications. 
As with any wideband circuit, careful grounding and 
bypass procedures should be followed. The use of a 
ground plane is highly recommended. 
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ORDERING INFORMATION 

7-92 

PART NUMBER 

ML4816CP 
ML4816CS 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

Plastic DIP (P20) 
Plastic SOIC (S20W) 
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ADVANCE INFORMATION 

ML4817 

Single-Ended High Frequency PWM Controller 

GENERAL DESCRIPTION 
The ML4817 High Frequency PWM Controller is 
optimized for use in single-ended Switch Mode Power 
Supply designs running at frequencies up to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized in the error amplifier. This controller is 
designed to work in either voltage or current mode. 

A unique overload protection circuit helps to limit 
stress on the output devices. This integrating method 
of fault detection also provides for reset delay before 
restart. A 1.5V threshold current limit comparator 
provides cycle-by-cycle current limit. 

The ML4817 oscillator features accurately 
programmable dead time control to precisely limit the 
maximum duty cycle. 

The ML4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

BLOCK DIAGRAM 
RIC) 

cm osc 
RIDI 

1.25V 

~III-'+"------l 

EfA OUT 

,<ClDCK 

FEATURES 
• Practical Operation at Switching Frequencies to 

1MHz 
• High Current (2A peak) Totem Pole Output 
• Temperature Stable Precise Oscillator Frequency 

and Dead Time 
• Precision Maximum Duty Cycle Limit 
• Integrating Fault Detection with Reset Delay 
• Fast Shut Down Path from Current Limit to Output 
• Output Pulls Low for Under-Voltage Lockout 

R 

Q 

UNDER 
VOIJAGE 

LOCKOUT 

CLOCK 4 

5.1V VR" 15 

Vee 14 

SIGN~ 

1. ..!!.. 
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PIN CONFIGURATIION 

ML4817 
16-Pin sOle 

INV RC(RESET) 

NI 5.1V VREF 

EtA OUT Vee 

ClOCK POWER GND 

R(C) OUT 

cm SIGNAL GND 

R(D) RAMP 

SOFT START I(LlM)tS.D. 

TOP VIEW 

PIN DESCRIPTION 
PIN '* NAME FUNCTION PIN '* NAME 

INV Inverting input to error amp. 10 RAMP 

2 NI Non-inverting input to error amp. 

3 EfA OUT Output of error amplifier and 
input to main comparator. 

4 CLOCK Oscillator output. 11 SIGNAL GND 
5 R(C) Timing Resistor for Oscillator - 12 OUT 

sets charging current for oscillator 
13 POWER GND timing capacitor (Pin 6). 

6 C(T) Timing Capacitor for Oscillator. 
14 Vee 

7 R(D) Resistor which sets discharge 
15 5.1 VREF current for oscillator timing 

capacitor. 

8 SOFT START Normally connected to Soft Start 16 RC(RESET) 

Capacitor and charging resistor. 

9 I(UM)fS.D. Current limit sense pin. Normally 
connected to current sense resistor. 
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ML4817 
16-Pin DIP 

FUNCTION 

Non-inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

Analog Signal Ground. 

High Current Totem pole output. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the IC 

Buffered output for the 5.1V 
voltage reference. 

Timing elements for integrating 
fault detection and reset delay 
circuits. 



ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Pin 14) .................................. 30V 
Output Current, Source or Sink (Pin 12) 

DC .................................................. 0.5A 
Pulsed (O.5ps) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2.0A 

Analog Inputs 
(Pins 1, 2, 8, 9, 10, 16) ......................... -O.3V to 6V 

Clock Output Current (pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin 3) .................. SmA 

ELECTRICAL CHARACTERISTICS 

ML4817 

Soft Start Sink Current (Pin 8) ........................ 100mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 125·C 
Storage Temperature Range ................ -65·C to +150·C 
Lead Temperature (Soldering 10 sec) .................. +260·C 
Thermal Resistance (8JA) 

Plastic DIP ........................................ 65·C/W 
Plastic SOIC ....................................... 65·c/W 

OPERATING CONDITIONS 
Temperature Range ............................. O·C to + 70·C 

Unless otherwise specified, R(C) = 25400, R(D) = 24700, CT = 470pF, TA = Operating Temperature Range, Vee = 15\1. 

PARAMETER CONDITIONS MIN TYP UNITS 

Oscillator 

Initial Accuracy TA = 25·C 500 525 550 KHz 

Voltage Stability 12V < Vee < 25V 0.2 % 

Temperature Stability (note 1) TBD % 

Total Variation line, temp (note 1) TBD TBD KHz 

Maximum DUty Cycle V PIN 1 = 2.3V, V PIN 2 = 2.5V 
VPIN 9 = VplN 10 = Ov, TA = 25·C 44 45 46 % 

Maximum Duty Cycle line, temp (note 1) 42 48 % 

cm Discharge Current VPIN 6 = 4V, VPIN 7 = 3V 4.5 rnA 

Clock Out High 4.0 4.5 V 

Clock Out Low 2.2 V 

Ramp Peak 3.75 V 

Ramp Valley 2.15 V 

Ramp Valley to Peak 1.60 V 

Reference Section 

Output Voltage TA = 25·C, 10 = 1mA 5.00 5.10 5.20 V 

Line Regulation 12V < Vee < 25V 2 20 mV 

Load Regulatio\l "- 1mA < 10 < 10mA 5 20 mV 

Temperature Stability TMIN < TA < TMAJ(, (note 1) .2 .4 mV/·C 

Total Variation 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz SO IlV 

Long Term Stability TJ = 125·C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -SO -100 rnA 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, R(C) = 25400, R(D) = 24700, CT = 470pF, TA = Operating Temperature Range, Vee = 15V. 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

Error Amplifier Section 

Input Offset Voltage 15 mV 

Input Bias Current .6 3 pA 

Input Offset Current .1 1 pA 

Open loop Gain 1 <Vo<4V 60 95 dB 

CMRR 1.5 < VCM < 5.SV 60 95 dB 

PSRR 12 < Vcc < 25V 80 110 dB 

Output Sink Current VPIN 3 = 1V 1 2.5 rnA 

Output Source Current VPIN 3 = 4.0V -.5 -1.3 rnA 

Output High Voltage IplN 3 = -D.5mA 5.3 V 

Output low Voltage IplN 3 = 1mA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 VIps 

PWM Comparator Section 

Pin 10 Bias Current VplN 10 = OV -1 -5 pA 

Pin 3 Zero D.C. Threshold VPIN 10 - OV 1.08 1.25 1.45 V 

Delay to Output (note 1) 50 80 ns 

Soft Start Section 

Pin 8 Bias Current VPIN8 = 4V pA 

Discharge Current VPIN 8 = 1V rnA 

Current Umit/Shutdown Section 

Pin 9 Bias Current OV < VPIN 9 < 4V +10 pA 

Current limit Threshold VPIN 16 = OV 1.35 1.65 V 

Delay to Output (note 1) 40 70 ns 

Pin 16 Shutdown Threshold 2.05 2.55 V 

Pin 16 Restart Threshold 0.9 1.3 V 

Pin 16 Charging Current VPIN 9 - 2\/, VPIN 16 = 1.5V -150 -210 -275 pA 

output Section 

Output low Level lOUT = 20mA .25 .4 V 

lOUT = 200mA 1.2 2.2 V 

Output High level lOUT = -20mA 12.0 13.5 V 

lOUT = -200mA 11.5 13.0 V 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 ns 

under-Voltage Lockout Section 

Start Threshold V 

UVlO Hysteresis V 

Supply Current 

Start Up Current 1.8 25 rnA 

Icc VPIN 1 = 2.3\/, VPIN 2 = 2.5V 
VplN 9, 10 = O\/, CL = 0, TA = 25°C 34 42 rnA 

Note 1. This parameter is not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The ML4817 oscillator charges the external capacitor, 
CT, with a current (ISET) equal to 2/Rc. When the CT 
voltage reaches the upper threshold (Ramp Peak), the 
comparator changes state, turning off the current 
source and turning on the 4.5mA current sink which is 
voltage clamped to 1.05V by Q1. The capacitor then 
discharges to the lower threshold (Ramp Valley) with a 
time constant determined by Ro and CT. 

RAMP VALLEY 

~ Te --" .. 1 .. 0--- To -----l 

CLOCK OUT L 
Oscillator period can be determined by the following 
formula: 

Tose=Te+To 

(RAMP PEAK - VALLEY) CT Re 
Te = -----------'--=-

2 

Te = 0.8 (CT Rd 

( RAMP PEAK - 1.05 ) 
To = ROCT In RAMP VALLEY _ 1.05 

To = 0.90 (ROCT) 

1 
since: fose = ---

Te + To 

then: 

since: 

then: 

1 
fose = -----

CT (.8Rc + .90Ro) 

Te 
Duty Cycle = --

Te + To 

Duty Cycle = -----

1 + 1.12 ( Ro) 
Re 
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Figure 1. Oscillator mock Diagram 
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Figure 2. Duty Cycle vs R(D) 
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ERROR AMPLIFIER 

The ML4817 error amplifier is a 5.5MHz bandwidth, 
12V/f./S slew rate op-amp with provision for limiting the 
positive output voltage swing for ease in implementing 
the soft start function. 
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Figure 4. Unity Gain Slew Rate 
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Figure 5. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML4817 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch 
capacitive loads, such as power MOSFET transistors. 

Vee 
Vee 

Figure 6. Power Driver Simplified Schematic 
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Figure 9. Rise/Fall Time (CL = 10,OOOpF) 

UNDER-VOIJAGE LOCKOUT 

When Vee is below 13.BY, the IC draws very little 
current (l.BmA typ.) and VREF is disabled. When Vee 
rises above 13.BY, the Ie becomes active and VREF is 
enabled and will stay in that condition until Vee falls 
below 10.2V. 
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Figure 10. Under-Voltage Lockout Circuit 

CURRENT LIMIT; FAULT DETECTION AND SOFT START 

When the current (sensed on pin 9) reaches the 1.5V 
limit, the PWM cycle is terminated. The flip flop (figure 
10) turns on current source 1(1) to charge CRST and 
remains on until CLOCK goes high. The magnitude of 
current source 1(1) is .25 x ISET where ISET is the 
oscillator charging current. When CRST has charged to 
2.3Y, a soft start reset occurs. The number of times the 
PWM cycle is terminated due to over-current is 
"remembered" on C(RST). Over time, C(RST) is 
discharged by R(RST) providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. 

Figure 11. Over-Current, Soft Start, and Integrating Fault 
Detect Circuits 

Since the per cycle charge on RC(RESET) is proportional 
to how early in the PWM cycle the reset occurs, a 
reset will occur more quickly under output short circuit 
conditions (figures 12c and 12d) than during a load 
surge (figures 12a and 12b). 

ML4817 

Figure 12a. Pin 9 (lliMIT) Waveform During Load Surge 

Figure 12b. Corresponding Waveform on Pin 16 (RCRESET) 

Figure 12c. Current Waveform During Short Circuit (Pin 91 

2'3Vt~---- ------ -------

Figure 12d. RC(RESETI (Pin 16) Increases More Quickly 
During Short Circuit Condition 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output 
will remain off until C(RST) discharges to 1.1V through 
R(RST), providing a reset delay. When the IC restarts, 
the error amplifier output voltage is limited to the 
voltage at pin 8, thus limiting the duty cycle. 
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ORDERING INFORMATION 

7-100 

PART NUMBER 

ML4817CP 
ML4817CS 

TEMPERATURE 
RANGE 

DOC to +7DoC 
DOC to +7DoC 

'-Micro Linear 

PACKAGE 

DIP (P16) 
SOIC (S16W) 
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ML4818 

Phase Modulation/Soft Switching Controller 

GENERAL DESCRIPTION 
The ML4818 is a complete phase modulation control IC 
suitable for full bridge soft switching converters. Unlike 
conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching transitions 
and square wave drive across the transformer. The IC 
modulates the phases of the two sides of the bridge to 
control output power. 

The ML4818 can be operated in current mode. The delay 
times for the outputs are externally programmable to 
allow the zero voltage switching transitions to take place. 

Pulse-by-pulse current limit, integrating fault detection, 
and soft start reset are provided. The under-voltage 
lockout circuit features a 6V hysteresis with a low starting 
current to allow off-line start up with a low power bleed 
resistor. A shutdown function powers down the IC, putting 
it into a low quiescent state. 

BLOCK DIAGRAM 

SHUTDOWN 

High frequency phase modulation (>SOOKHz) can be 
implemented using the ML4828 BiCMOS phase 
modulator. The ML4818 contains four high current totem 
pole outputs which feature high slew rate with low cross 
conduction. 

FEATURES 

• Full Bridge Phase Modulation Zero Voltage Switching 
Circuit with Programmable ZV transition times 

• Constant Frequency Operation to 500KHz 

• Current Mode Operation 

• Cycle-by-Cycle Current Limiting with Integrating Fault 
Detection and Restart Delay 

• Precision buffered SV Reference (+ 1 %) 

• Four 1.5 A Peak Current Totem-Pole Output Drivers 

• Under-Voltage Lockout circuit with 6V Hysteresis. 

• Power DIP package allows higher dissipation 

REFERENCE 
AND 

UNDER-VOLTAGE 
LOCKOUT 

Q 1--.------1 

T FLIP 
FLOP 

INHIBIT 
OUTPUTS 

V.EF 24 

vee 20 

t-----f--lT QI--e-l----H 

r---+-.... ---j R 

ROELAY 14 

·PINS 1, 6,7,15,18,19 AND 23 ARE GND 
GND [::J 
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PIN CONNECTION 

24-Pin Power DIP 24-Pin sOle 

GND VREF 

Cr GND 

RAMP 81 OUT GND VREF 

'UM 82 OUT 
Cr GND 

RAMP 81 OUT 
E/A OUT Vee IliM 82 OUT 

GND GND E/A OUT Vee 

GND GND GND GND 

'NV Al OUT 
GND GND 

'NV Al OUT 
SOFT START A20UT 

SOfT START A20UT 

SHUTDOWN GND SHUTDOWN 10 GND 

Rr ROELAY Rr 11 ROELAY 

RCRESET CLOCK 
RCRESET 12 CLOCK 

TOP VIEW TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

GND Ground 12 RCRESET Timing elements for Integrating fault 

2 CT Timing Capacitor for Oscillator detection and reset delay circuits 

3 RAMP Non-Inverting input to main 13 CLOCK Oscillator output 

comparator. Connected to current 
sense resistor for current mode 

14 RDELAY Resistor to ground on this pin 
programs the amount of delay from 

4 ILiM Current limit sense pin. Normally 
connected to current sense resistor 

the time an output turns off until its 
cornplementary output turns on 

5 E/A OUT Output of error amplifier and input 15 GND Ground 

to PWM comparator 16 A2 OUT High Current Totem pole output A 1 

6,7 GND G round and Substrate 17 A10UT High Current Totem pole output A2 

8 INV Inverting input to error amp 18,19 GND Ground and Substrate 

9 SOFT START Normally connected to Soft Start 20 Vee Positive Supply for the IC 
Capacitor 

10 SHUTDOWN Pulling this pin low puts the IC into 
a power down mode and turns off 

21 B20UT High Current Totem pole output B1 

22 B10UT High Current Totern pole output B2 

all outputs. This pin is internally 23 GND Ground 
pulled up to Vref. 

11 RT Resistor which sets discharge 
current for oscillator timing 

24 VREF Buffered output for the 5.0 V 
voltage reference 

capacitor 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pin 20) .............................................. 30V 
Output Current, Source or Sink (Pins 16,17,21,22) 

DC ........................................................................ O.SA 
Pulse (0.5 Ils) ........................................................ 1.5 A 

Analog Inputs 
(Pins 2 thru 5, 8 thru 10, 12) ....................... -O.3V to 6V 

Clock Output Current (Pin 11) ................................. -SmA 
Error Amplifier Output Current (pin 5) ....................... SmA 
Soft Start Sink Current (Pin 9) .................................. 50 mA 
Oscillator Charging Current (Pin 2) .......................... -SmA 
Junction Temperature .............................................. 150°C 

ELECTRICAL CHARACTERISTICS 

Ml4818 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 Sec.) ................... +260°C 
Thermal Resistance (elA) (see fig 13,14) 

Plastic Power DIP ............................................. 40°C!VV 

OPERATING CONDITIONS 

Operating Temperature Range ...................... O°C to +70°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Unless otherwise specified, RT = 12.7Kn, CT = 2S0pF, RCLK = 3Kn, RDELAY = SKn, TA = Operating Temperature Range, 
Vee = lSV. (Note 2) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

OSCILLATOR 

Initial accuracy TA = 25°C 410 450 510 KHz 

Voltage stability 12V < Vcc < 25V -0.3 %/V 

Temperature stability (note 1) 0.2 % 

Total Variation line, temp. 375 525 KHz 

C T Discharge Current VP1N2 = 2V 4.7 5.5 6.3 mA 

Clock out High 2.4 3.1 V 

Clock out low 0 0.4 V 

Ramp Peak 4.1 V 

Ramp Valley 1.5 V 

Ramp Valley to Peak 2.6 V 

REFERENCE SECTION 

Output Voltage T A = 25°C, 10 = 1 mA 4.95 5.0 5.05 V 

line regulation 12V < Vcc < 25V 2 20 mV 

load regulation 1 mA < 10 < 10 mA 3 20 mV 

Temperature stability (note 1) .2 mV/oC 

Total Variation 4.85 5.15 V 

Output Noise Voltage 10Hz to 10KHz 50 mV 

long Term Stabil ity TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -20 -50 mA 

ERROR AMPLIFIER SECTION 

Input Offset Voltage -40 +30 mV 

Input Bias Current 0.6 3 IlA 
Input Offset Current 0.1 1 IlA 
Open loop Gain 1 <Vo<4V 65 75 dB 

PSRR 12<Vcc<25V 70 80 dB 

Output Sink Current VPIN 5= lV 1 3.2 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

ERROR AMPLIFIER SECTION (Continued) 

Output Source Current VPIN5= 5.1V -0.5 -2.2 mA 

Output High Voltage IplN 5 = -O.5mA 5.0 5.5 6.0 V 

Output Low Voltage IplN 5= lmA 0.8 V 

Unity Gain Bandwidth (note 1) 2.0 2.8 MHz 

Slew Rate (note 1) 8.5 V/j.ts 

PHASE MODULATOR SECTION 

Pin 3 Bias Current VPIN 3 = 2.5V -1 -10 j.tA 

Pin 5 Zero D.C. Threshold VPIN 3 = OV 0.6 0.9 V 

T POl, pin 3 to Output (note 1) 50 80 ns 

TDELAY CL = 1 nF 200 250 ns 

VPIN14 4.3 V 

SOFT·START SECTION 

Pin 9 Charge Current VPIN9 = 4V 

Discharge Current VPIN9 = lV mA 

CURRENT LIMIT/SHUTDOWN SECTION 

Pin 4 Bias Current o V < VPIN 4 < 4V -1 -10 j.tA 

Current Limit Threshold VPIN 10 = OV 0.92 1.02 1.12 V 

Tpo]' pin 4 (note 1) 50 ns 

Pin 12 Shutdown Threshold 3.15 3.4 3.65 V 

Pin 12 Restart Threshold 1.0 1.3 1.6 V 

Pin 12 Charging Current VPIN 4 =2V, VPIN 12 = 1.5V -400 -523 j.tA 

Pin 10 Shutdown Threshold 2.0 2.4 2.8 V 

Pin 10 Input Bias Current VPIN 10 = 0 -25 -100 j.tA 

OUTPUT SECTION 

Output Low Level lOUT = 20 mA 0.1 0.4 V 

lOUT = 200 mA, T A = 25°C 0.7 2.8 V 

Output High Level lOUT =-20 mA 12.0 13.5 V 

lOUT = -200 mA, TA = 25°C 11.0 13.0 V 

Rise/Fall Time CL = 1000pF, (note 1) 50 75 ns 

UNDER-VOLTAGE LOCKOUT SECTION 

Start Threshold V 

Stop Threshold V 

SUPPLY CURRENT 

Start Up Current Vcc< 15.8V 3 4 mA 

Icc VPIN 8 = 4V, VPIN 3,4 = OV, CL = 1 nF 
TA = 25°C 60 70 mA 

Note 1: This parameter not 100% tested In production but guaranteed by deSign. 
Note 2: Vee must be brought above the UVLO start voltage (17.2V) before dropping to Vee = 15V to ensure start-up . 
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FUNCTIONAL DESCRIPTION 

PHASE MODULATOR 

Power is controlled by modulating the switching phase on 
sides A and 6 of the full H-bridge converter (Figure 1). 
Power is delivered to the output through the transformer 
secondary. The power conversion process is described by 
the following sequence and illustrated by the timing 
diagram of Figure 2: 

1. A2 and 61 are high (Q1 and Q2 are on), beginning 
the power conversion cycle. 

2. After the <I> MOD comparator trips, 61 goes low 
turning off Q2. The parasitic drain-to-source 
capacitances of Q2 and Q4 charge to +VIN. This 
forces the drain-to-source voltage across Q3 to av. 

3. 62 now goes high after tDELAY (set by RDELAY). Since 
the voltage across Q3 is now av, 62 turns Q3 on at 
zero voltage. 

A2 82 

ML4818 

Al 81~--~~----1~, 

ML4818 

4. The CLOCK now goes high turning A2 off. During 
this period, Q1 and Q2 and Q4 are off. The 
transformer leakage current discharges the drain-to
source capacitance on Q4 until there is av across it. 

5. A 1 will remain low for a period defined by tDELAY, 
then it goes high. The voltage across Q4 is now av 
as A 1 turns it on at zero voltage. 

6. The previous sequence is now repeated with the 
opposite polarity on all outputs (see Figure 2). 

The above sequence is then repeated but with the 
opposite polarity on all outputs. 

Figure 1. Simplified diagram of Phase Modulated power Outputs. 

® __ .....J 

0. \'------'/ \ 
Figure 2. Phase Modulation control waveforms (Shaded areas indicate a power cycle) • 
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ML4818 
The ML4818 can also be used in current mode by sensing 
load current on the RAMP input (pin 3). 

The four output delay timers are programmed via an 
external ROElAY resistor as shown below. This resistor 
value should be no less than 1 Kn. Expressing ROElAY in 
Kn the delay, in ns is: 

TOElAY = 33 X ROELAY +45 (1) 

The ML4818 contains special logic circuits to provide for 
voltage mode feed-forward and lock out long pulses into 
the internal logic. This prevents instability from occuring 
when the c:I> Comparator trips in voltage mode. 

<I> MOO 
OUTPUT 

osc 
R 

Figure 3. Voltage Feed-Forward Circuit. 

The collector of QR in figure 3 is high only during a power 
cycle. When the power cycle terminates, pin 3 is pulled 
low. In voltage mode operation, a capacitor is connected 
from pin 3 to GND with a resistor from pin 3 to VIN to 
provide input voltage feed forward. 

OSCILLATOR 

The ML4818 oscillator charges the external capacitor, CT, 
with a current (ISET) equal to 5/RT' When the CT voltage 
reaches the upper threshold (Ramp Peak), the comparator 
changes state, turning on the current sink which 
discharges CT to the lower threshold (Ramp Valley). The 
CT pin is clamped to Ramp Valley by Ql (figure 5) to 
prevent inaccuracy due to undershoot on CT. 

To use the Clock Output for driving external synchroniza
tion circuitry, a pull-down resistor is required from CLOCK 
to GND. 

CLOCK OUT 

RAMP PEAK 

RAMP VALLEY 

~n~n , , , , , , , , 

, , , ,_Te_,, , , 
To_' ,_ , , 

Figure 4. Oscillator Timing Diagram 

r------------------------~ , , 

sv 

, - , " ____ ~ ___________________ J 

Figure 5. Ocillator Block Diagram. 

For frequencies of less than 500KHz, oscillator frequency 
can be set by using the following formulae: 

1 
fosC = ---:::-::-'-----:

O.52CTRT +500CT 

ERROR AMPLIFIER 

(2) 

The ML4818 error amplifier is a 2.5 MHz, bandwidth, 
8.5V/lls slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) to 
implement the soft start function. The error amplifier 
output source current is limited to 4.5mA. 
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OUTPUT DRIVER STAGE 

The ML4818 has four high current high speed totem pole 
output drivers each capable of 1.SA peak output, designed 
to quickly switch the gates of capacitive loads, such as 
power MOSFET transistors. Figure 8 illustrates the 
saturation characteristics of the ouput drive transistors 
shown in Figure 7. Typical rise and fall time characteristics 
of the output drivers are illustrated with capacitive loads 
of 1 nF and 10nF in Figure 9. 

ML4818 

Vee vee 

Figure 7. Power Driver Simplified Schematic. 
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ML4818 
CURRENT LIMIT, FAULT DETECTION AND SOFT START 

Current limit is implemented when the current sensed on 
pin 4 reaches the 1 V limit. At this point, the PWM cycle is 
terminated. The flip flop (Figure 10) turns on the current 
source to charge CRST and remains on for the duration of 
the clock period. When CRST has charged to 3.4V, a soft 
start reset occurs. The number of times the PWM cycle is 
terminated due to over-current is "remembered" on CRST. 
Over time, CRST is discharged by RRST providing a 
measure of "forgetting" when the over-current condition 
no longer occurs. This integrating fault detection is useful 
in differentiation between short circuit and load surge 
conditions. 

IV 

Since the per cycle charge on RCRESET is proportional to 
how early in the power cycle the over-current occurs, a 
reset will occur more quickly under output short circuit 
conditions (Figures 11 a and 11 b) than during a load surge 
(Figures 11 c and 11 d). 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output will 
remain off until CRST discharges to 1.3V through RRST, 
providing a reset delay. When the IC restarts, the error 
amplifier output voltage is limited to the voltage at pin 9, 
thus limiting the duty cycle. 

v+ 

I, 

TERMINATE 
PWMCYCLE 

.--------1 Q 

l.4V 
l.lV 

R 

~CLOCK 

INHIBIT 
OUTPUT 

UNDER·VOLTAGE 
LOCKOUT 

Figure 10. Over-Current, Soft-Start, and Integrating Fault Detect Circuits. 

lY- []-,,--~ .. ---...... - - -)1-- :="'--.... -~ .. - - --I ---_ - ........ 
I I 

Y(P1N4) I I 
I I 

- --t --'..1...------
I I 

I I 

Lft---~-----------J-~-------
V(PIN12) 

Figure 11a, 11b.I(LlMIT) and Resulting RC(RESET) 
Waveforms During Short Circuit. 

'Y--- oor.----- [--
V(PIN 4) _ [ _ _ _ _ _ _ _ _ _ _ • _ _ _ _ _ _ _ _ _ _ ... 

I I 

f : f 
Lft-------------~-~-----------t---

V(PIN 12) 

I~ 

Figure 11c, 11d.I(LlMIT) and Resulting RC(RESET) 
Waveforms During Load Surge. 
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UNDER-VOLTAGE LOCKOUT 

<?n power up, when Vee is below 16V, the IC draws very 
I!ttle current (1.1 mA typ.) and VREF is disabled. When Vee 
rises above 16V, the IC becomes active and VREF is 
enabled and will stay in that condition until Vee falls 
below 10.2V. (see Figure 12). 

1 
i .. 
:l 
U 

~ .. .. 
:l 
'" 

Figure 12. Under-Voltage Lockout and 
Reference Circuits. 
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Figure 13. Supply Current vs. Temperature (OC). 

THERMAL INFORMATION 

The ML4818 is offered in a Power DIP package. This 
package features improved thermal conduction through 
the leadframe. Much of the heat is conducted through the 
center 4 grounded leads. Thermal dissipation can be 
improved with this package by using copper area on the 
board to function as a heat sink. Increasing this area can 
reduce the aJA (see figures 14 and 15), increasing the 
power handling capability of the package. Additional 
Improvement may be obtained by using an external heat 
sink (available from Staver). 

ML4818 

0.555' 

Figure 14. PC Board Copper Area Used as a Heat Sink. 
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Figure 15. alA as a Function of I (see figure 15). 

APPLICATIONS 
The application, in Figure 16, features the ML4818 in a 
primary-side controlled voltage mode application with 
voltage feed-forward. Input voltage is rectified 120VAC 
(~ominal) .. Feed-forward is provided by the ramp on pin 3 
via the resistor connected to the high voltage input. 
Current is sensed through sense transformer T4. 
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ORDERING INFORMATION 

PART NUMBER 

Ml4818CP 
Ml4818CS 

·Same dimensional outline as (P24N) 

TEMPERATURE RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

Power DIP (P24P)* 
SOIC(S24W) 

.. -- --- .~--~.---

ML4818 

-
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ML4818EVAL 

Phase Modulation Controller Evaluation Kit 

GENERAL DESCRIPTION 
The ML4818EVAL kit provides a convenient vehicle to 
evaluate the ML4818 Phase Modulation ControllC. The 
board implements a 200W Phase Modulated Power 
Supply. 

The application circuit is designed to show the performance 
of a 200W isolated AC to DC converter circuit. The circuit 
topology is a full bridge type, suitable for high power and 
very high frequency operation with zero voltage switching 
for high efficiency. The oscillator frequency of the circuit is 
500KHz. 

The PC board is designed around a 200W single output 
application circuit, however the circuit can be modified for 
other power levels and operating conditions. 

KIT COMPONENTS 

• User's Guide - Includes operating specification, proce
dure, kit component list, a complete parts list, perfor
mance data, and a detailed schematic. 

• ML4818 Datasheet. 

• Application Note #19: Phase Modulated PWM Topol
ogy with the ML4818 

• Blank PC Board 

• Kit Components - A sample of the ML4818 and addi
tional components which may be difficult to procure in 
small quantities. 

BLOCK DIAGRAM 

RECT~ 

110/220 T 
JUMPER V 

A2 

ML4818 

T(8) 

82 II 

A1 81 

FEATURES 

• Zero Voltage Switching (ZVS), high efficiency AC to DC 
power converter circuit 

• High frequency operation resulting in smaller reactive 
components 

• Lower conducted and radiated noise due to slower rise 
and fall times 

• Switching and CV2 losses greatly minimized 

• Feed-forward compensated voltage mode control 
enables automatic compensation against instantaneous 
line changes 

• Complete documentation and applications information 

OPERATING SPECIFICATIONS 
Input Voltage Range (switchable) 

Output Voltage 

Output Power 

Output Current 

Switching Frequency 

Efficiency (VIN=120V, Pour=200W) 

+VIN 

90 to 260V 

15V 

200W 

13A 

250Khz. 

85% 

T(A) 

7-112 
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ADVANCE INFORMATION 

ML4819 

Power Factor and PWM Controller "Combo" 

GENERAL DESCRIPTION 
The Ml4819 is a complete boost mode Power Factor 
Control (PFC) which also contains a PWM controller. 
The PFC circuit is similar to the Ml4812 while the 
PWM controller can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization of the two stages is inherent. The 
outputs of the controller IC provide high current 
(>1A peak) and high slew rate to quickly charge and 
discharge MOSFET gates. Special care has been taken 
in the design of the Ml4819 to increase system noise 
immunity. 

The PFC section is a peak current sensing control 
which uses a current sense transformer or SENSE FET 
to non-dissipatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing control method. 

BLOCK DIAGRAM (pin out shown is for DIP) 

The PWM section includes cycle by cycle current 
limiting, precise duty cycle limiting for single ended 
converters, and slope compensation. 

FEATURES 
• Two 1A Peak Current Totem-Pole Output Drivers 
• Precision buffered SV Reference (±1%) 
• large oscillator amplitude for better noise 

immunity 
• Precision duty cycle limit for PWM section 
• Current input multiplier reduces external 

components and improves noise immunity 
• Programmable Ramp Compensation circuit 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• Wide common mode range in current sense 

comparators for better noise immunity 
• Under-Voltage lockout circuit with 6V hysteresis 

V(REf) 18 

va: 15 
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PIN CONFIGURATIONS 

ML4819 ML4819 
20-Pin DIP 20-Pin SOIC 

I(SENSE) A C(T) I(SENSE) A C(T) 

OVP GND OVP GND 
MUlTIPLIER V(REF) 

MULTIPLIER V(REF) 
EA OUTA PGNDA 

EA OUT A PGNDA 
INVA OUT A 

I(SINE) Vee 
INVA OUTA 

DUTY CYClE OUTB I(SINE) Vcc 

PWMB PGND B DUTY CYCLE OUTB 

I(SENSE) B RAMP COMP PWMB PGNDB 

R(T) l(lIM) I(SENSE) B RAMPCOMP 

TOP VIEW R(T) I(lIM) 

TOP VIEW 

PIN DESCRIPTION 
PIN # NAME FUNCTION PIN # NAME FUNCTION 

1 I(SENSE) A Inpllt from the PFC Clirrent 11 I(LlM) Cycle by cycle PWM current 
Sense Transformer to the PWM limit. Exceeding 1V threshold on 
comparator (+). Current Limit this pin terminates the PWM 
occurs when this point reaches cycle. 
S\!. 12 RAMP CaMP Buffered output from the 

2 OVP Input to over voltage comparator. Oscillator Ramp (C(T)). A resistor 

3 MULTIPLIER Output of Current Multiplier. A to ground sets a current 112 of 

resistor to ground on this pin which is sourced on pins 9 and 

converts the current to a voltage. 11. 

4 EA OUT A Output of error amplifier. 13 GND B Return for the high cllrrent 
totem pole output of the PWM 

5 INVA Inverting input to error amplifier. controller . 
6 I(SINE) . Current Multiplier input. 14 OUT B PWM controller totem pole 
7 DUTY CYCLE PWM controller duty cycle is output. 

limited by setting this pin to a 15 Vee Positive Supply for the IC 
fixed voltage. 

16 OUT A PFC controller totem pole output. 
8 PWM B Error voltage feedback input. 

17 GNDA Return for the high current 
9 I(SENSE) B Input for Current Sense resistor totem pole output of the PFC 

for current mode operation or controller. 
for Oscillator ramp for voltage 

18 V(REF) Buffered output for the SV mode operation. 

10 R(T) Oscillator timing resistor pin. A 
voltage reference. 

sV source across this resistor sets 19 GND Analog signal ground. 

the charging current for C(T). 20 C(T) Timing Capacitor for the 
Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Ved .................................... 35V 
Output Current, Source or Sink (Pin 12) 

DC ................................................... 1.0A 
Output Energy (capacitive load per cycle) ................ SpJ 
Multiplier I(SINE) Input (Pin 6) ......................... 1.2mA 
Error Amp Sink Current (Pin 3) ........................ 10mA 
Oscillator Charge Current ......................•....... 2mA 
Analog Inputs (Pins 1, 4, 5) .................... -O.3V to 5.5V 

ELECTRICAL CHARACTERISTICS 

ML4819 

Junction Temperature .......•......................... 150·C 
Storage Temperature Range ................ -65·C to +150·C 
lead Temperature (Soldering 10 sec) .................. +260OC 
Thermal Resistance (BjA) 

Plastic DIP or SOIC ............................... 65·CIW 

OPERATING CONDITIONS 
Temperature Range 

Ml4819C ..................................... O·C to +70·C 

Unless otherwise specified, RT = 141<0, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMmR CONDITIONS MIN lYP MAX UNITS 

Initial Accuracy T) = 25·C 90 97 104 KHz 

Voltage Stability 12V < Vee < 25V 0.2 % 

Temperature Stability 2 % 

Total Variation line, temp 88 106 KHz 

Ramp Valley 0.9 V 

Ramp Peak 4.3 V 

R(T) Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 8 open) T) = 25·C, VP1N 16 = 2V 7.5 8.4 9.3 mA 

VP1N 16 = 2V 7.2 8.4 9.5 mA 

Duty Cycle limit Comparator 

Input Offset Voltage -15 15 mV 

Input Bias Current -2 -10 IlA 

Duty Cycle VP1N 7 • VREF/2 43 45 49 % 

Reference Section 

Output Voltage T) = 25·C, 10 = 1mA 4.95 5.00 5.05 V 

line Regulation 12V < Vee < 25V 2 20 mV 

load Regulation 1mA < 10 < 20mA 8 25 mV 

Temperature Stability .4 % 

Total Variation line, load, temp 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 IlV 

long Term Stability T) = 125·C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -30 -85 -180 mA 

Error Amplifier Section 

Input Offset Voltage -15 15 mV 

Input Bias Current -0.1 -1.0 pA 

Open loop Gain 1 < VPIN4 < 5V 60 75 dB 

PSRR 12V < Vee < 25V 60 90 dB 

Output Sink Current VPIN 4 = 1.1V, VP1N 5 - 5.2V 2 12 mA 
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ML4819 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, Rr = 141<0, Cr = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER 

Error Amplifier Section (Continued) 

Output Source Current 

Output High Voltage 

Output low Voltage 

Unity Gain Bandwidth 

Multiplier 

I(SINE) Input Voltage 

Output Current (pin 2) 

Bandwidth 

PSRR 

Slope Compensation Cirwit 

RAMP COMP Voltage (pin 12) 

lOUT (pin 1 or pin 9) 

OVP Comparator 

Input Offset Voltage 

Hysteresis 

Input Bias Current 

Propagation Delay 

I(SENSE) Comparators A and 8 

Input Common Mode Range 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Propagation Delay 

IliMIT (A) Trip Point 

I(LlM) Comparator 

IliMIT Trip Point 

Input Bias Current 

Propagation Delay 

Output Section (A and 8) 

Output Voltage low 

Output Voltage High 

Output Voltage low in UVlO 

Output Rise/Fall Time 

7-116 

CONDITIONS 

VPIN 4 = 5.0Y, VPIN 5 = 4.BV 

IplN 4 = -O.5mA, VPIN 5 = 4.BV 

IplN 4 = 2mA, VPIN 5 = 5.2V 

I(SINE) = 500pA 

I(SINE) = 50OpA, Pin 5 = VREF - 20mV 

I(SINE) = 500pA, Pin 5 = VREF + 20mV 

I(SINE) = 1mA, Pin 5 = VREF - 20mV 

12V < Vee < 25V 

IplN 12 = 100pA (note 3) 

Output Off 

Output On 

I(SENSE) A 

I(SENSE) B 

VplN 3 = 5.5V 

lOUT = -20mA 

lOUT = -200mA 

lOUT = 20mA 

lOUT = 200mA 

lOUT = -1mA, Vee = BV 

Cl = 1000pF 

, Micro Linear 

MIN TYP MAX 

-0.5 -1.0 

6.5 ZO 

0.7 1.0 

1.0 

.4 .7 .9 

460 495 505 

0 10 

900 990 1005 

200 

70 

-15 15 

100 120 140 

-0.3 -3 

150 

-0.2 5.5 

-15 15 

+0.4 0.7 +0.9 

-3 -10 

-3 0 +3 

150 

4.B 5 5.2 

.95 1.0 1.05 

-2 -10 

150 

0.1 0.4 

1.6 2.2 

13 13.5 

12 13.4 

0.1 O.B 

50 

UNITS 

mA 

V 

V 

MHz 

V 

pA 

pA 

pA 

KHz 

dB 

V 

pA 

mV 

mV 

pA 

ns 

V 

mV 

V 

pA 

pA 

ns 

V 

V 

pA 

ns 

V 

V 

V 

V 

V 

ns 



ML4819 

ElEDRICAl CHARADERISTICS (Continued) 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = lSV (note 2) 

PARAMETER CONDITIONS 

Under Voltage Lockout 

Start-Up Threshold 

Shut-Down Threshold 

VREF Good Threshold 

"IOta! Device 

Supply Current Start-Up, Vcc = 14V 

Operating, TJ = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to 15V. 
Note 3: PWM comparator bias currents are subtracted from this reading. 

FUNDIONAl DESCRIPTION 
OSCILLATOR 

The ML 4819 oscillator charges the external capacitor 
(CT) with a current (ISET) equal to S/RSET. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

MIN TYP MAX 

15 16 17 

9 10 11 

4.4 

UNITS 

V 

V 

V 

rnA 

rnA 

The Oscillator period can be described by the 
following relationship: 

......... __ ~~TOPWM 

where: 

and: 

T ose = TRAMP + T DEADTIME 

C (Ramp Valley to Peak) 
TRAMP = ---'----'-----

ISET 

C (Ramp Valley to Peak) 
T DEADTIME = (8.4mA _ ISET) 

The maximum duty cycle of the PWM section can be 
limited by setting a threshold on pin 7. When the C(T) 
ramp is above the threshold at pin 7, the PWM output 
is held off and the PWM flip-flop is set: 

Where: 

Dose x (VPIN 7 - 0.9) DUMIT s;; ---C=-''--_:'''::''':-'-__ 

3.4 

DUMIT = Desired duty cycle limit 
Dose = Oscillator duty cycle 

-----lnL----Jn 
to_II-

CLOCK OUT 

RAMP PEAK - - - :::?\ - - /7\ --
RAMPVAL~~ _L. __ ~ __ i._ 

Figure 1. Oscillator Block Diagram 

'Micro Linear 

lATCH B 

TO PWM 
LATCHES 
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Ml4819 
9S% 

so 
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Figure 2. Oscillator Timing Resistance vs. Frequency 
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~ 1 
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0 
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> 
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0 
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V 

0 / 
V/ SINK SATURATION I 

(lOA, TO Ve<t fND\ 
0 

200 400 &00 800 
10, OUTPUT lOAD CURRENT (rnA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4819 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

r---------------------, 
I I 
I +8V I 
I +sv I 
I .SmA I 

I 
I 
I 
I 
I 

INV 

3 EAOUT I 
L ____________________ ~ 

Figure 4. Error Amplifier Configuration 

100 o .. ~ vee'lsJ 

~ 80 

'\ ~1N 
~~ : l~g~ TO S.OV _ -30 

~ TA = 25°C 

~ &0 

~ 
~ 40 .. ~ ~ 

~ ~HASE ~ 
~ 20 

~ \ 
1 

::l 
20 ~ 
~ ... 

lS0 

.. 
0 

~ 0 
« ~ -20 

10 100 1.OK 10K lOOK 

I, FREQUENCY (Hz) 

1.0M 
180 

10M 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 

MULTIPlIER 

The ML4819 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way, small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional 
to: 

lOUT oc I(SINE) x I(EA) 

where I(SINE) is the current in the dropping resistor, 
and I(EA) is a factor which varies from 0 to 1 
proportional to the output of the error amplifier. When 
the error amplifier is saturated high, the output of the 
multiplier is approximately equal to the I(SINE) input 
current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output (pin 3). 

I(SINE) 

,----- - ------------l 
IIERR) 

~ 
ERROR 

VOLTAGE 

9V 

MULTIPLIER 

I(SINE) x ((ERR) I 
I 
I 
I 

MULTIPLIER I 
I L ______________________ .J 

Figure 6. Multiplier Block Diagram 
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SLOPE COMPENSATION 

Slope compensation is accomplished by adding 112 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (lPIN 12/2) x Rl where 
RL is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 

500 

~400 

10 R(T) 

20 C(T) 

Figure 7. Slope Compensation Orcuit 

10 PIN 9 

/' 4.5V 

/'" 
4.0V 

~ 
thou 
5 ./ 

L 
./ 
,.-V 

V 
/ 

L ,.. ~ 
3.5V ~ 

5 ./ ../ V -- 3.0V S! 
0200 ./ ~ / L ~ V 

~ ~ ./--- f.--!--
ffi 
i2 

2.5V 5 
5100 
:;) 
::; d.~"""-:--

::;;ij~ o 
o 100 200 300 

SINE INPUT CURRENT Ij.IA} 

Figure 8. Muhiplier Linearity 

UNDER VOLTAGE LOCKOUT 

400 

~ 
2.0V ..... 

1.5V 

500 

On power-up the ML4819 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vee reaches 16Y. When 
Vee drops below lOY, the UVLO condition is imposed. 
During the UVLO condition, the 5V VREF pin is "off'; 
making it usable as a "flag". 

ML4819 

>---.... ---_5V VREF 

Vee 

Figure 9. Under-Voltage Lockout Block Diagram 
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~ 
.......... vdc = lJV-...... , 
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$ 
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IREF, REFERENCE SOURCE CURRENT (rnA) 

Figure 11. Reference Load Regulation 

APPLICATIONS 
POWER FACTOR SECTION 

120 

The power factor section in the Ml4819 is similar to the 
power factor section in the Ml4812 with the exception 
of the operation of the slope compensation circuit. 
Please refer to the Ml4812 data sheet for more 
information. 

The following calculations refer to figure 12. The 
component designators in the equations below refer to 
the following components in figure 12: 

RT = R16, CT = C6. 

INPUT INDUCTOR (L1) SELECTION 

The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 

One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 

VIN 
VOUT=---

1 - DON 
(1) 

Where DON is the duty cycle [f ON/(T ON + T OFF)]. The 
input boost inductor will dry out when the following 
condition is satisfied: 

or 

VINDRY = [1 - DON (max)] x VOUT (3) 

VINDRY: Voltage where the inductor dries out. 
VOUT: Output dc voltage. 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommended maximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: VOUT = 380V and 
DON (max) = 0.95 

then substituting in (3) yields VINDRY = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 

1.414 x PIN(min) 
IIN(min)PEAK = (4) 

VIN(max) 

V1N(max) = 260V 
PIN(min) = SOW 

then: IIN(min)PEAK = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 

then: ILORY = 100mA 
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ML4819 

Step 3: The value of the inductance can now be found 
using previously calculated data. 

VINDRY x DON(max) 
~= ~ 

ILDRY x fose 
20V x 0.95 

------=2mH 
100mA x 100KHz 

The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of l1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PlOO-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180' for this 
application. 

OSCILlATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 
fosc = --- (6) 

RT x CT 

For example: 

Step 1: At 100KHz with 95% duty cycle TOFF = 500ns 
calculate CT using the following formula: 

CT = TOFF x IDIS = 1000pF (7) 
Vose 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 
RT- -------

fosc x CT 100KHz x 1000pF 
(8) 

= 13.6KO choose RT - 14Kn. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the Ml4819 is provided 
internally. A current equal to Vem/2(R18) is added to 
I(SENSE) A (pin 1). This is converted to a voltage by R10, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor current during the off 

time as reflected on pin 1. Note that slope 
compensation is a requirement only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope is found at the 
point of inductor discontinuity: 

dil = VB - VIN DRY 380V - 20V 

dt l 2mH 
(9) 

= 0.18 A/ps 

The downslope as reflected to the input of the PWM 
comparator is given by: 

VB - VIN DRY 
SPWM=----

l1 
(10) 

Where Ne is the turns ratio of the current transformer 
(T1) used. In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels where the use of sense resistors is complicated 
by the amount of power they have to dissipate. 
Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite core used in this example is OS 
(SPANG/Magnetics F41206-TC). The rectifying diode at 
the output of the current transformer can be a 1 N4148 
for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed Signal has to be 
amplified to the proper level before it is applied to the 
Ml4819. 

The value of the ramp compensation (SCpwM) as seen 
at pin 1 is: 

2.5 x R9 
SCPWM ~=-----=--

R16 x C6 x R18 
(11) 

The required value for R18 can therefore be found by 
equating: 

SCPWM = Ase x SPWM 

where Ase is the amount of slope compensation and 
solving for R18. 

The value of R9 (pin 2) depends on the selection of R2 
(pin 6) 

VIN(max)PEAK 260 x 1.414 
R2 = = 510K 

ISINBpeak) 0.72mA 

VelAMP x R2 4.8 x 510K 
R9> 22K 

VIN(min)PEAK 80 x 1.414 

Choose R9 = 27K 

The peak of the inductor current can be found 
approximately by: 

(12) 

(13) 

1.414 x POUT 1.414 x 200 
IlPEAK =. = 3.14A (14) 

VIN(mm)RMS 90 
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Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is BO turns. 

V CLAMP x Nc 4.B x BO 
R11 = = --- ~ 1000 (15) 

I LPEAK 4 

Where R11 is the sense resistor, and V CLAMP is the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application VCLAMP was 
chosen as 4.BV. 

Having calculated R11 the value SPWM and of R18 can 
now be calculated: 

3BOV - 20 100 
SPWM = x - = 0.225V/{.lS 

2mH BO 

2.5 x R9 
~= ~ 

Asc x SPWM x RT x CT 
2.5 x 27K 

R18 = ~ 30K 
0.7 x (.225 x 106) x 14K x 1 nF 

Choose R1B = 33K 

The following values were used in the calculation: 

R9 = 27K 
RT = 14K 

Asc = 0.7 
CT = 1nF 

VOLTAGE REGUlATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5pA, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
112W. The operating power is set to be O.4W then with 
3BOV output voltage the value can be calculated as 
follows: 

Rs = (3BOV)2/0.4W = 360K (17) 

Choose two 17BK, 1% connected in series. 

Then R6 can be calculated using the formula below: 

VREF x Rs 5V x 356K 
~ = - 4.747K (1B) 

VB - VREF 3BOV - 5V 

Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 

ML4819 

1 
C8 =------

3.142 x Rs x BW 

1 
C8 = = O.44pF 

3.142 x 356K x 2Hz 

OVERVOLTAGE PROTECTION (OVP) COMPONENTS 

(19) 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above VOUT 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R7 = 356K then R8 
can be calculated as: 

Choose 4.53K, 1%. 

5V x 356K 
---= 4.564K 
395V - 5V 

(20) 

Note that Rs, R6, R7 and R8 should be tight tolerance 
resistors such as 1% or better. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39KO, 2W) or the circuit shown in figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn
on delay at low line. 

When the voltage on pin 15 (Vccl exceeds 16Y, the IC 
starts up. The energy stored on the C10 supplies the IC 
with running power until the supplemental winding on 
T3 can provide the power to sustain operation. 

IN 

R33 
2K 

STARr·UP 
CIRCUIT 

VIREFI >-I1-'V1I'v-...... .J::" 

R32 
2K 

R30 
R31 4.3K 

510K 

L--..... *+O.:..U.:..T_ TO vee 
015 

1N4001 

Figure 13. Start-Up Circuit 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 
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PWM SECTION 

The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFETs. Flyback topology is also possible with 
the ML4819. 

385VDCI-...... --------.., 

012 

Q3 

ML4819 

Figure 14. lWo-Switch Forwan:l Converter 

This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop is through 
PWM B. The TL431 (U3) in the secondary serves as both 
the voltage reference and error amplifier, with isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. Loop compensation is 
provided by R29 and C20. The output voltage is set by: 

( R29 ) VOUT = 2.5 1 +-
R28 

The control loop is compensated using standard 
compensation techniques. 

(21) 

Current is limited to a threshold of 2A (1V on R24). The 
duty cycle is limited in this circuit to below 50% to 
prevent transformer (T3) core saturation. The maximum 
duty cycle limit of 45% is set using a threshold of 
VREF/2 on pin 7. 

The circuit in figure 12 can be modified for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 

The ramp amplitude appearing on pin 9 will be 

(22) 

where R18 is the slope compensation resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the PFC section) voltage feed-forward is 
unnecessary. 

VIREFI 

RI3 

R14 

Figure 15. Voltage Mode Configuration 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FET, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D6, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 

The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor. 

The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 
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Component Values/Bill of Materials for Figure 12 

Component Description Component Desaiption 

C1, C3 O.(¥II:; 630V Film (250 VAe) R4 12K 

C2 3311#11:; 400V Electrolytic RS, R7 357K, 1% 

C4 6800pl:; 1 KV Ceramic R6 4.75K,1% 

C5, C6 1000pF R8 4.53K,1% 

C7 111#11:; 35V R9 27K 

CB, C11, C13, C15, C16 1pl:; Ceramic R10, R18 33K 

C9, C20, C21 0.1pF, Ceramic R11 910 

C10 150lI#l1:; 25V Electrolytic R12, R22 100 

C12, C17 1pl:; Ceramic R13, R14 4.7K 

C14 2200pF R15 4.3K 

C18 150lI#l1:; 16V Electrolytic R16 15K 

C19 4.7pF R17 30 

01-05 1N5406 R20 7.50 

06 MUR850 R21, R19 3K 

07, 010 1N4148 R23 1000 

08 3V Zener diode or 4 x 1 N4148 R24, R25 10 
in series 

R26 1.5K 
D9 MUR110 R27 1.2K 
011,012 MUR150 

R28 8.66K, 1% 
013 D83-004K R29 226K, 1% 
015 1N4001 

R30 2K, 1W 
016,014 1 N5818 or 1 N5819 R32, R33 2K 
F1 SA, 250Y, 3AG T1 Spang F41206-TC or 
L1 2mH, 4A IpEAK Siemens B64290-K45-X27 or X830 or 

Core: Ferroxcube 4229-3CB Ferroxcube 768T188-3C8 
150 Turns #24 AWG 
0.150" gap 

Ns-80,Np-1 

T2 Same core as T1 -L2 111#1H Ns = Np = 15 bifilar 
Core: Spang OF 43019 UGOO 
8 Turns #15AWG gap 0.05" 

T3 Core: Ferroxcube 4229-3CB 
Pri. 44 Turns #18 Litz wire 

Q1-Q3 IRF840 Sec. 4 Turns of copper strip 

Q4, Q5 2N2222 Aux. 2 Turns #24 AWG 

Q6 IRF821 U2 MOC8102 

R1 330K U3 TL431 

R2, R31 510K 

R3 5.6K 
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ORDERING INFORMATION 

7-126 

PART NUMBER 

Ml4819CP 
Ml4819CS 

TEMPERATURE 
RANGE 

O·C to +70·C 
O·C to +70·C 

'Micro Linear 

PACKAGE 

Molded DIP (P20) 
Molded PCC (S20W) 
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GENERAL DESCRIPTION 

The ML4821 provides the complete control for a "boost" 
type power factor correction system using the average 
current sensing method. Special care has been taken in 
the design of the ML4821 to increase system noise 
immunity. The circuit includes a precision reference, 
multiplier, average current error amplifier, output error 
amplifier, over-voltage protection comparator, shutdown 
logic, as well as a high current output. In addition, start
up is simplified by an under-voltage lockout circuit with 
7V hysteresis. 

In a typical application, the ML4821 controls the average 
current, adjusting the pulse width of the output to 
modulate the current so that its shape conforms to the 
shape of the input voltage. The reference for the current 
regulator is a product of the sinusoidal line voltage times 
the output of the error amplifier which is regulating the 
output DC voltage. Average line voltage compensation is 
provided in the multiplier to ensure constant loop gain 
over a wide input voltage range. This compensation 
includes a special "brown-out" control which reduces 
output power below 90V RMS input. 

For applications information, Please see Applications 
Note 16. 

BLOCK DIAGRAM 

MULTIPLIER 
VRMS 

6r~~O~U~T __________ • 

July 1994 
PRELIMINARY 

ML4821 

Power Factor Controller 
The ML4821 uses Micro Linears bipolar array technology 
which allows for customization of the IC for a user's 
specific application. Please consult Micro Linear for semi
standard options. 

FEATURES 

• Average current sensing for lowest possible 
harmonic distortion 

• Average Line compensation with Brown-out control 

• Precision buffered SV Reference (±1 %) 

• Current Input Multiplier reduces external components 
and improves noise immunity 

• 1 A Peak Current Totem-Pole Output Drive 

• Over-Voltage comparator eliminates output "runaway" 
due to load removal 

• Wide common mode range in current sense 
comparators for better noise immunity 

• Large oscillator ampl itude for better noise immunity 

• Output Driver internally limited to 17V 

• "Sleep mode" shutdown input 

SLEEP 

osc 

UNDER 
VOLTAGE 
LOCKOUT 

VUMIT 

17V 

V.EF 16 

1-____ ....:G:.:,N;.::;D'-I18 
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PIN CONNECTION 

ML4821 ML4821 
l8-Pin DIP 20-Pin SOIC 

ILIM CND ILIM 20 CND 

IAOUT CT IAOUT 19 CT 

IA- VRn IA- 18 VREF 

IA+ Vee IA+ 17 Vee 

ISINE OUT ISINE l' OUT 

EAOUT PCND EAOUT 15 PCND 

EA- RT EA- 14 RT 

VRMS OVP VRMS 13 OVP 

SOFT START SYNC SOFT START 12 SYNC 

N/C 10 11 N/C 
TOP VIEW 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME FUNCTION 

ILiM Peak cycle-by-cycle Current limit 10 SYNC Oscillator synchronization input 
input. 

11 OVP Inhibits output pulses when the 
2 IAOUT Output and compensation node of the voltage at this pin exceeds 5V. Also, 

average current error amplifier. when the voltage at this pin is less 

3 IA- Inverting input of the average current 
error amplifier. 

than 0.7v, the IC goes into low current 
shut-down mode. 

4 IA+ Non-Inverting input of the average 
12 RT Timing Resistor for the Oscillator 

current error amplifier and output of 13 PWR Return for the High Current Totem 
the multiplier. GND pole output. 

5 ISINE Current Multiplier input. 14 OUT High Current Totem pole output. 

15 Vee Positive Supply for the Ie. 

6 EAOUT Output of output voltage error 16 VREF Buffered output for the 5V voltage 
amplifier. reference. 

7 INV Inverting input to error amplifier. 17 CT Timing Capacitor for the Oscillator. 

8 VRMS Input for Average Line Voltage 18 GND Analog signal ground. 
compensation 

9 SOFT Normally connected to Soft Start 
START Capacitor 
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ABSOLUTE MAXIMUM RATINGS 

Supply Current (led ................................................ 3smA 
Output Current, Source or Sink (pin 14) 

DC ........................................................................ 1.0A 
Output Energy (capacitive load per cycle) .................... sllJ 
Multiplier ISINE Input (pin 5) ................................... 1.2mA 
Error Amp Source Current (pin 6) ....................•........ SOmA 
Oscillator Charge Current .......................................... 2mA 
Analog Inputs (pins 1,3,4, 7,8,9,10,11) ........ -O.3Vto s.sV 
Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ................... +260°C 
Thermal Resistance (alA) 

Plastic DIP ........................................................ 6S oC/W 
Plastic SOIC ...................................................... 6S°C!W 

ELECTRICAL CHARACTERISTICS 

ML4821 

OPERATING CONDITIONS 

Temperature Range 
ML4821C ................................................. O°C to +70°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Unless otherwise specified, RT = 6.2KQ, CT = 720pF, TA = Operating Temperature Range, Vee = lsV (Note 2). 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

OSCILLATOR 

Initial accuracy TA = 25°C 90 100 110 KHz 

Voltage stability 12V<Vcc<18V 1 % 

Temperature stability 2 % 

Total Variation Line, Temperature 85 115 KHz 

Ramp Valley to Peak 4.7 5.2 5.6 V 

RT Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 12 open) VPIN17= 2V 7.8 8.4 9.3 mA 

Sync Input Threshold 1.5 2.0 3.0 V 

REFERENCE SECTION 

Output Voltage TA= 25°C, 10= lmA 4.95 5.00 5.05 V 

Line regulation 12V < Vcc < 24V 2 10 mV 

load regu lation 1 mA < 10 < 20mA 2 15 mV 

Temperature stability .4 % 

Total Variation line, load, temp 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 IlV 

long Term Stability T A = 125°C, 1000 hrs, (Note 1) 5 25 mV 

Short Circuit Current VREF= OV -30 -85 -180 mA 

VOLTAGE ERROR AMPLIFIER (EA) 

Input Offset Voltage 0 -15 mV 

Input Bias Current -50 -800 nA 

Open loop Gain 2 < VpIN6 < 6V 60 75 dB 

PSRR 12V < Vcc< 24V 70 100 dB 

Output Sink Current VPIN6 = 4V, VPIN7 = 5.5V 300 500 !lA 
Output Source Current VPIN6 = 4.0 V, VPIN7 = 4.8V -10 -30 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOLTAGE ERROR AMPLIFIER (EA) (Continued) 

Output High Voltage IplNG = -5mA, VPIN7 = 4.8V 7.0 7.5 V 

Output Low Voltage IplNG = 0, VPIN7 = 5.5V 0 0.5 V 

Unity Gain Bandwidth 1.0 MHz 

Soft Start Charge Current VPIN9 =4V -22 -38 -50 flA 

CURRENT AMPLIFIER (IA) 

Input Offset Voltage -1.5 0 +3.5 mV 

Input Bias Current -0.15 -1 flA 

Input Offset Current +400 nA 

Open Loop Gain 2 < VPING < 7V 80 100 dB 

PSRR 12V<Vcc<24V 65 85 dB 

Output Voltage Low 10l = 300flA 0 0.5 V 

Output Voltage High IOH=-10mA 7.0 7.5 V 

Input Common Mode Range -0.3 2.5 V 

MULTIPLIER 

Gain VPIN7 = 4.8V, VPINB = OV 0.75 1.2 1.3 
VPIN7 = 4.8V, VPINB = 1.75V 3.1 3.88 4.45 
VPIN7 = 4.8V, VPINB = 2.6V 1.25 1.75 2.15 
VPIN7 = 4.8V, VPINB = 5.2V 0.22 0.38 0.50 

Output Current VPIN7 = S.2V, VPINB = 5.2V -2 -4 flA 

Output Current Limit VPIN7 = 4.8V, IplNS = 500mA, 
VPINB = 1.75V 360 395 420 flA 

IUM COMPARATOR 

Input Offset Voltage mV 

Input Bias Current 

OVP COMPARATOR 

Input Offset Voltage Output Off -25 5 mV 

Hysteresis Output On 85 105 130 mV 

Input Bias Current -0.3 -3 flA 

Propagation Delay 150 ns 

Shutdown Threshold 0.4 0.7 1.0 V 

PWM COMPARATOR: ISENSE 

Input Common Mode Range V 

Propagation Delay ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

OUTPUT SECTION 

Output Voltage Low lOUT = 20mA 0.1 0.4 V 
lOUT = 200mA 1.6 2.4 V 

Output Voltage High IOUT=-20mA 13 13.5 V 
lOUT = -200mA 12 13.4 V 

Output Voltage Low in UVLO lOUT = -SmA, Vee = 8V 0.1 0.8 V 

Output Rise/Fall Time CL = 1000pF 50 ns 

UNDER-VOLTAGE LOCKOUT 

Start-up Threshold 14.5 16.5 V 

Shut-Down Threshold 8.5 10.5 V 

VREF Good Threshold 4.4 V 

TOTAL DEVICE 

Supply Current Start-up, Vee = 14V, TA = 25°C 0.6 1.2 mA 
Operating, TA = 25°C 26 32 mA 

Internal Shunt Zener Voltage ICC = 35mA 25 27 35 V 

Note 1. This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to 15V 

I · I' .. d f' d IoUTPIN4 Note 3: Mu tiP ler gam IS e me as: ---
IINPIN6 

-
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The Ml4821 oscillator charges the external capacitor (CT) 
with a current equal to 2.5/RT. When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Ql. 

The Oscillator period can be described by the following 
relationship: 

T OSC = TRAMP + T DEADTIME 

where: 

TRAMP = C(Ramp Valley to Peak) + (IRT/2) 

and: 

T DEADTIME = C(Ramp Valley to Pk) + (8AmA - IRT/2) 

CLOCK 

RAMP PEAK 
-c~ - - --~ - - - - ;;-\ - - - . 

RAMPVALLEY _ L ____ _ V _____ \ __ . 
The Ml4821 oscillator includes a SYNC input for 
synchronizing to an external frequency source. A positive 
pulse on this pin of 2V (typ) resets the oscillators 
comparator and initiates a discharge cycle for CT. The RT 
and CT component values which set the Ml4821 
oscillator frequency should be selected to produce a 
lower frequency than the external frequency source. 

Figure 1. Osccillator Block Diagram. 

ERROR AND CURRENT AMPLIFIERS 

The Ml4821 error amplifier is a high open loop gain, 
wide bandwidth, amplifier with a class A output. The soft 
start circuit controls the input to the error amplifier for 
closed loop soft start operation. 

The current amplifier (IA) is similar to the error amplifier 
but is designed for very low offsets to allow the selection 
of a low value resistor for RSENSE. 

OUTPUT DRIVER STAGE 

The Ml4821 Output Driver is a 1 A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. The 
driver circuit's output voltage is internally limited to 17V. 

MULTIPLIER 

The Ml4821 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 

The output of the multiplier is a current which appears on 
pin 4 to form the reference for the current error amplifier 
and is given as: 

IMUl = K X ISINE X (VEA - 0.8) 

where: 

1 

ISINE is the current in the dropping resistor, VEA 
is the output of the error amplifier and K is a 
constant determined by the V(RMS) input on 
pin 8. K assumes a higher value for the range 
from 90 to 1 70V than in the range above 1 70V. 

1000 

"-

"' \. ........ 
......... 

~ 100 ~ ~ ........ ~ 

I " ....... ...... ......... 
1"1... r"oo.. ........ ......... 30p 

...... ....... -- ........ 
lnF'" ...... .......... .... ---- 470pl 

10 
o 10 20 30 

RT (kn) 

BOp 

40 SO 

Figure 2. OsciHator Timing Resistance vs. Frequency. 
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Figure 3. Error and Current Amplifier Configuration 
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'\. 
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10, OUTPUT LOAD CURRENT (IlIA) 

Figure 5. Output Saturation Voltage vs. Output Current. 

The output current of the multiplier is limited to: 

I 2.5 
MUl(MAX)=~ 

This sets the system current limit.The multiplier output 
current is converted into the reference voltage for the 
current (IA) amplifier through a resistor to ground on pin 
4, the multiplier output. 

Figure 6 shows the gain adjustor (K) with respect to the 
voltage at pin #8. The curve has been separated in two 
parts. The right hand part is for operation under normal 
conditions in the voltage range from minimum line 
voltage to maximum line voltage (90VAC to 260VAC). 
85VAC on the curve has been chosen to account for 
tolerances. Under normal operating conditions as input 
voltage decreases the gain increases compensating for the 
drop in the loop gain. 

Under brownout conditions (below 85VAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. This 
is a very useful feature since in many cases the load for a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 

Ml4821 
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Figure 4. Error Amplifier Open-loop Gain and Phase vs. 
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THIS IS THE MINIMUM 
OPERATING 
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/
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~ VOLT AGE CONTROL LOOP 

I I 
I 

°0·L--~-4L-~:~3-~~-~5::-~6~~ 
85VAC 120VAC 220VAC 

VOLTAGE ON PIN #8 

Figure 6. K-factor. Gain adjustor gain with 
respect to the voltage at pin #8. 

UNDER VOLTAGE LOCKOUT, 
OVP AND CURRENT LIMIT 

On power-up the ML4821 remains in the UVLO 
condition; output low and quiescent current low. The IC 
becomes operational when Vcc reaches 16V. When 
VCC drops below 9V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref pin is "off", 
making it usable as a "flag" for starting up a down-stream 
PWM converter. 

OVP, SHUTDOWN, AND Ie BIAS 

When the input to the OVP comparator exceeds VREF, the 
output of the ML4821 is inhibited. The OVP input also 
functions as a "sleep" input, putting the IC into the low 
quiescent UVLO state when the OVP pin is pulled below 
O.7V. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The circuit in Figure 11 below supplies Vee power to the 
ML4821. Start-up current is delivered via R10. The IC 
starts when pin 15 reaches 15.5V. After that time running 
power is delivered through the tap on L 1. The 
configuration shown delivers a voltage proportional to 
VOUT. 
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ML4821 
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Figure 7. Multiplier Linearity. 
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Figure 8. Under-Voltage Lockout Block Diagram. 
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Figure 11. Bias and Start-up Circuit. 

ORDERING INFORMATION 

PARTNUM(I!,~ 

ML4821CP 
ML4821CS 

O'C to +70'C 
O'Cto +70'C 

n .. ,..., .. _ ... 
I ""'ftn .... L 

l8-Pin Molded DIP (P18) 
l8-Pin Molded SOIC (S18W) 

Note: Other packages and temperature ranges can be made available on request. Contact your local Micro linear 
Representative for more information. 
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.~Micro Linear 
ML4821 EVAL 

Average Current PFC Controller Evaluation Kit 

GENERAL DESCRIPTION FEATURES 

The ML4821 EVAL kit provides a convenient vehicle to 
evaluate the ML4821 average current sense power factor 
correction control Ie. It contains all of the necessary 
documentation with the evaluation board and key 
components to quickly evaluate the application circuit. 
The board is designed for a 200W universal input PFC 
circuit. However power components can be replaced for 
higher or lower power applications. 

• Harmonic currents well below proposed IEC555-2 
limits. 

• Power Factor » .99 

• THD< 5% 
• Universal Input Range (85Vac to 256Vac) 

• 380V output at 200W. 

• Efficiency as high as 94%. 

KIT COMPONENTS 
• Auxiliary supply from additional inductor winding. 

• OVP protection. 

• User's Guide 

• ML4821 Datasheet 

• Application Note 16 

• ML4861 Sample 

• Evaluation Board 

• Key Power Semiconductor Components 

• Powder Iron Toroidal Inductor 

• Input and output filter capacitors 

• Heatsinks 

BLOCK DIAGRAM 

.---__ , r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -I 

1 BRIOGE 1 
LINE 

FILTER -* 1 
RECTIFIER 1 

1 

1 

ML4821 
POWER 
FACTOR 

1 

1,----, 

ISENSE 
CONTROLLER 

vour+ 1 

vour 1 

1 

PWM 
CONVERTER 

1'--__ --' 

ML4821 EVALUATION BOARD 
1 -: 

1 _________________________________ J 
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September 1994 

PRELIMINARY 

ML4823 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML4823 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1 MHz. 
Propagation delays are minimal through the comparators 
and logic for reliable high frequency operation while slew 
rate and bandwidth are maximized on the error amplifier. 
This controller is designed for single-ended applications 
using voltage or current mode and provides for input 
voltage feed forward. 

A 1 V threshold current limit comparator provides cycle
by-cycle current limit and exceeding a lAV threshold 
initiates a soft-start cycle. The soft start pin doubles as a 
maximum duty cycle clamp. All logic is fully latched to 
provide jitter-free operation and prevent multiple pulsing. 
An under-voltage lockout circuit with 800mV of hysteresis 
assures low startup current and drives the outputs low 
during fault conditions. 

This controller is an improved second source for the 
UC1823 controller, however the ML4823 includes 
features not found on the 1823. These features are set in 
Italics. 

BLOCK DIAGRAM 

FEATURES 

• Practical Operation at Switching Frequencies to 
1.0MHz 

• High Current (2A peak) Totem Pole Output 

• Wide Bandwidth Error Amplifier 

• Fully Latched Logic with Double Pulse Suppression 

• Pulse-by-Pulse Current Limiting 

• Soft Start and Max. Duty Cycle Control 

• Under Voltage Lockout with Hysteresis 

• 5.1 V, ±1 % Trimmed Bandgap Reference 

• Low Start-up Current (1.1 mAl 

• Pin Compatible Improved Replacement for UC1823 

• Fast Shut Down Path from Current Limit to Output 

• Soft Start Latch Ensures Full Soft Start Cycle 

• Outputs Pull Low for Undervoltage Lockout 

RT 
51---C-------I 

6 CT 
r-__ ====~==~====~ ______ ~--------------------------~C=LOC==K~O~U~T;4 

o RAMP 

E/AOUT 

1.25V 

1111-'-+------1 

SOFT START 
8r--------------+---------4------~--. 

R 
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PIN CONFIGURATION 

ML4823 
16-PIN DIP 

INV 5.1V REF 

NI Vee 

E/AOUT OUTPUT 

CLOCK Ve 

RT PWRGND 

CT ILIM REF 

RAMP GND 

SOFT START ILlMIS·D. 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME 

INV Inverting input to error amp. 9 luMiS.D. 

2 NI Non-inverting input to error amp. 

3 E!AOUT Output of error amplifier and input to 
10 GND 

main comparator. 11 IliM REF 

4 CLOCK Oscillator output. 

S RT Timing Resistor for Oscillator - sets 
12 PWRGND 

charging current for oscillator timing 
capacitor (pin 6). 13 Ve 

6 CT Timing Capacitor for Oscillator. 

7 RAMP Non-inverting input to main 
14 OUTB 

comparator. Connected to CT for 15 Vee 
Voltage Mode operation or to current 

16 5.1V REF 
sense resistor for current mode. 

8 SOFT START Normally connected to Soft Start 
Capacitor. 

'Micro Linear 

ML4823 

ML4823 
20-PIN PCC 

~ 
z ~ ~ ~ ~ 

.. I;; I.J ci 0 l; 

~ 
z 

1 z 
~ " t ~ 

~ 

TOP VIEW 

FUNCTION 

OUTPUT 

Ve 

NC 

PWRGND 

ILIMREF 

Current limit sense pin. Normally 
connected to current sense resistor. 

Analog Signal Ground. 

Reference input for cycle-by-cycle 
current limit comparator. 

Return for the High Current Totem 
pole outputs. 

Positive Supply for the High Current 
Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the Ie. 

Buffered output for the S.l V voltage 
reference. 
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ML4823 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (pins 15, 13) ...................................... 30V 
Output Current, Source or Sink (pins 11, 14) 

DC ....................................................................... O.SA 
Pulse (O.SI!5) ......................................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 7, 8, 9) ...................................... -O.3V to 6V 

Clock Output Current (Pin 4) .................................. -SmA 
Error Amplifier Output Current (Pin 3) ...................... SmA 
Soft Start Sink Current (Pin 8) .................................. 20mA 
Oscillator Charging Current (Pin 5) ......................... -SmA 
Junction Temperature 

ML4823M ........................................................... 150°C 
ML48231, ML4823C ........................................... 12SoC 

Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................. +260°C 

ELECTRICAL CHARACTERISTICS 

Thermal Resistance (aJA) 
Plastic DIP ....................................................... 6S°C!W 
Ceramic DIP .................................................... 6SoC/W 
Plastic Chip Carrier (PCC) ................................ 60°C!W 

OPERATING CONDITIONS 

Temperature Range 
ML4823M .......................................... -55°C to + 125°C 
ML48231 .............................................. -40°C to +8SoC 
ML4823C ................................................ O°C to +70°C 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratmgs only and 
functIonal device operatIon is not implied. 

Unless otherwise specified, RT = 3.6SKn, CT = 1 OOOpF, TA = Operating Temperature Range, Vee = lSV. 

PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C, (Note 1 ) 360 400 440 KHz 

Voltage Stability lOV < Vcc < 30V, (Note 1) 0.2 2 % 

Temperature Stability (Note 1) 5 % 

Total Variation Line, Temp, (Note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (Note 1) 2.6 2.8 3.0 V 

Ramp Valley (Note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (Note 1) 1.6 1.8 2.0 V 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1 mA 5.05 5.10 5.15 V 

Line Regulation lOV < Vcc < 30V 2 20 mV 

Load Regulation lmA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C, (Note 1) 0.2 0.4 % 

Total Variation Line, load, temp. (Note 1) 5.00 5.20 V 

Output Noise Voltage 10Hz to 10KHz (Note 1) 50 IN 

Long Term Stability TJ = 125°C, 1000 hrs, (Note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Error Amplifier Section 

Input Offset Voltage Operating Temperature Range I I ±15 mV 

Input Bias Current I 0.6 1 3 JJ.A 
Input Offset Current I 0.1 I 1 JJ.A 
Open Loop Gain 1 <Vo<4V I 60 95 1 dB 
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ML4823 

ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, RT = 3.6SKQ, CT = 1 nF, TA = Operating Temperature Range, Vee = lSY. 

PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

Error Amplifier Section (Continued) 

CMRR 1.5 <Vcc< 5.5V 75 95 dB 
Operating Temperature Range 

PSRR 10<Vcc <30V 85 110 dB 
Operting Temperature Range 

Output Sink Current VPIN3=1V 1 2.5 mA 

Output Source Current VPIN3 =4V -0.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output Low Voltage IpIN3 = 1mA 0 0.5 1.0 V 

Unity Gain Bandwidth (Note 1) 3 5.5 MHz 

Slew Rate (Note 1) 6 12 V/IJ.S 
PWM Comparator Section 

Pin 7 Bias Current VPIN 7 = OV -1 -5 J.IA 
Duty Cycle Range 0 80 % 

Pin 3 Zero DC Threshold VPIN7 =OV 1.1 1.25 V 

Delay to Output (Note 1) 50 80 ns 

Soft-Start Section 

Charge Current VPINS =0.5V 

Discharge Current VPINS= 1V mA 

Current Limit/Shutdown Section 

Pin 9 Bias Current OV < VPIN9 < 4V ±10 J.IA 
Current Limit Offset VPIN 11 = 1.1V 0 15 mV 

Pin 11 Common Mode Range 1.0 1.25 V 

Shutdown Threshold 1.25 1.40 1.55 V 

Delay to Output (Note 1) 50 80 ns 

Output Section 

Output Low Level lOUT = 20mA 0.25 0.40 V 

lOUT = 200mA 1.2 2.2 V 

Output High Level IOUT=-20mA 13.0 13.5 V 

lOUT = -200mA 12.0 13.0 V 

Collector Leakage Vc = 30V 100 500 J.IA 
RiseIFal1 Time CL = 1000PF, (Note 1) 30 60 ns 

Under-Voltage Lockout Section 

Start Threshold V 

UVLO Hysteresis V 

Supply Current 

Start Up Current Vcc = 8V 1.1 2.5 mA 

Icc VPIN 1, 7, 9 = OV 22 33 mA 
VPIN2 = 1V 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
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ML4823 

FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4823 oscillator charges the external capacitor (C T) 
with a current (ISET) equal to 3/RsET. When the capacitor 
voltage reaches the upper threshold (Ramp Peak), the 
comparator changes state and the capacitor discharges to 
the lower threshold (Ramp Valley) through Q1. While the 
capacitor is discharging, Q2 provides a high pulse. 

r------------------------~ 
I I 

5.1V 

I 

~---~------------------~-j 

Figure 1. Oscillator Block Diagram 

~ 
§ 10Kr-~--~~~~~~~~~~~--+_~ 
Ii 

lK 10K 

FREQ(Hz) 

lOOK 1M 

Figure 2. Oscillator Timing Resistance vs Frequency 

The Oscillator period can be described by the following 
relationship: 

T osc = TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to Peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)/IQl 
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Figure 3. Oscillator Deadtime vs Frequency 
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Figure 4. Oscillator Deadtime vs CT (3Jm S; Rr S; 100Kn) 
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ERROR AMPLIFIER 

The ML4823 error amplifier is a 5.5MHz bandwidth 12V/!lS 
slew rate op-amp with provision for limiting the positive 
output voltage swing (Output Inhibit line) for ease in 
implementing the soft start function. 

VIN I / \\ I 
I 

I 
I \ :1 VOliT I 
I 

-~ I .... 
""" -1 

o 0.2 0.4 0.6 0.8 1.0 

TIME (115) 

Figure 5. Unity Gain Slew Rate 

OUTPUT DRIVER STAGE 

The ML4823 Output Driver is a 2A peak output high speed 
totem pole circuit designed to quickly switch the gates of 
capacitive loads, such as power MOSFET transistors. 
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Figure 7. Simplified Schematic 
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Figure 8. Saturation Curves 
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Figure 6. Open Loop Frequency Response 
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ML4823 
50FT START AND CURRENT LIMIT 

The ML4823 employs two current limits. When the 
voltage at pin 9 exceeds the ILiM REF threshold on pin 11, 
the outputs are immediately shut off and the cycle is 
terminated for the remainder of the oscillator period by 
resetting the RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 9 
reaches 1 .4 V before the outputs have tu rned off, a soft 
start cycle is initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held "off" until the voltage at 
pin 8 reaches 1 V, ensuring a complete soft start cycle. 
The duty cycle on start up is limited by limiting the output 
voltage of the error amplifier voltage to the voltage at 
pin 8. 

ORDERING INFORMATION 

7-142 

PART NUMBER 

Ml4823CP 
Ml4823CQ 
Ml4823CS 
Ml48231P 
Ml48231Q 
Ml48231S 
Ml4823M) 

TEMPERATURE RANGE 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

-55°C to + 125°C 

'-Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded PCC (Q20) 
Molded SOIC (S16W) 
Molded DIP (P16) 
Molded PCC (Q20) 
Molded SOIC (S16W) 
Hermetic DIP ()16) 
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PRELIMINARY 

ML4824 

Power Factor and PWM Combo 
GENERAL DESCRIPTION 

The ML4824 is a complete controller for a power factor 
corrected, switched mode power supply. Power Factor 
Correction results in smaller, lower cost bulk capacitors, 
reduces power line loading and the stress on switching 
FETs, and results in a power supply that fully complies 
with IEC555-2 specifications. Contained in the ML4824 
are circuits for the implementation of a leading edge, 
average cu rrent mode "boost" type power factor 
correction and a trailing edge, synchronized current or 
voltage mode pulse width modulator (PWM). 

The ML4824 comes in two versions; the ML4824XP-1 
(fpwM = fpFC) and the ML4824XP-2 (fpwM = 2fpFcl. 
Doubling the switching frequency of the PWM allows the 
user to design with a smaller output inductor and 
capacitor. 

An over-voltage comparator is configured to shut-down 
the PFC section in the event of a sudden decrease in load. 
The PFC section also includes peak current limiting and 
input voltage brown-out protection. 

The PWM section can be operated in current mode or 
voltage mode and includes a precision duty cycle limit to 
prevent transformer saturation. 

BLOCK DIAGRAM 

When a brown-out occurs, the VINOK comparator shuts 
down both the PFC and the PWM. A soft-start of the PWM 
follows with the return of normal line power. 

FEATURES 

• Internally Synchronized PFC and PWM in one IC 

• Low Total Harmonic Distortion 

• Average Current Sensing, Continuous Boost, 
Leading Edge PFC 

• High Efficiency, Trailing Edge PWM 

• Current Mode or Voltage Mode PWM 

• Average Line Voltage Compensation with Brown-Out 
Control (Universal Input) 

• PFC Over-Voltage Comparator Eliminates Output 
"Runaway" Due to Load Removal 

• Current Fed Multiplier to Improve Noise Immunity 

• Simplified Compensation Scheme 

• Overvoltage Protection, UVLO, and Soft Start 

--------------------------------------------------~ 
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ML4824 

PIN CONFIGURATION 

ML4824 
16-Pin DIP (P16) 

16-Pin sOle (S16W) 

IEAO 

lAC 

ISENSE 

VRMS 

5S 

Voc 
RAMPI 

RAMP2 

VEAO 

FB 

REF 

VCC 

VOl 

V02 

GND 

DCluM 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME 

IEAO PFC transconductance current error 9 DClLlM 
amplifier output. 

10 GND 
2 lAC PFC multiplier reference input. 

11 V02 
3 ISENSE Current sense input to the PFC current 

12 Val limit comparator. 

4 VRMS Input for PFC RMS line voltage 13 Vcc 

compensation. 14 REF 

5 SS PWM soft start (capacitor). 

6 Voc PWM voltage feedback input. 15 FB 

7 RAMPl Oscillator timing node; timing set 
16 VEAO 

by RTCT. 

8 RAMP2 Current mode; current sense input. 
Voltage mode; input for PFC output 
(feed forward ramp). 
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FUNCTION 

PWM current limit. 

Ground. 

PWM driver output. 

PFC driver output. 

Positive supply (with shunt regulator). 

Buffered output for the 7.5V voltage 
reference. 

PFC transconductance voltage error 
amplifier input. 

PFC transconductance voltage error 
amplifier output. 



ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current {lcd ................................................ SSmA 
Peak Output Current, Source or Sink 

(pins 11 & 12) ........................................................ O.SA 
Output Energy (capacitive load per cycle) ................ 1 .SmJ 
Multiplier lAC Input (pin 2) ...................................... 10mA 
Analog Inputs (pins 4, 6, 9 & 15) .......... -O.3V to Vcc - 2V 
Pin 3 input voltage .......................................... -3V to +SV 

ELECTRICAL CHARACTERISTICS 

Amplifiers (pins 1, 3, 15, 16) 

ML4824 

Junction Temperature .............................................. 150°C 
Storage Temperature Range ...................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) ................... +260°C 
Thermal Resistance (alA) 

Plastic DIP ........................................................ 80°C/VI! 
Plastic SOIC .................................................... 10SoC/VV 

OPERATING CONDITIONS 

Temperature Range 
ML4824C .................................................. O°C to 70°C 
ML48241 .............................................. -40°C to +8SoC 

UNITS 

Transconductance, gmv VNON-INV = V1NV (Note 1) 30 85 140 IlU 

Transconductance, gml VNON-INV = VINV (Note 1) 130 195 335 IlU 

Input Offset Voltagev ±3.0 ±15.0 mV 

Input Offset Voltagel ±3.0 ±15.0 mV 

Input Bias Current -0.3 -1.0 J.lA 
Open Loop Gain 60 75 dB 

PSRR Vccz - 3V < Vcc < Vccz - 0.5V 60 75 dB 

Input Voltage Range Pin 15 (Note 3) 0 7 V 

Pin 3 (Note 3) -1.5 2 V 

Output Low 0.65 1 V 

Output High 6.0 6.7 V 

Source Current ~VIN = ±0.5V, VOUT = 6V -80 -40 J.lA 
Sink Current ~VIN = ±0.5V, VOUT = l.5V 40 80 J.lA 

Comparators (pins 1, 3, 5, 6, 15) 

OVP Threshold 2.6 2.7 2.8 V 

OVP Hysteresis 80 115 150 mV 

ILiM Threshold -0.80 -1.0 -l.l5 V 

ILiM Delay to Output (Note 3) 150 300 ns 

DCluM Threshold 0.90 1.0 1.10 V 

DCluM Delay to Output (Note 3) 150 300 ns 

VINOK Threshold 2.4 2.5 2.6 V 

VINOK Hysteresis 0.8 1.0 1.2 V 

Input Bias Current ±0.3 ±1 J.lA 
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ML4824 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Multiplier 

Gain (Note 2) IpIN2 = 100/!A, VPIN4 = OV, 
VPIN15 = OV 0.36 0.51 0.66 

IpIN2 = 50/!A, VPIN4 = 1.2V, 
VPIN15 = OV 1.20 1.72 2.24 

IpIN2 = 50/!A, VPIN4 = 1.8V, 
VPIN15 = OV 0.55 0.78 1.01 

IpIN2 = 100/!A, VPIN4 = 3.3V, 
VPIN15 = OV 0.14 0.20 0.26 

Bandwidth lAC = 250/!A 10 MHz 

Multiplier Output Voltage VPIN15 = OV, VPIN5 = 1.15V 
IpIN2 = 250/!A 0.72 0.8 0.88 V 

Oscillator 

Initial Accuracy TA = 25°C 71 76 81 kHz 

Voltage Stability Veez - 3V < Vee < Veez - O.5V 1 % 

Temperature Stability Over operating temp. range 2 % 

Total Variation line, temp. 68 84 kHz 

Ramp Valley to Peak Voltage 2.5 V 

Dead Time PFC only 270 370 470 ns 

C T Discharge Current VPINB = OV, VPIN7 = 2.5V 4.5 7.5 9.5 mA 

Reference 

Output Voltage T A = 25°C, 10 = 1 mA 7.4 7.5 7.6 V 

line Regulation Veez - 3V < Vee < Vecz - 0.5V 2 10 mV 

load Regu lation 1mA < 10 < 20mA 2 15 mV 

Temperature Stability 0.4 % 

Total Variation Line, load, temp. 7.25 7.65 V 

long Term Stability TJ = 125°C, 1000 hrs (Note 3) 5 25 mV 

Short Circuit Current Vee < Vecz - O.5V, VREF = OV -15 -40 -100 mA 

PWM 

Start Period Duty Cycle Ml4824-1 % 

Ml4824-2 % 

PFC 

Minimum Duty Cycle VIEAO > 3.8V % 

Maximum Duty Cycle VIEAO < 1.2V % 

Outputs 

Output Voltage low IOuT=-20mA 0.3 0.8 V 

IOUT=-50mA 0.5 3.0 V 
r-. '-_ ""t I. .,"' 
'JUlfJUl VUlldOt!' nll:)f1 lOUT = 20mA 9.5 10 V 

lOUT = SOmA 9 9.5 V 

Output Voltage low in UVlO lOUT = 1 OmA, Vee = 8V 0.7 1.5 V 

Output Rise/Fall Time CL = 1000pF 50 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS 

Under-Voltage Lockout and Bias Circuits 

IC Shunt Voltage (Vccz) Icc = 2smA 

Vccz Load Regulation 2smA < Icc < ssmA 

Vccz Total Variation Load, temp. 

Start-up Current Vcc S; 12.3V 

Operating Current Vcc = Vccz - O.SV 

Undervoltage Lockout Threshold 

Undervoltage Lockout Hysteresis 

Note 1: gmV IS the feedback amplifier transconductance and gml IS the sense amplifier transconductance. 
Note 2: Gain = K x 5 3V; K = (lMUlO -IOffSET) (lAc x VEAO _1.5)-1 
Note 3' This parameter not 100% tested but guaranteed by deSign. 

TYPICAL PERFORMANCE CHARACTERISTICS 

MIN 

12.8 

12.4 

12 

2.7 

ML4824 

TYP MAX UNITS 

13.5 14.2 V 

±ls0 BOO mV 

14.6 V 

0.7 1.1 mA 

16 19 mA 

13 14 V 

3.05 3.4 V 

Multiplier Gain (K) vs. VRMS IEAO Transconductance (gm) 

-500.0 
E-03 

o 

V 

o 

I 
II 

~ , 
1\ 
~ 

........... 

VRMS (V) 

250 

250 ,. 
r 

II 
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o 
-500 

VEAO Transconductance (gm) 
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I \ I \ 

\ I 

I 

V'N (V) 
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ML4824 

FUNCTIONAL DESCRIPTION 

OVERVIEW 

The ML4824 consists of an average current controlled, 
continuous boost Power Factor (PFC) front-end section 
with a synchronized Pulse Width Modulator (PWM) back
end. The PWM can be used in either current mode or 
voltage feed-forward mode. 

Synchronizing the PWM with the PFC simplifies the PWM 
compensation due to the controlled ripple on the PFC 
output capacitor (the PWM input capacitor). The 
ML4824XP-1 runs at the same frequency as the PFC. 
The ML4824XP-2 runs at twice the frequency of the PFCi 
resulting in a smaller output capacitor and inductor. 

In addition to power factor correction, a number of hazard 
protection features have been built into the ML4824 
including soft-start, over-voltage, peak current limiting, 
brown-out protection, duty cycle limit, and under-voltage 
lockout. 

PFC SECTION 

Multiplier 

Figure 1 shows the PFC multiplier section. The ML4824 
multiplier is a linear current input multiplier which 
provides the high noise immunity required in high power 
switching power conversion. The rectified input sine wave 
is converted to a proportional current via a resistor and is 
then fed into the multiplier at pin 2, lAC. Sampling current 
in this way reduces ground noise to an insignificant level. 

The output of the multiplier is a 120Hz current sine wave 
which appears on the negative terminal of the lEA 
amplifier to form the reference for the current error 
amplifier. The quality of this waveform is dependent on 
the quality of the line voltage. The output voltage of the 
multiplier is given by: 

VMUl '" (K)OAc)(VEAO-1.5V)(3.5kQ) 

4 vRMS 

ill-SENSE 

Figure 1. Multiplier Block Diagram 

where: 

lAC is the current in the dropping resistor 

VEAO is the output of the error amplifier 

K is the gain of the multiplier 

The output of the multiplier is limited to around O.8V and 
its typical gain characteristics are illustrated in the typical 
performance characteristics. 

AVERAGE CURRENT AND OUTPUT VOLTAGE 
REGULATION 

The modulator in the PFC section will act to offset the 
positive voltage caused by the multiplier output by 
producing an offsetting negative voltage on the current 
sense resistor at pin 3. A cycle-by-cycle current limit is 
included to protect the MOSFET from high frequency 
current transients. When the voltage at pin 3 goes 
negative by more than one volt (-lV), the PFC modulation 
cycle is terminated. 

For more information on compensating the average 
current and boost voltage error amplifier loops, see 
Application Notes 16, 33, and 34. 

OVER-VOLTAGE PROTECTION 

The over-voltage scheme is shown in Figure 2. The OVP 
comparator serves to protect the power circuit from being 
subjected to excessive voltages if the load should change 
suddenly. 

A resistor divider from the high voltage DC output of the 
PFC is fed to FB at pin 15. When the voltage on pin 15 
exceeds 2.7V, the PFC output driver is shut down. The 
PWM section will continue to operate. The OVP 
comparator has 125mV of hysteresis, and the PFC will not 
restart until the voltage at FB drops below 2.58V. The OVP 
feedback voltage, FB, should be set at a level where the 
active and passive external power components are safe to 
operate and within the safe operating voltage of the Ic, but 
not so low as to interfere with the boost voltage regulation 
loop. 

FROM 
lEA 

OUTPUT 

Figure 2. PFC Over-Voltage Comparator 
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Error Amplifier Compensation 

The PWM loading of the PFC can be modelled as a 
negative resistor; an increase in input voltage to the PWM 
causes a decrease in the input current. This response 
dictates the proper compensation of the two 
transconductance error amplifiers. 

The PFC has two error amplifiers in the control loop. 
Figure 3 illustrates compensation for the amplifiers. 

Figure 3. Compensation 

There are two major concems in compensating the 
voltage loop error amplifier; stability and transient 
response. Optimizing interaction between transient 
response and stability requires that the closed loop error 
amplifier bandwidth be 1/2 that of the line frequency or 
30Hz for a 60Hz line. 

Current Amplifier Compensation 

The current amplifier compensation is similar to that of 
the error amplifier with the exception of the choice of cut
off frequency. The cut-off frequency of the current 
amp I ifier must be 10 times that of the voltage amplifier to 
prevent interaction with the voltage loop. It should also be 
limited to less than 1/6th that of the switching frequency; 
16.7kHz for a 100kHz switching frequency. 

For more information on calculating the values of 
compensation networks, see appication note 33 and 
appication note 34. 

ML4824 
OSCILLATOR (RAMP1) 

The oscillator frequency is determined by the values Of RT 
and C T, which determine the ramp and off-time of the 

1 
oscillator output clock fosc = (t + t ) 

RAMP DEADTIME 

The deadtime of the oscillator is derived from the 
following equation: 

@VREF = 7.SV 

The ramp of the oscillator may be determined using the 
following: 

tDEADTIME = (CT) 2.SV =(490){CT) 
S.lmA 

The deadtime is so small (tRAMP » tDEADTIME) that the 
operating frequency can typically be approximated by 

EXAMPLE: 

1 
fosc=-

tRAMP 

For the application circuit shown in the data sheet, with 
the oscillator running at 

f = (1 OOkHz)(f ) = 1 = 1 
osc osc T oscillation period 

tRAMP = (O.Sl)(RT)(CT) = lOx 10-0 

So 

(RT)(CT) = 20x1 0-5 

Choosing standard components values 

CT = 470pF 

and 

RT = 41.2Kn 
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ML4824 
PWMSECTION 

Soft Start 

Start-up of the PWM is controlled by the selection of the 
external capacitor on pin 5, SS. A current source of 50jJA 
supplys the charging current for the capacitor, and start-up 
of the PWM begins at 1.25V. Start up delay can be 
programmed by the following equation: 

50jJA 
Css = (td) 1.25V 

where Css is the required capacitance, and ~ is the 
desired start-up delay. 

It is important that the time constant of the PWM soft-start 
allow the PFC time to generate sufficient output power for 
the PWM. The PWM start-up delay should be at least 5mS. 

Thus, we get; 

Css = (5 x 1 0-3)~ 
1.25V 

Where Css is the required capacitance. 

VINOK Comparator 

The VINOK comparator monitors the DC output of the 
PFC and inhibits the PWM if this voltage is lower than 
380V. Once this voltage reaches 380V, the soft-start 
commences. 

PWM CONTROL (RAMP2) 

RAMP2 can be used as the PWM feedback or as a feed
forward ramp from the PFC with a peak voltage of 5V. 

PWM CURRENT LIMIT 

A current limit comparator is included with the non
inverting input on pin 9, DCluM. The trigger level is set at 
1 V on the inverting input. 

TYPICAL APPLICATION CIRCUIT 

Figure 4 is the application circuit for a complete 200W 
power factor corrected power supply. Full design details 
are covered in Application Note 33, Ml4824 Combo 
Controller Applications. 

7-150 'Micro Unear 



v 

01 
I I ).R7 • i----J .6.05 VOUT 

+12V,16A 
_....:t 

." ~---r- r 

Cl ]C5 
a'Q' 
C 
iii 
.... , ~ 

IR3n " 
...L R19 

Q 

~R20 I ~6 Q ~17 
:.:E a: "1:1 

':" 

." _. 
1"\ n 1"\ a Q .. 

I R1I2113 
.. 
", 

r- ~ _. 
i 

Q. 

"1:1 

~ I I I ~ 1-------4 I <RT <RIO I I .<'>R14 
", .. .. 
III 
C 

-,::J 
-,::J 

-< 

~. ; III If f'" VOl 
09 j13riljli3O 

7 RAMPI RIG 

I19 IT 'll·l,J-llll 1"'1 ~i~ ':" 
~, I 1 I 

~ 
~8J9 ':" r-

~I 
oI:la 
00 
~ 
oI:la 

I 



ML4824 

ORDERING INFORMATION 

7-152 

PART NUMBER 

Ml4824CP-l 
ML4824CS-l 
Ml4824CP-2 
Ml4824CS-2 

ML48241P-l 
ML48241S-1 
ML48241P-2 
ML48241S-2 

I 
TEMPERATURE RANGE 

O°Cto +70°C 
O°C to+70°C 
O°C to +70°C 
O°C to+70°C 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

'Micro Linear 

PACKAGE 

Molded DIP (P16) 
Wide SOIC (S16W) 
Molded DIP (P16) 
Wide SOIC (S16W) 

Molded DIP (P16) 
Wide SOIC (S16W) 
Molded DIP (P16) 
Wide SOIC (S16W) 
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'Micro Linear ML4825 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML4825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

The ML4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 

BLOCK DIAGRAM 

cm 

1.25V 

~III-'+-------i 

EfA OUT 

R 

easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is similar in architecture and 
performance to the UC1825 controller, however the 
ML4825 includes many features not found on the 1825. 
These features are set in Italics. 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppression 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
• 5.1Y, ±1% Trimmed Bandgap Reference 
• Pin Compatible Improved Replacement for UC1825 
• Fast Shut Down Path from Current Limit to Outputs 
• Outputs Preset to Known Condition After Under 

Voltage Lockout 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Outputs Pull Low for Undervoltage Lockout 

CIOCKOUT 0 

POWER Vc 
13 

OUT A 
11 

OUT B 
14 

POWER GND 
12 

>-_~~ __ ....:5c...l-,-V_V::oRE,-F --i16 

QI-----I:'-----' 
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ML4825 

PIN CONNECTIONS 

ML4825 
ML4825 ML4825 20·Pin PCC 

16·Pin DIP 16·Pin SOIC 
S.1VREF 

INV S.lV REF INV S.lV REF 

NI Vee NI Vee E/AOUT OUTB 

E/AOUT OUTB EtA OUT OUTB Vc 

CLOCK Vc CLOCK Vc NC 

R(T) PWRGNO R(T) PWRGNO PWRGNO 

c(T) OUlA c(T) OUlA OUlA 

RAMP GNO RAMP GNO 

SOFTSlARl I(UM)/S.O. SOFTSlARl I(UM)/S.O. RAMPt NC t GNO 
SOFTSTARl I(UM)/S.O. 

lOP VIEW lOP VIEW 

PIN DESCRIPTION 
PIN 1* NAME FUNCTION PIN 1* NAME FUNCTION 

INV Inverting input to error amp. 9 1(L1M)tS.D. Current limit sense pin. Normally 

2 NI Non-inverting input to error amp. connected to current sense 
resistor. 

3 EtA OUT Output of error amplifier and 
10 GND Analog Signal Ground. input to main comparator. 

4 CLOCK Oscillator output. 11 OUT A High Current Totem pole output. 
This output is the first one 

5 Rm Timing Resistor for Oscillator - energized after Power On Reset. 
sets charging current for oscillator 

12 PWRGND Return for the High Current timing capacitor (pin 6). 

6 cm Timing Capacitor for Oscillator. 
Totem pole outputs. 

13 Ve Positive Supply for the High 
7 RAMP Non-Inverting input to main Current Totem pole outputs. 

comparator. Connected to cm for 
14 OUTS High Current Totem pole output. Voltage Mode operation or to 

current sense resistor for current 15 Vee Positive Supply for the Ie. 
mode. 16 S.1V REF Suffered output for the S.1V 

8 SOFT STARt Normally connected to Soft Start voltage reference. 
Capacitor. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 15, 13) .............................. JOV 
Output Current, Source or Sink (Pins 11, 14) 

DC .................................................. O.5A 
Pulse (0.5ps) .......................................... 2.OA 

Analog Inputs 
(Pins 1, 2, 7) ................................... -O.3V to 7V 
(Pins 9, 8) ..................................... -O.3V to 6V 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin 3) .................. SmA 
Soft Start Sink Current (Pin 8) ......................... 20mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature 

Ml48251, Ml4825C .................................. 125"<: 
Storage Temperature Range . . . . . . . . . . . . . . .. -65·C to +150·C 
lead Temperature (Soldering 10 sec.) ................ +260·C 

ELECTRICAL CHARACTERISTICS 

ML4825 

Thermal Resistance (8JA) 
Plastic DIP or SOIC .............................. " 65·CIW 
Plastic Chip Carrier (PCC) ......................... 6O·CIW 

OPERATING CONDITIONS 
Temperature Range 

Ml48251 ................................... -40·C to +85·C 
Ml4825C ..................................... O·C to +70·C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Unless otherwise specified, RT = 3.6SKCl, CT - 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25·C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < JOY, TA=25·C (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

Ml4825C TJ - 25·C, 10 = lmA 5.00 5.10 5.20 V 
Output Voltage 

Ml48251 5.05 5.10 5.15 V 

line Regulation 10V < Vee < JOV 2 20 mV 

load Regulation lmA < 10 < lOrnA 5 20 mV 

Temperature Stability -55·C < TJ < 150·C, (note 1) .2 .4 % 

Total Variation Ml4825C line, load, temp (note 1) 4.95 5.25 V 

Ml48251 line, load, temp TA > O·C, (note 1) 5.00 5.20 V 

Ml48251 line, load, temp TA < 0"<:, (note 1) 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz SO p.V 

long Term Stability TJ - 125·C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -SO -100 mA 

EITOI" Amplifier Section 

Input Offset Voltage I Ml48251,C TA> OOC 15 mV 

I Ml48251 TA < OOC 20 mV 

Input Bias Current .6 3 p.A 

Input Offset Current .1 1 p.A 

Open loop Gain 1 <Vo<4V 60 96 dB 

'Micro Linear 
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ML4825 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Error Amplifier Section (Continued) 

CMRR ML48251,C 1.5V < VeM < 5.5V, TA > O°C 75 95 dB 

ML48251 1.5V < VCM < 5.5V, TA < O°C 65 95 dB 

PSRR ML48251,C 10V < Vee < 30V, TA > O°C 80 110 dB 

ML48251 10V < Vee < 30V, TA < O°C 75 110 dB 

Output Sink Current VplN 3 = 1V 1 2.5 mA 

Output Source Current VPIN 3 = 4V -.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output Low Voltage IplN 3 = 1mA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 V//lS 

PWM Comparator Section 
Pin 7 Bias Current ML48251,C VPIN 7 = OV, TA > O°C -1 -5 /.lA 

ML48251 VplN 7 = OV, TA < O°C -10 /.lA 

Duty Cycle Range ML4825C 0 85 % 

ML48251 TA > O°C 0 80 % 

ML48251 TA < O°C 0 70 % 

Pin 3 Zero DC Threshold VplN 7 = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Current VPIN 8 = O.5V 

Discharge Current VPIN 8 = 1V mA 

Current Limit/Shutdown Section 

Pin 9 Bias Current I ML4825C OV < VPIN 9 < 4V +10 /.lA 

I ML48251 OV < VPIN 9 < 4V +15 /.lA 

Current Limit Threshold .9 1 1.1 V 

Shutdown Threshold TA > O°C 1.25 1.4 1.55 V 

TA < O°C 1.25 1.4 1.60 V 

Delay to Output (note 1) 40 70 ns 

Output Section 

Output Low Level lOUT = 20mA .25 .4 V 

lOUT = 200mA 1.2 2.2 V 

Output High Level lOUT = -20mA 13.0 13.5 V 

lOUT = -200mA 12.0 13.0 V 

Collector leakage Ve = 30V 100 500 /.lA 

Rise/Fall Time Cl = 1000pF, (note 1) 30 60 ns 

Under-Voltage lockout Section 

Start Th reshold V 

UVlO Hysteresis V 

Supply Current 

Start U~ Current I MI482<;IC 

Ml48251 mA 

Icc mA 
Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNOIONAL DESCRIPTION 
OSCILlATOR 

The ML4825 oscillator charges the external capacitor 
(CT) with a current (lSET) equal to 3/RsET' When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T OSC = TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to Peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)/IQ1 

ISET -- r - - - - - - - - - - - - - - -I 
5.1 V I 

RAMP PEAK 
-~------- -

CT 

- ---- -----
RAMP VALLEY 

Figure 1. Oscillator Block Diagram 

lK~-L __ L--L __ ~~~U-~~~~ 

100 lK 10K lOOK 1M 

1 
I 

lbO 

140 

! 120 

100 

80 
10K 

ML4825 

1.0nF / 

470pF .-/ 
lOOK 1M 

FREQ 1Hz) 

Figure 3. Oscillator Deadtime \'S Frequency 
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/ 
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Figure 4. Oscillator Deadtime \'S Cm (3Kn :5 Rm :5 1001<0) 

ERROR AMPLIFIER 

The ML4825 error amplifier is a 5.5MHz bandwidth 
12V//lS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 

VI~ I / l\ , 
f / 

V~UT Ir\ 
r-IV L_ IV f-

1 
o 0.2 0.4 0.6 0.8 1.0 

FREQ 1Hz) TIME Ips) 

Figure 2. Oscillator Tming Resistance \'S Frequency Figure 5. Unity Gain Slew Rate 
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ML4825 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML4825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

vee 

Figure 7. Simplified Schematic 
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Figure 8. Saturation Curves 

~ 15 

~ 10 

o 

A\, 

( 

) 

\ 
\ 
\ 

0.2 
ILIA) 

-0.2 

o 40 80 120 160 200 

TIME (ns! 

Figure 9. Rise/Fall Time (CL = 1000pF) 
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Figure 11. Supply Current \IS Temperature 

SOFT STARr AND CURRENT LIMIT 

The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds 1Y, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned oft, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1Y, ensuring a 
complete soft start cycle. The duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ML4825 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACkAGE 

ML4825CP DOC to +7DoC Molded DIP (P16) 
ML4825CS DOC to +7DOC Molded SOIC (S16W) 
ML4825CQ DOC to +7Doe Molded pee (Q2D) 

ML48251P -4Doe to +85°e Molded DIP (P16) 
ML48251S -4Doe to +85°e Molded SOIC (S16W) 
ML48251Q -4Doe to +85°C Molded pec (Q2D) 

-
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PRELIMINARY 

ML4826 

Power Factor and Dual PWM Combo 
GENERAL DESCRIPTION 

The ML4826 is a complete high power controller for a 
power factor corrected, switched mode power supply. 
Power factor correction results in smaller, lower cost bulk 
capacitors, reduces power line loading and the stress on 
switching FETs, and results in a power supply that fully 
complies with IEC555-2 specifications. Contained in the 
ML4826 are circuits for the implementation of a leading 
edge, average current mode "boost" type power factor 
correction and a trailing edge, synchronized current or 
voltage mode Pulse Width Modulator (PWM) with dual 
totem pole outputs. 

The ML4826 comes in two versions: the ML4826XP-1 
(fpwM = fpFcl and the ML4826XP-2 (fpwM = 2fpFcl. 

An over-voltage comparator is configured to shut down 
the PFC section in the event of a sudden decrease in load. 
The PFC section also includes peak current limiting and 
input voltage brown-out protection. 

The PWM section can be operated in current mode or 
voltage mode and includes a precision duty cycle limit to 
prevent transformer saturation. 

BLOCK DIAGRAM 

When a brown-out occurs, the VINOK comparator shuts 
down both the PFC and the PWM. A soft-start of the PWM 
follows with the return of normal line power. 

FEATURES 

• Internally synchronized PFC and PWM in one IC 

• Low total harmonic distortion 

• Average current sensing, continuous boost, 
leading edge PFC 

• High efficiency, trailing edge PWM with dual totem 
pole outputs 

• Current mode or voltage mode operation 

• Average line voltage compensation with brown-out 
control (Universal Input) 

• PFC over-voltage comparator eliminates output 
"runaway" due to load removal 

• Current fed multiplier to improve noise immunity 

• Simplified compensation scheme 

• Over-voltage protection, UVLO, and soft-start 

1 ----------------------------------------------------

FBI----t 

8~ R 

, , , 
Vee' 

vee~ 
13.SV! T 

-::- , , , , , , 
PFC OUlI 

, , 
L __________________________________ ':U~~E_~~~~~~~~L~~~R ______________________________ J 
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PIN CONFIGURATION 

ML4826 ML4826 
20-Pin DIP (P20) 20-Pin sOle (S20) 

IEAO VEAO IEAO VEAO 

lAC FB lAC FB 

ISENSE REF ISENSE REF 

VRMS Vcc VRMS VCC 

ss Vc ss Vc 

VOC PFCOUT VOC PFC OUT 

RtCr VO, RtCr VO, 

RAMP, V02 RAMP, V02 

RAMP2 PGND RAMP2 PGND 

DCIUM AGND DCluM 11 AGND 

TOP VIEW TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

IEAO PFC transconductance current error 11 AGND Analog signal ground. 
amplifier output. 

12 PGND Return for the PWM to' ,)ole 
2 lAC PFC multiplier reference input. outputs. 

3 ISENSE Current sense input to the PFC current 13 V02 PWM totem pole driver 2 output. 
limit comparator. 

14 VOl PWM totem pole driver 1 output. 
4 VRMS Input for PFC RMS line voltage 

15 PFCOUT PFC driver output. compensation. 

5 SS PWM soft start (capacitor). 16 Vc Positive supply for the PWM totem 
pole outputs. -6 VDC PWM output voltage feedback. 

17 Vcc Positive supply (with shunt regulator). 
7 RTCT Connection for oscillator frequency 

18 REF Buffered output for the 7.SV voltage setting components. 
reference. 

8 RAMPl PFC ramp input. Can be used for 
19 FB PFC transconductance voltage error voltage feed forward. 

amplifier input. 
9 RAMP2 PWM ramp input. Current mode; 

20 VEAO PFC transconductance voltage error current sense input. Voltage mode; 
input for PFC output (feed forward amplifier output. 

ramp). 

10 DCILIM PWM current limit. 

'Micro Linear 7-161 



ML4826 

ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Junction Temperature ............................................. 150°C 
Storage Temperature Range ..................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (EllA) 

Supply Current (lcd ............................................... 55mA Plastic DIP ....................................................... 80°C!W 

Peak Output Current, Source or Sink Plastic SOIC ................................................... 100°C!W 

(pins 13, 14 & 15) ................................................. O.5A 
Output Energy (capacitive load per cycle) ............... 1.5mJ 

OPERATING CONDITIONS 

Multiplier lAC Input (pin 2) ..................................... 10mA Temperature Range 
Analog Inputs (pins 4, 6, 9 & 15) ......... -O.3V to Vcc - 2V ML4826C .................................................. O°C to 70°C 
Pin 3 input voltage ......................................... -3V to +5V ML48261 .............................................. -40°C to +85°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RRAMP1 = RT = 52.3kn, CRAMP1 = CT = 180pF, TA = Operating Temperature Range, 
Icc = 25mA 

PARAMETER CONDITIONS MIN TIP MAX 

Amplifiers (pins 1,3, 15, 16) 

Transconductance, gmv VNON-INV = VINV (Note 1) 30 70 140 

Transconductance, gml VNON-INV = VINV (Note 1) 130 195 335 

Input Offset Voltagev ±3.0 ±15.0 

Input Offset Voltagel ±3.0 ±15.0 

Input Bias Current -0.5 -1.0 

Open Loop Gain 60 75 

PSRR Vccz - 3V < Vee < Veez - 0.5V 60 75 

Input Voltage Range Pin 19 (Note 3) 0 7 

Pin 3 (Note 3) -1.5 2 

Output Low 0.65 1 

Output High 6.0 6.7 

Source Current ""VIN = ±0.5V, VOUT = 6V -40 -90 

Sink Current ""VIN = ±0.5V, VOUT = 1.5V 40 90 

Comparators (pins 1, 3, 5, 6, 15) 

OVP Threshold 2.6 2.7 2.8 

OVP Hysteresis 70 95 125 

ILiM Threshold -0.80 -1.0 -1.15 

ILiM Delay to Output (Note 3) 150 300 

DCluM Threshold 0.90 1.0 1.10 

DCluM Delay to Output (Note 3) 150 300 

VINOK Threshold 2.4 2.5 2.6 

VINOK Hysteresis 0.7 1.0 1.2 

Input Bias Current ±0.45 ±1 
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ML4826 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Multiplier 

Gain (Note 2) IpIN2 = 1001lA, VPIN4 = OV, 
VPIN15 = OV 0.36 0.51 0.66 

IpIN2 = 501lA, VPIN4 = 1.2V, 
VPIN15 = OV 1.20 1.72 2.24 

IpIN2 = 501lA, VPIN4 = 1.8V, 
VPIN15 = OV 0.55 0.78 1.01 

IpIN2 = lOOIlA, VPIN4 = 3.3V, 
VPIN15 = OV 0.14 0.20 0.26 

Bandwidth lAC = 2501lA 10 MHz 

Multiplier Output Voltage VPIN15 = OV, VPIN5 = 1.15V 
IpIN2 = 2501lA 0.72 0.8 0.88 V 

Oscillator 

Initial Accuracy TA = 25°C 180 190 200 kHz 

Voltage Stability Veez - 3V < Vee < Veez - O.5V 1 % 

Temperature Stability 2 % 

Total Variation Line, temp. 175 205 kHz 

Ramp Valley to Peak Voltage 2.5 V 

Dead Time PFC only, ML4826-1 100 310 450 ns 
ML4826-2 200 440 550 ns 

C T Discharge Current VPIN8 = OV, VPIN7 = 2.5V 4.5 7.5 'l.5 mA 

Reference 

Output Voltage T A = 25°C, 10 = 1 mA 7.4 7.5 7.6 V 

Line Regulation Veez - 3V < Vee < Veez - 0.5V 2 10 mV 

Load Regu lation 1 mA < 10 < 20mA 2 15 mV 

Temperature Stability 0.4 % 

Total Variation Line, load, temp. 7.25 7.65 V 

Long Term Stability TJ = 125°C, 1000 hrs (Note 3) 5 25 mV -Short Circuit Current Vee < Veez - O.5V, VREF = OV -15 -40 -100 mA 

PWM 

Duty Cycle Range ML4826-1 % 

ML4826-2 % 

PFC 

Minimum Duty Cycle ML4826-1, VIEAO > 3.8V 0 % 

ML4826-2, VIEAO > 5.7V 0 % 

Maximum Duty Cycle VIEAO < 1.2V 90 95 % 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS 

Outputs 

Output Voltage Low lour=-20mA 

lour=-SOmA 

Output Voltage High lour = 20mA 

lour = SOmA 

Output Voltage Low in UVLO lour = 10mA, Vee = 8V 

Output Rise/Fall Time CL = 1000pF 

Under-Voltage Lockout and Bias Circuits 

Shunt Voltage (Veez) Icc = 25mA 

Veez Load Regulation 2SmA < Icc < SSmA 

Veez Total Variation Load, temp. 

Start-up Current Vee:S: 12.3V 

Operating Current Vee = Veez - O.5V 

Undervoltage Lockout Threshold 

Undervoltage Lockout Hysteresis 

Note 1: gmV is the feedback amplifier transconductance and gml IS the sense amplifier transconductance. 
Note 2: Gain = K x 5.3Vi K = (IMUlO -IOFFSET) x lAC X (VEAO -1.5)-' 
Note 3: ThiS parameter not 100% tested but guaranteed by design. 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE 

ML4826CP-1 O°C to +70°C 
ML4826CS-1 O°C to +70°C 
ML4826CP-2 O°C to +70°C 
ML4826C5-2 O°C to +70°C 

ML48261P-1 -40°C to +8SOC 
ML48261S-1 -40°C to +8SOC 
ML48261P-2 -40°C to +8SoC 
ML482615-2 -40°C to +8SoC 
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MIN TYP MAX UNITS 

0.3 0.8 V 

0.6 3.0 V 

9.S 10 V 

9 10 V 

0.8 loS V 

SO ns 

12.8 13.S 14.2 V 

±lS0 ±300 mV 

12.4 14.6 V 

0.7 1.1 mA 

22 28 mA 

12 12.9 14 V 

2.7 3.OS 3.4 V 

PACKAGE 

Molded DIP (P20) 
Molded SOIC (520) 
Molded DIP (P20) 
Molded SOIC (516) 

Molded DIP (P20) 
Molded 50lC (520) 
Molded DIP (P20) 
Molded SOIC (516) 
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PRELIMINARY 

ML4828 

BiCMOS Phase Modulation/Soft Switching Controller 

GENERAL DESCRIPTION 

The ML4828 is a complete BiCMOS phase modulation 
controllC suitable for full bridge soft switching converters. 
Unlike conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching (ZVS) 
transitions and square wave drive across the transformer. 
The IC modulates the phases of the two sides of the bridge 
to control output power. 

The ML4828 can be operated in either voltage or current 
mode. The delay times for the side A and B outputs are 
individually programmable to allow zero voltage 
switching transitions to take place. 

Both cycle-by-cycle current limit, integrating fault 
detection, and soft start reset are provided. The under
voltage lockout circuit features a 1.SV hysteresis with a 
low starting current to allow off-I ine start up with a bleed 
resistor. A shutdown function powers down the IC, putting 
it into a low quiescent state. 

BLOCK DIAGRAM 

The circuit can be operated at frequencies up to 1 MHz. 
The ML4828 contains four high current CMOS outputs 
which feature high slew rate with low cross conduction. 

FEATURES 

• SV BiCMOS for low power and high frequency 
(1 MHz) operation 

• Full bridge phase modulation Zero Voltage Switching 
circuit with independent programmable delay times 

• Current mode operation capability 

• Cycle-by-cycle current limiting with integrating fault 
detection and restart delay 

• Can be externally synchronized 

• Four 3Q CMOS output drivers 

• Under-voltage lockout circuit with 1.SV hysteresis 

DELAY A 

QJ--...--+-------\ 
'-----.-..... 

I-----+-*--IR Q 

GND R8 
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ML4828 

PIN CONNECTION 

ML4828 ML4828 
20-Pin DIP (P20) 20-Pin sOle (520) 

RA ILiM RA IUM 

RB SON RB SON 

RT Al RT Al 
c T GND c T GND 

REF A2 REF A2 
SYNC Bl SYNC 81 

SS Vee SS Vee 
EAO 82 EAO 82 
EA- RST EA- RST 
EA+ RAMP EA+ 11 RAMP 

TOP VIEW TOP VIEW 

PIN DESCRIPTION 

PIN# NAME DESCRIPTION PIN# NAME DESCRIPTION 

RA A 1 and A2 delay programming 11 RAMP RC network for phase modulator 
resistor. ramp input. 

2 Rs B1 and B2 delay programming 12 RST RC network for reset and integrating 
resistor. fault detect. 

3 RT Oscillator charge current 13 B2 B2 driver output. 
programming resistor. 

14 Vee Power supply (:;:;6.SV) 
4 CT Oscillator timing capacitor. 

15 B1 B1 driver output. 
S REF 2.SV reference voltage. 

16 A2 A2 driver output. 
6 SYNC Synchronization input to oscillator. 

17 GND Ground. 
7 SS Soft start capacitor connection. 

18 A1 A 1 driver output. 
8 EAO Error amplifier output. 

19 SDN Active low device shutdown. 
9 EA- Error amplifier inverting input. 

20 ILiM Current limit. 
10 EA+ Error amplifier non-inverting input. 
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ABSOLUTE MAXIMUM RATINGS 
ICC Current .............................................................. 2smA 
Output Current, Source or Sink (pins 13,15,16,18) 

Pulse (0.5 I1s) ......................................................... 1.0A 
Analog Inputs 

(Pins 8 thru 12, and 20) ................ -O.3V to Vee + 0.3V 
RT Current Source (Pin 3) ......................................... -1 mA 
Error Amplifier Output Current (Pin 8) ..................... ±2mA 
Soft Start Discharge Current (Pin 7) ............................ SmA 
Oscillator Charging Current (Pin 4) .......................... -1 mA 
Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 

ELECTRICAL CHARACTERISTICS 

ML4828 
Lead Temperature (Soldering 10 sec.) ................... +260°C 
Thermal Resistance (alA) 

Plastic DIP ........................................................ 40°C/W 
Plastic SOIC .................................................... 100°C/W 

OPERATING CONDITIONS 
Commercial Temperature ............................. O°C to +70°C 
Industrial Temperature .............................. -40°C to +8S OC 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Unless otherwise specified, RA = RB = 33.3kn, RT = 16kn, CT = 270pF, Vee = sV, TA = Operation Temperature Range 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Oscillator 

Initial Accuracy TA=25°C 340 360 380 kHz 

Voltage Stability 4.5V < Vcc < 5.5V 4 5.3 %N 

Temperature Stability (Note 1) 2 % 

Total Variation Line, temp. 325 400 kHz 

C T Discharge Current VPIN4 = 2V 1.3 1.5 mA 

Ramp Peak 2.6 V 

Ramp Valley 1.12 V 

Reference 

Initial Accuracy T A = 25°C, 10 = 250flA 2.48 2.5 2.52 V 

Line Regulation 4.5V < Vcc < 6.5V ±0.2 ±1 %N 

Load Regulation 1 OOflA to 1 mA ±0.5 ±6 mV 

Temperature Stability 0.45 % 

Total Variation Line, Load, & Temp 2.44 2.54 V 

Long Term Stability TI = 125°C, 1000 hrs, (Note 1) 5 25 mV 

Short Circuit Current VREF = OV -10 -23 -35 mA 

Error Amplifier 

Input Offset Voltage -20 20 mV 

Open Loop Gain 1V < Vo< 3V 60 80 dB 

PSRR 4.5V < Vcc < 6.5V 60 80 dB 

Output Sink Current Vo=0.5V 1.2 1.9 mA 

Output Source Current Vo=3V -0.9 -1.1 mA 

Output High Voltage ISOURCE = -500flA 2.8 2.85 V 

Output Low Voltage ISINK = 500flA 0.1 0.2 V 

Unity Gain Bandwidth (Note 1) 7 10 MHz 

Slew Rate (Note 1) 0.5 1 VI/-ls 
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ML4828 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Phase Modulator 

Pin 8 Zero Duty Cycle Threshold VPIN 3 =OV 0 0.5 0.9 V 

Pin 11 Delay to Output (Note 1) 50 80 ns 

Pin 11 Discharge Current 48 85 mA 

Soft-Start 

Pin 7 Charge Current VP1N 7 = 4V 

Pin 7 Discharge Current VPIN7=lV mA 

Current Limit/Shutdown 

Current Limit Threshold 0.9 1.0 1.1 V 

Pin 20 Delay to Output (Note 1) SO ns 

Pin 12 Shutdown Threshold 1.0 1.1 1.5 V 

Pin 12 Restart Threshold 2.2 2.4 2.6 V 

'pin 12 Charging Current -400 -460 -550 llA 
SDN Shutdown Threshold 2.0 V 

Output 

Output Low Level lOUT = 20 mA 0.01 0.1 V 
lOUT = 100 mA 0.1 0.3 V 

Output High Level lOUT =-20 mA 4.9 4.95 V 
lOUT = -100 mA 4.6 4.7 V 

Rise/Fall Time CL = 1000pF, (Note 1) 5 7 ns 

ZVS Programmable Delay 240 280 300 ns 

Delay Mismatch 0 ns 

RN'RB Reference Voltage 2.5 V 

Under-Voltage Lockout 

Start Threshold V 

Stop Threshold V 

Supply 

Shunt Voltage (Vccz) Icc< mA 7.4 V 

Start Up Current Vcc<6V 1 mA 

Shutdown Current 100 170 llA 
Icc Vcc = 5V, CL = l11F, TA = 25°C 5 mA 

Note 1: This parameter not 100% tested In production but guaranteed by design. 
Note 2: Vee must be brought above the UVlO start voltage (6V) before droppmg to Vee = 5V to ensure start-up . 
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FUNCTIONAL DESCRIPTION charged to +VIN. At this time, Q3 turns on at zero 
voltage. The transformer is now effectively shorted 
through Q1 and Q3, with the primary magnetizing 
current circulating in the loop formed by the 
transformer primary, Q1, and Q3. 

PHASE MODULATOR 

The ML4828 controls the power of a full bridge power 
section by modulating the phases of the switches of the A 
and B sides (Figure 1). The power cycle starts with A2 and 
B1 high, as shown in the timing diagram (Figure 2). 

1. With A2 and B1 high, Q1 and Q2 are ON. Current 
flows through the primary of the transformer, and 
power is delivered to the output through the secondary 
winding (not shown). 

4. CLOCK then goes high and A2 goes low, while A 1 
remains low for time tOA, which is set by the resistor 
connected from RA (pin 1) to GND. During this time, 
both Q1 and Q4 are OFF. The primary magnetizing 
current discharges the parasitic capacitances of Q1 and 
Q4to GND. 

2. After either the ClIMOD or ILiM comparator trips, B1 
goes low, turning off Q2. Energy in the primary winding 
charges the parasitic capacitances of Q2 and Q3 to 
+VIN during tOB' 

5. A 1 goes high after time tOA' At this point, the drain of 
Q4 is discharged to GND, and Q4 turns on at zero 
voltage. With both Q3 and Q4 ON, a new power cycle 
starts, and power is delivered to the output. 

3. B2 goes high after time tOB, which is set by the resistor 
connected from RB (pin 2) to GND. tDB should be set 
large enough such that the source of Q3 has been 

The above sequence is then repeated with the roles of 
side A and B interchanged. 

ML4828 

Al 

The ML4828 can also be used in current mode by sensing 
the load current on the RAMP input (pin 11). 

Figure 1. Simplified diagram of Phase Modulated power Outputs. 

C I~ I~ I~ 
T ............... :~I~ \ 

I I I 
I n I n I I I I 

I I I 
CLOCK n 

I i I ! L 
I I' I 

! ! -II I-toA! d rl-
I -I I-IDA I I - . 
I I I 

Bl ---n i I II tOA 
-jl-tP01 -+ll-tOB -jl-tPD1 

B2 __ ~I ;-!I . :1 I r--
=t\ I-tOB -Il-tp01 -t1l- tOB 

A2 

Al 

@ 
....... _....J 

\ ..... __ --11 \ 
Figure 2. Phase Modulation control waveforms (Shaded areas indicate a power cycle). 
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ML4828 
SETTING THE OSCILLATOR FREQUENCY 

The ML4828 switching frequency is determined by the 
charge and discharge times of the network connected to 
the RT and CT pins. Figure 3 shows the relationships 
between the internal clock and the charge and discharge 
times. 

RAMP PEAK 
RAMPVA~~;;v--;-:Z---"''''N':Z---'''''~r-: ',Z----:;or-N':Z--.... S .. 

:-tCHARGE.: : : : : : I 

INTERNAL 
CLOCK 

tOISCHARGE -.1 ~ I t 
11 I I 

Figure 3. Internal Oscillator Timing. 

The frequency of the oscillator is: 

foSC = 1 
tCHARGE + tDISCHARGE 

(1) 

The ramp peak is 2.SV and the ramp valley is 1.2SV, 
giving a ramp range of 1.2SV. The charging current is set 
externally through the resistor RT: 

I 2.SV 
CHARGE=-

RT 

while the discharging current is fixed at 1.4 rnA. The 
charge and discharge times can be determined by: 

(2) 

_ CT x 1.2SV _ CT xRT 
tCHARGE - ---- (3) 

ICHARGE 2 

_ CT x 1.2SV _ CT x 1.2SV 
tDISCHARGE - - (4) 

blSCHARGE 1 .4mA 

The oscillator frequency can then be found by substituting 
the results of equations 3 and 4 into equation 1. This 
frequency activates a T flip-flop which generates the 
output pulses. The T flip-flop acts as a frequency divider 
(+2), so the output frequency will be: 

k fOUT = 
2 

(S) 

ERROR AMPLIFIER 

The ML4828 error amplifier has a 1 OMHz bandwidth and 
a 1 V/1lS slew rate. Figure 4 gives the Bode plot of the error 
amplifier. 

100 

60 
Z :;: 40 I..l 

20 

0 

-20 
0 100 lK 10K lOOK 1M 

FREQUENCY 

Figure 4. Error Amplifier Open-Loop Gain 
and Phase vs. Frequency. 

OUTPUT DRIVERS 

180 

135j! 

~ 
90 -a 

01 
;j 

! 

0 
10M 

The ML4828 has four high-current CMOS output drivers, 
each capable of 1 A peak output current. These outputs 
have been designed to quickly switch the gates of power 
MOSFET transistors via a gate drive transformer. For higher 
power applications, the outputs can be connected to 
external MOSFET drivers. 

The output phase delay times are set by charging an 
internal 6.7pF capacitor up to the REF voltage (2.SV) via a 
current that is externally programmed through RA and RB, 
for the side A and side B drivers, respectively. The 
charging current and delay time for side A are given by: 

I - 2.SV 
A---

RA 
(6) 

(7) 

The same equations can be applied to RB. For example, 
with RA = 33kQ: 

tDA = 6.7pF x 33kQ = 220ns (8) 
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Figure 5. Over-Current, Soft-Start, and Integrating Fault Detect Circuits. 

SOFT START TIME CONSTANT 

During start up, the output voltage is much lower than the 
steady state value. Without soft start circuitry, the error 
amplifier output (EAO) would swing all the way to the 
upper limit and the phase modulator would issue pulses 
with full duty cycle, possibly causing output overshoot. To 
ensure smooth start up, EAO (pin 8) is pulled low and 
then gradually released through the charging of an 
external soft start capacitor connected to SS (pin 7). The 
soft start charging current is internally set at 251iA. Hence, 
EAO will rise with a time constant of: 

dv = 25flA 
dt eSS 

(9) 

For example, with ess = 25flF, the soft start rate of change 
will be: 

dv = 251iA = 1.Y. 
dt 25flF s 

FAULT TIME CONSTANT AND RESTART DELAY 

(10) 

Figure 5 shows the internal circuitry and external 
components involved in fault detection. During normal 
operation, RST (pin 12) is discharged to ground through 
the external resistor RRST. The IliM comparator has a 
threshold of 1 V. RSENSE is selected so that the voltage 
across it will be equal to the IliM threshold at the 
maximum desired ISWITCH current. When the voltage 
across RSENSE exceeds 1 V, the IliM comparator trips, 
terminating the present power cycle, and at the same time 
activating the fault logic to turn on the 5001iA current 

source IRST. This current charges the reset capacitor eRST. 
For proper design, RRST should be very large (in the order 
of 1 OOkn). This will cause nearly all of the IRST current 
(approximately 5001iA) to go into charging eRST at a rate of: 

dv_~ 
dt - eRST 

(11) 

in volts per second. IRST will be turned off at the beginning 
of the next clock cycle. If the current limit condition is 
removed, RST will be gradually discharged to ground, 
and normal operation resumes as shown in Figure 6. 

V(PIN1:0~ 1 _________ n ~ ~ ~ ~ ~ ~ ___ [ 
1 1 1 
1 1 1 

2.5V - - - - - - - - - - - _1- _ ~ _________ 1 __ _ 

1 1 1 

V(PIN 12) 1 1 1 

,...L !~ 

Figure 6. ILiM and Resulting ReRST 
Waveforms During Load Surge. 
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ML4828 
If the current limit condition persists, then IRST will be 
reactivated, thus charging CRST to a higher level as shown 
in Figure 7. Eventually, the voltage at RST will exceed 
2.SV, and the soft start comparator will trip, shutting down 
all power drivers and inhibiting any further delivery of 
power. At the same time, the soft start capacitor Css is 
discharged to prepare for the next start up cycle. 

I '---._--.oIIi".-_";; - I ~~""---...... -.. ;;; 

V(PIN 20) 

1 1 1 
2.5V _ - _ L __________ !.. _1_ - - - - - -

V(PIN 12) 

1 

Figure 7. ILiM and Resulting RCRST 
Waveforms During Short Circuit. 

During the IliM shutdown, IRST is tumed off, and CRST is 
discharged through RRST with a time constant of: 

(12) 

When the condition causing the current limit is removed, 
RRST will discharge CRST with a time constant of tRST. 
When the voltage at RST (pin 12) drops to 1.2SV, the soft 
start comparator and the converter will undergo a start up 
cycle. The restart delay (tD(RST» is given by: 

tD(RST) = tRST xl .39 (13) 

ORDERING INFORMATION 

For example, with CRST = 2SJ.!F and RRST = 240kn: 

and: 

dv = SOOJ.!A = 20Y. 
dt 2SJ.!F s 

(14) 

tD(RST) = (240kn x 25J.!F) x 1.39 = 8.3s (lS) 

Since the threshold for shutdown is 2.SV, the controller 
will shut down after approximately 12Sms. After the 
converter recovers from the current limit condition, the 
controller will reactivate after 8.3s. 

UNDERVOLTAGE LOCKOUT 

During start-up, the ML4828 draws very little current 
(typically lS0J.!A) and VREF is disabled. When Vee rises 
above 6.0V, the internal circuitry and VREF are enabled, 
and will stay enabled until Vee falls below the 4.SV UV 
lockout threshold. 

SHUTDOWN FUNCTION 

The ML4828 can be externally shut down by bringing 
SDN (pin 19) low. The shutdown threshold (VSD) is 
given by: 

VSD = 0.33 x Vee (16) 

For example, if Vee = SV, then VSD = 1.67V. As long as 
2.4V < Vee < 6.0V, the SDN pin will be TTL compatible. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Ml4828CP ooe to +70oe 20-Pin DIP (P20) 
Ml4828CS ooe to +70oe 20-Pin DIP (S20) 

Ml48281P -40oe to +85°e 20- Pin DIP (P20) 
Ml48281S -40oe to +85°e 20- Pin sOle (S20) 
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GENERAL DESCRIPTION 

The ML4830 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4830 are controllers for "boost" type power 
factor correction as well as for a dimming ballast. 

The Power factor circuit uses the average current sensing 
method with a current fed multiplier and over-voltage 
protection. This system produces power factors of better 
than 0.99 with low input current THD at > 95% 
efficiency. Special care has been taken in the design of the 
ML4830 to increase system noise immunity by using a 
high amplitude oscillator, and a current fed multiplier. An 
over-voltage protection comparator stops the PFC section 
in the event of sudden load decrease. 

The ballast section provides for programmable starting 
scenarios with programmable preheat and lamp out-of
socket interrupt times. The IC controls lamp output 
through either frequency or Pulse Width control using 
lamp current feedback. 

The ML4830 is designed using Micro Linear's Semi
Standard tile array methodology. Customized versions of 
this IC, optimized to specific ballast architectures can be 
made available. Contact Micro Linear or an authorized 
representative for more information. 

BLOCK DIAGRAM 

R(SET) 

OSCILLATOR 
9 I-=R("'T)"'/C::.:(T"') ___ -l 

R(X)/C(X) 

September 1994 

ML4830 

Electronic Ballast Controller 

FEATURES 

• Complete Power Factor Correction and Dimming 
Ballast Control on one IC 

• Low Distortion, High Efficiency Continuous Boost, 
Average Current sensing PFC section 

• Programmable Start Scenario for Rapid or Instant Start 
Lamps 

• Selectable Variable Frequency dimming and starting 

• Programmable Restart for lamp out condition to 
reduce ballast heating 

• Over-Temperature Shutdown replaces external heat 
sensor for safety 

• PFC Over-Voltage comparator eliminates output 
"runaway" due to load removal 

• Large oscillator amplitude and current fed multiplier 
improves noise immunity 

MODE 

LAMP F.B. 

LFB OUT 

OUTPUT 
DRIVERS 

OUTA 

INTERRUPT 
PRE·HEAT 

AND INTERRUPT 
TIMERS 

PWMOR 
FREQUENCY 

MODULATOR 

C> 15 

OVP/INHIBIT 

IAOUT 

IA-

IA+/I(LlM) 

I(SINE) 

EAOUT 

EA-

POWER 
FACTOR 

CONTROLLER 

UNDER·VOLTAGE 
AND THERMAL 
SHUTDOWN 

C> OUTB 
14 

C> PFC OUT 
16 

vcc 

VREF 

GND 
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PIN CONFIGURATION 

IA

IAOUT 

I(SINE) 

IA+/I(LlM) 

LAMPF.B. 

LFBOUT 

R(SET) 

MODE 

Rm/C(T) 

INTERRUPT 

ML4830 
20·PIN DIP (P20) 

EAOUT 

EA-

VREF 

VCC 

PFCOUT 

OUT A 

OUTB 

GND 

Roo/C(lO 

OVP/INHIBIT 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

IA- Inverting input of the PFC average 
current error amplifier 

2 IAOUT Output and compensation node of the 
PFC average current error amplifier 

3 I(SINE) PFC Current Multiplier input 

4 IA+/I(LlM) Non-Inverting input of the PFC 
average current error amplifier and 
input of peak current limit comparator 

5 LAMP F.B. Inverting input of an Error Amplifier 
used to sense (and regulate) lamp arc 
current. Also the input node for 
dimming control 

6 LFB OUT Output from the Lamp Current Error 
Amplifier used for lamp current loop 
compensation 

7 R(SET) External resistor which sets oscillator 
FMAX, and R(X)/C(X) charging current 

8 MODE Controls how the Lamp Current Error 
Amp and preheat timers modulate the 
ballast outputs. Two Variable 
Frequency and 1 PWM mode are 
available through this pin 

9 R(Tl/Cm n"rill;ltor timine rOfl"!p0l'"!e!"!ts 

10 INTERRUPT A voltage of greater than VREF resets 
the chip and causes a restart after a 
delay of 3 times the start interval. Used 
for lamp-out detection and restart 

IA-

IAOUT 

I(SINE) 

IA+/I(LlM) 

LAMPF.B. 

LFB OUT 

R(SET) 

MODE 

R(T)ICm 

INTERRUPT 

PIN# NAME 

11 OVP/ 
INHIBIT 

12 R(X)/C(X) 

13 GND 

14 OUTB 

15 OUTA 

16 PFCOUT 

17 VCC 

18 VREF 

19 EA-

20 EAOUT 
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20·PIN sOle (520) 

EAOUT 

EA-

VREF 

vcc 
PFCOUT 

OUT A 

OUTB 

GND 

R(Xl/C(X) 

OVP/INHIBIT 

TOP VIEW 

FUNCTION 

When the voltage of this pin exceeds 
5V, the PFC output is inhibited. When 
the voltage exceeds 6.7V, the IC 
function is inhibited and the IC is 
reset. This pin can be used for a 
remote ballast shutdown. 

Sets the timing for the preheat, 
dimming lockout and interrupt 

IC Ground 

Ballast MOSFET drive output 

Ballast MOSFET drive output 

Power Factor MOSFET drive output 

Positive Supply for the IC 

Buffered output for the 7.5V voltage 
reference 

Inverting input to PFC error amplifier 

PFC Error Amplifier output and 
compensation node 



Ml4830 

ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Junction Temperature ............................................. 150°C 
Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 Sec.) .................. +260°C 
Thermal Resistance (aJA) 

Supply Current (lcd ............................................... 75mA 
Plastic DIP-P ................................................... 65°C!W 

Output Current, Source or Sink (Pins 14) 
Plastic SOIC ..................................................... 80°C!W 

DC ................................................................... 250mA 
Output Energy (capacitive load per cycle) .............. 1.5 mJ 
Multiplier I(SINE) Input (pin 3) ............................... 10 mA OPERATING CONDITIONS 
Amplifier Source Current (Pin 6, 20) ...................... 50 mA 
Analog Inputs (Pins 1, 5, 10, 11, 19) .... -O.3V to VCC -2V Temperature Range 
Pin 4 input voltage ......................................... -3V to +5V ML4830C .................................................. O°C to 85°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, R(SET) = 26K, R(T) = 52.3K, C(T) = 470pF, TJ = Junction Operating Temperature Range, 
Icc = 25mA 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Amplifiers (Pins 1, 2, 5, 6, 19, 20) 

Input Offset Voltage ±3.0 ±10.0 mV 

Input Bias Current -0.3 -1.0 IlA 
Open Loop Gain 65 90 dB 

PSRR Vccz - 3V < Vcc < Vccz - 0.5V 70 100 dB 

Output Low 0 0.5 V 

Output High 7.2 7.5 V 

Source Current Your = 7V -4 -7 mA 

Sink Current Vour=1.5V 5 10 mA 

Vour= 0.2V 10 IlA 
Slew Rate 1.5 VIlIS 

Unity Gain Bandwidth 3.0 MHz 

Multiplier 

Output Voltage (Note 1) ISINE = 1001lA, VPIN20 = 3V 80 mV 

ISINE = 3001lA, VPIN20 = 3V 255 mV 

ISINE =1 001lA, VPIN20 = 6V 220 mV 

ISINE = 3001lA, VPIN20 = 6V 660 mV 

Output Voltage Limit ISINE = 6001lA, VPIN19 = OV 0.88 V 

Offset Voltage ISINE = 0, VPIN19 = OV 15 mV 

ISINE = 1501lA, VPIN19 = 8V 15 mV 

I(SINE) Input Voltage ISINE = 2001lA 0.8 1.4 1.8 V 

Note 1: Measured at Pin 1 with Pins 1 and 2 shorted together and Pin 4 at GND. 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Oscillator 

Initial accuracy TA = 25°C, PWM or 
Dimming Lockout 72 80 88 KHz 

Voltage stability Veez - 3V < Vee <Veez - 0.5V 1 % 

Temperature stability 2 % 

Total Variation Line, temperature 68 92 KHz 

Ramp Valley to Peak 2.5 V 

cm Charging Current (FM Modes) VPIN8 = OV, VPIN9 = 2.5V, 
VPIN12 = 0.9V, Preheat -94 IlA 
VPIN8 = OV, VPIN9 = 2.5V, 
Max. dimming -188 IlA 

cm Discharge Current VPIN8 = OV, VPIN9 = 2.5V 5 mA 

Output Drive Deadtime 0.2 lIS 

R(SEr) Voltage 2.5 V 

Reference Section 

Output Voltage T A = 25°C, 10 = 1 mA 7.4 7.5 7.6 V 

Li ne regu lation Veez - 3V < Vee, Veez - 0.5V 2 10 mV 

Load regu lation lmA < 10 < 20mA 2 15 mV 

Temperature stability 0.4 % 

Total Variation Line, load, temp 7.35 7.65 V 

Output Noise Voltage 10Hz to 10KHz 50 IlV 

Long Term Stability TJ = 125°C, 1000 hrs 5 mV 

Short Circuit Current Vee < Veez - 0.5V, VREF = OV -40 mA 

Preheat and Interrupt Timer (Pin 10) (R(X) = 590Kn, C(X) = 5.6IlF) 

Initial Preheat Period 0.8 s 

Su bsequent Preheat Period 0.7 s 

Start Period 2.1 s 

Interrupt Period 6.3 s 

Pi n 1 2 Chargi ng Current -23 IlA 
Pin 12 Open Circuit Voltage Vee = 12.3V in UVLO 0.4 0.9 1.1 V 

Pin 12 Maximum Voltage 7.0 7.3 7.7 V 

Input Bias Current VPIN12 = 1.2V -0.1 IlA 
Preheat Lower Threshold 1.18 V 

Preheat Upper Threshold 3.36 V 

Interrupt Recovery Threshold 1.18 V 

Start Period End Threshold 6.6 V . , 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OVP/lnhibit Comparator (Pin 11) 

OVP Threshold 4.87 5.0 5.13 V 

Hysteresis 0.5 V 

Input Bias Current -0.3 -2 f1A 
Propagation Delay 500 ns 

Shutdown Threshold 6.36 6.7 7.04 V 

Shutdown Hysteresis 0.7 1.2 1.7 V 

PWM Comparator (PWM Mode) 

Start Period Duty Cycle 40 50 60 % 

Outputs 

Output Voltage Low lOUT = 20mA 0.4 0.8 V 

lOUT = 200mA 2.1 3.0 V 

Output Voltage High lOUT =-20mA Vcc - 2.5 Vcc -1.9 V 

lOUT = -200mA Vcc- 3.0 Vcc - 2.2 V 

Output Voltage Low in UVLO lOUT = 1 OmA, Vcc = BV 0.8 1.5 V 

Output Rise/Fall Time Cl = 1000pF 

Under-Voltage lockout and Bias Circuits 

IC Shunt Voltage (Vccz) Icc = 25mA 

Vccz Load Regulation 25mA < Icc < 68mA 

Vccz Total Variation Load, Temp 

Start-up Current Vcc $; 12.3V 

Operating Current Vcc = Vccz - 0.5V 

Start-up Threshold 

Shutdown Threshold 

Shutdown Temperature (T) 

Hysteresis (T) 

FUNCTIONAL DESCRIPTION 

OVERVIEW 

The ML4830 consists of an Average Current controlled 
continuous boost Power Factor front end section with a 
flexible ballast control section. Start-up and lamp-out retry 
timing are controlled by the selection of external timing 
components, allowing for control of a wide variety of 
different lamp types. The ballast control section can be set 
up to adjust lamp power using either Pulse Width (PWM) 
or frequency modulation (FM). Either non-overlapping or 
overlapping conduction can be selected for the FM mode. 
This allows for the IC to be used with a variety of different 
ouput networks. 

50 ns 

12.8 13.5 14.2 V 

150 300 mV 

12.4 14.6 V 

1.3 1.7 mA 

15 19 mA 

Vccz - 0.5 V 

Vccz - 3.5 V 

120 °C 

30 °C 

POWER FACTOR SECTION 

The ML4830 Power Factor section is an average current 
sensing boost mode PFC control circuit which is 
architecturally similar to that found in the ML4821. For 
detailed information on this control architecture, please 
refer to Application Note 16 and the ML4821 data sheet. 

MULTIPLIER 

The ML4830 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator . 
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ML4830 
The output of the multiplier appears as a voltage across 
the 14K resistor (Figure 1) on the positive terminal of IA 
to form the reference for the current error amplifier. 
When the loop is in regulation, the negative voltage on 
IA+/I(LlM) (Pin 4) keeps the positive terminal of IAat OV. 

VMUl ~0.034xl(SINE)x(VEA-l.l)x(14KO) (1) 

where: I(SINE) is the current in the dropping resistor, 
V(EA) is the output of the error amplifier (Pin 20). 

The output of the multiplier is limited to 0.88V. 

AVERAGE CURRENT AND OUTPUT VOLTAGE 
REGULATION 

The PWM regulator in the PFC Control section will act to 
offset the positive voltage caused by the multiplier output 
by producing an offsetting negative voltage on the current 
sense resistor at Pin 4. A cycle-by-cycle current limit is 
included to protect the MOSFET from high speed current 
transients. When the voltage at Pin 4 goes negative by 
more than lV, the PFC cycle is terminated. 

For more information on compensating the average 
current and boost voltage error amplifier loops, see 
Application Note 16 . 

INH 

11 1-0_V_P.:..:11,-,N_HI:.::.BI-'.T __ ~ 

PREHEAT 
AND 

INTERRUPT 
TIMER 

OVERVOLTAGE PROTECTION AND INHIBIT 

The OVP/INHIBIT pin serves to protect the power circuit 
fr()m being subjected to excessive voltages if the load 
should change suddenly (lamp removal). A divider from 
the high voltage DC bus (Figure 8: R14, R24) sets the 
OVP trip level. When the voltage on Pin 11 exceeds 5V, 
the PFC transistor is inhibited. The ballast section will 
continue to operate. If Pin 11 is driven above 6.8V, the 
IC is inhibited and goes into the low quiescent mode. 
The OVP threshold should be set to a level where the 
power components are safe to operate, but not so low 
as to interfere with the boost voltage regulation loop 
(Rl1, R12, R23). 

BALLAST OUTPUT SECTION 

The IC controls output power to the lamps in one of three 
different modes. The Mode pin (Pin 8) sets the operating 
mode of the IC With Pin 8 at GND, the output section is 
in the Frequency Modulation mode with non-overlapping 
conduction, which means that both ballast output drivers 
will be low during tOIS (Figure 2). In the overlapping mode 
(VCO-O), Pin 8 is left open and the transition from OUT A 
high to OUT B high occurs with no dead time. This mode 
is typically used in current fed ballast topologies. 

OSCILLATOR 

MODE 
1------~.:..j8 

IAOUT 

,/l./\ R(T)/C(T) 
L-~ __ -4~~6.~8V~ __________ tt-t-----~~~9 

IA-

EAOUT 

EA- '------ciT 

Figure 1. ML4830 Block Diagram 
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Mode Pin 8 Definition 

veo GND Frequency Modu lation 

veo-o OPEN Overlapping veo F.M. 

PWM VREF Pulse Width Modulation 

Table 1. ML4830 Operating Modes 

OSCILLATOR 

In Table 1 above, the two VCO frequency ranges are 
controlled by the output of the LFB amplifier (Pin 6). As 
lamp current decreases, Pin 6 rises in voltage, causing the 
C(T) charging current to decrease, thereby causing the 
oscillator frequency to decrease. Since the ballast output 
network attenuates high frequencies, the power to the 
lamp will be increased. 

In PWM Mode, ICHG is 0 so the oscillator's frequency is 
set per (1) below. 

18I-V.:.::R"'EF ____ ....... ___ ... VREF .. 
R(T) 

ICHC _CONTROL 

R(T)/C(T) 

1.25/3.75 
C(T) 

I 5mA 

~ n n 
____________ ~I I~----------~I I , , , 

lOIS _, ,_ ICHC _ , , , , , , _L ___________ _ 

C(T) 

Figure 2. Oscillator Block Diagram and Timing 

ML4830 
Also, in both VCO modes, the when LFB OUT is high, 
ICHG = 0 and the minimum frequency occurs. The 
charging current varies according to two control inputs to 
the oscillator: 

1. The output of the preheat timer 

2. The voltage at Pin 6 (lamp current output) 

In preheat condition, charging current is fixed at 

I --.bL CHG(PREHEAT) - R(SET) (1) 

In running mode, charging current decreases as the VPIN7 
rises from OV to VOH of trhe LAMP FB amplifier. The 
highest frequency will be attained when ICHG is highest, 
which is attained when VPIN6 is at OV: 

I =_5_ 
CHG(O) R(SET) (2) 

The oscillator frequency is determined by the following 
equations: 

FOSC (3) 

and 

t = R C In(6.25 + ICHG RT) 
CHG T T 3.75 + ICHG RT (4) 

The oscillator's minimum frequency is set when ICHG = 0 
where: 

FOSC O.51xRTCT 

This assumes that tcHG » tDIS' 

Highest lamp power, and lowest output frequency are 
attained when VPIN6 is at its maximum output voltage 
(VOH)· 

(5) 

In this condition, the minimum operating frequency of the 
ballast is set per (5) above. 

For the Ie to be used effectively in dimming ballasts with 
higher Q output networks a larger CT value and lower RT 
value can be used, to yield a smaller frequency excursion 
over the control range (VPIN6). The discharge current is set 
to SmA. Assuming that IDIS » IRT: 

tDIS(VCO):; 490xCT (6) 
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ML4830 
IC BIAS, UNDER-VOLTAGE LOCKOUT AND THERMAL 
SHUTDOWN 

The IC includes a shunt regulator which will limit the 
voltage at VCC to 13.5 (Vccz). The IC should be fed with 
a current limited source, typically derived from the ballast 
transformer auxiliary winding. When VCC is below Vccz 
- O.7V, the IC draws less than l.7mA of quiescent current 
and the outputs are off. This allows the IC to start using a 
"bleed resistor" from the rectified AC line. 

vccz 
t Vee V(ON) 

V(OFF) 

15mA 

t Icc 

==============-=---------q-----=-== I I 
I I 

----~-----------------~--I I 
I I 
I I 
I I 
I I 
I I 

I~ 
It 

--------------+----------1 

1.3mA t:::====== _______ --=~ 
~ 

Figure 3. Typical Vcc and Icc waveforms when ML4830 
is started with a bleed resistor from the rectified AC line 

and bootstrapped from the ballast transformer. 

To help reduce ballast cost, the ML4830 includes a 
temperature sensor which will inhibit ballast operation if 
the Ie's junction temperature exceeds 120°C. In order to 
use this sensor in lieu of an external sensor, care should be 
taken when placing the IC to ensure that it is sensing 
temperature at the physically appropriate point in the 
ballast. The ML4830's die temperature can be estimated 
with the following equation: 

(7) 

STARTING, RE-START, PREHEAT AND INTERRUPT 

The lamp starting scenario implemented in the ML4830 is 
designed to maximize lamp life and minimize ballast 
heating during lamp out conditions. 

The circuit in Figure 4 controls the lamp starting scenarios: 
Filament preheat and Lamp Out interrupt. C(X) is charged 

with a current of IR(SET) or 0.625 and discharged 
4 R(SEn 

through R(X). The voltage at C(X) is initialized to O.7V 
(VDc) ~t pc'/,/c:- :.:p. The !:mc fer C{X} tv iisc tv J.4V ;:i iJ It: 
filament preheat time. During that time, the oscillator 

charging current OCHG) is R~':n in both VCO modes. 

This will produce a high frequency (or low duty cycle) for 
fi lament preheat, but wi II not produce sufficient voltage to 
ignite the lamp. 

After cathode heating, the inverter frequency drops to 
FMIN causing a high voltage to appear to ignite the lamp. 
If the voltage does not drop when the lamp is supposed to 
have ignited, the lamp voltage feedback coming into Pin 
10 rises to above VREF, the C(X) charging current is shut off 
and the inverter is inhibited until C(X) is discharged by 
R(X) to the 1.2V threshold. Shutting off the inverter in this 
manner prevents the inverter from generating excessive 
heat when the lamp fails to strike or is out of socket. 
Typically this time is set to be fairly long by choosing a 
large value of R(X). 

LFB OUT is ignored until C(X) reaches 6.8V threshold. 
The lamps are therefore driven to full power and then 
dimmed. The C(X) pin is clamped to about 7.5V. 

A timing diagram of lamp ignition and restart sequences 
provided by the circuit of Figure 4 is given in Figure 7. 

Figure 4. Lamp Preheat and Interrupt Timers 

Mode PWM FM 

[F(MAX) to F(MIN)] 
Preheat 50% 2 

Dimming 
lock-out D(MAX)% F(MIN) 

Dimming 
Control Oto D(MAX)% F(MIN) to F(MAX) 

Figure 5. Lamp Starting Summary 

A summary of the lamp starting scenarios are given in 
figure 5 for both PWM and Frequency Modulation modes. 
The PWM duty cycle is defined as: 

Duty Cycle =.!mL 
tClK 
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SEMI-STANDARD CAPABILITIES 

F ION(MAX) -L The ML4830 is designed to work in a wide variety of 
electronic ballast applications. For high volume, cost 
sensitive applications, a ballast design can be implemented 
and debugged using the ML4830. From that design, Micro 
Linear can produce a reduced feature set, optimized 
ballast IC design quickly and easily with low risk. 

CLOCKJl n,--------,Il 
1 1 1 

:....-- tCLK _______ : : 

OUTA ~~'ON~L ______ ~i ______________ ~r Contact your Micro Linear representative or call Micro 
Linear for more information on Semi-Standard options. 

OUTB~L ________________ ~~ION~IL-____ __ 

Figure 6. Definition of Duty Cycles 

1 1 , , , , 
~4 -------- ---r---------------r-- ------------- ---r-----------------------

R(X)/C(X) " , , ' 
12 ----- --~---~---------------~------- -r---L-----------------------

0.65 
I \ I : : 
I I I I I 
I I I I I 

o I 1 \ i i 
I I I I I 

HEAT 

DIMMING 
LOCKOUT 

Jl [ nl----;.---
J:i : 1:\---1 __ 

I I I I I I I 
I I I I I 1 I 

INT 7.5 ----i---i---i-----n---n---n-------i---!- ---i----------------
: : : I '--------!-: --~:----... : -------------------------
I I t I I I I 

: : : I' I' : : I I I I I 
1 I j I I 
I I I I I 

, L, ---+: ---1,,..------------------------
INHIBIT 

Figure 7. lamp Starting and Restart Timing 
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APPLICATIONS 

ria 1 

'" .. 

~------~~------------~l~ 
D 

T 

1 
'" 

+11 U 
.. 

" 

'-----ll~ 
L--+-+-++-t-+--4----l1 ~ 

T~ 

Figure. 8 Typical Application: 2-Lamp Isolated Dimming Ballast with Active Power Factor Correction for 120VAC Input 
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APPLICATIONS (continued) 

The schematic (Figure 8) and the bill of materials on the 
following pages represents a complete parts list for the 
schematic (Figure 8). Designators refer to Micro Linear's 
"rev B" PCB. 

ML4830 

TABLE 1: PARTS LIST FOR THE ML4830 TYPICAL APPLICATION 

CAPACITORS 

QTY. REF. DESCRIPTION MFR. PART NUMBER 

2 Cl,2 3.3nF, 12SVAC, 10%, ceramic, "Y" capacitor Panasonic ECK-DNS332ME 

C3 0.33IlF, 2S0VAC, "X", capacitor Panasonic ECQ-U2A334MV 

4 C4, 8, 9,12,22 O.lIlF, SOY, 10%, ceramic capacitor AVX SR21SC104KAA 

CS 47nF, SOY, 10%, ceramic capacitor AVX SR211C472KAA 

C6 1.SIlF, SOY, 2.5%, NPO ceramic capacitor AVX RPE121COG1S2 

2 C7 11lF, SOY, 20%, ceramic capacitor AVX SR30SE10SMM 

Cl0 lOOIlF, 2SV, 20%, electrolytic capacitor Panasonic ECE-A 1 EFSl 01 

Cl1 1 OOIlF, 2S0V, 20%, electrolytic capacitor Panasonic ECE-S2EGl 01 E 

C13 4.7IlF, SOY, 20%, electrolytic capacitor Panasonic ECE-A50Z4R7 

3 C14, 15, 17 0.22IlF, 50V, 10%, ceramic capacitor AVX SR305C224KAA 

C16 1.5IlF, SOY, 10%, ceramic capacitor AVX SR151V152KAA 

C19 22nF, 630V, 5%, polypropylene capacitor WIMA MKP10, 22nF, 630V, 5% 

C20 O.lIlF, 250V, 5%, polypropylene capacitor WIMA MKP10, O.lIlF, 250V, 5% 

C21 O.OlIlF, 50V, 10%, ceramic capacitor AVX SR211Cl03KM 

C24 2201lF, 16V, 20%, electrolytic capacitor Panasonic ECE-A 16Z220 

RESISTORS: 

Rl 0.50, 5%, 1!2W, metal film resistor NTE 

R2 4.3K, 1/4W, 5%, carbon film resistor Yageo 4.3K-Q 

R3 47K, 1!4W, 5%, carbon film resistor Yageo 47K-Q 

R4 12K, 1!4W, 5%, carbon film resistor Yageo 12K-Q 

R5 20K,1!4W, 1%, metal film resistor Dale SMA4-20K-l 

R6 360K, 1!4W, 5%, carbon film resistor Yageo 360K-Q 

R7 36K, lW, 5%, carbon film resistor Yageo 36KW-l-ND 

3 R8, 22,11 220, 1/4W, 5%, carbon film resistor Yageo 22-Q 

R9 402K,1!4W, 1%, metal film resistor Dale SMA4-402K-l 

Rl0, 13 17.8K,1!4W, 1 %, metal film resistor Dale SMA4-17.8K-l 

R12,20 475K,1!4W, 1%, metal film resistor Dale SMA4-475K-l 
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TABLE 1: PARTS LIST FOR ML4830 TYPICAL APPLICATION (Continued) 

RESISTORS: (Continued) 

QTY. REF. 

4 R14 

R15 

R16,19 

R18 

R21 

R23 

DIODES: 

4 Dl,2,3,4 

2 D5,6 

D7 

6 D8,9,10,11 
12,13 

IC's: 

ICl 

TRANSISTORS: 

3 Ql, 2, 3 

MAGNETICS: 

Tl 

T2 

7-184 

DESCRIPTION MFR. 

lOOK, 1/4W, 5%, carbon film resistor Yageo 

681 K, 1/4W, 5%, carbon film resistor Yageo 

10K, 1/4W, 1 %, metal film resistor Dale 

4.7K, 1/4W, 5%, carbon film resistor Tageo 

33n, 1/4W, 5%, carbon film resistor Yageo 

25K, pot (for dimming adjustment) Bourns 

1 A, 600V, 1 N4007 diode Motorola 
(or 1 N5061 as a substitute) 

1 A, 50V (or more), 1 N4001 diodes Motorola 

3A, 400V, BYV26C or BYT03 400 fast recovery GI 
or MUR440 Motorola ultra Fast diode 

0.1 A, 75V, 1 N4148 signal diode Motorola 

Ml4830, Electronic Ballast Controller IC Micro 
linear 

3.3A, 400V, IRF720 power MOSFET IR 

PART NUMBER 

100K-Q 

681 K-Q 

SMA4-10K-l 

681 K-Q 

33-Q 

3386P-253-ND 

lN4007TR 

lN400lTR 

BYV26C 

1 N4148TR 

Ml4830CP 

IR720 

Tl Boost Inductor, E24/25, 1 mH, Custom Coils PIN 5039 or Coiltronics PIN CTX05-12538-1 
E24/25 core set, TDK PC40 material 
8-pin vertical bobbin (Cosmo #4564-3-419), 
Wind as follows: 
195 turns 25AWG magnet wire, start pin #1, end pin #4 
1 layer mylar tape 
14 turns 26AWG magnet wire, start pin #3, end pin #2 
NOTE: Gap for 1 mH ±5% 

T2 Gate Drive Xfmr, lpRI = 3mH, Custom Coils PIN 5037 or Coiltronics PIN CTX05-12539-1 
Toroid Magnetics YW-41305-TC 
Wind as follows: 
Primary = 25 turns 30AWG magnet wire, start pin #1, end pin #4 
Secondary = 50 turns 30AWG magnet wire, start pin #5, end pin #8 
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TABLE 1: PARTS LIST FOR ML4830 TYPICAL APPLICATION (Continued) 

MAGNETICS: (Continued) 

QTY. REF. DESCRIPTION MFR. PART NUMBER 

T3 

T4 

T5 

INDUCTORS: 

2 L1,2 

FUSES: 

F1 

2 

HARDWARE: 

2 

3 

T3 Inductor, LpRI = 1.66mH, Custom Ciols PIN S041 or Coiltronics PIN CTXOS-12S47-1 
E24/2S core set, TDK PC40 material 
10 pin horizontal bobbin (Plastron #07228-31-80) 
Wind as follows: 
1 st: 170T of 2SAWG magnet wire; start pin #10, end pin #9. 
1 layer of mylar tape 
2nd: ST of #32 magnet wire; start pin #2, end pin #1 
1 layer of mylar tape 
3rd: 3T of #30 Kynar coated wire; start pin #4, end pin #S 
4th: 3T of #30 Kynar coated wire; start pin #3, end pin #6 
Sth: 3T of #30 Kynar coated wire; start pin #7, end pin #8 
NOTE: Gap for 1.66mH ±S% (pins 9 to 1 0) 

T4 Power Xfmr, LpRI = 3.87mH, Custom Ciols PIN S038 or Coiltronics PIN CTXOS-12S4S-1 
E24/25 core set, TDK PC40 material 
8 pin vertical bobbin (Cosmo #4564-3-419) 
Wind as follows: 
1 Sl: 200T of 30AWG magnet wire; start pin #1, end pin #4. 
1 layer of mylar tape 
2nd: 300T of 32AWG magnet wire; start pin #5, end pin #8 
NOTE: Gap for inductance primary: (pins 1 to 4) @ 3.87mH ±50/0 

T5 Current Sense Inductor, Custom Coils PIN 5040 or Coiltronics PIN CTXOS-12546-1 
Toroid Magnetics YW-41305-TC 
Wind as follows: 
Primary = 3T 30AWG magnet coated wire, start pin #1, end pin #4 
Secondary = 400T 3SAWG magnet wire, start pin #5, end pin #8 

EMI/RFI Inductor, 6001lH, DC resistance = 0.45Q Premo 
Magnetics 

2A fuse,S x 20mm miniature Littlefuse 

Fuse Clips,S x 20mm, PC Mount 

Single TO-220 Heatsink Aavid Eng. 

Double TO-220 Heatsink IERC 

MICA Insulators Keystone 

SPE116A 

F948-ND 

F058-ND 

PB1ST-69 

PSE1-2TC 

4673K-ND 

ORDERING INFORMATION 

PART NUMBER 

ML4830CP 
ML4830CS 

TEMPERATURE RANGE 

DOC to + 85°C 
WC to +85°C 

'Micro Linear 

PACKAGE 

Molded DIP (P20) 
Molded SOIC (S20) 
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GENERAL DESCRIPTION 

The ML4831 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4831 are controllers for "boost" type power 
factor correction as well as for a dimming ballast. 

The Power factor ci rcu it uses the average cu rrent sensi ng 
method with a current fed multiplier and over-voltage 
protection. This system produces power factors of better 
than 0.99 with low input current THD at > 95% 
efficiency. Special care has been taken in the design of the 
ML4831 to increase system noise immunity by using a 
high amplitude oscillator, and a current fed multiplier. An 
over-voltage protection comparator inhibits the PFC 
section in the event of a lamp out or lamp failure 
condition. 

The ballast section provides for programmable starting 
scenarios with programmable preheat and lamp out-of
socket interrupt times. The IC controls lamp output 
through either frequency modulation using lamp current 
feedback. 

The ML4831 is designed using Micro Linear's Semi
Standard tile array technology. Customized versions of this 
IC, optimized to specific ballast architectures can be made 
available. Contact Micro Linear or an authorized 
representative for more information. 

BLOCK DIAGRAM 

7 
R(SET) 

8 
R(T)/C(T) 

10 
R(X)/C(X) 

IAOUT 
2 

IA+ 

I(SINE) 

EAOUT 

EA-/OVP 

OSCILLATOR 

+ 
PRE-HEAT 

AND INTERRUPT 
TIMERS 

POWER 
FACTOR 

CONTROLLER 

September 1994 
PRELIMINARY 

ML4831 

Electronic Ballast Controller 

FEATURES 

• Complete Power Factor Correction and Dimming 
Ballast Control on one IC 

• Low Distortion, High Efficiency Continuous Boost, 
Average Current sensing PFC section 

• Programmable Start Scenario for Rapid or Instant Start 
Lamps 

• Lamp Current feedback for Dimming Control 

• Variable Frequency dimming and starting 

• Programmable Restart for lamp out condition to 
reduce ballast heating 

• Over-Temperature Shutdown replaces external heat 
sensor for safety 

• PFC Over-Voltage comparator eliminates output 
"runaway" due to load removal 

• Large oscillator amplitude and current fed multiplier 
improves noise immunity 

INTERRUPT 
9 

LAMP F.B. 
5 

LFB OUT 

I 
6 

OUTPUT 
DRIVERS 

OUTA 

CONTROL t> 14 

& 
GATING LOGIC 

1 
I 

UNDER-VOLTAGE 
AND THERMAL 
SHUTDOWN 

t> 
~ t> 

OUTB 
13 

PFCOUT 
15 

PGND IE] 
12 

VCC 

VREF 

GND 
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PIN CONFIGURATION 

ML4831 

l8-Pin DIP (P18) 

EAOUT EA-/OVP 

IAOUT VREF 

I(SINE) VCC 

IA+ PFCOUT 

LAMPF.B. OUTA 

LFBOUT OUTB 

R(SET) PGND 

R<n/C<n GND 

INTERRUPT R(X)/C(X) 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

EAOUT PFC Error Amplifier output and 8 R(T)C(T) Oscillator timing components 
compensation node 9 INTERRUPT Input used for lamp-out detection and 

2 IAOUT Output and compensation node of the restart. A voltage greater than 7.5 volts 
PFC average current transconductance resets the chip and causes a restart 
amplifier. after a programmable interval. 

3 I(SINE) PFC Current Multiplier input. 10 R(X)/C(X) Sets the timing for the preheat, 

4 IA+ Non-inverting input of the PFC 
dimming lockout, and interrupt 

average cu rrent transconductance 11 GND Ground 
amplifier and peak current sense point 

12 PGND Power ground for the IC -of the PFC cycle by cycle current limit 
comparator. 13 OUTB Ballast MOSFET drive output 

5 LAMP F.B. Inverting input of an Error Amplifier 14 OUTA Ballast MOSFET drive output 
used to sense (and regulate) lamp arc 

15 PFC OUT Power Factor MOSFET drive output current. Also the input node for 
dimming control. 16 vee Positive Supply for the Ie 

6 LFB OUT Output from the Lamp Cu rrent Error 17 VREF Buffered output for the 7.5V voltage 
Transconductance Amplifier used for reference 
lamp current loop compensation 

18 EA-/OVP Inverting input to PFC error amplifier 
7 R(SET) External resistor which sets oscillator and OVP comparator input 

FMAX, and R(X)/C(X) charging current 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Maximum Forced Current (pins 1, 2, 6) ................ ±20mA 
Maximum Forced Voltage (Pin 2) ................... -0.3 V to 6V 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ................... -65°C to + 150°C 

Supply Current (Icel ............................................... 75mA 
Lead Temperature (Soldering 10 Sec.) .................. +260°C 
Thermal Resistance (S/A) 

Output Current, Source or Sink (Pins 13, 14, 15) 
DC ................................................................... 250mA 

Plastic DIP-P ................................................... 70°C/W 

Output Energy (capacitive load per cycle) .............. 1.5 mJ 
Multiplier I(SINE) Input (Pin 3) ............................... 10 mA OPERATING CONDITIONS 
Analog Inputs (Pins 5, 9, 18) ................ -O.3V to VCC -2V 
Pin 4 input voltage ......................................... -3V to +2V Temperature Range 
Maximum Forced Voltage (Pins 1,6) .......... -O.3V to 7.7V ML4831C .................................................. O°C to 85°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, R(SET) = 31.6K, R(T) = 16.2K, C(T) = 1.5nF, T/ = Junction Operating Temperature Range, 
Icc = 25mA 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

PFC Current Sense Amplifier (Pins 2, 4) 

Small Signal Transconductance 130 200 270 J.Lmhos 

Input Voltage Range -0.3 3.5 V 

Output low ISINE = OmA, VPINl = OV, 
VPIN4 = -0.3V, Rl = 00 0.2 0.4 V 

Output High ISINE = 1.5mA, VPIN18/4 = OV, Rl = 00 5.2 5.6 6 V 

Source Current ISINE = l.5mA, VPINl8/4 = OV, VPIN2 = 5V -0.3 mA 

Sink Current ISINE = OmA, VPIN2 = O.3V, 
VPIN4 = -O.3V, VPINl = OV 0.3 mA 

PFC Voltage Feedback Amplifier (Pins 1, 18)/Lamp Current Amplifier (Pins 5, 6) 

Input Offset Voltage ±3.0 ±10.0 mV 

Input Bias Current -0.3 -1.0 J.LA 

Small Signal Transconductance 50 80 110 J.Lmhos 

Input Voltage Range -0.3 3.5 V 

Output low VPINS/18 = 3V, Rl = 00 0.2 0.4 V 

Output High VPIN5/18 = 2V, Rl = 00 7.2 7.5 V 

Source Current VPINS/18 = OV, VPIN1/6 = 7V -0.2 mA 

Sink Current VPIN5/18 = 5V, VPIN1/6 = 0.3V 0.2 mA 

Multiplier 

Output Voltage ISINE = 100J.LA, VPINl = 3V 40 mV 

ISINE = 300J.LA, VPINl = 3V 130 mV 

ISINE =1 OOJ.LA, VPINl = 6V 112 mV 

ISINE = 300J.LA, VPINl = 6V 350 mV 

Output Voltage limit ISINE = 1.5mA, VPIN18 = OV 865 mV 

r-..rr, ." I. 
ISINE = U, VPIN18 = OV 15 mV \..J11!)Cl VUlldo~ 

ISINE = 150J.LA, VPIN18 = 3V 15 mV 

I(SINE) Input Voltage ISINE = 200J.LA 0.8 1.4 1.8 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial accuracy TA= 25°C 72 76 80 KHz 

Voltage stability Veez - 3V < Vee <Veez - O.5V 1 % 

Temperature stability 2 % 

Total Variation Line, temperature 69 83 KHz 

Ramp Valley to Peak 2.5 V 

C(T) Charging Current (FM Modes) VPINS = 3V, VPINB = 2.5V, 
VPINlO = 0.9V (Preheat) -78 ).IA 

VP1NS = 3V, VPINB = 2.5V, 
VPIN10 = Open -156 ).IA 

C(T) Discharge Current VP1NB = 2.5V 5 mA 

Output Drive Deadtime 0.75 !1S 

Reference Section 

Output Voltage T A = 25°C, 10 = 1 mA 7.4 7.5 7.6 V 

Line regulation Veez - 3V < Vee < Veez - 0.5V 2 10 mV 

Load regu lation 1 mA < 10 < 20mA 2 15 mV 

Temperature stability 0.4 % 

Total Variation Line, load, temp 7.35 7.65 V 

Output Noise Voltage 10Hz to 10KHz 50 j.lV 

Long Term Stability TJ = 125°C, 1000 hrs 5 mV 

Short Circuit Current Vee < Veez - 0.5V, VREF = OV -40 mA 

Preheat and Interrupt Timer (Pin 10) (R(X) = 590KQ, C(X) = 5.6j.lF) 

Initial Preheat Period 0.8 s 

Subsequent Preheat Period 0.7 s 

Start Period 2.1 s 

Interrupt Period 6.3 s -Pin 10 Charging Current -19 ).IA 

Pin 10 Open Circuit Voltage Vee = 12.3V in UVLO 0.4 0.9 1.1 V 

Pin 10 Maximum Voltage 7.0 7.3 7.7 V 

Input Bias Current VPIN10 = 1.2V -0.2 ).IA 

Preheat Lower Threshold 1.18 V 

Preheat Upper Threshold 3.36 V 

Interrupt Recovery Threshold 1.18 V 

Start Period End Threshold 6.7 V 

Interrupt Input (Pin 9) 

Interrupt Threshold V 

Input Bias Current 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OVP Comparator (Pin 18) 

OVP Threshold 2.6 2.7 2.B V 

Hysteresis 0.25 V 

Propagation Delay 500 ns 

Outputs 

Output Voltage Low lOUT = 20mA 0.4 O.B V 

lOUT = 200mA 2.1 3.0 V 

Output Voltage High IOUT=-20mA Vcc - 2.5 Vcc - 1.9 V 

lOUT = -200mA Vcc - 3.0 Vcc - 2.2 V 

Output Voltage Low in UVLO lOUT = 10mA, Vcc = BV O.B 1.5 V 

Output Rise/Fall Time Cl = 1000pF 

Under-Voltage Lockout and Bias Circuits 

IC Shunt Voltage (Vccz) Icc = 25mA 

Vccz Load Regulation 25mA < Icc < 6BmA 

Vccz Total Variation Load, Temp 

Start-up Current Vcc~12.3V 

Operating Current Vcc = Vccz - 0.5V 

Start-up Threshold 

Shutdown Threshold 

Shutdown Temperature (T)} 

Hysteresis (T) 

FUNCTIONAL DESCRIPTION 

OVERVIEW 

The ML4831 consists of an Average Current controlled 
continuous boost Power Factor front end section with a 
flexible ballast control section. Start-up and lamp-out retry 
timing are controlled by the selection of external timing 
components, allowing for control of a wide variety of 
different lamp types. The ballast section controls the lamp 
power using frequency modulation (FM) with additional 
programmability provided to adjust the VCO frequency 
range. This allows for the IC to be used with a variety of 
different output networks. 

POWER FACTOR SECTION 

The ML4831 Power Factor section is an average current 
sensing boost mode PFC control circuit which is 
architecturally similar to that found in the ML4821. For 
detailed information on this control architecture, please 
refer to Application Note 16 and the ML4821 data sheet. 

50 ns 

12.B 13.5 14.2 V 

150 300 mV 

12.4 14.6 V 

1.3 1.7 mA 

15 19 mA 

Vccz - 0.5 V 

Vccz - 3.5 V 

120 °C 

30 °C 

MULTIPLIER 

The ML4831 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 

The output of the multiplier appears on the positive 
terminal of the IA amplifier to form the reference for the 
current error amplifier. Please refer to Figure 1. 

[I(SINE) x (VEA -1.1V)j (1) 

VMUL '" 4.17mA 

where: I(SINE) is the current in the dropping resistor, 
V(EA) is the output of the error amplifier (pin 1). 

The output of the multiplier is limited to 1.0V. 
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AVERAGE CURRENT AND OUTPUT VOLTAGE 
REGULATION 

The PWM regulator in the PFC Control section will act to 
offset the positive voltage caused by the multiplier output 
by producing an offsetting negative voltage on the current 
sense resistor at Pin 4. A cycle-by-cycle current limit is 
included to protect the MOSFET from high speed current 
transients. When the voltage at Pin 4 goes negative by 
more than 1 V, the PWM cycle is terminated. 

For more information on compensating the average 
current and boost voltage error amplifier loops, see 
ML4821 data sheet. 

OVERVOLTAGE PROTECTION AND INHIBIT 

The OVP pin serves to protect the power circuit from 
being subjected to excessive voltages if the load should 
change suddenly (lamp removal). A divider from the high 
voltage DC bus sets the OVP trip level. When the voltage 
on Pin 18 exceeds 2.75V, the PFC transistors are inhibited. 
The ballast section will continue to operate. The OVP 
threshold should be set to a level where the power 
components are safe to operate, but not so low 
as to interfere with the boost voltage regulation loop. 

R(SET) 

10~R~(~X)~/C~(X~) ______________ ~ 

':' 

ovP 

ML4831 
TRANSCONDUCTANCE AMPLIFIERS 

The PFC voltage feedback, PFC current sense, and the 
loop current amplifiers are all implemented as operational 
transconductance amplifi~rs. They are designed to have 
low small signal forward transconductance such that a 
large value of load resistor (Rl) and a low value ceramic 
capacitor «lI1F) can be used for AC coupling (Cl) in the 
frequency compensation network. The compensation 
network shown in Figure 2 will introduce a zero and a 
pole at: 

1 fz=--
21t R1C1 

R1 

r 
Figure 2. Compensation Network 

R(T)/C(T) 

[> PFC OUT 

[> OUTA 

[> OUTB 

(2) 

8 

15 

14 

13 

Figure 1. ML4831 Block Diagram 

'Micro Linear 7-191 

-



ML4831 
Figure 3 shows the output configuration for the 
operational transconductance amplifiers. 

--0 io = gmVIN 

IN OUT 
CURRENT 
MIRROR 

Figure 3. Output Configuration 

A DC path to ground or VCC at the output of the 
transconductance amplifiers will introduce an offset error. 
The magn itude of the offset voltage that will appear at the 
input is given by Vas = io/gm. For a io of 1 uA and a gm 
of 0.08 j.!mhos the input referred offset will be 12.5mV. 
Capacitor Cl as shown in Figure 2 is used to block the 
DC current to minimize the adverse effect of offsets. 

Slew rate enhancement is incorporated into all of the 
operational transconductance amplifiers in the ML4831. 
This improves the recovery of the circuit in response to 
power up and transient conditions. The response to large 
signals will be somewhat non-linear as the 
transconductance amplifiers change from their low to high 
transconductance mode. This is illustrated in Figure 4. 

io 

-------:;>i""'-----"r----~V,N Differential 

Figure 4. Transconductance Amplifier Characteristics 

BALLAST OUTPUT SECTION 

The IC controls output power to the lamps via frequency 
modulation with non-overlapping conduction. This means 
that both ballast output drivers will be low during the 
discharging time to IS of the oscillator capacitor CT. 

OSCILLATOR 

The VCO frequency ranges are controlled by the output of 
the LFB amplifier (pin 6). As lamp current decreases, Pin 6 
rises in voltage, causing the C(T) charging current to 
decrease, thereby causing the oscillator frequency to 
decrease. Since the ballast output network attenuates high 
frequencies, the power to the lamp will be increased. 

I 
,= n n 

------------~I 1~-----------41 I 
I I I 

tOIS ----..-1 I~ tcHG ~ 
I I I 
I I I _1_- _________ _ 

C(T) 

Yn = 1.25Y 

Figure 5. Oscillator Block Diagram and Timing 

The oscillator frequency is determined by the following 
equations: 

Fasc = ----'--
tCHG +tOIS 

(3) 

(4) 
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The oscillator's minimum frequency is set when ICH = 0 
where: 

Ie '" 1 
OSC - O.SlxRTCT 

(5) 

This assumes that tcHG » tDiS. 

When LFB OUT is high, ICH = 0 and the minimum 
frequency occurs. The charging current varies according 
to two control inputs to the oscillator: 

1 . The output of the preheat timer 

2. The voltage at Pin 6 (lamp feedback amplifier 
output) 

In preheat condition, charging current is fixed at 

L 2.5 
'LHG(PREHEAT) = R(SEn (6) 

In running mode, charging current decreases as the VPIN6 
rises from OV to VOH of the LAMP FB amplifier. The 
highest frequency will be attained when ICHG is highest, 
which is attained when VPIN6 is at OV: 

5 
ICHG(O) = R(SEn 

Highest lamp power, and lowest output frequency are 
attained when VPIN6 is at its maximum output voltage 
(VOH)· 

(7) 

In this condition, the minimum operating frequency of the 
ballast is set per (5) above. 

For the IC to be used effectively in dimming ballasts with 
higher Q output networks a larger CT value and lower RT 
value can be used, to yield a smaller frequency excursion 
over the control range (VPIN6). The discharge current is set 
to SmA. Assuming that IDIS » IRT: 

tDIS(VCO) e; 490 x CT (8) 

IC BIAS, UNDER-VOLTAGE LOCKOUT AND THERMAL 
SHUTDOWN 

The IC includes a shunt regulator which will limit the 
voltage at Vcc to 13.5 (Vccz). The IC should be fed with 
a current limited source, typically derived from the ballast 
transformer auxiliary winding. When Vcc is below 
Vccz - O.7V, the IC draws less than 1.7mA of quiescent 
current and the outputs are off. This allows the IC to start 
using a "bleed resistor" from the rectified AC line. 

ML4831 
To help reduce ballast cost, the ML4831 includes a 
temperature sensor which will inhibit ballast operation if 
the Ie's junction temperature exceeds 120°C. In order to 
use this sensor in lieu of an external sensor, care should be 
taken when placing the IC to ensure that it is sensing 
temperature at the physically appropriate point in the 
ballast. The ML4831 's die temperature can be estimated 
with the folloWing equation: 

(9) 

t Vee ~~~ ============~=- ______ ~ _____ ~ 
V(OFf) ----t---------------:--

I I 
I I 
I I 
I I 
I I 

tlee 
15mA ------------~------------~ 

1.3mA t======-______ -= 
t-

Figure 6. Typical Vcc and Icc Waveforms when 
the ML4831 is Started with a Bleed Resistor from 
the Rectified AC Line and Bootstrapped from an 

Auxiliary Winding. 

STARTING, RE-START, PREHEAT AND INTERRUPT 

The lamp starting scenario implemented in the ML4831 
is designed to maximize lamp life and minimize ballast 
heating during lamp out conditions. 

The circuit in Figure 7 controls the lamp starting scenarios: 
Filament preheat and Lamp Out interrupt. C(X) is charged 
with a current of IR(SETy4 and discharged through R(X). 
The voltage at C(X) is initialized to O.7V (VBE) at power 
up. The time for C(X) to rise to 3AV is the filament preheat 
time. During that time, the oscillator charging current 
(lCHG) is 2.5/R(SET). This will produce a high frequency 
for filament preheat, but will not produce sufficient 
voltage to ignite the lamp. 

After cathode heating, the inverter frequency drops to FMIN 
causing a high voltage to appear to ignite the lamp. If the 
voltage does not drop when the lamp is supposed to have 
ignited, the lamp voltage feedback coming into Pin 9 rises 
to above VREF, the C(X) charging current is shut off and the 
inverter is inhibited until C(X) is discharged by R(X) to the 
1.2V threshold. Shutting off the inverter in this manner 
prevents the inverter from generating excessive heat when 
the lamp fails to strike or is out of socket. Typically this 
time is set to be fairly long by choosing a large value of R(X). 
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ML4831 
LFB OUT is ignored by the oscillator until C(X) reaches 
6.8V threshold. The lamps are therefore driven to full 
power and then dimmed. The C(X) pin is clamped to 
about 7.SV. 

A summary of the operating frequencies in the various 
operating modes is shown below. 

Operating Mode 

Preheat 

Dimming 
Lock-out 

Dimming 
Control 

Operating Frequency 

[F(MAX) to F(MIN)] 
2 

F(MIN) 

F(MIN) to F(MAX) 

Figure 7. Lamp Preheat and Interrupt Timers 

6.8 ___________ J.o======== .... , , 
3A ------- ---~---------------~--

R(X)/C(X) " , 

HEAT 

DIMMING 
LOCKOUT 

12 __ L ___ L _______________ L _____ _ 
, , , , , , 

.65 , , , , , , 
o i ) ! i : 

~ j r--l~--~j--------------------------
J:j , iill--' __ 

r r I I I : I 
I I I i I I ) 

INT 7.5 n --[ ---1 -n i -n -n n -n n nnL...-_-_-_-_-_-_-..I.' _-_-_--+1-_-__ -_-.;.1_-_-_-_-_-_-_-_-_-__ -_-_-_-_-_-_-_-_-_-_-__ -_-_-

I I I I I 
I I I I I 

i : : I' : I J J I 
I I I I 
i I I I : ' L... __ +-__ ~,--------------------------

INHIBIT 

Figure 8. Lamp Starting and Restart Timing 
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APPLICATIONS POWER FACTOR CORRECTED FLUORESCENT DIMMING LAMP BALLAST 
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Figure 9. Typical Application: 2-Lamp Isolated Dimming Ballast with Active Power Factor Correction for 120VAC Input 
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ML4831 

TABLE 1: PARTS LIST FOR THE ML4831 EVAL EVALUATION KIT 

CAPACITORS 

QTY. REF. DESCRIPTION MFR. PART NUMBER 

2 Cl,2 3.3nF, 125VAC, 10%, ceramic, "Y" capacitor Panasonic ECK-DNS332ME 

C3 0.33IlF, 250VAC, "X", capacitor Panasonic ECQ-U2A334MV 

4 C4,8,9,22 0.1 IlF, 50V, 10%, ceramic capacitor AVX SR215Cl04KAA 

2 C5,21 O.OlIlF, 50V, 10%, ceramic capacitor AVX SR211 Cl 03KAA 

C6 1.5IlF, 50V, 2.5%, NPO ceramic capacitor AVX RPE121COG1S2 

2 C7, 12 1 IlF, 50V, 20%, ceramic capacitor AVX SR30SE105MAA 

ClO 1001lF, 25V, 20%, electrolytic capacitor Panasonic ECE-A 1 EFS101 

Cll 1001lF, 2S0V, 20%, electrolytic capacitor Panasonic ECE-S2EG10lE 

C13 4.7IlF, 50V, 20%, electrolytic capacitor Panasonic ECE-A50Z4R7 

3 C14, 15, 17 0.22IlF, SOY, 10%, ceramic capacitor AVX SR305C224KAA 

C16 l.5IlF, 50V, 10%, ceramic capacitor AVX SR151V152KAA 

C19 22nF, 630V, 5%, polypropylene capacitor WIMA MKP10, 22nF, 630V, 5% 

C20 0.1 IlF, 250V, 5%, polypropylene capacitor WIMA MKP10, O.lIlF, 250V, 5% 

C23 0.068IlF, 160V, 5%, polypropylene capacitor WIMA MKP4, 68nF, 160V, 5% 

C24 2201lF, 16V, 20%, electrolytic capacitor Panasonic ECE-A 16Z220 

C25 47nF, 50V, 10%, ceramic capacitor AVX SR211C472KAA 

C26 330pF, 50V, 10%, ceramic capacitor AVX SR151A331JAA 

RESISTORS: 

Rl 0.33(.1, 5%, 1/2W, metal film resistor NTE HWD33 

R2 4.3K, 1/4W, 5%, carbon film resistor Yageo 4.3K-Q 

R3 47K, 1/4W, 5%, carbon film resistor Yageo 47K-Q 

R4 12K, 1/4W, 5%, carbon film resistor Yageo 12K-Q 

R5 20K,1/4W, 1%, metal film resistor Dale SMA4-20K-l 

R6 360K, 1/4W, 5%, carbon film resistor Yageo 360K-Q 

R7 36K, lW, 5%, carbon film resistor Yageo 36KW-l-ND 

3 R8, 22,11 22(.1, 1/4W, 5%, carbon film resistor Yageo 22-Q 

R9 402K,1/4W, 1%, metal film resistor Dale SMA4-402K-l 

Rl0 17.8K, 1/4W, 1 %, metal film resistor Dale SMA4-1 7.8K-l 

R12 475K,1/4W, 1%, metal film resistor Dale SMA4-475K-l 

Kl.:S 5.49K, 1/4W, 1 %, metal film resistor Dale SMA4-5.49K-l 
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ML4831 

TABLE 1: PARTS LIST FOR ML4831 EVAL EVALUATION KIT (Continued) 

RESISTORS: (Continued) 

QTY. REF. DESCRIPTION MFR. PART NUMBER 

4 R14, 17, 24, 25 lOOK, 1/4W, 5%, carbon film resistor Yageo 100K-Q 

R15 

R16 

R21 

R23 

DIODES: 

4 Dl, 2, 3, 4 

2 05,6 

D7 

5 08,9,11, 
12,13 

Ie's: 

IC1 

TRANSISTORS: 

3 Q1, 2, 3 

MAGNETICS: 

Tl 

T2 

681 K, 1/4W, 5%, carbon film resistor 

10K, 1/4W, 1%, metal film resistor 

330, 1/4W, 5%, carbon film resistor 

25K, pot (for dimming adjustment) 

1 A, 600V, 1 N4007 diode 
(or 1 N5061 as a substitute) 

1 A, 50V (or more), 1 N4001 diodes 

Yageo 

Dale 

Yageo 

Bourns 

Motorola 

Motorola 

3A, 400V, BYV26C or BYT03 400 fast recovery GI 
or MUR440 Motorola ultra Fast diode 

0.1 A, 75V, 1 N4148 signal diode 

ML4831, Electronic Ballast Controller IC 

3.3A, 400V, IRF720 power MOSFET 

Motorola 

Micro 
Linear 

IR 

681K-Q 

SMA4-10K-l 

33-Q 

3386P-253-ND 

lN4007TR 

1N400HR 

BYV26C 

1 N4148TR 

ML4831CP 

IR720 

Tl Boost Inductor, E24/25, 1 mH, Custom Coils P/N 5039 or Coiltronics P/N CTX05-12538-1 
E24/25 core set, TOK PC40 material 
8-pin vertical bobbin (Cosmo #4564-3-419), 
Wind as follows: 
195 turns 25AWG magnet wire, start pin #1, end pin #4 
1 layer mylar tape 
14 turns 26AWG magnet wire, start pin #3, end pin #2 
NOTE: Gap for 1 mH ±5% 

T2 Gate Drive Xfmr, LpRI = 3mH, Custom Coils P/N 5037 or Coiltronics P/N CTX05-12539-1 
Toroid Magnetics YW-41305-TC 
Wind as follows: 
Primary = 25 turns 30AWG magnet wire, start pin #1, end pin #4 
Secondary = 50 turns 30AWG magnet wire, start pin #5, end pin #8 
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ML4831 

TABLE 1: PARTS LIST FOR ML4831 EVAL EVALUATION KIT (Continued) 

MAGNETICS: (Continued) 

QTY. REF. DESCRIPTION MFR. PART NUMBER 

T3 T3 Inductor, lpRI = 1.66mH, Custom Ciols PIN 5041 or Coiltronics PIN CTXOS-12547-1 
E24/25 core set, TOK PC40 material 
10 pin horizontal bobbin (Plastron #0722B-31-80) 
Wind as follows: 
1st: 170T of 25AWG magnet wire; start pin #10, end pin #9. 
1 layer of mylar tape 
2nd: 5T of #32 magnet wire; start pin #2, end pin #1 
1 layer of mylar tape 
3rd: 3T of #30 Kynar coated wire; start pin #4, end pin #5 
4th: 3T of #30 Kynar coated wire; start pin #3, end pin #6 
5th: 3T of #30 Kynar coated wire; start pin #7, end pin #8 
NOTE: Gap for 1.66mH ±5% (pins 9 to 10) 

T 4 T 4 Power Xfmr, lPRI = 3.87mH, Custom Ciols PIN 5038 or Coiltronics PIN CTX05-12545-1 
E24/25 core set, TOK PC40 material 
8 pin vertical bobbin (Cosmo #4564-3-419) 
Wind as follows: 
1st: 200T of 30AWG magnet wire; start pin #1, end pin #4. 
1 layer of mylar tape 

,2nd: 300T of 32AWG magnet wire; start pin #5, end pin #8 
NOTE: Gap for inductance primary: (pins 1 to 4) @ 3.87mH ±S% 

TS T5 Current Sense Inductor, Custom Coils PIN 5040 or Coiltronics PIN CTX05-12S46-1 
Toroid Magnetics YW-4130S-TC 

INDUCTORS: 

2 L1, 2 

FUSES: 

Fl 

2 

HARDWARE: 

2 

3 

Wind as follows: 
Primary = 3T 30AWG magnet coated wire, start pin #1, end pin #4 
Secondary = 400T 3SAWG magnet wire, start pin #S, end pin #8 

EMIIRFI Inductor, 600(.lH, DC resistance = 0.45Q Premo 
Magnetics 

2A fuse, S x 20mm miniature littlefuse 

Fuse Clips, 5 x 20mm, PC Mount 

Single TO-220 Heatsink Aavid Eng. 

Double TO-220 Heatsink IERC 

MICA Insulators Keystone 

ORDi:RiNG iNFORMAliON 

PART NUMBER TEMPERATURE RANGE 

Ml4831CP DOC to + 85°C 
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ML4831 EVAL 

120VAC Dimmable Electronic Ballast Evaluation Kit 

GENERAL DESCRIPTION 
The ML4831 evaluation board is a low cost, improved 
version of Micro Linear's ML4830 dimmable ballast EVAL 
board. Careful attention was given to reducing the 
magnetics cost of the eval board as well as other costly 
components. In addition, the design was improved to both 
increase and linearize the dimming range, eliminate lamp 
shut-off at low intensities, reduce visible standing waves 
and simplify the lamp-out protection circuitry. All 
components used are inexpensive and easy to obtain. 

Operating from 85 to 135VAC line, the ML4831 
evaluation board is a power factor corrected 60W 
electronic ballast with a dimming range capable of a 20:1 
intensity change. Optimized to power two series 
connected T8 fluorescent bulbs, the ML4831 EVAL board 
displays all the features of Micro Linear's latest ballast 
controller Ie. The mode of operation used for pre-heat, 
striking and dimming of the bulbs is the widely accepted 
variable frequency, non-overlapping inverter topology. 
This eval board may be used with various bulbs other than 
T8's (such as T12's). 

BLOCK DIAGRAM 
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DIMMING 

FEATURES 
• Drives 2 Series Connected T8 or T12 Lamps (60W) 

(Will Drive a Single Lamp) 

• Power Factor Corrected Front-End 

• 85 to 135VAC Operation 

• 20 to 1 Dimming Range Capability 

• Uses Low Cost External Components 

KIT COMPONENTS 

• ML4831 EVAL User's Guide 

• ML4831 Data Sheet 

• Fully Functional ML4831 Evaluation Board 

• PCB Layout Gerber File 
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GENERAL DESCRIPTION 

The ML4851 is a low power boost regulator designed for 
DC to DC conversion in 1 to 3 cell battery powered 
systems. The maximum switching frequency can exceed 
100kHz, allowing the use of small, low cost inductors. 

The combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4851 ideal for 1 cell 
applications. The ML4851 is capable of start-up with input 
voltages as low as 1 V and is available in 5V and 3.3V 
output versions with output voltage accuracy of ±3%. 

An integrated synchronous rectifier el iminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4851 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 

The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 
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ADVANCED INFORMATION 

ML4851 

Low Voltage Boost Regulator 

FEATURES 

• Guaranteed full load start-up and operation at 1 V input 

• Maximum switching frequency> 100kHz 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Minimum external components 

• Low ON resistance internal switching FETs 

• Micropower operation 

• 5V and 3.3V output versions 
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PIN CONNECTION 

ML4851-5/-3 
8-Pin sOle (S08) 

VR.' 2 7 RESfl 

GND 3 • VL 

V'NUS PWRGND 

DETECT 4 5 VOUT 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME 

Y,N Battery input voltage 5 VOUT 

2 VREF 200mV reference output 6 VL 

3 GND Analog signal ground 7 RESET 

4 DETECT Pulling this pin below VREF, causes 
the RESET pin to go low 

ML4851 

FUNCTION 

Boost regulator output 

Boost inductor connection 

Output goes low when regulation 
cannot be achieved or when DETECT 
goes below 200mV 

8 PWR GND Return for the NMOS output transistor 

ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE TEMPERATURE RANGE PACKAGE 

ML4851 ES-3 3.3V -20°C to +70°C 8-Pin SOIC (508) 
ML4851 ES-5 5.0V -20°C to +70°C 8-Pin SOIC (508) 

ML4851 15-3 3.3V -40°C to +85°C 8-Pin SOIC (508) 
ML4851 15-5 5.0V -40°C to +85°C 8-Pin SOIC (508) 

'Micro Linear 7-201 
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GENERAL DESCRIPTION 

The ML4861 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4861 ideal for 1 cell 
applications. The ML4861 is capable of start-up with input 
voltages as low as 1 V and is available in 6V, SV, and 3.3V 
output versions with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4861 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 

The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 

BLOCK DIAGRAM 

December 1994 

ML4861 

Low Voltage Boost Regulator 

FEATURES 

• Guaranteed full load start-up and operation at 1 V input 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Minimum external components 

• Low ON resistance internal switching FETs 

• Micropower operation 

• 6V, SV, and 3.3V output versions 
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PIN CONNECTION 

ML4861-6/-5/-3 
8-Pin sOle (508) 

VREF 2 7 RESET 

GND 3 6 Vl 

VIN 1IJ8 PWRGND 

DETECT 4 5 VOUT 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME 

VIN Battery input voltage 5 VOUT 

2 VREF 200mV reference output 6 VL 

3 GND Analog signal ground 7 RESET 

4 DETECT When this pin below VREF, causes 
the RESET pin to go low 

ML4861 

FUNCTION 

Boost regu I ator output 

Boost inductor connection 

Output goes low when regulation 
cannot be achieved or when DETECT 
goes below 200mV 

8 PWR GND Return for the NMOS output transistor 
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ML4861 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Temperature Range Absolute maximum ratings are those values beyond which 

the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

ML4861 CS-X ............................................ O°C to +70°C 
ML4861 ES-X ......................................... -20°C to +70°C 
ML4861 IS-X .......................................... -40°C to +85°C 

Voltage on any pin ....................................................... 7V 
Peak Switch Current, I(PEAK) .................................................... 2A 
Average Switch Current, I(AVG) ....................................... 500mA 

Y,N Operating Range 
ML4861CS-X ................................ 1.0V to Your - 0.2V 
ML4861 ES-X, ML4861 IS-X ............ 1.1V to Your - 0.2V 

Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ................... +260°C 
Thermal Resistance (alA) ..................................... 110°C!W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, Y,N = Operating Voltage Range, T A = Operating Temperature Range. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Supply 

Y,N Current Y,N = VOUT - 0.2V 45 55 IlA 
VOUT Quiescent Current 8 10 IlA 
VL Quiescent Current 1 IlA 
Reference 

Output Voltage (VREF) o < IpIN2 < -51lA, mV 

PFM Regulator 

Pulse Width (TON) 9 10 11 JlS 

Output Voltage (VOUT) 
ML4861-6 TON = 0 at VouT(MAX), 5.82 6.0 6.18 V 
ML4861-5 9JlS ~ TON ~ llJlS VOUT(MIN) 4.85 5.0 S.15 V 
ML4861-3 3.2 3.3 3.4 V 

Load Regulation See Figure 1 
ML4861-6 Y,N = 1.2V, lOUT ~ 20mA 5.82 6.0 6.18 V 

Y,N = 2.4V, lOUT ~ 95mA 5.82 6.0 6.18 V 

ML4861-5 Y,N = 1 .2V, lOUT ~ 25mA 4.85 5.0 5.15 V 
Y,N = 2.4V, lOUT ~ 135mA 4.85 5.0 5.15 V 

ML4861-3 Y,N = 1 .2V, lOUT ~ 40mA 3.2 3.3 3.4 V 
Y,N = 2.4V, lOUT ~ 180mA 3.2 3.3 3.4 V 

Under-Voltage Lockout Threshold 0.85 0.95 V 

RESET Comparator 

DETECT Threshold 190 200 210 mV 

DETECT 8ias Current -100 100 nA 

RESET Output High Voltage (YOH) IOH = -1 001lA VOUT-0.2 V 

RESET Output Low Voltage (VOL) IOL = 1 001lA 0.2 V . 

7-204 'Micro Linear 
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Figure 1. Application Test Circuit 
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R2 

Figure 2. PFM Regulator Block Diagram -
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ML4861 

FUNCTIONAL DESCRIPTION 

The ML4861 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. A 
PFM regulator charges a single inductor for a fixed period 
of time and then completely discharges before another 
cycle begins, simplifying the design by eliminating the 
need for conventional current limiting circuitry. 
Synchronous rectification is accomplished by replacing an 
external Schottky diode with an on-chip PMOS device, 
reducing switching losses and external component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when VOUT is at or above the 
desired output voltage, drawing 4S/lA from VIN, and 81lA 
from VOUT through the feedback resistors Rl and R2. 
When VOUT drops below the desired output level, the 
output of amplifier A 1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A 1 set signal 
and creates a pulse at the gate of the NMOS transistor Ql. 
The NMOS transistor will charge the inductor L 1 for lOlls, 
resulting in a peak current given by: 

I _ TON x VJN _ 1 OilS x VIN 
L(PEAK) - - (1) 

Ll Ll 

For reliable operation, L 1 should be chosen so that Il(PEAK) 
does not exceed 2A. 

When the one-shot times out, the NMOS transistor 
releases the VL pin, allowing the inductor to fly-back and 
momentarily charge the output through the body diode of 
PMOS transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If VOUT is still low, the flip-flop will immediately 
initiate another pulse. The output capacitor (Cl) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 

INDUCTOR 
CURRENT 

Q(ONESHOT) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

~------~I~~I.r------~ 
Ql0N ~ Ql0N 

~1 ~ Q2 t)!=!= 

Figure 3. PFM Inductor Current Waveforms and Timing. 

RESET COMPARATOR 

An additional comparator is provided to detect low VIN, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to VREF, while the non-inverting input is 
provided externally at the DETECT pin. The output of the 
comparator is the RESET pin, which swings from VOUT to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too Iowa 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 

2 
L _ VJN(MIN) x TON(MIN) x 11 

MAX - (2) 
2xVOUT xIOUT(MAX) 

where 11 is the efficiency, typically between O.B and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. 

For example, a two cell to SV application requires BOmA 
of output current while using an inductor with 15% 
tolerance. The output current should be derated by 25% 
to 1 OOmA to cover the combined inductor and ON-time 
tolerances. Assuming that 2V is the end of life voltage of a 
two cell input, Figure 4 shows that with a 2V input, the 
ML4B61-S delivers lOBmA with a 271lH inductor. 

7-206 'Micro Linear 



ML4861-3.3 
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Figure 4. Output Current vs Input Voltage. 

Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to lOltH, the 
efficiency drops to between 70% and 75%. With 56ltH, 
the efficiency exceeds 90% and there is little room for 
improvement. At values greater than lOOltH, the operation 
ofthe synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. The data used 'to generate 
Figures 4 and 5 is provided in Table 1. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 

It. - TONCMAX) x \'IN(MAX) 
(PEAK) LMIN (3) 

In the two cell application previously described, a 
maximum input voltage of 3V would give a peak current 
of 1.2A. When comparing various inductors, it is 
important to keep in mind that suppliers use different 
criteria to determine their ratings. Many use a 
conservative current level, where inductance has dropped 
to 90% of its normal level. In any case, it is a good idea to 
try inductors of various current ratings with the ML4861 to 
determine which inductor is the best choice. Check 
efficiency and maximum output current, and if a current 
probe is available, look at the inductor current to see if it 
looks like the waveform shown in Figure 3. For additional 
information, see Applications Note 29, "Choosing an 
Inductor for Your ML4861 Application." 

Suitable inductors can be purchased from the following 
suppliers: 

Coilcraft (708) 639-6400 

Coiltronics (407) 241-7876 

Dale (605) 665-9301 

Sumida (708) 956-0666 
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Figure 5. Typical Efficiency as a Function of VIN' 

OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 

2 2 
LlVOUT = TON x\'IN (4) 

2xLxCx(VOUT - \'IN) 

For a 2AV input, and 5V output, a 2711H inductor, and a 
4711F capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 

current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR 
also has a negative effect on efficiency by contributing 
I-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 10011F, an ESR 
of less than 0.1 n, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 

Matsuo (714) 969-2491 

If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 
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INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 4711F and lOOI1F. This provides 
the benefits of preventing input ripple from affecting the 
ML4861 control circuitry, and it also improves efficiency 
by reducing I-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

REFERENCE CAPACITOR 

Under some circumstances input ripple cannot be 
reduced effectively. This occurs primarily in applications 
where inductor currents are high, causing excess output 
ripple due to "pulse grouping", where the charge
discharge pulses are not evenly spaced in time. In such 
cases it may be necessary to decouple the reference pin 
(YREF) with a small 1 OnF to 1 OOnF ceramic capacitor. This 
is particularly true if the ripple voltage at YIN is greater 
than 100mY. 

SETTING THE RESET THRESHOLD 

To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values RA and RB can be calculated using the following 
equation: 

(RA +RB) 
YIN(MIN) = 0.2 x ---

Rs 
(5) 

The value of Rs should be 100kn or less to minimize bias 
current errors. RA is then found by rearranging the 
equation: 

RA = RB x (VlN(MIN) -1) 
0.2 (6) 

ML4861 

LAYOUT 
Good PC board layout practices will ensure the proper 
operation of the ML4861 . Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4861 

• Use short trace lengths from the inductor to the YL pin 
and from the output capacitor to the YOUT pin 

• Use a single point ground for the ML4861 ground pins, 
and the input and output capacitors 

A sample PC board layout is shown in Figure 6. 

TOP lAYER BOlTOMlAYER 

ML4861 EVAL BO 

V IN 9 Os,. DRS 
V REF U 

~OVIL 0 
C 1992 V .UT 

Figure 6. Sample PC Board Layout. 
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TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY. 
ML4861-3.3 ML4861-S.0 

lOUT (mA) I EFFICIENCY PERCENTAGE lOUT (mA) I EFFICIENCY PERCENTAGE 

L = lOl1H L = lOl1H 
1.0 77.5 69.7 1.0 45.8 70.6 
1.5 191.7 67.2 1.5 112.6 74.2 
2.0 310.2 67.8 2.0 210.7 74.0 
2.5 409.7 71.1 2.5 331.6 73.0 

L = 1511H L = 1511H 
1.0 58.5 74.5 1.0 32.4 75.7 
1.5 137.1 75.7 1.5 85.6 79.5 
2.0 232.1 76.4 2.0 156.3 80.6 
2.5 335.3 76.9 2.5 240.2 80.9 
3.0 405.0 78.2 3.0 332.5 81.2 

3.5 432.3 81.6 
1.0 40.0 81.1 L - 27!1H -
1.5 95.4 82.9 1.0 20.8 78.7 
2.0 163.8 83.6 1.5 59.3 83.6 
2.5 242.5 84.2 2.0 108.6 84.9 
3.0 306.0 85.2 2.5 167.6 85.6 

L = 5611H 3.0 236.6 86.2 
1.0 19.5 89.4 3.5 311.2 86.6 
1.5 45.5 90.9 4.0 385.4 87.2 
2.0 79.3 90.6 4.5 442.3 88.0 
2.5 122.6 91.1 L = 56!1H 
3.0 168.3 91.7 1.0 11.3 87.3 

1.5 27.4 89.4 
2.0 49.8 90.5 
2.5 78.1 91.2 
3.0 112.0 91.7 
3.5 151.2 92.2 
4.0 194.2 92.6 
4.5 237.0 93.1 
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TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY (Continued) 

ML4861-6.0 

liN (mA) VOUT (V) lOUT (mA) EFFICIENCY % 

1.0 325.8 5.975 40.1 73.5 
1.5 524.6 5.990 100.0 76.1 
2.0 730.0 5.995 184.5 75.7 
2.5 910.8 5.992 284.0 74.7 

L = 15JlH 
1.0 220.5 5.993 28.5 77.5 
1.5 365.7 5.981 73.8 80.5 
2.0 516.7 5.998 139.9 81.2 
2.5 639.3 5.995 216.3 81.1 
3.0 755.1 5.999 305.1 80.8 
3.5 855.1 5.996 402.0 80.5 
4.0 916.1 5.992 493.0 80.6 

L = 27JlH 
1.0 154.1 5.992 21.6 84.0 
1.5 235.7 5.982 50.7 85.8 
2.0 329.5 5.990 95.9 87.2 
2.5 404.6 6.000 147.5 87.5 
3.0 478.2 5.995 209.6 87.6 
3.5 551.0 5.999 281.6 87.6 
4.0 610.5 5.997 356.7 87.6 
4.5 659.9 5.993 434.0 87.6 
5.0 689.1 5.991 504.3 87.7 
5.5 665.0 5.999 534.7 87.7 

L = 60JlH 
1.0 67.6 5.977 10.0 88.4 
1.5 108.8 5.961 24.7 90.2 
2.0 148.0 5.976 45.1 91.1 
2.5 186.0 5.978 71.2 91.5 
3.0 222.4 5.973 102.6 91.9 
3.5 257.2 5.975 138.6 92.0 
4.0 290.2 5.989 178.7 92.2 
4.5 321.2 5.995 222.7 92.4 -5.0 346.4 5.997 267.1 92.5 
5.5 356.1 6.000 302.4 92.6 
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ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE TEMPERATURE RANGE PACKAGE 

ML4861CS-3 3.3V O°C to +70°C 8-Pin SOIC (S08) 
ML4861CS-S S.OV 0°Cto+70°C 8-Pin SOIC (508) 
ML4861CS-6 6.0V O°Cto +70°C 8-Pin SOIC (508) 

ML4861 ES-3 3.3V -20°C to +70°C 8-Pin SOIC (508) 
ML4861 ES-S S.OV -20°C to +70°C 8-Pin SOIC (508) 
ML4861 ES-6 6.0V -20°C to +70°C 8-Pin SOIC (508) 

ML4861 15-3 3.3V -40°C to +8SoC 8-Pin SOIC (508) 
ML48611S-S S.OV -40°C to +8SoC 8-Pin SOIC (508) 
ML4861 15-6 6.0V -40°C to +85°C 8-Pin SOIC (508) 
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ML4861 EVAL 

Low Voltage Boost Regulator Evaluation Kit 

GENERAL DESCRIPTION 

The ML4861 EVAL kit provides a convenient vehicle to 
evaluate the ML4861 low voltage boost regulator Ie. 

FEATURES 

• Synchronous Rectification for High Efficiency 

• Wide Input Voltage Range 

• Minimal External Components 

• Micro Power Operation 

• Low Battery/Output Voltage Regulation Flag 

The kit contains a fully assembled circuit board and all of 
the necessary documentation to quickly evaluate a 
typical application circuit. The board was designed to 
demonstrate performance and to illustrate critical layout 
practices necessary for reliable operation of the circuit. • 3.3V, S.OV, 6.0V, and Adjustable Output Versions 

The ML4861 is complete solution for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
circuit is ideal in applications requiring high efficiency, 
and a minimum number of extemal components. 

• Auto-Suspend Mode for Low Power Standby 
System Operation 

KIT COMPONENTS 
The boost IC is capable of running with input voltages as 
low as 1.0V and is available in four different output 
versions: a 3.3V output (ML4861-3.3), a S.OV output 
(ML4861-S), a 6.0V output (ML4861-6), or adjustable 
output versions (ML4761 and ML4961). 

The evaluation package contains the following items: 

• ML4861EVAL User's guide 

• ML4861 Data Sheet 

• Application Note 29 

• ML4861 Evaluation Board 

, , , , , 
RESET' 

+ C3* 
22pF 

+VOUT 

• 

+ C4 
100pF 

-VOUT 

!--'>------...... -(!. 

~------------~7r------~. 

, : , , L ________________________________________ ~ 

.. OPTIONAL • ADJUSTABLE VERSION ONLY 

FIGURE 1: ML4861 Evaluation Board Schematic 
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GENERAL DESCRIPTION 
The ML4862 is a complete solution for DC to DC 
conversion and power management in multi-cell battery 
powered portable computers and instruments. Several 
advanced techniques are incorporated in the IC for the 
highest possible systems efficiency and lowest possible 
battery drain. 

The 5.0V and 3.3V main regulators in the ML4862 each 
controls a Synchronous Rectified buck regulator and each 
drives two N-Channel MOSFETs. This allows high 
conversion efficiencies (90% or greater). Bias for all 
N-Channel MOSFETs in the system as well as the input for 
the 12V regulator for programming EEPROMs comes from 
an auxiliary winding on the buck regulator choke. 

The ML4862 also contains 3 outputs to drive extemal N
Channel MOSFETs to power down disk drives and memory 
under control of extemal logic. Automatic switch-over to 
battery operation is also provided when the charger is 
removed. A IlPower 5V linear regulator and low battery 
indicator are provided for the power monitoring logic. 

BLOCK DIAGRAM 

.--
L2 

December 1994 

ML4862 

Battery Power ControllC 
FEATURES 

• Two Synchronously Rectified, 100KHz Buck 
Regulators: for 5V and 3.3V outputs 

• Regulation to ±3% maximum; provides 2% PCMClA 
switch matrix margin 

• Low Cost All N-Channel MOSFET Switching 

• Three Logic to N-Channel Gate Drive translators for 
power management 

• IlPower 5V standby linear regulator to run power 
management logic 

• Output and logic for N-Channel MOSFET to disconnect 
battery when charger is connected 

• 12V Auxiliary output available with On/Off Control for 
E2 memory programming 

• Low battery detect comparator 

• Wide Input Voltage Range (5V to 20V) 

• Customizable Tile Array Technology - Consult factory 
for additional options 
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PIN CONFIGURATION 
ML4862 

32-Pin sOle (S32W) 

Rr 32 12VOUT 

VADAPTER 31 VREF 

VC5 30 ON/OFF 

BATTERY LOW .. FDBKA 

VBAl 28 COMPA 

FOBKB 27 ENABLE A 

COMPB 26 OUT2A 

ON/OFF 12 25 CNO 

OUT2B 24 PWRCNO 

OUTIB 23 OUTIA 

5VOUT 22 VIN 

ISENSEB 21 ISENSEA 

5Wl 20 SOFT START 

SW2 19 SOUT1 

SW3 18 SOUT2 

VCT 17 SOUT3 

TOP VIEW 

PIN DESCRIPTION 
PIN. NAME FUNCTION PIN. NAME FUNCTION 

Rl Timing Resistor which sets oscillator 17-19S0UTJ-1 MOSFET gate drive outputs for power 
frequency management 

2 VADAPTER Input to sense whether adapter is 20 SOFT Connected to a soft start capacitor 
active. When this pin is above VBAl, START 
VGS goes low. 

21 ISENSEA Current Sensing for buck regulator A 
3 VGS Output to drive N-Channel MOSFET current limit 

gate to switch battery out when 
22 VIN Input from Battery or AC Adapter adapter is present 

4 BATTERY A logic low level indicates the voltage 23 OUT1A 3.3V Buck Regulator Switch Output 

lOW on VBAl is below 2.SV. This is an 24 PWRGND Power Ground -open-collector output. 
2S GND logic and signal Ground 

S VBAl Battery Comparator input 
26 OUT2A 3.3V Buck Regulator Synchronous 

6 FDBKB Voltage Feedback for buck regulator B Rectifier Output 

7 COMPB Buck Regulator B frequency 27 ENABLE A A logic low disables Buck Regulator 
compensation terminal A's Synchronous Rectifier output 

8 ON/OFF 12 A logic high turns on the 12V linear 28 COMPA Buck Regulator A frequency 
regulator compensation terminal 

9 OUT2B SV Buck Regulator Synchronous 29 FDBKA Voltage Feedback for buck regulator A 
Rectifier Output 

30 ON/OFF A low on this pin disables all IC 
10 OUT1B SV Buck Regulator Switch Output functions except the low battery 

11 SVOUT Output of the j.l.Power SV regulator. 
detection comparator, the linear SV 

Normally used to power external regulator and the 2.SV reference, and 

management circuits and logic puts the IC into a low current 
consumption mode 

12 ISENSEB Current Sensing for buck regulator B 
31 VREF BuffeJed 2.SV reference output cu rrent Ii m it 

13-1S SWl-3 Inputs for power management 32 12VOUT Output of the 12V linear regulator 

MOSFET gate drivers 

16 VGl Boosted voltage to drive N-Channel 
gates and inputto 12V linear regulator 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratmgs only and 
functional device operation is not implied. 

Voltage on any pin .................................................... 36V 
Output Current, Source or Sink (pins 9,10, 23, 26) 

Pulsed ............................................................. 300mA 
VGS Source Current .......•....................................... 20mA 
VGS Sink Current ................................................ 200mA 
12V Linear Regulator Output Current ................... 200mA 
SV Linear Regulator Output Current ...................... SOmA 
Logic Inputs (pins 8,13,14,15,27,30) .......... -O.3V to S.SV 
ISENSE Inputs (pins 12 ,21) ........................................... VIN 

ELECTRICAL CHARACTERISTICS 

Comparator Inputs (pins 2, 5) .................... -0.3V to S.SV 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 Sec.) .................. +260°C 
Thermal Resistance (alA) Plastic SOIC .................. 60°C/W 

OPERATING CONDITIONS 

Temperature Range 
Commercial ............................................. O°C to +70°C 

VIN Voltage Range ........................................ S.4V to 24V 
VeT Voltage Range ................................. VIN -0.5 to 35V 

Unless otherwise specified, TA = Operating Temperature Range, VIN = 12V, VeT = 22V, RT = 200kn, IlOAD(12V) < 10mA. 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

Oscillator 

Initial Accuracy TA = 25°C 95 102 105 kHz 

Accuracy Over Temperature 90 110 kHz 

Dead Time 50kO ~ RT ~ 300kO 400 800 1000 ns 

Maximum Duty Cycle 90 94 98 % 

Voltage Stability 6V ~ VIN <~ 20V 2 % 

Error Amplifiers 

Input Offset Voltage 2 10 mV 

Input Bias Current TA>O°C 10 200 nA 

Output High Voltage lOUT = -2mA, TA ='25°C 2.8 2.95 V 

Output low Voltage lOUT = 151!A, TA = 25°C 0.6 V 

Sou rce Current VOUT= 2.5V -5 -7 mA 

Sink Current VOUT= 2.5V 10 50 IlA 

Gain-Bandwidth Product 675 kHz 

High Side (OUn) Outputs (Pins 10, 23) 

Output High Voltage IOUT=-20mA V 

Output low Voltage lOUT = 20mA V 

Low Side (OUT2) Outputs (Pins 9,26) 

Output High Voltage lOUT =-20mA V 

Output low Voltage lOUT = 20mA V 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Soft Start and Current Limits (Pins 12, 20 21) 

Voltage Threshold From VIN -250 -200 -150 mV 

Bias Current VISENSE = VIN - 200mV 27 50 IIA 
Soft Start ICHARGE -6 -13 IIA 
Soft Start IDISCHARGE 2 6.2 mA 

Reference Section 

Output Voltage TA = 25°C, IpIN31 = -1 mA 2.45 2.5 2.55 V 

Line regulation 5.4V < VIN < 20V, IpIN31 ~ -1 mA 0.3 2.0 mVN 

Total Variation Line, load and temp. 7 % 

12V Linear Regulator 

Output Voltage 10= 60mA 11.25 12 12.75 V 

Line regulation 16V<VGT<30V 0.01 %N 

Drop Out Voltage (VGT-VOUT) 10= lOmA 2.3 2.7 V 

Load regulation 1 01lA < 10 < 60mA ±1.6 ±3.2 % 

5V Linear Regulator 

Output Voltage lOUT = lmA 4.85 5.0 5.15 V 

Input Voltage VOUT ;;, 4.85V, 10 = 1 mA 6.2 V 

Li ne Regu lation 5AV < VIN < 20V, 10 = 1 mA 0.75 1.5 % 

Load Regulation 1011A < 10 < 25mA ±1.5 ±3 % 

VBAT and V ADAPTER Comparators 

Input Bias Current VIN = 20V, TA > O°C 200 nA 

Input Offset Voltage ±40 mV 

Battery Low V m 1m = 20011A 004 V 

Battery Low VOH 30Kn pullup to 5V 4.5 5.0 V 

VG5 Source Current VGS = 12V -5 -10 mA 

VG5 Sink Current VGs=12V 85 mA -Power Management Drivers (Pins 13-15,17-19) 

Source Current VSOUT= 10V -8 -15 -30 IIA 
Sink Current VSOUT = 10V 8 15 30 IIA 
Output High Voltage ISOUT = -2011A 14.5 15.6 V 

Output Low Voltage ISOUT = 2011A 0.16 004 V 

Logic Inputs (Pins 8, 13-15, 30, 27) 

Logic Low (VIL) (except Pin 8) liN;;' -511A 1.1 V 

Logic Low (VIL) Pin 8 liN;;' -511A 0.6 V 

Logic High (VIH) liN;;' 511A 2.5 V 

Supply Current 

liN + IGT Sleep Mode, T A = 25°C 115 250 IIA 
liN Run Mode, T A = 25°C 6 10 mA 

IGT Run Mode, TA = 25°C 4 6 mA 
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FUNCTIONAL DESCRIPTION 

POWER DOWN MODES 

The Ml4862 operates in either a powered down mode or 
a run mode according to the state of the ON/OFF pin 
(Table 1). When the ON/OFF pin is high, the IC is in the 
run mode and alliC sections are functioning. When the 
ON/OFF pin is low, the IC is in the standby mode and 
only the IlPower SV linear regulator and 2.SV reference 
are on. All gate drive outputs are low. The SV linear 
regulator then provides the power to run the system's 
power management logic. When the BURST pin is high, 
and the output is above the lower threshold of the burst 
comparator, the IC is also in standby mode, but with the 
burst comparator logic also running. 

TABLE 1. ML4862 POWER DOWN MODES 

MODE ON/OFF ENABLE A ON/OFF 12 FUNCTION 

BUCK REGULATORS 

The two buck regulators (Figure 3) are synchronously 
rectifying voltage mode PWM regulators capable of being 
used over a wide variety of loads and input voltages. The 
use of synchronous rectification improves system 
efficiency by reducing the fixed drop associated with the 
"freewheeling" diode in conventional regulators. These 
regulators also drive all N-Channel power MOSFETs, 
significantly improving system efficiency at a low cost. 
In order to drive the MOSFET gates adequately, a VGT 
supply must be provided which is higher than the battery 
voltage by an amount sufficient to provide full 
enhancement voltage to the MOSFETs. This can be 
generated as shown below. 

TOTAL SUPPLY 
CURRENT 

Sleep 0 X X Micro Power 5V Reg Only 13011A 
12V 1 X 1 12V Linear Regulator on 6001lA* 

Partial 1 0 0 Reg. A Disabled, All Other Functions 
Run Running 8mA 
Run 1 1 0 All Functions Enabled lOmA 

"Note This figure represents the total quiescent current for the Bust and 
SV regulator. Actual current consumed Will vary in proportion to load current. 

5.5 

lmA 
5 
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4 
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~ 
'.J . I I 

4 5 6 7 8 9 

VIN INPUT (V) 

Figure 1. 5V Linear Regulator Output at low VIN Figure 2. Generating VCT Bias Voltage 
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OSCILLATOR 

R 
Q 

RFI 
vour !---"M"'-4M-1 

RF2 

-=- CSS 

I 
Ql 1-------1 Q F2 

Figure 3. Buck Regulator Block Diagram 

Regulator A includes a pin which shuts down the IC and 
puts Regulator A into "Burst mode". When in "Burst 
mode" the regulator comes on when the burst comparator 
is below its lower threshold and goes off again when the 
output capacitor has charged to the burst comparator's 
upper threshold. Burst mode is useful for running the 
regulator at light modes, such as memory keep-alive or 
"suspend" mode. 

ON 

BUCK 
1-'----+---1 BIAS CKTS 1----1 REGULATOR 

A 

Figure 4. Burst Mode Comparator and logic 

When burst mode is enabled the Css discharge circuit 
(Figure 3) is disabled. Css is floating until CSl is enabled 
when a burst occurs. When probing the Css pin in burst 
mode, use a high impedance probe to prevent discharge 
of the Css pin from disturbing the circuit operation. 

Selection of the external MOSFETs, output inductor and 
capacitor determine the output capabilities of the 
regulator. Output voltage is set by RFl and RF2 where. 

v - 2.5 x (RFl + RF2) 
OUT - RF2 (1) 

The short circuit limit is set by external resistor Rs. 

I 0.2 
SHORTCKT =R 

5 
(2) 

Css is discharged when the regulator is off or when the 
voltage across Rs exceeds 200mV. F2 ensures that Css is 
fully discharged. This circuit provides reliable output short 
circuit protection with very little power wasted in the 
sensing element. The error amplifier's output voltage is 
limited to the voltage on the SOFT START pin. When Css 
is discharged, the regulator's duty cycle is o. 
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Figure 5. Oscillator Frequency vs. RT 
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Figure 6. OUTl Rise and Fall TIme vs. Load CLOAD 

ADAPTER SWITCH 

This function is provided by a comparator whose output 
(VGS) is pulled to V GT when V ADAPTER goes above 2.SV. 
By connecting an N-Channel MOSFET gate to VGS, the 
system can run from the battery without the loss 
associated with a diode. When the AC adapter is plugged 
in, the voltage on pin 2 goes high, VGS swings low, and 
the system runs from the AC adapter. This circuit functions 
in all modes of IC operation except SLEEP, when the VGS 
output goes low. 

l2V LINEAR REGULATOR 

The 12V regulator includes a shut-off pin. To operate the 
regulator as a low drop-out regulator, a separate 12VBIAS 
pin is provided. If this pin is 1.SV higher than V12 IN, the 
output transistor can be driven to saturation. Input for this 
regulator may come from either VIN (for high voltage 
battery packs) or from a coupled inductor winding as 
shown in Figure S. If the low drop-out feature is not 
necessary, V12 BIAS can be tied to V12 IN. 

Figure 8. Coupled Inductor to generated V12 IN 
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Figure 7. OUT2 Rise and Fall Time vs. Load CLOAD 

APPLICATIONS 

BUCK REGULATOR INDUCTOR 

Inductors are specified with three main parameters; 
inductance (L), maximum current (lOUT(MAX»), and DC 
resistance (Rl ). 

Inductance for a given set of requirements can be 
calculated using the following: 

(3) 

In this equation, D is the duty cycle, and F is the switching 
frequency. 

Selecting the inductor value using this formula ensures 
that the inductor stays in the continuous current mode, 
and never goes discontinuous at light loads (lOUT(MIN»)' 
This is important, as high current spikes occur and losses 
go up when operating in the discontinuous mode. 

A good rule of thumb for choosing inductor core size is to 
make sure that the maximum output current of the 
regulator doesn't exceed SO% of the maximum current 
rating of the inductor. Otherwise, core saturation may 
occur. This is especially important for ferrites, which have 
a harder saturation characteristic than powdered iron 
cores. 

In order to distribute conduction losses evenly among all 
components, the DC resistance should be selected to be 
1/4 of the sum of the RDSONS of the power MOSFETs. 
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Core losses, which contribute significantly to overall 
efficiency losses, should be minimized by using an 
inductor designed for minimum losses at the chosen 
operating frequency. This is a function of the core 
material, and is lowest in "Kool Mu" and molyperm cores. 
Of course, efficiency and cost are often inversely related 
when it comes to magnetic materials. 

Figure 9 is a typical ML4862 Application Circuit. Table 2 
provides a bill of materials for the circuit. 

DESIGNATOR DESCRIPTION PART NUMBER 

C14,C15 O.lIlF, 50V (optional) see text 

D1 3A, 30V Rectifier see text 

D2 100mA, 50V (min) Rectifier 1N4148 

D3-D7 Schottky Diode 1N5817 or 
MBRS130T3 

L1 471lH,lA Sumida CRD125 

L2 5OIlH,1.5A Coiltronics 
CTX05-11209-1 

Q1-Q4 N-Channel Power MOSFET MTD10N05E 

Q5-Q7 N-Channel Power MOSFET MMDF4N02 

Q8 N-Channel Power MOSFET Si9410 

R10, R11 0.02 Ohm see text 

Table 2. Circuit Values for Typical Application (Figure 9). 
UttleFoot is a registered trademark of Slhconix Inc. 

FREQUENCY SELECTION 

Frequency is set by the resistor RT, which establishes the 
charge current for the internal capacitor. Since the 
discharge current is a constant, the dead time of the 
oscillator is constant, the maximum duty cycle increases 
as the oscillator frequency decreases. For low input 
voltage applications, a lower switching frequency may be 
required to maintain regulation at minimum input voltage. 

Losses are heavily comprised of AC losses from the 
switching characteristic of the power MOSFETs and 
inductor core losses. Hence, reducing the switching 
frequency may result in higher efficiencies. As inductor 
conduction losses will increase at lower frequencies (size 
goes up, hence there are more copper losses), there will 
be a point at which this effect cancels the beneficial effect 
on the AC losses and further reductions no longer increase 
efficiencies. Also, reductions in operating frequency will 
result in larger magnetics, and a larger overall supply. 

ML4862 
COMPENSATION 

Proper compensation is the most critical part of designing 
a working supply. The compensation network must ensure 
stability over the full range of input voltage and load 
conditions, as well as maximize the available bandwidth 
for good transient response. 

If an appreciable ESR exists such than ResrC > LC/s, then 
we can get away with adding one additional zero to the 
error amplifier's feedback network, and make use of the 
other zero created by the combination of the ESR and the 
output capacitance. We must also add an additional 
resistance in parallel with the zero we have added, this 
will give us increased bandwidth and lower the DC gain. 
Its size is determined by the gain necessary to bring the 
system to OdB at the desired crossover point. As a rule of 
thumb, this point should be no more than 1/5 the 
switching frequency. 

In cases where the ESR of the output capacitors is 
minimal, we no longer have a zero for free. 

Now, we must use a zero on the input of the error 
amplifier in addition to the zero in the feedback network. 
The parallel feedback resistor is also still required; the 
gain is now the parallel combination of the feedback zero 
resistor and this resistor. 

The internal error amplifier has an open loop gain of 90 
dB, and a single pole at 31 Hz. These must be taken into 
account in order to adequately compensate the supply. 

SEMI-STANDARD OPTIONS 
The ML4862 can be quickly and easily modified to suit 
individual customer requirements. Examples of some of 
the possible customizations might include: 

• Reducing the number of pins, or IC cost by eliminating 
unwanted functions 

Replacing unwanted functions with other functions 

• Putting certain external programming components on 
chip to save board space 

Please contact Micro Linear for more information on 
Semi-Standard options for the ML4862. 
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ML4862 

~O 

6 T020V 

POWER 
MGT 

LOGIC 

VADAPTER 

VGS 

SOUTl 

SOUT2 

SOUTJ 

SWI 

SW2 

SW3 

4 BATTERY LOW 

ON/OFF 

ON/OFF 12 

ENABLE A 

SVOUT 

12VOUT 

All Capacitors in "F, Schottky Diodes are 1 N5817 except 06, 07 which are 1 N5818 or 1 N5819. 

Figure 9. ML4862 Typical Application 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 10. 12V Regulator Load Regulation Figure 11. Supply Current (VIN) VS. VIN Voltage 
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Figure 12. Supply Current (VGT) vs VGT Voltage Figure 13. SLEEP Mode Current (VIN) VS. VIN Voltage 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4862CS DOC to +7DoC 28-Pin SOIC (S28W) 
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July 1992 

ML4862EVAL 

Battery Power Controller Evaluation Kit 

GENERAL DESCRIPTION 

The ML4862EVAL kit provides a convenient vehicle to 
evaluate the ML4862 battery power controllC. It contains 
all of the necessary documentation with the evaluation 
board and key components to quickly evaluate the 
application circuit. The board is designed for a 11W dual 
output power supply. However power components can be 
selected for higher or lower power applications. 

KIT COMPONENTS 

• User's Guide 

• ML4862 Datasheet 

• Application Note 

• ML4862 Sample 

• Evaluation Board 

• Key power semiconductor components 

• SMD power inductors for both 5V and 3.3V outputs 

• "Kool Mu®" toroid for inductor prototyping 

BLOCK DIAGRAM 

ADAPTOR 

BATTERY 

MAIN ON/OFF 

12VON/OFF 

LOAD 1 

lOAD 2 

LOAD 1 

~l 
Ml4862 

I I 

FEATURES 

• Wide Input Range (5.5V to 25V) 

• Dual Outputs (5V at 1.5A and 3.3V at 1 A) 

• Efficiency as high as 95%. 

• Line and Load Reg better than 5% at all conditions. 

• Output Ripple to under 50mV pk-pk. 

• Complete Short Circuit Protection 

• Flash Memory Program Voltage (12V at 1 OOmA) 

• Load switching outputs. 

• Battery connect terminals. 

I 
5V BUCK 

REGULATOR 
- - COMPONENTS 

I 
-

3.3VBUCK 
REGULATOR 

COMPONENTS 

---0 

---0 

~ 

5V(1.5A) 

5V(25mA) 

12V(10OmA) 

3.3V(lA) 

1----------<0 5VlOAD2 

'--------------<0 5V LOAD 3 

Kool Mu IS a registered trademark of Magnetics Division, Spang and Company. 
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December 1994 

PRELIMINARY 

ML4863 

High Efficiency Battery Pack Converter 

GENERAL DESCRIPTION 

The ML4863 is a complete solution for DC to DC 
conversion in mu Iti-cell battery-powered portable 
computers and instruments. The circuit is optimized for 
flyback operation to enable power conversion from 
battery packs whose input voltage varies both above and 
below the output voltage requirements. 

The ML4863 controls a synchronous rectified flyback 
regulator which drives low-cost N-Channel MOSFETs. 
This topology results high conversion efficiencies in PDAs 
and Personal Communications Devices. 

Current mode variable frequency operation is combined 
with synchronous switching to provide the highest power 
conversion efficiency over the widely varying loads 
required in today's power-managed portable computers 
(greater than 85% efficiency over almA to 1 A load range). 

The circuit has been designed to operate with a minimum 
amount of off the shelf extemal components, optimizing 
space and cost. A totally configured DC-to-DC converter 
requires only 6 external components. 

BLOCK DIAGRAM 

~I CURRENT 
COMPARATOR 

FEATURES 

• Synchronous rectification for high efficiency 

• N-Channel MOSFET drive for lowest cost 

• Current mode, variable frequency operation for high 
efficiency over 3 decades of load current 

• Start-up guaranteed at 3.15V 

• Extended commercial temperature range 
(-20°C to 70°C) available 

• Operates over a wide input voltage range 
(3.15V to lSV) 

• Bootstrapped operation for improved performance with 
high impedance Alkaline or Lithium-Ion batteries 

• High frequency operation (>200KHz) minimizes the 
size of the magnetics 

• Over-voltage, and over-current protection on-board 

• Active high shutdown 

• Available in 8-pin DIP and sale packages 

• Fixed SV output and multiple output applications 

SWITCHING 
CONTROL 

BLANKING 

SENSE 

I 
I ______________________________________________________________ 1 

.~Micro Linear 7-225 

1&11 



ML4863 

PIN CONFIGURATION 

ML4863 
8-Pin sOle (S08N) 

VIN(]8 GND 
SENSE 2 7 OUT2 

ON/OFF 3 6 OUT1 

Your 4 s Vee 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

VIN Battery input voltage 

2 SENSE Secondary side current sense 
(voltage in) 

3 ON/OFF Active low (CMOS) ON 

4 VOUT Feedback from transformer secondary 
output, and input voltage for IC when 
VIN > VOUT 

5 Vee Internal power supply connection for 
bypass capacitor 

6 OUTl Flyback primary switch driver 

7 OUT2 Flyback secondary switch driver 

8 GND Ground 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin (except VIN) ...................... -O.3V to 7V 
Voltage on VIN ........................................................................... 18V 
Source Current (OUT1 & OUT2) .................................. 1A 
Sink Current (OUT1 & OUT2) ...................................... 1A 
Sink Current (Burst Mode) ..................................... 16SmA 
Junction Temperature .............................................. 150°C 

ELECTRICAL CHARACTERISTICS 

ML4863 

Storage Temperature Range .................... -60°C to + 150°C 
Lead Temperature (Soldering 10 Sec.) ................... +260°C 
Thermal Resistance (SIA) Plastic SOIC ................. 110°C/W 

OPERATING CONDITIONS 

Ambient Temperature Range 
ML4863CS ............................................... O°C to + 70°C 
ML4863ES ........................................... -20°C to +70°C 

VIN Voltage Range ....................................... 3 .1SV to lSV 

Unless otherwise specified, TA = Operating Temperature Range, VIN = 12V, VOUT = SV. 

PARAMETER I CONDITIONS I MIN TYP MAX UNITS 

Oscillator 

On Time, TON VIN = 5V, VOUT = OV Ils 

Minimum OffTime, TOfF VIN = 5V, VOUT = OV 

Regulation 

Total Variation Line, load, and temperature % 

Output Drivers (3nF load) 

OUTl Rise Time, tR 60 70 ns 

Fall time, tF 60 70 ns 

OUT2 Rise Time, tR 60 70 ns 

Fall Time, tF Continuous mode 60 70 ns 

Burst mode 125 150 ns 

ON/OFF Pin 

Input High Voltage, VIH 2.0 V 

Input Low Voltage, VIL 0.8 V 

Input Bias Current ON/OFF = 5V 5 ItA 
Power Supply 

IcC, Supply Current 100 150 

Protection 

Under-Voltage Lockout Bypass Capacitor = 100nF V 

Is(, Short Circuit Current Limit RSENSE = 100mn, L = 221lH A 
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ML4863 

FUNCTIONAL DESCRIPTION 
The ML4863 is a current mode, variable frequency 
controller with synchronous rectification. This device was 
designed primarily for use as a flyback converter in 
ci rcu its where the user wishes to uti I ize 100% of a battery 
pack's available energy. 

Initially, the circuit generates its bias from the input 
voltage. If the output voltage rises above the input voltage, 
the circuit will switch to the output for its bias, shutting off 
the low drop-out linear regulator at VIN and turning on the 
bias network from the output pin. 

The circuit uses constant on-time pulse frequency 
modulation, and runs in the continuous or discontinuous 
current mode depending on the load current sensed 
through RSENSE. 

Under-voltage lock-out, current limit, and cross
conduction protection are built-in. 

DESIGN CONSIDERATIONS 
CURRENT LIMIT AND MODE OF OPERATION 

Operational mode and current limit are determined by the 
current programming comparator. They are dependent on 

RSENSE- the current sense resistor on the source of the 
secondary side synchronous FET, 

L, the nominal transformer inductance, 

and Vi, the input voltage (VIN)' 

RSENSE is determined by; 

R 165mV x V;MIN 
SENSE = --

5+V;MIN lOMAX 

Once RSENSE has been determined, the nominal 
transformer inductance, L, can be derived from, 

L = (25 x 1 0-6) x V; MAX X RSENSE 

(1) 

(2) 

Three operational modes are now defined by the value of 
SENSE at the end of the off-time: discontinuous mode, 
continuous mode, and current limit. The following values 
can be used to determine the current levels of each mode: 

SENSE::; OV ~ discontinuous mode 

OV < SENSE < 165mV ~ continuous mode 

165mV> SENSE> 21 OmV ~ current limit 

To determine the current levels for: 

10 =~x[SENSE + tONXV;] 
Vo + Vi RSENSE 2 x L 

where 

Vo = output voltage 
tON = 2.5~s 

and everything is defined as before. Using the values 
SENSE = OV, SENSE = 165mV and SENSE = 21 OmV, the 
current levels for all operational modes are defined. 

DESIGN PROCEDURE 

A typical design can be implemented by using the 
following process. 

1. Rate the application by determining 

Vi MAX, the maximum input voltage 

Vi MIN, the minimum input voltage 

10 MAX, the maximum output current 

LlVOUT, the maximum output voltage ripple 

The maximum output voltage ripple must be below 
100m V pp to ensu re stabil ity. 

2. Select a sense resistor, RSENSE, using equation 1. 

3. Determine the inductance required for optimum 
output ripple using 

L = (25 x 1 0-6 ) x (V; MAX x RSENSE) 

4. Establish the maximum allowable ESR for the output 
capacitor from 

R Ll VOUT X RSENSE 
ESR < 165mV 

5. Ensure system stability (no compensation/single pole 
response) by evaluating the following equation; 

''V, .:..;1O::.:0::..m:..:..Vi;LpL.,p-,-xc:::L 
L1 OUT <-

LACTUAL 

where 

LACTUAL is the actual worst case inductance used. 
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ML4863 
DESIGN EXAMPLE 

1. Rate the application by determining 

Vi MAX =9V 

4. Establish the maximum allowable ESR for the output 
capacitor from 

ViMIN = 3V 

R < 1 OOmV xl OOmn 61mn 
ESR 165mV 

lOMAX = 1A 

tNOUT = 100mV 

5. Ensure system stability (no compensation/single pole 
response) by evaluating the following equation using 
20% (typical inductance variation) for CiL; 

The maximum output voltage ripple must be below 
1 OOmVPP to ensure stability. SI'( < 1 OOmVpp x 22!lH = 125mn 

OUT 22!lH(1-0.2) 
2. Select a sense resistor, RSENSE, 

RSENSE = 165mV xi = 1 OOmn 

This design is shown in Figure 1. Figure 2 is the 
application circuit for an output of 2A at 5V. 

5+3 1 

3. Determine the inductance required for minimum 
output ripple using 

L = (25 x 1 0-6) x9Vx 100mn = 22!lH 

r-----------------------~----~5V@lA 

VIN = 310 13V -...-+-.._---------------t-=; 

8 

ML4863 
6 

4 

100mO 

*Coiltronix CTX 22M4 

Figure 1. Design Example 

r-----------------------~--~5V@2A 

VIN = 3 to 13V~_+~--------------__i--, 

8 

71-----+-1 
ML4863 

6 

4 

50mO 

'DALE LPE6562 100MB 

Figure 2. 5V, 2A Circuit 
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ORDERING INFORMATION 

PART NUMBER 

ML4863CS 
ML4863ES 

TEMPERATURE RANGE 

OCC to +70cC 
-20cC to + 70cC 

'Micro Linear 

PACKAGE 

8-Pin SOIC (S08N) 
8-Pin SOIC (S08N) 

ML4863 

-
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PRELIMINARY 

ML4864 

LCD Backlight Lamp Driver with Contrast 

GENERAL DESCRIPTION 

The ML4864 is a complete solution for controlling small 
cold cathode fluorescent tubes (CCFL) used in liquid 
crystal display (LCD) backlight applications. It provides 
the dimming ballast control combined with a contrast 
control for the LCD display. 

The ML4864 is optimized for portable applications where 
high efficiency is critical to maximize battery life. The 
high efficiency is achieved by using a switching regulator 
in a buck configuration that feeds an inverter driver. The 
inverter uses a self synchronizing scheme with zero 
voltage switching for the lowest possible losses. The 
complete system implementation can be easily realized 
with standard off the shelf power components, including 
the magnetics. 

A positive or negative contrast control voltage is generated 
with a separate flyback output. A unique feature of the 
ML4864 is that this contrast control voltage can remain 
active even though the main lamp driver circuit is disabled. 
It has a duty cycle adjustment range from 0% to 95%. 

All of the regulators on the chip are synchronized to the 
inverter frequency to eliminate the ghosting and flicker 
common to asynchronous circuits. 

BLOCK DIAGRAM 

The ML4864 is available in very small form factor 
package (20-pin SSOP) making it ideal for hand held 
portable applications. 

The ML4864 is designed using Micro Linear's Tile Array 
methodology. Customized versions of this IC, optimized to 
specific applications can be made available. Contact 
Micro Linear or an authorized representative for more 
information. 

FEATURES 

• Backlight Lamp Ballast and Contrast Control 

• Low Standby Current «300J.IA) 

• Contrast Voltage is Active with Lamp Driver Disabled 

• Improved Efficiency (z95%) 

• Allows All N-Channel MOSFET Drive 

• Positive or Negative Contrast Control Voltage 

• Driven Self-Timing Resonant Lamp Architecture 

• Low Switching Losses 

• Zero Voltage Switching 

• Buck Regulator uses Synchronous Rectification 

D SYNC OUT 

DOFF 

L GATE 2 
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PIN CONFIGURATION 

FfAOUT 

FEA-

FEA+ 

RT 

VREF 

L ILIM 

LEA-

LEA OUT 

CT 

ML4864 
20-Pin SSOP (R20) 

ML4864 

F ILIM 

BOFF 

BON 

GND 

LGATE2 

ON/OFF 

L GATE 1 

VDD 

FGATE 

LZCR 10 " B SYNC OUT 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

FEAOUT Output of flyback (contrast) error 11 B SYNC Output of MOSFET driver. Connects to 
amplifier. External compensation OUT switch device. 
capacitor connects between this pin 

12 FGATE Connects to gate of MOSFET in and FEA-. 
primary side of contrast control. 

2 FEA- Negative input of the flyback (contrast) 
13 VDD Positive power 5 volt inpLlt. error amplifier. Connects to the center 

point of the voltage divider that sets 14 LGATE 1 Output of MOSFET driver. Connects to 
the contrast voltage. gate of one side of output MOSFET 

3 FEA+ Positive input of flyback (contrast) pair. 

error amplifier. Connects to ground 15 ON/OFF Chip enable. 
through an offset compensating 

16 LGATE 2 Output of MOSFET driver. Connects to resistor. 
gate of one side of output MOSFET 

4 RT Oscillator timing resistor. pair. 

5 VREF Voltage reference output. The bottom 17 GND Circuit and power common. 
or return connection for the voltage 

18 BON Drives the primary of the pulse divider that sets the contrast voltage. 
transformer that supplies the bootstrap 

6 L ILiM Current limit resistor connection. This voltage for the synchronous rectifier 
resistor sets the current limit to protect device. 
lamp driver MOSFET pair. 

19 B OFF Output of MOSFET driver. Connects to 
7 LEA- Negative input of the lamp error gate of device that disables the input 

amplifier. power. 

8 LEA OUT Output of lamp error amplifier. 20 F ILiM Current limit resistor connection. This 
External compensation capacitor resistor sets the current limit to protect 
connects between this pin and B EA-. the flyback MOSFET. 

9 CT Oscillator timing capacitor. 

10 LZCR Zero crossing detector input. Connects 
to pri mary center tap of the output 
transformer. 
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ML4864 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Temperature Range 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

ML4864C .................................................. O°C to 70°C 
ML4864E ............................................. -20°C to +70°C 

Supply Current {lccl ............................................... 7SmA 
Output Current, Source or Sink DC ...................... 2S0mA 
Voltage on Pins 1-9, 11-20 ............. -0.3V to VDD + 0.3V 
Current into Pin 10 ............................................... ±10mA 
Junction Temperature ............................................. 1 50°C 
Storage Temperature Range ..................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (alA) 

Plastic SSOP .................................................. 100°C!W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VDD = 5V ±5%, TA = -20°C to 70°C, RT = 82K, CT = 47pF (Note 1) 

PARAMETER I CONDITIONS I MIN I TYP MAX UNITS 

LAMP DRIVER SECTION 

Error Amplifier 

Open loop Gain 50 60 dB 

Offset Voltage -15 +15 mV 

Output High ILOAD = 51\A 2.8 3.0 V 

Output low ILOAD = 251\A 0.4 0.7 V 

Bandwidth (-3dB) 1 MHz 

Common Mode Range -0.3 VREF V 

Input Bias Current 50 100 nA 

Output Drivers 

Output High - B SYNC OUT, B OFF VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output low - B SYNC OUT, B OFF ILOAD = 12mA 200 375 mV 

Rise Time - B SYNC OUT, B OFF CLOAD = 100pF 20 50 ns 

Fall Time - B SYNC OUT, B OFF CLOAD = 100pF 20 50 ns 

Output High - B ON VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output low - B ON ILOAD = SOmA 200 375 mV 

Fall Time - B ON CLOAD = 2400pF, Note 2 45 80 ns 

Oneshot 

Pulse Width 100 150 200 ns 

Delay Timer 

Delay Time 20 35 55 ns 

Current Limit Comparator 

Currpnt Thrpr:.hnlrl I i I i , 
iUU 200 220 mV 

Input Bias Current VUUM=O.IV 10 100 nA 

Propagation Delay 125 250 ns 
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ML4864 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

FLYBACK REGULATOR SECTION 

Error Amplifier 

Open Loop Gain 60 70 dB 

Offset Voltage -15 +15 mV 

Output High ILOAD = 5!IA 2.8 3.0 V 

Output Low ILOAD = 25!IA 0.4 0.7 V 

Bandwidth (-3dB) 1 MHz 

Common Mode Range -0.3 VREF V 

Input Bias Current 50 100 nA 

Output Drivers 

Output High - F GATE VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - F GATE ILOAD = 12mA 200 375 mV 

Rise Time - F GATE CLOAD 100pF 20 50 ns 

Fall Time - F GATE CLOAD = 100pF 20 50 ns 

HIGH VOLTAGE INVERTER SECTION 

Oscillator 

Nominal Frequency 68 80 92 KHz 

Discharge Current VCT= 2V 500 700 900 !IA 

Peak Voltage 2.5 2.7 V 

Valley Voltage 0.8 1 1.2 V 

Output Drivers 

Output High - LGA TE 1, 2 VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - L GATE 1,2 I LOAD = SOmA 200 375 mV 

Rise Time - L GATE 1, 2 CLOAD = 1000pF 20 50 ns 

Fall Time - L GATE 1,2 CLOAD = 1000pF 20 50 ns -Zero Crossing Detector 

Threshold V 

Hysteresis mV 

Under Voltage Detector 

Start Up Threshold V 

Hysteresis mV 

Logic Interface (ON/OFF) 

I 

2.0 

I 

V 

0.5 V 

25 !IA Input Bias Current 

Current Limit Comparator 

Current Threshold 180 200 220 mV 

Input Bias Current VFlLIM = O.lV 10 100 nA 

Propagation Delay 125 250 lIS 
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ML4864 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER I CONDITIONS 

BIAS SECTION 

VDD Supply Current ON/OFF = "1" 

VDD Current ON/OFF = "0" 

VREF Load Regulation IVREF = 25j!A 

VREF Output Voltage TA = 25° 

VREF Output Voltage 

VREF Line Regulation 

Note 1: limits are guaranteed by 100% testmg, sampling, or correlation with worst case test conditions. 
Note 2: Actual load is 1200pF. The 2:1 transformer reflects an effective 2400pF. 
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2.47 

2.465 

TYP MAX UNITS 

400 600 j!A 

200 300 j!A 

10 20 mV 

2.5 2.53 V 

2.5 2.535 V 

20 30 mV 
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ML4864 

FUNCTIONAL DESCRIPTION 

The ML4864 consists of a PWM regulator, a lamp driver/ 
inverter, a flyback regulator, and control circuits. This IC, 
in conjunction with external components, converts a DC 
battery voltage into the high voltage and high frequency 
AC signal required to start and drive miniature cold 
cathode florescent lamps. In addition it generates the DC 
voltage for the contrast requirements of LCD screens. A 
typical application circuit is shown in figure 1. Please refer 
to application note 24 for detailed application information 
beyond what is presented here. 

Note: Please read the Power Sequencing section below 
prior to using the ML4864. 

LAMP DRIVER 

The lamp driver, sometimes referred to as a lamp inverter, 
is comprised of a PWM regulator and a Royer type 
inverter circuit to drive the lamp. The PWM regulator, in a 
buck configuration, controls the magnitude of the lamp 
current to provide the dimming capability. Figure 2 shows 
a simplified circuit to more easily illustrate the operation 
of the ci rcu it. 

Ie 

COUT 

~ l GATE2 

Figure 2. Simplified Lamp Driver Circuit. 

Due to the presence of the buck inductor, L 1, the circuit 
shown in figure 2 is essentially a current fed parallel 
loaded resonant circuit. Lm is the primary inductance of 
the output transformer, T1, which tunes with the resonant 
capacitor CR to set the resonant frequency of the inverter. 
The oscillator frequency is always set lower than the 
natural resonant frequency to ensure synchronization. The 
current source Ie models the current through the buck 
inductor L 1. 

The MOSFETs, Q1 and Q2 are alternately turned on with 
a constant 50% duty cycle signal (L GATE1 , L GATE2) at 
one-half the frequency of the oscillator. In this way each 
transistor pulses, or excites, the resonant tank on each half 
cycle. The combination of these two signals appear across 
the primary winding of the output transformer as a 
sinusoidal waveform. This voltage is multiplied by the 
;,,,,,,-u,, lUll" Idiiull ul [ne output transformer and 
impressed across the lamp. 

The output transitions are controlled by feedback through 
the L RTD pin by sensing the voltage at the center tap of 
the output transformer. Each time this signal reaches the 
minimum resonant threshold detection point an internal 
clock pulse is generated to keep the system synchronized. 
Figure 3 shows some of these representative waveforms at 
the important nodes of the circuit. 

CT 

ClOCK 

l GATE1 

DRAIN·Q1 

l GATE2 

DRAIN-Q2 

T1-CNTR-TB 

SOURCE OF 
Q3 rTIJIlJflJfLJ!L' I I I J I I I I 

t ~ l l l 

Figure 3. Operating Waveforms 
of the lamp Driver Section. 

The PWM regulator is comprised of a MOSFET Q3, 
inductor L 1, and the gate control and drive circuitry as 
shown in figure 1. A signal with a constant pulse width of 
150ns is applied to the primary of the 2:1 pulse 
transformer T2, rectified by diode 01, and used to charge 
the gate capacitance of Q3, thereby turning it on. The turn 
off is controlled by discharging this capacitance through 
MOSFET Q4. The pulse width of the signal on the gate of 
Q4 (B OFF) varies according to the amplitude of the 
feedback signal on LEA-, which is proportional to the AC 
current flowing in the lamp. This feedback signal is 
developed across resistor R4 which is in series with the 
lamp. The lamp current, and therefore brightness, is 
adjusted by varying the voltage applied to R2, at the 
brightness adjust control point. Increasing this voltage 
decreases the brightness. 
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CONTRAST CONTROL GENERATOR 

The contrast voltage generator is a separate regulator in a 
flyback configuration. In conjunction with the external 
transformer (T3), MOSFET (Q5), diode (D2), and assorted 
capacitors and resistors, it provides an adjustable DC 
output contrast voltage necessary to drive LCD screens. 
The voltage is adjusted by controlling the voltage applied 
to R3, at the contrast adjustment point. 

The contrast voltage can be made either positive or 
negative simply by changing the connection of the 
external components .. The schematic shown in figure 1 is 
connected for a negative voltage. Please refer to 
application note 24 for the circuit connection for a 
positive output voltage. 

OSCillATOR 

The frequency of the oscillator in the ML4864 is set by 
selecting the values of RT and CT. 

lOGIC CONTROL 

The ML4864 is controlled by a logic input, ON/OFF. A 
logic level high on the ON/OFF pin enables just the lamp 
driver. A logic zero on the ON/OFF pin disables the lamp 
driver only. 

ORDERING INFORMATION 

ML4864 

POWER SEQUENCING 

It is important to observe correct power and logic input 
sequencing when powering up the ML4864. The 
following procedure must be observed to avoid damaging 
the device. 

1 . Apply the VDD voltage. 

2. Apply a logic high to the ON/OFF input. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4864CR O°C to +70°C Molded SSOP (R20) 

ML4864ER -20°C to +70°C Molded SSOP (R20) 
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ML4864EVAL 

LCD Backlight with Contrast Evaluation Kit 

GENERAL DESCRIPTION FEATURES 

The ML4864 is a cold cathode fluorescent lamp (CCFL) 
controller featuring and dimming control and contrast 
voltage generation. It is commonly used to power the 
entire LCD display found in many handheld instruments. 
This evaluation board enables the designer to explore the 
capabilities of the circuit for a current or upcoming 
design. 

• Operates over a 5.0 to 20V ~upply range 

• Efficiency greater than 90% 

• Negative contrast voltage output (0 to -20V) 

• Capable of driving lamp to greater than SW 

• Low profile, high Density PC board layout 

The printed circuit board uses surface mount components 
for space efficiency with two adjustment potentiometers 
provided for controlling lamp intensity and contrast 
voltage levels. 

KIT COMPONENTS 

• ML4864 User's guide 

• ML4864 Data Sheet 

• A fully functional evaluation board 

• Application Notes 26 and 32 

• Miniature Fluorescent Lamp 

• PCB Layout Gerber File 
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ADVANCED INFORMATION 

ML4865 

High Voltage High Current Boost Regulator 

GENERAL DESCRIPTION 
The ML4865 is a high voltage, continuous conduction 
boost regulator designed for DC to DC conversion in 
multiple cell battery powered systems. Continuous 
conduction allows the regulator to maximize output 
current for a given inductor. The maximum switching 
frequency can exceed 200kHz, allowing the use of small, 
low cost inductors. The ML4865 is capable of start-up 
with input voltages as low as 1.8V and is available in 
15V and 12 V output versions with output voltage 
accuracy of ±3%. 

Unlike regulators using external Schottky diodes, the 
ML4875 isolates the load from the battery when the 
SHDN pin is high. This is accomplished by an integrated 
synchronous rectifier which eliminates the need for an 
external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4865 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies approaching 90%. 

The circuit also contains a RESET output which goes low 
when the DETECT input drops below 1.25V. 

BLOCK DIAGRAM 
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FEATURES 

• Guaranteed full load start-up and operation at 
1.BV input 

• Continuous conduction mode for high output current 

• Very low supply current (25J.IA output referenced> for 
micropower operation 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Maximum switching frequency> 200kHz 

• Minimum external components 

• Low ON resistance internal switching FETs 

• 15V and 12V output versions 
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ML4865 

PIN CONFIGURATION 

ML4865-5/-2 
8-Pin sOle (S08) 

DETECT 08 VOUT 
SHDN 2 7 RESET 

VIN 3 6 Vl2 

Vl1 4 5 GND 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME 

DETECT Pulling this pin below 1.25Y causes 5 GND 
the RESET pin to go low 

6 YL2 
2 SHDN Pulling this pin to YIN, through an 

7 RESET external resistor shuts down the 
regulator, isolating the load from the 
input 8 YOUT 

3 YIN Battery input voltage 

4 Yu Boost inductor connection 

ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE TEMPERATURE RANGE 

Ml486SES-2 12.0V -20°C to +70°C 
Ml486SES-S 15.0V -20°C to +70°C 

7-242 'Micro Linear 
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Ground 

Boost inductor connection 

Output goes low when DETECT goes 
below 1.2SY 

Boost regulator output 

PACKAGE 

8-Pin SOIC (508) 
8-Pin SOIC (508) 
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ADVANCED INFORMATION 

ML4866 

3.3V Output DC-DC Step-Down Converter 

GENERAL DESCRIPTION 

The ML4866 is a fully monolithic high efficiency (>90%), 
pulse width modulated (PWM) buck regulator. The device 
switches at 120kHz and uses synchronous rectification to 
optimize power conversion efficiency. Unlike other 
solutions, the ML4866 requires no external diodes or FETs. 

Designed for use in systems using mixed-voltages (SV and 
3.3V) or in portable computing equipment designed with 
3.3V ICs, the ML4866 can provide up to 7S0mA of output 
current at 3.3V. The circuit operates over an input voltage 
range of 3.SV to 6.SV (3 to 4 AA batteries in series or a SV 
DC supply). 

A complete 3.3V, 7S0mA switched mode power converter 
can be quickly and easily implemented with few external 
components. Power conversion efficiency of this DC-DC 
converter can exceed 90% over more than 2 decades of 
output current loading. 

The device also has a SHDN pin for use in systems which 
have power management control. In shutdown mode, the 
circuit uses less than 20JlA of input current. 

BLOCK DIAGRAM 

CIN 

Stability and fast loop response are provided by current 
programming and a patented current sense circuit. Under
voltage lockout and soft start are also built in. 

FEATURES 

• High Power Conversion Efficiency (>90%) over more 
than 2 decades of load current 

• Minimal external components required 

• Works down to 3.SV input 

• Extends battery life up to 30% over linear regulator 
based solutions 

• Micropower operation (lQ < 3S0JlA) 

• Shutdown quiescent current (ISD < 20JlA) 

• No external FETs or diodes required 
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PRELIMINARY 

ML4868 

High Frequency, Low Voltage 800st Regulator 

GENERAL DESCRIPTION 

The ML4868 is a high frequency boost regulator designed 
for DC to DC conversion in 2 to 3 cell battery powered 
systems. The maximum switching frequency can exceed 
150kHz, allowing the use of small, low cost inductors. 
The ML4868 is capable of start-up with input voltages as 
low as 1 V and is available in 5V and 3.3V output versions 
with an output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4868 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of ach ieving conversion efficiencies in excess of 90%. 

The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 

BLOCK DIAGRAM 

FEATURES 

• Maximum switching frequency> 150kHz 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Minimum external components 

• Low ON resistance internal switching FETs 

• Micropower operation 

• 5V and 3.3V output versions 
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PIN CONNECTION 

ML4868-5/-3 
8-Pin sOle (S08) 

VIND. PWRGND 
VREF 2 7 RESET 

GND 3 6 VL 

DETECT 4 5 VOUT 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME 

VIN Battery input voltage 

2 VREF 200mV reference output 

3 GND Analog signal ground 

4 DETECT When this pin below VREF, causes 
the RESET pin to go low 

ML4868 

FUNCTION 

Boost regulator output 

Boost inductor connection 

Output goes low when regulation _ 
cannot be achieved or when DETECT 
goes below 200mV 

8 PWR GND Return for the NMOS output transistor 
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ML4868 

ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin ....................................................... 7V 
Peak Switch Current, I(pEAK) .................................................... 2A 
Average Switch Current, I(AVG) ....................................... SOOmA 
Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ................... +260°C 

ELECTRICAL CHARACTERISTICS 

Thermal Resistance (eJA) 
Plastic SOIC .................................................... 110°C!VV 

OPERATING CONDITIONS 
Temperature Range 

ML4868CS-X ............................................ O°C to +70°C 
ML4868ES-X ......................................... -20°C to +70°C 
ML48681S-X .......................................... -40°C to +8SoC 

VIN Operating Range 
ML4868CS-X ................................. 1.0V to Your -O.2V 
ML4868ES-X, ML48681S-X ............. 1.1 V to Your -D.2V 

Unless otherwise specified, VIN = Operating Voltage Range, TA = Operating Temperature Range. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Supply 

VIN Current VIN = VOUT - 0.2V 45 55 IlA 
VOUT Quiescent Current 8 10 IlA 

VL Quiescent Current 1 IlA 
Reference 

Output Voltage (VREF) 0< IpIN2 < -51lA, mV 

PFM Regulator 

Pulse Width (TON) 2.5 3 3.5 IlS 

Output Voltage (VOUT) 
ML4868-5 TON = 0 at VOUT(MAX), 4.85 5.0 5.15 V 
ML4868-3 2.51ls $ TON $ 3.51ls VOUT(MIN) 3.2 3.3 3.4 V 

Load Regulation See Figure 1 
ML4861-5 VIN = 2.4V, lOUT $ 25mA 4.85 5.0 5.15 V 

ML4861-3 VIN = 2.4V, lOUT $ 40mA 3.2 3.3 3.4 V 

Under-Voltage Lockout Threshold 0.85 0.95 V 
--
RESET Comparator 

DETECT Threshold 190 200 210 mV 

DETECT Bias Current -100 100 nA 

RESET Output High Voltage (VOH) IOH=-1001lA VOUT-0.2 V 

RESET Output Low Voltage (VOL) IOL = 1001lA 0.2 V 
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2711H 

VINo----<r---1r-_...:(S_"JmyidV. C,..D-.:7.:.5:...> ___ ~ 

f-----1>---<lVOUT 
L-______ ~ ~ 

10011£4.= lOUT 

Figure 1. Application Test Circuit 

Figure 2. PFM Regulator Block Diagram -
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ML4868 

FUNCTIONAL DESCRIPTION 

The Ml4868 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when VOUT is at or above the 
desired output voltage, drawing 4Sj.lA from VIN, and 8j.lA 
from VOUT through the feedback resistors Rl and R2. 
When VOUT drops below the desired output level, the 
output of amplifier A 1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A 1 set signal 
and creates a pulse at the gate of the NMOS transistor Ql. 
The NMOS transistor will charge the inductor L 1 for 3115, 
resulting in a peak current given by: 

L _ TON X VIN _ 3Jls X YIN 
'L(PEAK) - - (1 ) 

lj lj 

For reliable operation, II should be chosen so that Il(PEAK) 
does not exceed 2A. 

When the one-shot times out, the NMOS transistor 
releases the Vl pin, allowing the inductor to fly-back and 
momentarily charge the output through the body diode of 
PMOS transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the fl ip
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If VOUT is still low, the flip-flop will immediately 
initiate another pulse. The output capacitor (Cl) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 

INDUCTOR 
CURRENT 

Q(ONESHOT) 

I 
I 
I 
I 
I 
I 
I 
I 
I 

r-------~' .r'------~ 
:21 ~: ___ ~ Ql ON 

"C' ... '<~ v..--r-~ 

Figure 3. PFM Inductor Current Waveforms and Timing. 

RESET COMPARATOR 

An additional comparator is provided to detect low VIN, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to VREF, while the non-inverting input is 
provided externally at the DETECT pin. The output of the 
comparator is the RESET pin, which swings from VOUT to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too Iowa 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 

2 
L _ VIN(MIN) x TON(MIN) xT\ 

MAX - (2) 
2 x VOUT x IOUT<MAX) 

where T\ is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. 

For example, a two cell to SV application requires 2SmA 
of output current while using an inductor with 15% 
tolerance. The output current should be derated by 25% 
to 31 mA to cover the combined inductor and ON-time 
tolerances. Assuming that 2V is the end of life voltage of a 
two cell input, Figure 4 shows that with a 2V input, the 
Ml4868-S delivers 34mA with a 22JlH inductor. 

7-248 'Micro Linear 



~ 
>-u 
~ 

~ 

ML4868 

ML4SGS-S.O 
ML4SGS-3 400 

300 

300 

;( 
E-

;( 200 
E-
~ 
:l; x 

~ 200 

~ 

... 
::> 
E 100 

E 

100 

oLo-----l~.0----~2.0------3L.0----~ 

V'N(V) 

100 

90 

80 

70 

60 
o 

ML4SGS-3 

----ItY ./ 

V 

V'N(V) 

°0~--~1.~0-----2~.0----~3.~0-----4~.0----~5.-0--" 

V'N(V) 

Figure 4. Output Current vs Input Voltage. 

M 
100 

l = 22pH 90 

l = 10pH 
80 

~ 70 >-u 
~ 
U 
$ GO 

50 

40 

30 
o 

L4SGS-S.O 

~ ., 
'( 

1.0 2.0 3.0 

V'N(V) 

l= 22pH 

l = 10pH 

4.0 5.0 

Figure S. Typical Efficiency as a Functioh of VIN' 

'Micro Linear 7-249 

-



ML4868 
Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is closely 
related to inductor value. This illustrates the need to keep 
the inductor value as high as possible to attain peak 
system efficiency. With 22f..lH, the efficiency exceeds 90% 
and there is little room for improvement. At values greater 
than 39f..lH, the operation of the synchronous rectifier 
becomes unreliable because the inductor current is so 
small that it is difficult for the control circuitry to detect. 
The data used to generate Figures 4 and 5 is provided in 
Table 1. 

Figures 4 and 5 also show that efficiency and output 
current fall off at low input voltages. This is caused by 
propagation delays in the synchronous rectifier control 
circuitry that degrade performance when the discharge 
time is less than 1 f..lS. Although it is possible to operate the 
ML4868 from a sihglE! cell, other devices in the Micro 
Linear product line will provide much better performance 
in this type of appl ication. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 

I _ TON(MAX) x VfN(MAX) 
l(PEAK) - LMIN (3) 

In the two cell application previously described, a 
maximum input voltage of 3V would give a peak current 
of 560mA. When comparing various inductors, it is 
important to keep in mind that suppliers use different 
criteria to determine their ratings. Many use a 
conservative current level, where inductance has dropped 
to 90% of its normal level. In any case, it is a good idea to 
try inductors of various current ratings with the ML4868 to 
determine which inductor is the best choice. Check 
efficiency and maximum output current, and if a current 
probe is available, look at the inductor current to see if it 
looks like the waveform shown in Figure 3. For additional 
information, see Applications Note 29, "Choosing an 
Inductor for Your ML4861 Application." 

Suitable inductors can be purchased from the following 
suppliers: 

Coilcraft (708) 639-6400 

Coiltronics (407) 241-7876 

Dale (605) 665-9301 

Sumida (708) 956-0666 

OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 

2 2 
4~ - ~N XVfN ~ 

OUT - 2xLxCx(VOUT - VfN) 

For a 2AV input, and 5V output, a 22f..lH inductor, and a 
22f..lF capacitor, the expected output ripple due to 
capacitor value is 20mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
I-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 100f..lF, an ESR 
of less than 0.H1, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
supplier: 

Sprague (603)224-1961 

If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 

INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 22f..lF and 47f..lF. This provides the 
benefits of preventing input ripple from affecting the 
ML4868 control circuitry, and it also improves efficiency 
by reducing I-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

REFERENCE CAPACITOR 

Under some circumstances input ripple cannot be 
reduced effectively. This occurs primarily in applications 
\A1here !!"!!:h.!cto!' ~~!"!"e~!~ ~!"~ !"::gh, ~~~:;;;-;g ~ACi;55 VUlPUl 
ripple due to "pulse grouping", where the charge
discharge pulses are not evenly spaced in time. In such 
cases it may be necessary to decouple the reference pin 
(VREF) with a small 1 OnF to 1 OOnF ceramic capacitor. This 
is particularly true if the ripple voltage at VIN is greater 
than 100mV. 
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SETTING THE RESET THRESHOLD 

To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values RA and RB can be calculated using the following 
equation: 

(RA +RB) 
V1N(MIN) = 0.2 x ---

RB 
(5) 

The value of RB should be 1 OOkn or less to minimize bias 
current errors. RA is then found by rearranging the 
equation: 

RA = RB X (VlN(MIN) -1) 
0.2 

(6) 

ML4868 

LAYOUT 
Good PC board layout practices will ensure the proper 
operation of the ML4868. Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4868 

• Use short trace lengths from the inductor to the VL pin 
and from the output capacitor to the VOUT pi n 

• Use a single point ground for the ML4868 ground pins, 
and the input and output capacitors 

TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY. 

ML4868-3.3 ML4868-S.0 

EFFICIENCY % EFFICIENCY % 

1.0 41.7 10.1 79.9 1.0 30.7 2.7 44.0 
1.5 72.6 29.2 88.5 1.5 65.5 16.2 82.4 
2.0 109.2 59.8 90.4 2.0 95.9 33.7 87.9 
2.5 139.9 96.8 91.3 2.5 133.0 59.8 89.9 
3.0 168.4 141.3 92.3 3.0 163.8 89.4 91.0 

3.5 194.5 124.8 91.7 
1.0 75.1 15.9 69.9 4.0 224.1 165.4 92.3 
1.5 136.4 51.0 82.3 4.5 247.7 207.4 93.0 
2.0 200.1 103.2 85.1 
2.5 311.6 198.6 84.1 1.0 54.5 3.4 31.2 
3.0 297.5 235.7 87.1 1.5 124.4 28.0 75.0 

2.0 183.3 60.1 82.0 
2.5 248.8 105.1 84.5 
3.0 317.5 163.1 85.6 
3.5 454.8 270.7 85.0 
4.0 573.0 386.6 84.3 
4.5 459.9 364.9 88.2 

ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE TEMPERATURE RANGE PACKAGE 

ML4868CS-3 3.3V O°C to +70°C 8-Pin SOIC (508) 
ML4868CS-5 5.0V O°C to +70°C 8-Pin SOIC (508) 

ML4868ES-3 3.3V -20°C to +70°C 8-Pin SOIC (508) 
ML4868ES-5 5.0V _20°C to + 70°C 8-Pin SOIC (508) 

ML48681S-3 3.3V --40°C to +85°C 8-Pin SOIC (508) 
ML48681S-5 5.0V --40°C to +85°C 8-Pin SOIC (508) 

.~Micro Linear 7-251 

-



.~Micro Linear 
December 1994 

ADVANCED INFORMATION 

ML4871 

High Current Boost Regulator 

GENERAL DESCRIPTION 

The ML4871 is a continuous conduction boost regulator 
designed for DC to DC conversion in multiple cell battery 
powered systems. Continuous conduction allows the 
regulator to maximize output current for a given inductor. 
The maximum switching frequency can exceed 200kHz, 
allowing the use of small, low cost inductors. The 
ML4871 is capable of start-up with input voltages as low 
as 1.8V and is available in SV and 3.3V output versions 
with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4871 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies approaching 90%. 

The circuit also contains a RESET output which goes low 
when the DETECT input drops below 1.2SV. 

BLOCK DIAGRAM 

Vll 

r--------, , 
r---,.---~-_I2 V'N 

VSAT 

ralem renoing 

-Optional 

Ll 

FEATURES 

• Guaranteed full load start-up and operation at 
1.8V input 

• Continuous conduction mode for high output current 

• Very low supply current (lSI!A output referenced) for 
micropower operation 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Maximum switching frequency> 200kHz 

• Minimum external components 

• Low ON resistance internal switching FETs 

• SV and 3.3V output versions 

RESET , 

7 ------------, 

TO POWER 
MANAGEMENT 

r~ 
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PIN CONFIGURATION 

ML4871-5/-3 
8-Pin sOle (S08) 

VL1 (}s I'WRGND 

VIN 2 7 RESET 

GND 3 6 VL2 

DETECT 4 5 VOUT 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME 

VLl Boost inductor connection 5 VOUT 

2 VIN Battery input voltage 6 VL2 

3 GND Analog signal ground 7 RESET 

4 DETECT Pulling this pin below 1.2SV 
causes the RESET pin to go low 8 PWRGND 

ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE TEMPERATURE RANGE 

ML4871 ES·3 3.3V -20°C to +70°C 
ML4871 ES-S S.OV -20°C to +70°C 

'Micro Linear 

ML4871 

FUNCTION 

Output of the Boost Regulator 

Boost inductor connection 

Output goes low when DETECT 
goes below 1.2SV 

Return for the NMOS output 
transistor 

-
PACKAGE 

8-Pin SOIC (508) 
8-Pin SOIC (508) 
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ADVANCED INFORMATION 

ML4872 

High Current Boost Regulator with Shutdown 

GENERAL DESCRIPTION 

The ML4872 is a continuous 'conduction boost regulator 
designed for DC to DC conversion in multiple cell battery 
powered systems. Continuous conduction allows the 
regulator to maximize output current for a given inductor. 
The maximum switching frequency can exceed 200kHz, 
allowing the use of small, low cost inductors. The 
ML4872 is capable of start-up with input voltages as low 
as 1.8V and is available in 5V and 3.3V output versions 
with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4872 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies approaching 90%. 

The SHDN input allows the user to stop the regulator from 
switching and powers down the control circuitry. 

BLOCK DIAGRAM 

VL1 

r--------
I 
I 

,---..--_--12 VI 

OCIN 

VaAl 

Patent Pending 

eOptional 

Ll 

FEATURES 

• Guaranteed full load start-up and operation at 
1.8V input 

• Continuous conduction mode for high outP\lt current 

• Very low supply current (15j.tA output referenced) for 
micropower operation 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Maximum switching frequency> 200kHz 

• Minimum external components 

• Low ON resistance internal switching FETs 

• 5V and 3.3V output versions 

I'<m 

8 ----------------------

~ 
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PIN CONFIGURATION 

ML4872-S/-3 
8-Pin SOIC (S08) 

Vu O. PWRGND 
VIN 2 7 N/C 

GND 3 6 VLl 

SHDN 4 5 VOUT 

TOP VIEW 

PIN DESCRIPTION 

PIN 
NO. NAME FUNCTION 

Vu Boost inductor connection 

2 VIN 

3 GND 

4 SHDN 

Battery input voltage 

Analog signal ground 

Pulling this pin to VIN through an 
external resistor causes the 
regulator to stop switching, and 
powers down the control circuitry 

ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE 

ML4872ES-3 3.3V 
ML4872ES-S S.OV 

PIN 
NO. NAME 

5 Your 

6 Vl2 

7 N/C 

8 PWRGND 

TEMPERATURE RANGE 

-20·C to +70·C 
-20·C to +70·C 

'Micro Linear 

ML4872 

FUNCTION 

Output of the Boost Regulator 

Boost inductor connection 

No connection 

Return for the NMOS output 
transistor 

-
PACKAGE 

8-Pin SOIC (S08) 
8-Pin SOIC (508) 
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GENERAL DESCRIPTION 
The ML4873 is a complete solution for DC to DC 
conversion and power management in multi-cell battery 
powered portable computers and instruments. Several 
advanced techniques are incorporated in the IC for the 
highest possible system efficiency and lowest battery 
drain. 

The 5.0V and 3.3V main regulators in the ML4873 each 
control Synchronous Rectified buck regulators and drive 
N-Channel MOSFETs. This allows high conversion 
efficiencies (90% or greater). The drive for the upper 
N-Channel MOSFETs in the system is provided via a 
separate input from a charge pump. 

A special "burst mode" for efficient low current operation 
is provided on one of the regulators for suspend mode. 

A low drop-out 12V linear regulator for programming 
EEPROMs or PCMCIA is provided on chip with a separate 
input, provided by either a winding on the main inductor 
or from the battery pack. 

A I1Power 5V linear regulator is provided for the power 
monitoring logic. The IC can be turned off with only the 
5V regulator operating. 

BLOCK DIAGRAM 

December 1994 

ML4873 

Battery Power ControllC 

FEATURES 

• Two synchronously rectified, 100kHz buck regulators 
for 5V and 3.3V outputs 

• Regulation to ±3% maximum: provides 2% PCMClA 
switch matrix margin. 

• N-channel MOSFET drive for lowest cost 

• Burst mode for efficient operation at light load 

• I1Power 5V standby linear regulator for power 
management logic 

• 12V low drop out linear regulator with high output (to 
300mA) capability 

• Automatic charger disconnect switch comparator and 
N-channel driver 

• Wide input voltage range (5.5V to 30y) 

• 28-Lead SOIC or SSOP packages 
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PIN CONFIGURATION 

ML4873 
28-PinSOIC (S28W) 

or 28-Pin SSOP (R28) 

12VOUT 28 VREf 

Rr 27 ON/OFF 

VADAPTER 26 FDBK A 

BURST 25 COMP A 

12V BASE 24 V121N 

FDBK B 23 OUT2A 

COMPB 22 GND 

OUT2B 21 PWR GND 

OUTIB 20 OUTl A 

LIN OUT 19 VIN 

ISENSEB 18 ISENSEA 

ON/OFF 12 17 SOFT START 

VG5 16 ENABLE B 

12V BIAS _-,.--L. _____ 15..."..- Vcr 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

12VOUT 12V Low Drop-Out regulator output 14 12V BIAS Bias supply for 12V Regulator 

2 RT TIming Resistor which sets oscillator 15 VGT N-Channel high side gate drive 
frequency 

16 ENABLE B A logic 1 enables buck regulator B 
3 VADAPTER Input to sense whether adapter is 

17 SOFT START Soft Start Capacitor active. VG5 goes high when this pin is 
abOVeVREF· 18 ISENSEA Current Sensing for buck regulator A 

4 BURST A logic 1 sets Buck Regulator A into 
current limit 

burst mode (see table 1) 19 VIN Input from Battery or AC Adapter 

5 12V BASE Connection to increase 12V regulator 20 OUT1A 3.3V Buck Regulator Switch Output 
output current with external NPN pass 

21 PWRGND Power Ground transistor 

6 FDBKB Voltage Feedback for buck regulator B 22 GND Logic and signal Ground 

7 COMPB Buck Regulator B frequency 23 OUT2A 3.3V Buck Regulator Synchronous 

compensation terminal Rectifier Output 

8 OUT2B 3.3V Buck Regulator Switch Output 24 V121N Power Input for the 12V regulator 

9 OUT1B 3.3V Buck Regulator Synchronous 25 COMPA Buck Regulator A frequency 

Rectifier Output compensation terminal 

10 LIN OUT Output of the J.lPower 5V regulator. 26 FDBKA Voltage Feedback for buck regulator A 

Normally used to power external 27 ON/OFF A low on this pin disables all IC 
management circuits and logic functions except the linear 5V 

11 ISENSEB Current Sensing for buck regulator B regulator and the 2.5V reference, and 

Current limit puts the IC onto a low current 
consumption mode 

12 ON/OFF 12 A logic 1 turns on the 12V regulator 
28 VREF Buffered 2.SV reference output 

13 VGS Output to drive N-Channel MOSHT 
gate to switch battery out when 
adapter is present 
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ML4873 

ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin .................................................... 36V 
Output Current Source or Sink (Pins 8, 9, 20, 23) ....•....... 

Pulsed .................................................•..........•• 300mA 
VG5 Source Current ............................................... 20mA 
VG5 Sink Current ....................•...••....•.•..............•. 200mA 
12V Linear Regulator Output Current ..•................ 200mA 
5V Linear Regulator Output Current ..•..•..•.......•...... 50mA 
Inputs (Pins 3, 4, 12, 16, 27) ......................... -D.3 to 5.5V 
ISENSE Inputs (Pins 11, 18) ........................................... Y,N 
Junction Temperature ............................................. 150°C 

ELECTRICAL CHARACTERISTICS 

Storage Temperature Range ......•.•......... -65°C to + 150°C 
Lead Temperature (Soldering 10 Sec.) ..•.............•. +260°C 
Thermal Resistance (alA) Plastic SOIC ...•.......•. 70°C!W 
Thermal Resistance (alA) Plastic SSOP ............ 80°C!W 

OPERATING CONDITIONS 
Temperature Range 

Commercial ............................................. O°C to +70°C 
Y,N Voltage Range ...................•....................• 5.4V to 30V 
VeT Voltage Range .....•...............••........... Y,N -D.5 to 35V 

Unless otherwise specified, TA = Operating Temperature Range, Y,N = 12V, V12 IN = 14V, VeT = 22V, RT = 200Kn 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

Oscillator 

Initial Accuracy 95 100 105 KHz 

Dead Time 50K :s; RT :s; 300K 600 800 1000 ns 

Maximum Duty Cycle 90 97 % 

Voltage Stability 6V:S;V,N:S; 20V 2 % 

Error Amplifiers 

Input Offset Voltage 2 10 mV 

Input Bias Current 10 200 nA 

Output High Voltage louT=-2mA 2.7 2.95 V 

Output Low Voltage lOUT = 2011A 0.5 V 

Source Current VOUT= 2.5V -5 -7 mA 

Sink Current VOUT= 2.5V 500 IIA 
Gain Bandwidth Product 675 KHz 

High Side (Out 1) Outputs (Pins 9, 20) 

Output High Voltage IOUT=-20mA V 

Output Low Voltage lOUT = 20mA V 

low Side (Out 2) Outputs (Pins 8, 23) 

Output High Voltage lOUT = -20mA V 

Output Low Voltage lOUT = 20mA V 

Soft Start and Current limit (Pins 11, 17, 18) 

Voltage Threshold I From Y,N -250 -200 -150 mV 

Bias Current V,SENSE = Y,N -200mV 27 75 IIA 
Soft Start ICHARGE -10 -13 -20 IIA 
Soft Start I DISCHARGE 3 6.2 mA 
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ML4873 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Burst Regulator 

Start Threshold mV 

Stop Threshold mV 

Reference 

Output Voltage T A = 25°C, IPIN28 = -1 001lA v 
Line Regulation 5AV < VIN < 20V, IpIN28 !> -mA mVN 

12V Linear Regulator 

Output Voltage 10 = 60mA 11.5 12 12.5 V 

Line Regulation 14V < V121N < 24V 0.01 %N 

Drop Out Voltage (Vl 2 1 N - 12V OUT) 10 = 60mA 004 V 

Load Regulation 101lA < 10 < 60mA 0.8 2.5 % 

5V Linear Regulator 

Output Voltage lOUT = 1001lA 4.8 5.0 5.2 V 

Input Voltage VOUT ~ 4.85V, 10 = 1 rnA 5.5 V 

Line Regulation 5AV < VIN < 20V, 10 = 1 mA 0.75 1.5 % 

Load Regulation 101lA < 10 < lOmA 0.25 0.5 % 

V ADAPTER Comparator 

Input Bias Current 100 nA 

Input Offset Voltage -30 +30 mV 

VG5 Source Current VVGS = 12V -5 -10 mA 

VG5 Sink Current VVGs=12V 85 mA 

Logic Inputs (Pins 4, 12, 16, 27) 

Logic Low (VIL) V 

Logic High (VI H) V -Supply Current 

IVIN + IVGT Sleep Mode, T A = 25°C 190 250 !!A 

IVIN + IVGT Bust Mode, TA = 25°C 250 IlA 
IVIN Run Mode, T A = 25°C 7 10 mA 

IVGT Run Mode, T A = 25°C 2 4 mA 

'Micro Linear 7-259 



ML4873 

FUNCTIONAL DESCRIPTION 

POWER DOWN MODES 

The ML4873 operates in either a powered down mode or 
a run mode according to the state of the ON/OFF pin 
(Table 1). When the ON/OFF pin is high, the IC is in the 
run mode and all IC sections are functioning. When the 
ON/OFF pin is low, the IC is in the standby mode and 
only the IlPower SV linear regulator and 2.SV reference 
are on. All gate drive outputs are low. The SV linear 
regulator then provides the power to run the system's 
power management logic. When the BURST pin is high, 
and the output is above the lower threshold of the burst 
comparator, the IC is also in standby mode, but with the 
burst comparator logic also running. 

TABLE 1. ML4873 POWER DOWN MODES 

Mode On/Off Enable B Burst Function 

BUCK REGULATORS 

The two buck regulators (Figure 3) are synchronously 
rectifying voltage mode PWM regulators capable of being 
used over a wide variety of loads and input voltages. The 
use of synchronous rectification improves system 
efficiency by reducing the fixed drop associated with the 
"freewheeling" diode in conventional regulators. These 
regulators also drive all N-Channel power MOSFETs, 
significantly improving system efficiency at a low cost. 
In order to drive the MOSFET gates adequately, a VeT 
supply must be provided which is higher than the battery 
voltage by an amount sufficient to provide full 
enhancement voltage to the MOSFETs. This can be 
generated as shown in figure 2. 

Total Supply 
Current 

Sleep 0 X X Micro Power SV Reg Only l301lA 

Suspend 1 X 1 Buck Reg A in Burst Mode SV Reg on 2S01lA* 

Partial 1 0 0 Reg. B Disabled, All Other Functions 
Run Running 8mA 

Run 1 1 0 All Functions Enabled 10mA 

·Note This figure represents the total quiescent current for the Bust and 
5V regulator. Actual current consumed will vary In proportIon to load current. 

5.5 
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J~/ lOrnA , 

/ / K:A 

/ I 11/ 
II V 
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:> 
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:> 
0 

2.5 
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~ 
1.5 

4 6 7 8 

V,N INPUT (V) 

Figure 1. 5V Linear Regulator Output at low VIN Figure 2. Generating VGr Bias Voltage 

7-260 'Micro Linear 



ML4873 

RT 
OSCILLATOR 

Q 

RFI 

RF2 

-=- (SS 

Ql 1---------tQ F2 

Figure 3. Buck Regulator Block Diagram 

Regulator A includes a pin which shuts down the Ie and 
puts Regulator A into "Burst mode". When in "Burst 
mode" the regulator comes on when the burst comparator 
is below its lower threshold and goes off again when the 
output capacitor has charged to the burst comparator's 
upper threshold. Burst mode is useful for running the 
regulator at light modes, such as memory keep-alive or 
"suspend" mode. 

!-=-,=-=-'---4----I BIAS CKTS 1-------1 

ON 

BUCK 
REGULATOR 

A 

Figure 4. Burst Mode Comparator and logic 

When burst mode is enabled the Css discharge circuit 
(Figure 3) is disabled. Css is floating until CSl is enabled 
when a burst occurs. When probing the Css pin in burst 
mode, use a high impedance probe to prevent discharge 
of the Css pin from disturbing the circuit operation. 

Selection of the external MOSFETs, output ihductor and 
capacitor determine the output capabilities of the 
regulator. Output voltage is set by RFl and RF2 where. 

~ _ 2.5x(RF1+RF2) 
OUT - RF2 (1) 

The short circuit limit is set by external resistor Rs. 

ISHORT CKT Z 0.2 
Rs 

(2) 

Css is discharged when the regulator is off or when the 
voltage across Rs exceeds 200mV. F2 ensures that Css is 
fully discharged. This circuit provides reliable output short 
circuit protection with very little power wasted in the 
sensing element. The error amplifier's output voltage is 
limited to the voltage on the SOFT START pin. When Css 
is discharged, the regulator's duty cycle is O. 
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Figure 5. Oscillator Frequency vs. RT 
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Figure 6. OUTl Rise and Fall Time vs. Load CLOAD 

ADAPTER SWITCH 

This function is provided by a comparator whose output 
(VGS) is pulled to VCT when V ADAPTER goes above 2.SV. 
By connecting an N-Channel MOSFET gate to VGS, the 
system can run from the battery without the loss 
associated with a diode. When the AC adapter is plugged 
in, the voltage on pin 3 goes high, VGS swings low, and 
the system runs from the AC adapter. This circuit functions 
in all modes of IC operation except SLEEP, when the VGS 
output goes low. 

12V LINEAR REGULATOR 

The 12V regulator includes a shut-off pin. To operate the 
regulator as a low drop-out regulator, a separate 12VBIAS 
pin is provided. If this pin is 1.SV higher than V12 IN, the 
output transistor can be driven to saturation. Input for this 
regulator may come from either VIN (for high voltage 
battery packs) or from a coupled inductor winding as 
shown in Figure 8. If the low drop-out feature is not 
necessary, V12 BIAS can be tied to V12 IN. 

Figure 8. Coupled Inductor to generated V12 IN 
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Figure 7. OUT2 Rise and Fall Time vs. Load CLOAD 

APPLICATIONS 

BUCK REGULATOR INDUCTOR 

Inductors are specified with three main parameters; 
inductance (L), maximum current (lOUT(MAX)), and DC 
resistance (RL)' 

Inductance for a given set of requirements can be 
calculated using the following: 

L= (YiN-VOUT)X(~) 
(2) x (lOUT(MIN)) 

(3) 

In this equation, D is the duty cycle, and F is the switching 
frequency. 

Selecting the inductor value using this formula ensures 
that the inductor stays in the continuous current mode, 
and never goes discontinuous at light loads (IOUT(MIN))' 
This is important, as high current spikes occur and losses 
go up when operating in the discontinuous mode. 

A good rule of thumb for choosing inductor core size is to 
make sure that the maximum output current of the 
regulator doesn't exceed 80% of the maximum current 
rating of the inductor. Otherwise, core saturation may 
occur. This is especially important for ferrites, which have 
a harder saturation characteristic than powdered iron 
cores. 

In order to distribute conduction losses evenly among all 
components, the DC resistance should be selected to be 
1/4 of the sum of the RDSONS of the power MOSFETs. 
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Core losses, which contribute significantly to overall 
efficiency losses, should be minimized by using an 
inductor designed for minimum losses at the chosen 
operating frequency. This is a function of the core 
material, and is lowest in "Kool Mu" and molyperm cores. 
Of course, efficiency and cost are often inversely related 
when it comes to magnetic materials. 

FREQUENCY SELECTION 

Frequency is set by the resistor RT, which establishes the 
charge current for the internal capacitor. Since the 
discharge current is a constant, the dead tirne of the 
oscillator is constant, the maximum duty cycle increases 
as the oscillator frequency decreases. For low input 
voltage applications, a lower switching frequency may be 
required to maintain regulation at minimum input voltage. 

Losses are heavily comprised of AC losses from the 
switching characteristic of the power MOSFETs and 
inductor core losses. Hence, reducing the switching 
frequency may result in higher efficiencies. As inductor 
conduction losses will increase at lower frequencies (size 
goes up, hence there are more copper losses), there will 
be a point at which this effect cancels the beneficial effect 
on the AC losses and further reductions no longer increase 
efficiencies. Also, reductions in operating frequency will 
result in larger magnetics, and a larger overall supply. 

ML4873 
COMPENSATION 

Proper compensation is the most critical part of designing 
a working supply. The compensation network must ensure 
stability over the full range of input voltage and load 
conditions, as well as maximize the available bandwidth 
for good transient response. 

If an appreciable ESR exists such that ResrC > LC!s, then 
we can get away with adding one additional zero to the 
error amplifier's feedback network, and make use of the 
other zero created by the combination of the ESR and the 
output capacitance. We must also add an additional 
resistance in parallel with the zero we have added, this 
will give us increased bandwidth and lower the DC gain. 
Its size is determined by the gain necessary to bring the 
system to OdB at the desired crossover point. As a rule of 
thumb, this point should be no more than 1/5 the 
switching frequency. 

In cases where the ESR of the output capacitors is 
minimal, we no longer have a zero for free. 

Now, we must use a zero on the input of the error 
amplifier in addition to the zero in the feedback network. 
The parallel feedback resistor is also still required; the 
gain is now the parallel combination of the feedback zero 
resistor and this resistor. 

The internal error amplifier has an open loop gain of 90 
dB, and a single pole at 31 Hz. These must be taken into 
account in order to adequately compensate the supply. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 9. 12V Regulator Load Regulation 
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ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4873CS O°C to +70°C 28-PIN SOIC (S28W) 

ML4873CR o°c to +70°C 28-PIN SSOP (R28) 

-
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ML4873EVAL 

Battery Management Ie Evaluation Kit 

GENERAL DESCRIPTION 
The ML4873 evaluation board provides a convenient tool 
for demonstrating the performance and efficiency of this 
battery management Ie. 

This board is designed to demonstrate the ML4873 in a 12 
W buck DC to DC converter circuit. If other power levels 
and lor operating conditions are desired, modifications 
can easily be made to accommodate them. 

Operating from a wide input range, 5.5V to 18V; this 
board is designed to provide a 3.3V and a SV output that 
can deliver up to 1.5A, a 12 V linear regulator output that 
can provide 25 mA, and a 5 V linear output that can 
provide 25 rnA. The chosen switching frequency is 
100kHz. Efficiency can be as high as 94% with an input 
voltage of 6 V. Output ripple voltage was designed to be 
50 mV pk - pk max., and line and load regulation are 
designed to be no more than ±5%. 

The full schematic of this board is shown in Figure 1. An 
additional winding was added to the 3.3V inductor to 
provide the biasing necessary for the 12 V linear regulator. 
As logic level FETs are used, an additional winding is 
added to the 3.3V inductor to provide the necessary 
additional 5 V of enhancement. 

BLOCK DIAGRAM 

As the output capacitors are three paralleled surface 
mount tantalums, the ESR is very low (measured to be 
about 0.05 ohm). A double zero compensation scheme is 
used in order to provide the necessary 45 degrees of 
phase margin. 

FEATURES 
• High efficiency synchronous rectification 

• Surface mount construction for minimum size/parasitics 

• Enable and burst mode selectable via dip switches 

• 3.3V, 5W output <lnd 5V, 7.5Woutput 

KIT COMPONENTS 
• ML4873EVAL board with one ML4873 
• ML4873 Data Sheet 
• Applications Note 37 
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HOW TO OPERATE 

1) Set all DIP switches to logic low. 

2) Connect a small, separate 5V supply to the supply pin 
for the DIP switches. 

3) Connect a power supply capable of delivering 2A to 
Yin. Set it for 12 V just for initialization of the system. 

4) With both supplies turned on and all DIP switches in 
the off position, check to see if VREF (Pin 25) and linear 
5V outputs are functional. 

5) If all is well with VREF and the linear regulator, turn the 
"On/Off" DIP switch to the on position and verify that 

6) Turn on the DIP switch to verify that regulator B is 
working, once again, with an adequate load. Next, 
check the 12V linear regulator as well. 

.~Micro Linear 

ML4873EVAL 

-
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GENERAL DESCRIPTION 

The ML4874 is an ideal solution for driving small cold 
cathode fluorescent tubes (CCFL) used in liquid crystal 
display (LCD) backlight applications. It provides the 
dimming ballast control for the LCD display. 

By utilizing differential drive the ML4874 can deliver the 
same light output with significantly less input power 
compared to existing single ended drive schemes. 
Improvements as high as 30% can be realized when using 
low power lamps and advanced LCD screen housings. 
This increased light output is achieved because the 
differential drive configuration is much less sensitive, and 
therefore less power is wasted in the capacitive parasitics 
that exist in the backlight housing. An additional benefit of 
this configuration is an even distribution of light. 

The ML4874 is optimized for portable applications where 
high efficiency is critical to maximize battery life. The 
high efficiency is achieved by a resonant scheme with 
zero voltage switching. The complete system, including 
the magnetics, can be easily realized with standard off the 
shelf power components. 

BLOCK DIAGRAM 

VREF 

ON/OFF 5 

AZR VDD 

MASTER 
BIAS 

& 
UVLO 

BON 

September 1994 
PRELIMINARY 

ML4874 

leU Backiight lamp Uriver 

All of the regulators on the chip are synchronized to the 
inverter frequency to eliminate the ghosting and flicker 
common to asynchronous circuits. 

The ML4874 is available in very small form factor 
package (20 pin SSOP) making it ideal for hand held 
portable applications. 

FEATURES 

• Backlight Lamp Driver with Differential Drive 

• Up to 30% Lower Power for Same Light Output 

• Low Standby Current « 1 01lA) 

• Improved Efficiency (~95%) 

• Allows All N-Channel MOSFET Drive 

• Low Switching Losses 

• Resonant Threshold Detection 

• Buck Regulator uses Synchronous Rectification 

--------------------~ 
I 

,----------110 L RTD 

L GATE 1 

L GATE 2 

~---~---~--------~--------- 4 
PGND GND 
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NC RT CT 
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LEA- ARE COMMON, PGND AND GND 
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PIN CONFIGURATION 

ML4874 
20-Pin SSOP (R20) 

NC 2. BOFF 

AZR 1. BON 

SSCAP 18 GND 

RT 17 PGND 

VREF I. L GATE 2 

LILIM IS ON/OFF 

LEA- 14 L GATE t 

LEA OUT 13 VDD 

CT 12 HVDD 

LRTD 11 B SYNC OUT 

TOP VIEW 

PIN DESCRIPTION 
PIN# * NAME DESCRIPTION 

1 N/A NC This pin should be left open. 

2 N/A AZR Connection to gate of external FET 
for high voltage regulator. Internally a 
zener diode to ground. 

3 SS CAP Connection of optional external soft 
start capacitor. 

4 2 RT Oscillator timing resistor. 

5 3 VREF Voltage reference output. 

6 4 L ILiM Input to current limit amplifier. 

7 4 LEA- Negative input for lamp error 
amplifier. 

8 5 LEA OUT Output of lamp error amplifier. 
External compensation capacitor 
connects between this pin and LEA. 

9 6 CT Oscillator timing capacitor. 

10 7 L RTD Input to resonant threshold detector. 

* For 16-Pin sOle version. 

PIN#* 

11 8 

12 9 

1310 

14 11 

15 12 

16 13 

17 14 

18 14 

19 15 

20 16 

SSCAP 

RT 

VREF 

LEA-/L ILiM 

LEA OUT 

CT 

LRTD 

B SYNC OUT 

NAME 

B SYNC 
OUT 

HVDD 

VDD 

L GATE1 

ON/OFF 

L GATE2 

PGND 

GND 

BON 

BOFF 

'Micro Linear 

ML4874 

ML4874 
16-Pin sOle (S16) 

DESCRIPTION 

BOFF 

BON 

GND/pGND 

L GATE2 

ON/OFF 

LGATEt 

VDD 

HVDD 

Output of MOSFET driver to gate of 
synchronous FET catch diode. 

Battery power input to linear 
regulator. 

Output of linear regulator. Positive 
power for Ie. 

Output of MOSFET driver. 
Connection to gate of one side of 
inverter FET drive pair. 

Logic input for chip 

Output of MOSFET driver. 
Connection to gate of one side of 
inverter FET drive pair. 

Power ground 

Signal ground. 

Connection to primary side of gate 
pulse transformer. 

Output of MOSFET driver. 
Connection to gate of FET that 
disables the input power. 
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ML4874 

ABSOLUTE MAXIMUM RATINGS Storage Temperature Range ................... -65°C to + 150°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
IIIdxi,nulII r diing~ are siress raiings oniy and funcrionai 
device operation is not implied. 

Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (alA) Plastic SSOP ............... 100°C/W 

configuration on previous page. 

Supply Current {lcd ............................................... 75mA OPERATING CONDITIONS 
Output Current, Source or Sink ............................. 250mA 
Voltage on Pins' 1-9, 11, 13-20 ....... -O.3V to VDD +O.3V 
Voltage on Pin 12 ...................................................... 20V 
Current into Pin' 10 ............................................. ±1 OmA 

Temperature Range 
ML4874C ................................................ O°C to +70°C 
ML4874E ............................................. -20°C to +70°C 

Junction Temperature ............................................. 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VDD = 5V ±5%, TA= -20°C to 70°C, CT = 47pF (Note 1) 

PARAMETER I CONDITIONS I MIN TYP MAX UNITS 

CURRENT REGULATOR SECTION 

Error Amplifier 

Open Loop Gain 60 70 dB 

Bias Point Closed loop 0.18 0.2 0.22 V 

Output High ILOAD = 5j.lA 2.8 3.0 V 

Output Low ILOAD = 25j.lA 0.4 0.7 V 

Bandwidth (-3dB) 1 MHz 

Input Voltage Range -0.3 0.2 VREF V 

Input Bias Current 50 100 nA 

Soft Start Charge Current VssCAP=lV 300 500 700 nA 

Soft Start Threshold (LEA OUT) VSSCAP= lV 2 2.5 V 

Current Limit Comparator 

Current Threshold 450 500 550 mV 

Input Bias Current VULM = O.lV 50 100 nA 

Propagation Delay (Note 2) 150 250 ns 

Output Drivers 

Output High - B SYNC OUT, B OFF VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - B SYNC OUT, B OFF I LOAD = 12mA 0.2 0.375 V 

Rise & Fall time - B SYNC OUT, B OFF CLOAD = 100pF 20 50 ns 

Output High - B ON VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - B ON ILOAD = SOmA 0.2 0.375 V 

Fall Time - B ON CLOAD = 2400pF (Note 2) 45 80 ns 

ONE SHOT Pulse Width 100 150 200 ns 

DELAY TIMER Delay Time 20 35 55 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

HIGH VOLTAGE INVERTER SECTION 

Oscillator 

Nominal Frequency 

Discharge Current Vcr = 2V 

Peak Voltage 

Valley Voltage 

Output Drivers 

Output High - L GATE 1,2 VDD = 5V, ILOAD = 12mA 

Output Low - L GATE 1,2 ILOAD = 50mA 

Rise & Fall Time - L GATE 1,2 CLOAD = 1000pF 

Resonant threshold Detector 

Threshold 

Hysteresis 

Lamp Out Detect 

Threshold 

Under Voltage Detector 

Start Up Threshold 

Hysteresis 

Logic Interface (On/Off) 

VIH 

VIL 

Input Bias Current On/Off = 3V 

Linear Regulator Section 

Aux Zener Reference Voltage (AZR) IAZR = 101lA 

Regulator Voltage (VDD) HVDD = 12V 

Regulator Source Current External to device 

Drop Out Voltage IHVDD = 1mA 

Drop Out Voltage IHVDD = 5mA 

HVDD Input Voltage Range 

Bias Section 

VDD Supply Current On/Off = "1 ", no load 

VDD Supply Current On/Off = "0", HVDD = 12V 

VREF Load Regulation ILOAD = 251lA 

VREF Output Voltage TA = 25°C 

VREF Line Regulation 

VREF Line, Load, Temp 

Note 1: Limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions. 
Note 2: Actual load is 1200pF. The 2:1 transformer reflects an effective 2400pF. 

'Micro Linear 

MIN 

68 

500 

2.3 

0.8 

4.625 

16 

2.5 

7.4 

4.75 

5 

2.47 

2.465 

ML4874 

TYP MAX UNITS 

80 92 kHz 

700 900 IlA 
2.5 2.7 V 

1 1.2 V 

4.8 V 

0.2 0.375 V 

20 50 ns 

V 

mV 

18 20 V 

V 

mV 

V 

0.5 V 

10 25 IlA 

7.9 8.4 V 

5.0 5.35 V -10 mA 

30 90 mA 

125 275 mA 

18 V 

375 450 IlA 
1 10 IlA 

10 20 mV 

2.5 2.53 V 

20 30 mV 

2.5 2.535 V 
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Ml4874 

5T018V>>-~--~--~~I--~~'-'O--PT-'O-N-A-L------' 
IN 1 

: Rl : SEE NOTE 

1 1 
1 1 
1 1 
1 1 
1 1 

r- -------- ... 1 
1 
1 
1 
1 

: ~Q~l~----~ 
1 ' ______ -------

1 
I 
I 
1 
1 
I 
I 
1 
1 CLK.1\. 

lp7 -18----~-------- 4 
PGND GND NC RT 

R2 
82K 

'NOTE: USED FOR INPUT VOLTAGES 
GREATER THAN 18 VOLTS 

1 
1 
1 
I 
1 
I 
1 
I 

., OPTIONAL 

1 
I 

....L 
R6 

4.3K 

R3 
lOOK 

R4 
1.6M 

I--~~-'-~~""'II,___<BRIGHTNESS 

ADJUST 

Figure 1. Typical Application Schematic for the ML4874 
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FUNCTIONAL DESCRIPTION 

The ML4874 consists of a PWM regulator, a lamp driver/ 
inverter, a linear regulator and control circuits. This IC, in 
conjunction with external components, converts a DC 
battery voltage into the high voltage and high frequency 
AC signal required to start and drive miniature cold 
cathode fluorescent lamps. A typical application circuit is 
shown in figure 1. Please refer to Application Note 32 for 
detailed application information beyond what is presented 
here. 

Note: Please read the Power Sequencing section below 
prior to using the ML4874. 

LAMP DRIVER 

The lamp driver, sometimes referred to as a lamp inverter, 
is comprised of a PWM regulator and a Royer type 
inverter circuit to drive the lamp. The PWM regulator, in a 
buck configuration, controls the magnitude of the lamp 
current to provide the dimming capability. Figure 2 shows 
a simplified circuit to more easily illustrate the operation 
of the circuit. 

Due to the presence of the buck inductor, L 1, the circuit 
shown in figure 2 is essentially a current fed parallel 
loaded resonant circuit. Lm is the primary inductance of 
the output transformer, T1, which tunes with the resonant 
capacitor CR to set the resonant frequency of the inverter. 
The oscillator frequency is always set lower than the 
natural resonant frequency to ensure synchronization. The 
current source IC models the current through the buck 
inductor L 1. 

Ie 

}----'n COUl 

CR 

-I I-

Figure 2. Simplified Lamp Driver Circuit 

The MOSFETs, Q3 and Q4 are alternately turned on with 
a constant 50% duty cycle signal (L GATE1, L GATE2) at 
one-half the frequency of the oscillator. In this way each 
transistor pulses, or excites, the resonant tank on each half 
cycle. The combination of these two signals appear across 
the primary winding of the output transformer as a 
sinusoidal waveform. This voltage is multiplied by the 
step-up turns ratio of the output transformer and 
impressed across the lamp. 

ML4874 
The output transitions are controlled by feedback through 
the L RTD pin by sensing the voltage at the center tap of 
the output transformer. Each time this signal reaches the 
minimum resonant threshold detection point an internal 
clock pulse is generated to keep the system synchronized. 
Figure 3 shows some of these representative waveforms at 
the important nodes of the circuit. 

CT 

CLOCK 

LGATE! 

DRAIN-Q4 

LGATE2 

DRAIN-Q3 

T!-CNTR-PRI 

SOURCE OF 
U2-A 

~ 

rlJlJlJlfL' , , , 
I I I I I . ~ - . -

Figure 3. Operating Waveforms of the 
Lamp Driver Section 

The PWM regulator is comprised of a MOSFET (U2-A), 
inductor L 1, and the gate control and drive circuitry as 
shown in figure 1. A signal with a constant pulse width of 
150nS is applied to the primary of the 2:1 pulse 
transformer T2, rectified by diode D1, and used to charge 
the gate capacitance of U2-A, thereby turning it on. The 
turn off is controlled by discharging this capacitance 
through MOSFET Q2. The pulse width of the signal on the 
gate of Q2 (B OFF) varies according to the amplitude of 
the feedback signal on LEA-, which is proportional to the 
ac current flowing in the lamp. This feedback signal is 
developed by monitoring the current through resistor R5 
in the common source connection of the inverter 
MOSFETs, Q3 and Q4. The lamp current, and therefore 
brightness, is adjusted by varying the voltage applied to 
R4, at the brightness adjust control point. Increasing this 
voltage decreases the brightness. 
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ML4874 
OSCILLATOR 

The frequency of the oscillator in the ML4874 is set by 
selecting the values of C T and RT. 

The followim! I!raoh show~ thp n~dll"tnr frPO""nrv 
versus the value of RT for differ~~t-va-I~~s ofCT. This 
nomograph may be used to select the appropriate value of 
Rt and CT to achieve the desired oscillator frequency for 
the ML4874. 

200kH 

z~ ~ i"-
r--... 

'" ~ ~ "' .... I" z , , ..... "'Ii: 
z ..... ...... C' ........ 

........ '" I"""..~ "'" 
z !'.... "" ........... 

..... t-..... ~""I. " ~ 

t l00kH 

I; 
30kHz 

30K 40K 50K 70K lOOK 200K 

RT_ 

LINEAR REGULATOR 

A linear voltage regulator is provided to power the low 
voltage and low current control circuitry on the ML4874. 
This is typically used when there is no separate 5 volt 
supply available at the inverter board. For operatiozxn up 
to 18 volts the linear regulator is used by connecting the 
HVDD pin to the input battery voltage. For operation over 
18 volts, a MOSFET, and a resistor (Q1 and R1, in figure 1) 
are connected as shown. The MOSFET is required to stand 
off the high voltage. The AZR pin is just a zener diode to 
ground used to bias the gate of Q1. 

LAMP OUT DETECT 

In those cases when there is no lamp connected, or the 
connection is faulty, the output voltage of the lamp driver 
circuit will tend to rise to a high level in an attempt to start 
the nonexistent lamp. The lamp out detect circuit on the 
ML4874 will detect this condition by sensing the center 
tap voltage on the primary of the output transformer, T1 
on the L RTD pin. When this voltage exceeds 16 volts, an 
internal latch is set and the lamp driver goes into a 
shutdown mode. The logic control pin ON/OFF must be 
cycled low, then high to reset the latch and return the 
lamp driver to the normal state. 

SOFT START 

The capability to control the start up behavior is achieved 
by setting the value of a single capacitor, C2 in figure 1. 
By selecting the appropriate value the ac lamp current can 
be set to slowly increase with a controlled time constant. 
The capacitor value can be calculated according to the 
following formula. 

C = (5 X 1Q-7)Ts 

Where T 5 = Duration of the soft start sequence in seconds 

LOGIC CONTROL 

The ML4874 is controlled by a single logic input, 
ON/OFF. A logic level high on this pin enables the lamp 
driver. A logic zero puts the circuit into a very low power 
state. 

POWER SEQUENCING 

It is important to observe correct power and logic input 
sequencing when powering up the ML4874. The 
following procedure must be observed to avoid damaging 
the device. 

1. Apply the battery power to HVDD. 

2. Apply the VDD voltage (if HVDD is not used). With 
HVDD connected this voltage is supplied by the 
internal regulator on the ML4874. 

3. Apply a logic high to the ON/OFF input. 
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4.5 TO 18V>>--.-_-,_~ ________ -,U2.A 

IN 

> 
R3 
lOOK 

R4 
1.6M 

Ml4874 

4 ~~--'--*--'lM--<BRIGHTNESS 

I LEA-/lIUM ADJUST 

I 
I 
I 
I 
I ___ J 

SSCAP 

Figure 4. Typical Application Schematic for the 16 pin sOle ML4874. 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4874CS O°C to +70°C Molded SOIC (516) 

ML4874ER -20°C to +70°C Molded SSOP (R20) 
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ML4874EVAL 

Differentiai urive leU Backiight Evaluation Kit 

GENERAL DESCRIPTION 

The Ml4874 is a cold cathode fluorescent lamp (CCFl) 
backlight controller featuring differential lamp drive and 
dimming control. It is commonly used to power the 
backlight of the LCD display found in many handheld 
instruments. This evaluation board enables the designer to 
explore the capabilities of the circuit and determine its 
suitability for a current or new design. A miniature lamp is 
included in the evaluation package to speed design turn 
around times. 

The Ml4874 evaluation board is a miniaturized 
design for space efficiency, and can be readily interfaced 
with most systems. The assembled board measures 
0.65" W x 3.175" l x 0.235" H. 

BLOCK DIAGRAM 

FEATURES 

• Operates Over a 5 to 20V Supply Range 

• Efficiency Greater than 90% 

• Differential lamp Drive Improves Dimming Range 

• Capable of Driving lamp to Greater than 5W 

• low Profile, High Density PC Board layout 

KIT COMPONENTS 

• Ml4874 User's guide 

• Ml4874 Data Sheet 

• A fully functional evaluation board 

• Application Notes 26 and 32 

• Miniature Fluorescent lamp 

• PCB layout Gerber File 

r----------------------------------------------
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PRELIMINARY 

ML4875 

Low Voltage Boost Regulator with Shutdown 

GENERAL DESCRIPTION FEATURES 

• Guaranteed start-up and operation at 1 V input The ML4875 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4875 ideal for 1 cell 
applications. The ML4875 is capable of start-up with input 
voltages as low as 1V and is available in 5V, 3.3V, and 3V 
output versions with an output voltage accuracy of ±3%. 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Isolates the load from the input during shutdown 

• Minimum external components 

• Low ON resistance internal switching FETs 

Unlike regulators using external Schottky diodes, the 
ML4875 isolates the load from the battery when the 
SHDN pin is high. This is accomplished by an integrated 
synchronous rectifier which eliminates the need for an 
external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4875 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 

The circuit contains a RESET output which goes low when 
the DETECT input drops below 200mV. 

BLOCK DIAGRAM 

I 
I 
I 
I 

VBAT I 
I 

- I 
I 
I 
I 

Ll 

• Micropower operation 

• SV, 3.3V, and 3V output versions 

________________ 5 

~ G'i.N:D:-====~ REGU':TION 
I- SHUTDOWN r---...."......----. 

*Optional 

I 
I 
I 
I 
I 
I 

CONTROL 

,---------------

FROM POWER 
MANAGEMENT 
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ML4875 

PIN CONNECTION 

PIN DESCRIPTION 

PIN 
NO. NAME FUNCTION 

VIN Battery input voltage 

ML4875-5/-3/-T 
8-Pin sOle (S08) 

VINII}S PWRGND 
SHDN 2 7 RESET 

GND 3 • VL 

DETECT 4 5 Your 

TOP VIEW 

PIN 
NO. NAME 

5 VOUT 

2 SHDN Pulling this pin high shuts down the 6 Vl 
regulator, isolating the load from the 
input 7 RESET 

3 GND Analog signal ground 

FUNCTION 

Boost regulator output 

Boost inductor connection 

Output goes low when regulation 
cannot be achieved or when DETECT 
goes below 200mV 

4 DETECT When this pin below VREF, causes 8 PWR GND Return for the NMOS output transistor 
the RESET pin to go low 
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ML4875 

ABSOLUTE MAXIMUM RATINGS Thermal Resistance (alA) 
Plastic SOIC ........... ................. ....... ...... ........... 110°C/W 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

OPERATING CONDITIONS 
Temperature Range 

Voltage on any pin ....................•.................................. 7V 
Peak Switch Current, I(pEAK) ................................................. 1.5A 
Average Switch Current, I(AVG) ....................................... 300mA 

ML4875CS-X .................•.............•............ O°C to +70°C 
ML4875ES-X •........................................ -20°C to +70°C 

VIN Operating Range 

Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 

ML4875CS-X ................•..•............. 1.0V to Your -O.2V 
ML4875 ES-X .................................. 1.1 V to Your -O.2V 

Lead Temperature (Soldering 10 sec.) ................... +260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VIN = Operating Voltage Range, TA = Operating Temperature Range. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Supply 

VIN Current VIN=VOUT-0.2V 50 65 J.IA 

VIN = 4.8V, SHDN = high 20 30 'J.IA 

VOUT Quiescent Current 8 lo? J.IA 

Vl Quiescent Current 1 J.IA 

PFM Regulator 

Pulse Width (TON) 9 10 11 115 

Output Voltage (Vour) 
ML4875-5 TON = 0 at VOUT(MAX), 4.85 5.0 5.15 V 
ML4875-3 9115 STaN S 11115 Vour(MIN) 3.2 3.3 3.4 V 
ML4875-T 2.91 3.0 3.09 V 

Load Regu lation See Figure 1 
ML4875-5 VIN = 1.2V, lOUT S 20mA 4.85 5.0 5.15 V 

VIN = 2.4V, lOUT S 105mA 4.85 5.0 5.15 V 

ML4875-3 VIN = 1.2V, lOUT S 30mA 3.2 3.3 3.4 V 
VIN = 2.4V, lOUT S 140mA 3.2 3.3 3.4 V 

ML4875-T VIN = 1.2V, lOUT S 35mA 2.91 3.0 3.09 V 
VIN = 2.4V, lOUT S 160mA 2.91 3.0 3.09 V 

Under-Voltage Lockout Threshold 0.85 0.95 V 

Shutdown 

Input Bias Current -100 100 nA 

Shutdown Threshold VSHDN = high to low 180 200 220 mV 

Shutdown Hysteresis 50 70 mV 

RESET Comparator 

DETECT Threshold 190 200 210 mV 

DETECT Bias Current -100 100 nA 

RESET ON Voltage IRESET = 50J.IA 0.1 0.2 V 

RESET OFF Current VRESET = 5V 100 nA 
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7-280 

27"H 
(Sumida CD75) 

'f' 

L ___ v_o_U.JTn----j~---oVOUT 
.~ lOUT 100,,% 

Figure 1. Application Test Circuit 

~I 
VIN I--...rvL."I,-.J 6 Vl n "--1 SHUTDOWN I 

Rl 

R2 

Figure 2. PFM Regulator Block Diagram 
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FUNCTIONAL DESCRIPTION 
The ML4875 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when VOUT is at or above the 
desired output voltage, drawing 50J.l.A from V1N, and 8J.l.A 
from VOUT through the feedback resistors Rl and R2. 
When VOUT drops below the desired output level, the 
output of amplifier A 1 goes high, signaling the regulato.r to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A 1 set signal 
and creates a pulse at the gate of the NMOS transistor Ql. 
The NMOS transistor will charge the inductor L 1 for 10J.l.s, 
resulting in a peak current given by: 

_ TON XYiN _ 10J.l.sxV1N (1) 
IL(PEAK) - L - L 

1 1 

For reliable operation, L 1 should be chosen so that IL(PEAK) 
does not exceed 1. 5A. 

When the one-shot times out, the NMOS transistor 
releases the VL pin, allowing the inductor to fly-back and 
momentarily charge the output through the body diode of 
PMOS transistor Q2 in series with shutdown transistor Q3. 
But, as the voltage across the PMOS transistor changes 
polarity, its gate will be driven low by the current sense 
amplifier A2, causing Q2 to short out its body diode. The 
inductor then discharges into the load through Q2. The 
output of A2 also serves to reset the flip-flop and one-shot 
in preparation for the next charging cycle. A2 rel~ase~ the 
gate of Q2 when its current falls to zero. If VOUT IS still 
low, the flip-flop will immediately initiate another pulse. 
The output capacitor (Cl) filters the inductor current, 
limiting output voltage ripple. Inductor current and one
shot waveforms are shown in Figure 3. 

INDUCTOR 
CURRENT 

Q(ONESHOT) 
i ~~ 1 __ ' ------1 

Ql0N ~ Ql0N 

Ql &Q2OFF 

Figure 3. PFM Inductor Current Waveforms and Timing. 

ML4875 
SHUTDOWN 

The ML4875 output can be shut down by pulling the 
SHDN pin high. When SHDN is high, the regulator stops 
switching, the control circuitry is powered down, and the 
body diode of the PMOS synchronous rectifier is 
disconnected from the output, allowing the output voltage 
to drop below the input voltage. This feature is unique to 
the ML4875, as most boost regulators use external 
Schottky diode rectifier which cannot be disconnected 
during shutdown. Leaving the Schottky diode connected 
causes excess power dissipation in the load during 
shutdown because the Schottky conducts whenever the 
output voltage drops 300mV below the input voltage. 

RESET COMPARATOR 

An additional comparator is provided to detect low VIN, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to VREF, while the non-inverting input is 
provided externally at the DETECT pin. The output of the 
comparator is the RESET pin, which swings from VOUT to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too Iowa 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 

2 
YlN(MIN) x TON(MIN) x 11 

LMAX = (2) 
2xVOUT xIOUT(MAX) 

where 11 is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 an~ 5. Fig.ure 4 
shows maximum output current as a function of mput 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. 

For example, a two cell to 5V application requires 80mA 
of output current while using an inductor with 15% 
tolerance. The output current should be derated by 25% 
to 1 OOmA to cover the combined inductor and ON-time 
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ML4875 

ML4875-5.0 

OLO .... ~1.~0 .... ~2.-0 .... ~3.-0 .... ~4.-0 .... ~S~ .... ~ 

VIN(V) 

ML4875-3.0 

1 
s 
~ 

ML4875-3.3 
400 

300 

200 

100 

°OL .... ~1~~~2.-0--~3.-0 .... ~4~ .... ~S.0--· 

VIN(V) 

400~-4""-4---4---+---

L= 15pH 
300~-4---4~-+---+---

OLO .... ~1~~~2.-0 .... ~3.0 .... -4~.0 .... ~ 

VIN(V) 

Figure 4. Output Current vs Input Voltage. 

tolerances. Assuming that 2V is the end of life voltage of a 
two cell input, Figure 4 shows that with a 2V input, the 
ML487S-S delivers 99mA with a 271lH inductor. 

Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 151lH, the 
efficiency drops to between 70% and 75%. With 561lH, 
the efficiency approaches 90% and there is little room for 
improvement. At values greater than 1 OOIlH, the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. The data used to generate 
Figures 4 and 5 is provided in Table 1. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 

_ TON(MAX) x "iN(MAX) 
t(PEAK) - L (3) 

MIN 

In the two cell application previously described, a 
maximum input voltage of 3V would give a peak current 
of 1.2A. When comparing various inductors, it is 
important to keep in mind that suppliers use different 
criteria to determine their ratings. Many use a 
conservative current level, where inductance has dropped 
to 90% of its normal level. In any case, it is a good idea to 
try inductors of various current ratings with the ML4875 to 
determine which inductor is the best choice. Check 
efficiency and maximum output current, and if a current 
probe is available, look at the inductor current to see if it 
looks like the waveform shown in Figure 3. For additional 
information, see Applications Note 29. 

Suitable inductors can be purchased from the following 
suppliers: 

Coilcraft (708) 639-6400 

Coiltronics (407) 241-7876 

Dale (605) 665-9301 

Sumida (708) 956-0666 
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Figure 5. Typical Efficiency as a Function of VIN' 

OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 

2 2 
tN. - TON x"iN (4) 

OUT - 2xLxCx(VOUT - "iN) 

For a 2AV input, and SV output, a 271lH inductor, and a 
471lF capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 

output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
I-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of lOOIlF, an ESR 
of less than 0.10, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 

Matsuo 

Sprague 

(714) 969-2491 

(603) 224-1961 

If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 
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ML4875 
INPUT CAPACITOR 

Unless the input source is a very low impedance battery, 
it will be necessary to decouple the input with a capacitor 
with a value of between 4711F and 1 DOW. This provides 
th~ b/2lnefits of preventing input ripple from affecting the 
ML4875 control circuitry, and it also improves efficiency 
by reducing I-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

DRIVING THE SHDN INPUT 

Unlike other boost regulators which use external Schottky 
diodes, the ML4875 has the ability to isolate the load from 
the battery input when the SHDN pin is high. Since there 
may be no other voltage available when the regulator is in 
shutdown, the SHDN input threshold is set well below the 
minimum VIN voltage. SHDN can be driven directly from 
an open collector device with a high value pull-up resistor 
to VIN. If SHDN is driven from a TIL or CMOS output 
device, a resistor divider should be used to prevent the 
SHDN input high level from exceeding VIN, and to ensure 
the SHDN input low level is below the 20DmV threshold. 

SETTING THE RESET THRESHOLD 

To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values RA and RB can be calculated using the following 
equation: 

(RA +RB) 
\)N(MIN) = 0.2 x -'-'''=:--'''' 

Rs 
(5) 

The value of Rs should be 100kn or less to minimize bias 
current errors. RA is then found by rearranging the 
equation: 

(6) 

LAYOUT 
Good PC board layout practices will ensure the proper 
operation of the ML4875. Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4875 

• Use short trace lengths from the inductor to the VL pin 
and from the output capacitor to the Your pin 

• Use a single point ground for the ML4875 ground pins, 
and the input and output capacitors 
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TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY. 
ML4875-5.0 ML4875-3.0 

VIN (V) lIN (mA) lOUT (mA) EFFICIENCY % VIN(V) lIN (mA) lOUT (mA) EFFICIENCY % 

L = 15J.1H L=15J.1H 
1.0 237.5 35.7 75.2 1.0 242.8 59.2 73.1 
1.5 373.3 86.2 77.0 1.5 362.6 131.3 72.4 
2.0 494.6 151.8 76.7 2.0 461.6 219.2 71.2 
2.5 616.0 233.5 75.8 2.5 523.5 308.5 70.7 
3.0 710.5 319.7 75.0 L = 27J.1H 
3.5 793.9 410.5 73.9 1.0 144.9 38.9 80.5 

L= 27J.1H 1.5 218.7 88.2 80.7 
1.0 138.2 22.0 79.6 2.0 286.8 153.4 80.2 
1.5 220.7 54.8 82.8 2.5 325.6 217.5 80.2 
2.0 296.2 98.8 83.4 L = 56J.1H 
2.5 374.1 156.1 83.5 1.0 74.3 21.5 86.8 
3.0 441.6 220.7 83.3 1.5 119.1 52.0 87.3 
3.5 496.4 289.4 83.3 2.0 154.9 90.2 87.3 
4.0 538.2 358.5 83.3 2.5 183.0 133.2 87.3 
4.5 542.6 408.0 83.5 

L=56J.1H 
1.0 72.5 12.2 84.1 
1.5 113.1 29.8 87.8 
2.0 158.7 56.3 88.7 
2.5 201.6 89.7 89.0 
3.0 237.5 127.0 89.1 
3.5 270.4 169.0 89.3 
4.0 297.4 212.9 89.5 
4.5 310.4 251.0 89.8 

ML4875-3.3 

VIN(V) lIN (mA) lOUT (mA) EFFICIENCY % 

L = 15J.1H -1.0 243.1 54.6 74.1 
1.5 346.6 122.1 77.5 
2.0 473.6 207.8 72.4 
2.5 551.9 299.9 71.7 
3.0 563.6 368.0 71.8 

L = 27J.1H 
1.0 144.5 35.4 80.8 
1.5 218.4 80.9 81.5 
2.0 292.3 143.6 81.1 
2.5 345.7 211.8 80.9 
3.0 357.2 263.7 81.2 

L= 56J.1H 
1.0 73.9 19.5 87.1 
1.5 118.5 47.2 87.6 
2.0 156.8 83.4 87.8 
2.5 189.0 125.7 87.8 
3.0 206.6 165.5 88.1 
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ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE TEMPERATURE RANGE PACKAGE 

ML4ii75CS-T J.OV O°Cto +70°C B-Pin SOIC (SOB) 
ML4B75CS-3 3.3V O°C to +70°C B-Pin SOIC (SOB) 
ML4B75CS-S S.OV O°Cto 70°C B-Pin SOIC (SOB) 

ML4B75ES-T 3.0V -20°C to +70°C B-Pin SOIC (SOB) 
ML4B75ES-3 3.3V -20°C to +70°C B-Pin SOIC (SOB) 
ML4B75ES-5 5.0V -20°C to +70°C B-Pin SOIC (SOB) 
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ML4876 

LCD Backlight Lamp Driver with Contrast 
GENERAL DESCRIPTION 

The ML4876 is an ideal solution for driving small cold 
cathode fluorescent tubes (CCFL) used in liquid crystal 
display (LCD) backlight applications. It provides the 
dimming ballast control and the contrast control for the 
LCD display. 

By utilizing differential drive the ML4876 can deliver the 
same light output with significantly less input power 
compared to existing single ended drive schemes. 
Improvements as high as 30% can be realized when using 
low power lamps and advanced LCD screen housings. 
This increased light output is achieved because the 
differential drive configuration is much less sensitive, and 
therefore less power is wasted in the capacitive parasitics 
that exist in the backlight housing. An additional benefit of 
this configuration is an even distribution of light. 

The ML4876 is optimized for portable applications where 
high efficiency is critical to maximize battery life. The 
high efficiency is achieved by a resonant scheme with 
zero voltage switching. The complete system, including 

BLOCK DIAGRAM 

VREF 

the magnetics, can be easily implemented with standard 
off the shelf power components. 

All of the regulators on the chip are synchronized to the 
inverter frequency to eliminate the ghosting and flicker 
common to asynchronous circuits. 

The ML4876 is available in very small form factor 
package (20 pin SSOP) making it ideal for hand held 
portable appl ications. 

FEATURES 

• Backlight Lamp Driver with Differential Drive 

• Up to 30% Lower Power for Same Light Output 

• Low Standby Current « 1 OJ.IA) 

• Improved Efficiency (=95%) 

• Allows All N-Channel MOSFET Drive 

• Low Switching Losses 

• Resonant Threshold Detection 

• Buck Regulator uses Synchronous Rectification 

LRTO 

L GATE 1 

L GATE 2 

O.5V 
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PIN CONFIGURATION 

ML4876 
"In D:_ ~C'nD ID ... n\ 
.. ,,-, .11 ...... "". \ft..vl 

FEAOUT 20 FILIM 

FEA- l' BOFF 

FEA+ 18 BON 

LON 17 GND 

VREF 16 LGATE2 

ON/OFF 15 HVDD 

LEA- 14 LGATEI 

LEA OUT 13 VDD 

CT 12 FGATE 

LRTD 11 B SYNC OUT 

TOP VIEW 

PIN DESCRIPTiON 
PIN# NAME DESCRIPTION PIN. NAME DESCRIPTION 

FEAOUT Output of flyback (contrast) error 11 B SYNC OUT Output of MOSFET driver. Connects 
amplifier. to gate of synchronous FET catch 

2 FEA- Negative input of flyback (contrast) 
diode. 

error amplifier. 12 FGATE Connects to gate of MOSFET in 

3 FEA+ Positive input of flyback (contrast) 
primary side of contrast control. 

error amplifier. 13 VDD Output of linear regulator. Positive 

4 LON Logic input. A "a" on this pin 
power for Ie. 

disables the lamp driver section only. 14 l GATE1 Output of MOSFET driver. 

5 VREF Voltage reference output. 
Connection to gate of one side of 
inverter FET drive pair. 

6 ON/OFF Logic input. A "a" on this pin 15 HVDD Battery power input to linear 
disables the linear regulator. regulator. 

7 LEA- Negative input for lamp error 16 lGATE2 Output of MOSFET driver. 
amplifier. Connection to gate of one side of 

8 LEAOUT Output of lamp error amplifier. inverter FET drive pair. 

9 CT Oscillator timing capacitor. 17 GND Ground 

10 L RTD Input to resonant threshold detector. 18 BON Connection to primary side of gate 
pulse transformer. 

19 BOFF Output of MOSFET driver. 
Connection to gate of FET that 
disables the input power. 

20 F IliM Input to current limit comparator. 

7-288 'Micro Linear 



ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (led ............................................... 75mA 
Output Current, Source or Sink ............................. 250mA 
Voltage on Pins 1-9, 11-14, 16-20 .... -O.3V to VDD +0.3V 
Voltage on Pin 15 ...................................................... 20V 
Current into Pin 10 ............................................... ±1 OmA 

ELECTRICAL CHARACTERISTICS 

ML4876 
Junction Temperature ............................................. 150°C 
Storage Temperature Range ................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................. +260°C 
Thermal Resistance (alA) Plastic SSOP ............... 100°C!W 

OPERATING CONDITIONS 
Temperature Range 

ML4876C ................................................ O°C to +70°C 
ML4876E ............................................. -20°C to +70°C 

Unless otherwise specified, VDD = 5V ±5%, TA= -20°C to 70°C, CT = 47pF (Note 1) 

PARAMETER I CONDITIONS I MIN TYP MAX UNITS 

CURRENT REGULATOR SECTION 

Error Amplifier 

Open Loop Gain 60 70 dB 

Bias Point Closed loop 0.18 0.2 0.22 V 

Output High ILOAD = 5J.lA 2.8 3.0 V 

Output Low ILOAD = 251lA 0.4 0.7 V 

Bandwidth (-3dB) 1 MHz 

Input Voltage Range -0.3 0.2 VREF V 

Input Bias Current 50 100 nA 

Current Limit Comparator 

Current Threshold 450 500 550 mV 

Input Bias Current VuuM=O.lV 50 100 nA 

Propagation Delay (Note 2) 30 ns 

Output Drivers 

Output High - B SYNC OUT, B OFF VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - B SYNC OUT, B OFF I LOAD = 12mA 0.2 0.375 V 

Rise & Fall time - B SYNC OUT, B OFF CLOAD = 100pF 20 50 ns 

Output High - BON VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - B ON ILOAD = SOmA 0.2 0.375 V 

Fall Time - B ON CLOAD = 2400pF (Note 2) 45 80 ns 

ONE SHOT Pulse Width 100 150 200 ns 

DELAY TIMER Delay Time 20 35 55 ns 

FL YBACK REGULATOR SECTION 

Error Amplifier 

Open Loop Gain 60 70 dB 

Offset Voltage -15 +15 mV 

Output High ILOAD = 5J.lA 2.8 3.0 V 

Output Low ILOAD = 251lA 0.4 0.7 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

FlYBACK REGULATOR SECTION 

Current Limit Comparator 

Threshold 70 100 130 mV 

Input Bias Current VUUM=O.lV 50 100 nA 

Propagation Delay 125 250 ns 

Output Drivers 

Output High - F Gate VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - F Gate ILOAD = SOmA 0.2 0.375 V 

Rise & Fall Time CLOAD = 1000pF 20 50 ns 

HIGH VOLTAGE INVERTER SECTION 

Oscillator 

Nominal Frequency 59 70 81 kHz 

Discharge Current Vcr = 2V 600 700 900 iJA 
Peak Voltage 2.3 2.5 2.7 V 

Valley Voltage 0.8 1 1.2 V 

Output Drivers 

Output High - L GATE 1,2 VDD = 5V, ILOAD = 12mA 4.625 4.8 V 

Output Low - L GATE 1,2 ILOAD= SOmA 0.2 0.375 V 

Rise & Fall Time - L GATE 1,2 CLOAD = 1000pF 20 50 ns 

Resonant threshold Detector 

Threshold V 

Hysteresis mV 

Lamp Out Detect 

Threshold 16 18 20 V 

Under Voltage Detector 

Start Up Threshold V 

Hysteresis mV 

Logic Interface (On/Off, LON) 

VIH 2.6 V 

VIL 0.5 V 

Input Bias Current VI= 3V 10 25 iJA 
Linear Regulator Section 

Regulator Voltage (VDD) HVDD = 12V 4.75 5.0 5.35 V 

Regulator Source Current External to device 10 mA 

Drop Out Voltage IHVDD = lmA 30 90 mV 

Drop Out Voltage IHVDD = SmA 125 275 mA 

HVDD Input Voltage Range 5 18 V 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

Bias Section 

VDD Supply Current (No Load) On/Off = 3V, LON = 3V 

VDD Supply Current On/Off = 3V, LON = OV 

VDD Supply Current On/Off = "0", HVDD = 12V 

VREF Output Voltage TA = 25°C 

VREF Load Regulation IVREF = 25j.!A 

VREF Line Regulation 

VREF Li ne, Load, Temp 

Note 1: limits are guaranteed by 100% testing, sampling or correlation with worst case test conditions. 
Note 2: Actual load is 1200pF. The 2:1 transformer reflects an effective 2400pF. 

CONTRAST D1 
VOLTAGE 

-20V MAX. 
(ADJUSTABLE) 

R2 
1.6M 

R3 
lOOK 

Cl 
221lF + 
25V 

Cll Io.l1lF 

INPUT +s to +18V 

R12 

R5 
200K 

CONTRAST 
ADJUST 

17 16 15 14 13 12 

Ml4876 

4 

C7 

47PFI 

LON ON/OFF 

Ml4876 

MIN TYP MAX UNITS 

0.45 0.6 mA 

200 350 j.!A 

10 j.!A 

2.47 2.5 2.53 V 

10 20 mV 

20 30 mV 

2.465 2.5 2.535 V 

Q4 

11 
RO ":" 

4.3K 

R6 

200K 

R7 
106M 

BRIGHTNESS 
ADJUST 

NOTE 1 
Rl, D3, Q2 ARE OPTIONAL AND ALLOWS A BATTERY 
VOLTAGE RANGE FROM +7 TO +20V. REMOVING THESE 
COMPONENTS AND CONNECTING DIRECTLY TO THE 
INPUT VOLTAGE ALLOWS +5.0 TO +10V. 

Figure 1. Typical Application Schematic for the Ml4876 
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ML4876 

FUNCTIONAL DESCRIPTION 

The ML4876 consists of a PWM regulator, a lamp driver/ 
inverter, a linear regulator, a flyback regulator, and control 
circuits. This Ie, in conjunction with external components, 
converts a DC battery voltage into the high voltage and 
high frequency ac signal required to start and drive 
miniature cold cathode fluorescent lamps. In addition it 
generates the DC voltage for the contrast requirements of 
LCD screens. A typical application circuit is shown in 
figure 1. Please refer to Application Note 32 for detailed 
application information beyond what is presented here. 

Note: Please read the Power Sequencing section below 
prior to using the ML4876. 

LAMP DRIVER 

The lamp driver, sometimes referred to as a lamp inverter, 
is comprised of a PWM regulator and a Royer type 
inverter circuit to drive the lamp. The PWM regulator, in a 
buck configuration, controls the magnitude of the lamp 
current to provide the dimming capability. Figure 2 shows 
a simplified circuit to more easily illustrate the operation 
of the circuit. 

Due to the presence of the buck inductor, L 1, the circuit 
shown in figure 2 is essentially a current fed parallel 
loaded resonant circuit. Lm is the primary inductance of 
the output transformer, T1, which tunes with the resonant 
capacitor CR to set the resonant frequency of the inverter. 
The oscillator frequency is always set lower than the 
natural resonant frequency to ensure synchronization. The 
current source IC models the current through the buck 
inductor L 1. 

Ie 

}----,n COUT 

CR 

-l 

Figure 2. Simplified Lamp Driver Circuit 

The M05FETs, Q4 and Q5 are alternately turned on with 
a constant 50% duty cycle signal (L GATE1, L GATE2) at 
one· half the frequency of the oscillator. In this way each 
transistor pulses, or excites, the resonant tank on each half 
cycle. The combination of these two signals appear across 
the primary winding of the output transformer as a 
sinusoidal waveform. This voltage is multiplied by the 
step-up turns ratio of the output transformer and 
impressed across the lamp. 

The output transitions are controlled by feedback through 
the L RTD pin by sensing the voltage at the center tap of 
the output transformer. Each time this signal reaches the 
minimum resonant threshold detection point an internal 
clock pulse is generated to keeo the svstem <vnrhroniz"d. 
Figure 3 shows some of these represe~tative ~aveforms at 
the important nodes of the circuit. 

CT 

CLOCK 

L GATEI 

ORAIN·Q5 

L GATE2 

DRAIN·Q4 

n·CNTR·PRI 

SOURCE OF 
U2-A 

~ 

rlJlJlJlJl.-' , , , 
I I I I I - - - - -

Figure 3. Operating Waveforms of the 
Lamp Driver Section 

The PWM regulator is comprised of a M05FET (U2-A), 
inductor L 1, and the gate control and drive circuitry as 
shown in figure 1. A signal with a constant pulse width of 
150n5 is applied to the primary of the 2:1 pulse 
transformer T2, rectified by diode D2, and used to charge 
the gate capacitance of U2-A, thereby turning it on. The 
turn off is controlled by discharging this capacitance 
through M05FET U2-B. The pulse width of the signal on 
the gate of U2-B (B OFF) varies according to the 
amplitude of the feedback signal on LEA-, pin 7, which is 
proportional to the ac current flowing in the lamp. This 
feedback signal is developed by monitoring the current 
through resistor R6 in the common source connection of 
the inverter M05FETs, Q4 and Q5. The lamp current, and 
therefore brightness, is adjusted by varying the voltage 
applied to R7, at the brightness adjust control point. 
Increasing this voltage decreases the brightness. 

CONTRAST CONTROL GENERATOR 

The contrast voltage generator is a separate regulator in a 
flyback configuration. In conjunction with the external 
transformer (TJ), MOSFET (Q1), diode (D1), and assorted 
capacitors and resistors, it provides an adjustable DC 
output contrast voltage necessary to drive LCD screens. 
The voltage is adjusted by controlling the voltage applied 
to R5, at the contrast adjustment point. 

The contrast voltage can be made either positive or 
negative simply by changing the connection of the 
external components. The schematic shown in figure 1 is 
connected for a negative voltage. Please refer to 
Application Note 32 for the circuit connection for a 
positive output voltage. 
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OSCILLATOR 

The frequency of the oscillator in-the ML4876 is set by 
selecting the value of CT. 

The following graph shows the oscillator frequency 
versus the value of CT. This nomograph may be used to 
select the appropriate value of CT to achieve the desired 
oscillator frequency. 
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20pF 30pF 40pF 50pF 70pF 100pF 
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LINEAR REGULATOR 
'" 200pF 

A linear voltage regulator is provided to power the low 
voltage and low current control circuitry on the ML4876. 
This is typically used when there is no separate 5 volt 
supply available at the inverter board. For operation up to 
18 volts the linear regulator is used by connecting the 
HVDD pin to the input battery voltage. For operation over 
18 volts, a MOSFET, and a resistor (Q2 and R1, in figure 1) 
are connected as shown. The MOSFET is required to stand 
off the high voltage. 

ORDERING INFORMATION 

ML4876 
LAMP OUT DETECT 

In those cases when there is no lamp connected, or the 
connection is faulty, the output voltage of the lamp driver 
circuit will tend to rise to a high level in an attempt to start 
the nonexistent lamp. The lamp out detect circuit on the 
ML4876 will detect this condition by sensing the center 
tap voltage on the primary of the output transformer, T1 
on the L RTD pin. When this voltage exceeds 16 volts, an 
internal latch is set and the lamp driver goes into a 
shutdown mode. The logic control pin L ON must be 
cycled low, then high to reset the latch and return the 
lamp driver to the normal state . 

LOGIC CONTROL 

The ML4876 is controlled by a two logic inputs, L ON 
and ON/OFF. A logic level high on the L ON pin enables 
just the lamp driver. A logic zero on the L ON pin disable 
the lamp driver only. A logic level high on the ON/OFF 
pin enable the complete circuit. A logic level low on the 
ON/OFF pin puts the circuit into a very low power state. 

POWER SEQUENCING 

It is important to observe correct power and logic input 
sequencing when powering up the ML4876. The 
following procedure must be observed to avoid damaging 
the device. 

1. Apply the battery power to HVDD 

2. Apply the VDD voltage (if HVDD is not used). With 
HVDD connected this voltage is supplied by the 
internal regulator on the ML4876. 

3. Apply a logic high to the ON/OFF input. This will 
enable the internal linear regulator to ensure the VDD 
supply is on (when HVDD is used). 

4. Apply a logic high to the L ON input. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4876CR O°C to +70°C Molded SSOP (R20) 

ML4876ER -20°C to +70°C Molded SSOP (R20) 
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ML4876EVAL 
...... • 1ft' " • • ....... • ",............ •••• .... UIITerenUal urlve LLU lSacKlight 

with Contrast Evaluation Kit 

GENERAL DESCRIPTION 
The ML4876 is a cold cathode fluorescent lamp (CCFL) 
controller featuring dimming control and contrast voltage 
generation. It is commonly used to power the entire LCD 
display found in many handheld instruments. This 
evaluation board enables the designer to explore the 
capabilities of the circuit and determine its suitability for a 
current or new design. 

The printed circuit board is miniaturized using surface 
mount components for space efficiency, and can be 
readily interfaced to most systems. The board measures 
0.65"W x 5.31 "L x 0.235"H including the tallest 
component when assembled with the optional contrast! 
dimming potentiometers and switches. The board can be 
shortened to 4" by cutting off the control section. 

BLOCK DIAGRAM 

FEATURES 

• Operates Over a 5 to 20V Supply Range 

• Efficiency Greater than 90% 

• Differential Lamp Drive Improves Dimming Range 

• Negative Contrast Voltage output (0 to -20V) 

• Capable of Driving Lamp Up to 5W 

• Low Profile, High Density PC Board Layout 

KIT COMPONENTS 

• ML4876 User's guide 

• ML4876 Data Sheet 

• A fully functional evaluation board 

• Application Notes 26 and 32 

• Miniature Fluorescent Lamp 

• PCB Layout Gerber File 

r----------------------------------------------
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ADVANCED INFORMATION 

ML4880 

Portable PC and PCMCIA Power Controller 

GENERAL DESCRIPTION 

The ML4880 Portable PC and PCMCIA Power Controller 
is a complete solution for DC/DC power conversion for 
portable computing systems with single or multiple 
PCMCIA slots. A complete Pulse Frequency Modulated 
(PFM) power conversion and management system can be 
realized with the addition of one of Micro Linear's 
Backlight and Contrast Controllers (ML4864, ML4874, or 
ML4876). 

The device provides two synchronous buck converters to 
implement mixed voltage systems and a flyback converter 
for 12V Vpp generation for PCMCIA. The flyback 
architecture enables generation of high currents (1S0mA 
or more per slot) on the 12V bus for multiple slot PCMClA 
applications. 

Each regulator can be independently switched off to fully 
isolate the load from the power supply. The PFM 
architecture will automatically adjust switching frequency 
at light loads in order to maintain power conversion 
efficiencies in excess of 90%. Overall power conversion 
efficiencies are greater than 90% over an output power 
range of almost 3 decades (SOmW to 33W). High 
switching frequencies allow use of small external 
components, reducing power supply size and cost. 

BLOCK DIAGRAM 

.. 
+ • S VOUT~ 12VDC ::::> 

-. ill .. 
'" ~ 
'" ::; ... 

FEATURES 

• Regulation to ±3% maximum: provides 2% PCMCIA 
switch matrix margin 

• Two synchronous buck converters for 3.3/3V, SV 
generation, and a flyback for high current, 12V 
generation from S.SV to 18V input 

• Regulator power conversion efficiencies> 90% over 3 
decades (SmA to 2A) of output current 

• Pulse Frequency Modulation for high efficiency 
operation 

• Independent regulator shutdown for full load isolation 

• Operation up to 300kHz 

• Adjustable current limit 

• Wide input voltage range (S.SV to 18V) 

• Micropower operation (IQ < 3001JA) 

'" .. 
0 

~ 
::::> 
ill .. 
'" u 
::::> 

'" 

'Micro Linear 7-295 

-



ML4880 

PIN CONFIGURATION 

ICB 

ICA 

esc 
CSA 

CSB 

GND 

VBIAS 

FDBKB 

FDBKA 

SDC 

SDA 

FDBKC 

PIN DESCRIPTION 
PIN# NAME FUNCTION 

ICB Charge pump, output 1 B 

2 ICA Charge pump, output 1 A 

3 CSC Current sense, regulator C 

4 CSA Current sense, regulator A 

5 CSB Current sense, regulator B 

6 GND Ground 

7 VBIAS Bias voltage 

ML4880 
24-Pin sOle (S24W) 

IBS 

PWRGNDA 

PWRGNDB 

21 PWRGNDC 

OUT2B 

OUT1B 

SDB 

ounc 
VIN 

VLDO 

OUT2A 

--'-________ -T-- OUT1A 

TOP VIEW 

PIN# NAME 

13 OUT1A 

14 OUT2A 

15 VLDO 

16 VIN 

17 OUT1C 

FUNCTION 

P-channel drive, regulator A 

N-channel drive, regulator A 

linear regulator output 

Power supply input voltage 

N-channel drive, regulator C 

18 SDB Shutdown regulator B 

19 OUT1B P-channel drive, regulator B 

8 FDBKB Feedback node, buck regulator B 20 OUT2B N-channel drive, regulator B 

9 FDBKA Feedback node, buck regulator A 21 PWR GNDC Power Ground, regulator C 

10 SDC Shutdown regulator C 22 PWR GNDB Power Ground, regulator B 

11 SDA Shutdown regulator A 23 PWR GNDA Power Ground, regulator A 

12 FDBKC Feedback node, flyback regulator 24 IBS Charge pump capacitor input 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4880ES -20·C to +70·C 24-PIN SOIC (S24W) 
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ADVANCED INFORMATION 

ML4890 

High Efficiency Low Ripple Boost Regulator 

GENERAL DESCRIPTION 
The ML4890 is a high efficiency, PFM (Pulse Frequency 
Modulation), boost switching regulator connected in 
series with an integrated LDO (Low Dropout Regulator) 
that incorporates "Silent Switcher"™ technology. This 
technique incorporates a patented tracking scheme to 
minimize the voltage drop across the LDO and increase 
the total efficiency of the regu lator beyond that which can 
be obtained by using a descrete external LDO regulator. 

The ML4890 is designed to convert multiple cell battery 
inputs to regulated output voltages for integrated circuits 
and is ideal for portable communications equipment that 
cannot tolerate the output voltage ripple normally 
associated with switching regtllators. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. 

BLOCK DIAGRAM 

Patent Pending 

·Optional 

r 
FROM 

POWER 
MANAGEMENT 

1 
1 
1 
1 
1 
1 
1 
1 1 _____ _ 

FEATURES 

• Incorporates "Silent Switcher"™ technology to deliver 
very low output voltage ripple «SmV) 

• Guaranteed full load start-up and operation at 1 .OV 
input and low operating quiescent current «1 OOIlA) for 
extended battery life 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Minimum external components 

• Low ON resistance internal switching FETs 

• 5V, 3.3V, and 3V output versions 

Ll 
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ML4890 

PIN CONNECTION 

ML4890-S/-3/-T 

V1NOI 8 PWRGND 
VREF 2 7 SHDN 

GND 3 6 VL 

Your 4 5 VBOOST 

TOP VIEW 

PIN DESCRIPTION 

PIN 
NO. NAME FUNCTION 

1 VIN Battery input voltage 

2 VREF 200mV reference pin 

3 GND Analog signal ground 

4 VOUT lDO linear regulator output 

5 VBOOST Boost regulator output for connection 
of an output fi Iter capacitor 

ORDERING INFORMATION 

PART NUMBER OUTPUT VOLTAGE 

ML4890eS-T 3.0V 
ML4890eS-3 3.3V 
ML4890eS-S S.OV 

ML4890ES-T 3.0V 
ML4890ES-3 3.3V 
ML4890ES-S S.OV 

PIN 
NO. NAME FUNCTION 

6 VL Boost inductor connection 

7 SHDN Pulling this pin to VIN through an 
external resistor shuts down the 
regulator, isolating the load from the 
input 

8 PWR GND Return for the NMOS boost transistor 

TEMPERATURE RANGE PACKAGE 

o·eto +70·e 8-Pin sOle (508) 
0·eto+70·e 8-Pin sOle (S08) 
o·eto +70·e 8-Pin sOle (508) 

-20·e to +70·e B-Pin sOle (508) 
-20·e to +70·e 8-Pin sOle (508) 
-20·e to +70·e 8-Pin sOle (508) 
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ML4890EVAL 

Low Ripple Boost Regulator Evaluation Kit 

GENERAL DESCRIPTION 

The Ml4890EVAl kit provides a convenient vehicle to 
evaluate the Ml4890 low ripple boost regulator IC The 
kit contains a fully assembled circuit board and all of the 
necessary documentation to quickly evaluate a typical 
application circuit. The board was designed to 
demonstrate performance and to illustrate critical layout 
practices necessary for reliable operation of the circuit. 

FEATURES 

• High Efficiency 

• low Output Ripple Voltage 

• Minimal External Components 

• Micro Power Operation 

• Shutdown Current less than 8J.1A 

• 3V, 3.3V, SV, and Adjustable Output Versions 

KIT COMPONENTS The Ml4890 is complete solution for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
circuit is ideal in applications requiring high effeciency, 
low ripple and a minimum number of external 
components. 

The evaluation package contains the following items: 

The boost IC is capable of running with input voltages as 
low as O.9SV and is available in four different output 
versions: a 3V output (Ml4890-T), a 3.3V output 
(Ml4890-3.3), a SV output (Ml4890-S), or adjustable 
output versions (Ml4790 and Ml4990). 

Ll 

r-----------------

• Ml4890EVAl User's guide 

• Ml4890 Data Sheet 

• Ml4890 Evaluation Board 
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FIGURE 1: ML4890 Evaluation Board Schematic 
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ML4961 

Adjustabie Output Low Voitage 
Boost Regulator with Detect 

GENERAL DESCRIPTION 

The ML4961 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4961 ideal for 1 cell 
applications. The ML4961 is capable of start-up with input 
voltages as low as 1 V, and the output voltage can be set 
anywhere between 2.SV and 6V by an external resistor 
divider connected to the SENSE pin. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4961 requires a minimum number of 
external components to build a very small adjustable 
regulator circuit capable of achieving conversion 
efficiencies in excess of 90%. 

The circuit also contains a RESET output which goes low 
when the Ie can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 

BLOCK DIAGRAM 

+ 

*RB 

I _ 
1 ___________________ _ 

*OPTIONAL 

FEATURES 

• Guaranteed full load start-up and operation at 1 V input 

• Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

• Minimum external components 

• Low ON resistance internal switching FETs 

iii Micropower operation 

• Adjustable output voltage (2.SV to 6V) 

TO MICROPROCESSOR 

I 
I 
I 
I 
I 
I 

PWRI 
GND' 

Cl 

R2 
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PIN CONNECTION 

PIN DESCRIPTION 

PIN 
NO. NAME FUNCTION 

YIN Battery input voltage 

2 GND Analog signal ground 

ML4961 
8-Pin sOle (S08) 

V,N 1Il8 PWRGND 
GND 2 7 RESET 

SENSE 3 6 VL 

DETECT 4 5 VOUT 

TOP VIEW 

PIN 
NO. NAME 

5 YOUT 

6 YL 

3 SENSE Programming pin for setting the 7 RESET 
output voltage 

4 DETECT Pulling this pin below YREF, causes 

ML4961 

FUNCTION 

Boost regulator output 

Boost inductor connection 

Output goes low when regulation 
cannot be achieved, or when DETECT 
goes below 200mY 

the RESET pin to go low 8 PWR GND Return for the NMOS output transistor 
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ML4961 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and tunctlonai 
device operation is not implied. 

Temperature Range 
ML4961 CS ................................................ O°C to +70°C 
ML4':1b I ES ............................................ -20°C to +70°C 
ML4961IS ............................................. -40°C to +8S oC 

Voltage on any pin ....................................................... 7V 
Peak Switch Current, I(PEAK) .......................................... 2A 
Average Switch Current, I(AVG) ............................... SOOmA 

VIN Operating Range 
ML4961 CS ..................................... 1 .OV to VOUT -O.2V 
ML4961 ES, ML4961IS ................... 1.1 V to VOUT -O.2V 

Junction Temperature .............................................. 150°C 
Storage Temperature Range .................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) ................... +260°C 
Thermal Resistance (SIA) ..................................... 11 O°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VIN = Operating Voltage Range, T A = Operating Temperature Range 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Supply 

VIN Current VIN = VOUT - 0.2V 45 55 J,1A 

VOUT Quiescent Current 3 5 J,1A 

VL Quiescent Current 1 J,1A 

PFM Regulator 

Pulse Width (TON) 9 10 11 Ils 

SENSE Comparator 194 200 206 mV 
Threshold Voltage (VSENSE) 

Load Regulation See Figure 1 

VIN = 1 .2V, lOUT" 25mA 4.85 5.0 5.15 V 

VIN = 2.4V, lOUT" 135mA 4.85 5.0 5.15 V 

Undervoltage Lockout Threshold 0.85 0.95 V 

RESET Comparator 

DETECT Threshold 190 200 210 mV 

DETECT Bias Current -100 100 nA 

RESET Output High Voltage (VOH) IOH = -1 00J,1A VOUT-0.2 V 

RESET Output Low Voltage (VOL) IOL = 100J,1A 0.2 V 
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Figure 1. PFM Regulator Block Diagram. 

Figure 2. PFM Regulator Block Diagram. 
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ML4961 

FUNCTIONAL DESCRIPTION 
The ML4961 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highiy efficient and simpie to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and extern'll 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when VOUT is at or above the 
desired output voltage, drawing 4511A from VIN, and 811A 
from VOUT through the feedback resistors Rl and R2. 
When VOUT drops below the desired output level, the 
output of amplifier A 1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A 1 set signal 
and creates a pulse at the gate of the NMOS transistor Ql. 
The NMOS transistor will charge the inductor II for lOllS, 
resulting in a peak current given by: 

I - TONxVjN z lOl1sxVjN (1) 
L(PEAK) - L1 L1 

For reliable operation, II should be chosen so that IL(PEAK) 
does not exceed 2A. 

When the one-shot times out, the NMOS FET releases the 
VL pin, allowing the inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 
transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If VOUT is s~ililow, the flip-flop will immediately 
initiate another pulse. The output capacitor (Cl) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 

INDUCTOR 
CURRENT 

Q(ONESHOT) i ~!I·Ii----; 
Ql0N ~ Ql0N 

Ql &Q20FF 

Figure 3. PFM Inductor Current Waveforms and Timing. 

RESET COMPARATOR 

An additional comparator is provided to detect low VIN, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to VREF, while the non-inverting input is 
provided externally at the DETECT pin. The output of the 
comparator is the RESET pin, which swings from VOUT to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too Iowa 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 

2 
__ V,.':!.IN",(M:!!I",N:L..) _x_T.-,O~N(..:=M::.:.IN::L) _X-,-11 (2) 

lMAX-
2xVOUT xIOUT(MAX) 

where 11 is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. Interpolation 
between the different curves will give a reasonable 
starting point for an inductor value. 
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Figure 4. Output Current vs. Input Voltage. 
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Figure s. Typical Efficiency as a Function of VIN' 

Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 1 OI1H, the 
efficiency drops to between 70% and 75%. With 5611H, 
the efficiency exceeds 90% and there is little room for 
improvement. At values greater than 10011H, the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 

I _ TON(MAX) x \oIN(MAX) 
L(PEAK) - LMIN (3) 

When comparing various inductors, it is important to keep 
in mind that suppliers use different criteria to determine 
their ratings. Many use a conservative current level, where 
inductance has dropped to 90% of its normal level. In any 
case, it is a good idea to try inductors of various current 
ratings with the ML4961 to determine which inductor is 
the best choice. Check efficiency and maximum output 
current, and if a current probe is available, look at the 
inductor current to see if it looks like the waveform shown 
in Figure 3. For additional information, see Application 
Note 29. 

Suitable inductors can be purchased from the following 
suppliers: 

Coilcraft (708) 639-6400 

Coiltronics (407) 241-7876 

Dale 

Sumida 

(605) 665-9301 

(708) 956-0666 
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ML4961 
OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
....... -. _: .. _ •• : .. 1""\ ......... .... _: .......... 1 ..... : .. :_.lI •• ~_ .... "'..J 1-•. "'1.. .......... __ ............. : ....... _ 
lilt; \"11l,.Ull. VUlPUl11tJl-"C" I~ IIIIIUCII\..CU uy UII'C'C \..cttJQ\..ILUI 

parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 

2 2 
eN - TON xYlN (4) 

OUT - 2xLxCx(VOUT - YIN) 

For a 2.4V input, and 5V output, a 2711H inductor, and a 
4711F capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
I-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 10011F, an ESR 
of less than 0.1 Q, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 

Matsuo 

Sprague 

(714) 969-2491 

(603) 224-1961 

If ESL spikes are causing output noise problems, an EMI 
, filter can be added in series with the output. 

INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 4711F and 10011F. This provides 
the benefits of preventing input ripple from affecting the 
ML4961 control circuitry, and it also improves efficiency 
by reducing I-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

SETTING THE OUTPUT VOLTAGE 

The adjustable output can be set to any voltage between 
2.5V and 6V by connecting a resistor divider to the SENSE 
pin as shown in the block diagram. The resistor values R, 
and R2 can be calculated using the following equation: 

v. - 0 2 (R, + R2) 
OUT - . X 

R2 
(5)' 

The value of R2 should be 40kQ or less to minimize bias 
current errors. R, is then found by rearranging the 
equation: 

R'=R2X(~-1) 0.2 (6) 

It is important to note that the accuracy of these resistors 
directly affects the accuracy of the output voltage. The 
SENSE pin threshold variation is ±3%, and the tolerances 
of R, and R2 will add to this to determine the total output 
variation. 

In some applications, input noise may cause output ripple 
to become excessive due to "pulse grouping", where the 
charge-discharge pulses are not evenly spaced in time. 
In such cases it may be necessary to add a small 20pF to 
100pF ceramic feedforward capacitor (CFF) from the VIN 
pin to the SENSE pin. 

SETTING THE RESET THRESHOLD 

To use the RESET comparator as an input voltage monitor, 
it is necessary to use an extemal resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values RA and RB can be calculated using the following 
equation: 

(RA +RB) 
YlN(MIN) = 0.2 x ---

RB 
(7) 

The value of RB should be 100kQ or less to minimize bias 
current errors. RA is then found by rearranging the 
equation: 

LAYOUT 

RA = RB x (YlN<MIN) -1) 
0.2 (8) 

Good PC board layout practices will ensure the proper 
operation of the ML4961. Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4961 

• Use short trace lengths from the inductor to the VL pin 
and from the output capacitor to the VOUT pin 

• Use a single point ground for the ML4961 ground pins, 
and the input and output capacitors 
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ML4961 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4961CS O°C to +70°C 8-Pin SOIC (508) 

ML4961 ES -20°C to +70°C 8-Pin SOIC (508) 

ML4961IS -40°C to +85°C 8-Pin SOIC (508) 

-
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Quality and Reliability 
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O~Micro Linear 
Quality and Reliability 

Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous improvement, we 
pledge to provide defect free products and services which meet or exceed our customer's expectation. 

TOTAL QUALITY MANAGEMENT (TQM) 

TQM is an operating methodology focused on continuous 
improvement of employees, products, manufacturing 
techniques and services to achieve our mission "100% 
Quality, 100% On Time" for our customers. The meaning 
of the word Customer at Micro Linear starts from within 
the company. 

Under the TQM philosophy, quality is built into every step 
of the manufacturing process from design to product 
qualification; from receiving to shipping. The TQM program 
at Micro Linear Corporation is a detailed program involving 
engineering and manufacturing to achieve the highest 
quality linear integrated circuits available. 

QUALITY SYSTEM 

The system is design to meet the requirements of: 

• ISO 9002 Quality Systems, Model for Quality 
Assu rance in Production and 
Installation 

• MIL-STD-883 

• MIL-I-38535 
Appendix A 

• MIL-M-38510 

Test Methods and Procedures for 
Microelectronics 

Integrated Circuits (Microcircuits) 
Manufacturing, General 
Specification 

Microcircuits, General Specification 
for (superseded by MIL- 1-38535, 
Appendix A) 

• MIL-Q-9858 Quality Program Requirements 

• MIL-STD-45662 Calibration System Requirements 

• MIL-I-45208 Inspection System Requirements 

• MIL-STD-l05 Sampling Procedures and Tables for 
Inspection by Attributes 

• Other requirements from customers 

INTERNAL QUALITY AUDITS 

The internal quality audit system requirements are 
according to procedure as defined in ISO 9000. It ensures 
that production and quality activities comply with 
established procedures, and regularly measures the 
effectiveness of the quality system. Internal quality audits 
are scheduled on the basis of the status and importance of 

the activity to be audited, and the result of the audits is 
recorded and brought to the attention of the functional 
manager of the area audited. Follow-up audit activities are 
performed to verify the implementation and effectiveness 
of the corrective action taken. 

The audit areas include Calibration, Fab, Assembly, Test, 
Receiving Inspection, Document Control, Shipping 
Inspection, Finished Goods, MPC, Contract Review, 
Purchasing, ESD, Particle Counts. 

CORRECTIVE ACTION COMMITTEE (CAC) 

The Corrective Action Committee (CAC) is comprised of 
representatives from Manufacturing, Process Engineering, 
Product Engineering, and Quality and Reliability at a 
minimum who is responsible for assuring that the 
corrective and preventive actions are implemented. The 
vehicles for defining the corrective and preventive actions 
at Micro Linear are: 

• Discrepant Material Report (DMR) generated when 
non conformance occurs on material at any 
manufacturing operation. 

• Customer Material Return (CMR) generated when 
material is returned for nonconformance occurring 
in shipped material. 

• Corrective Action Request (CAR) generated when 
any employee sees a need for corrective action to 
take place or to document customer complaints. 

MANAGEMENT REVIEW 

The whole quality system is review at least once a year by 
the quality department to ensure continuing compliance 
to the requirements mentioned above. 

Management reviews the Quality Indices reports as well 
as the Corrective Actions reports against Micro Linear's 
goals and objectives every quarter. The Quality Indices 
report includes Return Rate, AOQ Electrical and 
Mechanical, Reliability Data by process, Process 
Capabilities (Cpk) of critical parameters from each wafer 
fabrication facility and assembly, Vendor Lot Rejection 
Rate for each subcontractor, Visual Defect Density of each 
Foundry, and the Internal Quality Audit performance. The 
Corrective Actions report summarizes the corrective and 
preventive actions taken from DMRs, CMRs, and CARs. 
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DOCUMENT CONTROL 

All company documents for procedures, specifications, 
drawings, travelers, flow charts, schematics, etc. that 
define customer requirements, raw material requirements, 
design, manufacture, and testing of products are 
controlled by a Document Control organization within the 
Micro linear's Quality Department. 

SUPPLIER CONTROL 

Control of the quality of the incoming material is critical 
to the success of Micro Linear. Under the TQM 
philosophy, Micro linear has an audit program of its 
suppliers of Class 1 material defined by those directly 
associated with the final products. Such audit is carried 
out on a defined frequency and performed by both 
manufacturing and quality personnel. Information 
gathered from the audit is reviewed with the supplier to 
incorporate programs to improve the quality of the 
material provided to Micro Linear. 

PRODUCT IDENTIFICATION AND TRACEABILITY 

All units are marked with unique lot numbers. These lot 
numbers provide complete traceability all the way to 
wafer fab as well as assembly and test. 

Micro Linear considers traceability to be essential for good 
engineering control and additional insurance for its 
customers. 

PROCESS CONTROL 

All critical process nodes as well as test yield data are 
closely monitored and analyzed using statistical tools and 
techniques such as process capability (Cpk), Trend Chart, 
Paretto Analysis, etc. The data is also used for verifying the 
effectiveness of the corrective actions and to help focusing 
on areas that needs improvement under the TQM 
philosophy of continuous improvement. 

MAJOR CHANGE NOTIFICATION 

Micro linear reviews all process, product, and package 
changes. All changes with possible impact are submitted 
for re-qualification which may include electrical, 
mechanical, and/or thermal characterization, in 
accordance to Micro Linear's Reliability program. The 
system is in place to notify customers with test data in 
accordance with MIL-M-38S1 O. 

RELIABILITY PROGRAM 

Micro Linear's Reliability Program consistent with those of 
other semiconductor manufacturers utilizes various 
accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to Identify 
infant mortality and wear-out failure mechanisms for 
specific or generically similar device families. 

Micro Linear's Reliability program has three components: 
Qualification, Quality Conformance and Reliability Audit. 
Each design/process technology set, each wafer 
fabrication facility, and each assembly location by 
package type is initially qualified. Periodic re-evaluation 
(Quality Conformance Testing) is performed, thereafter, to 
evaluate the on-going reliability of product and processes. 
In addition, Micro Linear has the third component 
Reliability Audit named ACT (Advanced Conformance 
Testing) to ensure the reliability of products shipped to 
customers. ACT defines auditing of samples from each 
process and wafer fab facility and subjecting them to an 
accelerated life testing. Plan for each program is 
summarized below: 

PROGRAM 

Qualification Testing 
• New Product 
• Design/Process Set 
• Wafer Fabrication Facility 
• Assembly Location 
• Major Change 

Quality Conformance Testing 
• Wafer Fabrication Facility 

by Design/Process Set 
• Assembly by Package 

Advance Conformance Testing (ACT) 
• Wafer Fabrication Facility 

by Design/Process Set 

PLAN 

see Table 1 
see Table 2 

PLAN 
see Table 3 

PLAN 

Every six month 

see Table 1 
see Table 3 

Every month 

see Table 4 

Note: NPLAN" are the appropriate stresses and tests determined by a 
qualification committee. 

8-2 'Micro Linear 



TESTING AND CALIBRATION 

Micro linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and thorough 
parametric testing of integrated circuits in the industry. 
Data sheets provide the customer a precise listing of 
parameters which are 100% tested. 

The calibration system is in compliance with MIL-STD-
45662 Calibration Systems Requirements. 

CUSTOMER RETURNS 

A formal program exists to record, analyze and take 
appropriate action on all returns. The customer is shortly 
notified with the initial test result. When needed, a report 
is generated and sent to the customer stating our findings 
and corrective actions to prevent re-occurrence. 

TABLE 1 
STRESS/TEST METHOD CONDITION 

Life Test Mil-Std-883 1000 hrs @ 125°C 
Method 1005 

ESD Characterization Mil-Std-S83 Human Body Model 
Method 3015 

TABLE 2 
STRESS/TEST METHOD CONDITION 

Life Test Mil-Std-883 1000 hrs @ 125°C 
Method 1005 

HAST 50 hrs @ 

BO°C, 85%RH 

Autoclave QAP 36004 168 hrs @ 

12PC, 15psi 

lemperature Cycling Mil-Std-883 1000 cycl es @ 

Method 1010 -55°C to + 125°C 

Thermal Shock Mil-Std-883 200 cycles @ 

Method 1011 -55°C to + 125°C 

High Temperature Mil-Std-883 1000 hrs @ 150°C 
Storage Method 1010 

ESD (ELECTRO STATIC DISCHARGE) 

All semiconductor devices are sensitive to Electro Static 
Discharge (ESD) to some degree. For this reason a very 
strict control on handling and packaging are observed 
through all the employees and facility areas that handle or 
test semiconductor devices. 

Strong emphasis is put on the sensitivity of Micro linear 
products to ESD, from design, lay-out and process 
perspectives. All the products are fully characterized to 
MIL-STD-883, Method 3015. 

QUANTITY 

77 

min.3 

QUANTITY 

77 

45 

45 

45 

45 

45 
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TABLE 3 
STRESS/TEST METHOD CONDITION QUANTITY 

Life Test Mil-Std-883 1000 hrs @ 125·C 77 
Melhod iOG5 

HAST 50 hrs@ 45 
1 30·C, 85%RH 

Autoclave (0) QAP 36004 168 hrs@ 45 
121·C, 15 psi 

Temperature Cycling Mil-Std-883 1000 cycles @ 45 
Method 1010 -55·C to + 125·C 

Thermal Shock (*) Mil-Std-883 200 cycles @ 45 
Method 1011 -55·C to + 125·C 

High Temperature Mil-Std-883 1000 hrs @ 150·C 45 
Storage Method 1010 

Physical Dimensions Mil-Std-883 15 
Method 2016 

Solderability Mil-Std-883 22 leads 3 
Method 2003 

Resistance to Mil-Std-750 260·C, 10 sec. 32 
Solder Heat 

Resistance to Solvents Mil-Std-883 4 
Method 2015 

External Visual QAP 30038 15 
Inspection 

Lead Integrity Mil-Std-883 3 
Method 2004 

Note: '*) Qualification testing only. 

TABLE 4 
STRESS/TEST METHOD CONDITION QUANTITY 

Burn-in Test QAP 34004 48 hrs @ 125·C 125 
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FOUNDRY CONTROL SYSTEM 

RELIABILITY TEST 

• Conformance 
• ACT 

• Internal Audit 
• Visual Defect Inspection 
• Electrical Probing (PCM) 
• Continuous Improvement 

Program 

FEEDBACK SYSTEM 

• Yield Improvement 
• Failure Analysis 
• DMR Reports 
• Cpk Analysis 

.~Micro Linear 

AUDIT 

• Foundry Engineer 
• Quality 

• Micro Linear 

o Foundry 
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CORRECTIVE ACTION PROGRAM 

MATERIAL REPORT 

INCOMING MATERIAL 

IN·PROCESS 

DISPOSITION 
OF MATERIAL 

DEFINE 
PROBLEM 

REPORT 

PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG. 
QUALITY 

PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG. 
PRODUCT ENGINEERING 
RELIABILITY 
QUALITY 

ASSIGN _IMPLEMENT 
ACTIONS SOLUTION 
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TYPICAL MOLDED PACKAGE ASSEMBLY FLOW 

ASSEMBL Y LOCATION 

WAFER INSPECTION 

• PROCESS MONITOR 

2nd OPTICAL Q.c. 

PROCESS MONITOR 

" ' PROCESS MONITOR 

PROCESS MONITOR 

3rd OPTICAL VISUAL INSPECTION 

FLOW CHART SYMBOLS 

L ;] PRODUCTION 
':' " INSPECTION 

8', QUALITY 
:;: ;,:, INSPECTIONI 

'" MONITOR 

A. PROCESS V MONITOR 

o PRODUCTION 

_ TRANSPORT 

'Micro Linear 

PROCESS MONITOR 

PROCESS MONITOR 

PROCESS MONITOR 

PROCESS MONITOR 

PROCESS MONITOR 

PROCESS MONITOR 

LEAD FORM AND SINGULATE 

PROCESS MONITOR -
FINAL INSPECTION 
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TYPICAL TEST FLOW 

EXTERNAL VISUAL INSPECTION 

100% TEST WORST·CASE 
TEMPERATURE 

FLOW CHART SYMBOLS 

~>1"~' QUALITY 
;';/'/ INSPECTION! 
<~/ ' MONITOR 

_ TRANSPORT 

RECEIVING INSPECTION 

ELECTRICAL TEST 

SAMPLE TEST 

EXTERNAL VISUAL INSPECTION 

Q.A.AUDIT 

FINISHED GOODS 

SHIPPING INSPECTION 

PACK 

SHIP 

CUSTOMER 
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APPENDIX A: FAILURE RATE CALCULATIONS 
In order to predict the rate at which product will fail, it is 
necessary to accelerate the life of the product. This is most 
commonly done by a temperature and/or voltage stress, a 
process known as burn-in. The equation for both stresses 
is exponential, hence large acceleration factors can be 
achieved. In our studies, only temperature was used in the 
acceleration equation; the devices were biased at nominal 
voltages. The equation is shown below. It is known as the 
Arrhenius Reaction Rate Equation, named for the man 
who modeled the relationship between temperature and 
the relationship between temperature and the chemical 
reaction property of materials. 

ARRHENIUS REACTION RATE EQUATION 

Af =ExJ Ea(....!._~)] 
1.K T1 T2 

Af: Acceleration Factor 
Ea: Activation Energy (in electron volts) 
K: Boltzmanns Constant (8.62 x 10-5) 
T1: Temperature of System Operation (OK) 
T2: Temperature of Life Test (OK) 

Burn-in when run for 1000 hours, is call "life test." Interim 
readouts normally occur at 168 and 500 hours. The 
hypothesis is that a "bathtub curve" will result. This curve, 
shown below, illustrates a device's failure rate versus time. 
Certain manufacturing defects have a tendency to cause 
failures early in the life of a device (infant mortality). The 
failure rate associated with these defects can be 
accelerated by applying stresses, such as temperature and 
voltage, which do not appreciably affect the normal 
failure rates or wear out mechanisms. 

BATHTUB CURVE 

CONSTANT FAILURE RATE 

t 

TIME 

ACTIVATION ENERGIES 

In order to calculate the acceleration factor, the activation 
energies for various failure modes encountered in the 
semiconductor industry are required. Initially, failure 
modes are assumed based on industry experience. As 
failures occur, they are rigorously analyzed and the failure 
modes then used to determine which activation energies 
are appropriate for determining failure rates. The 
following table describes the most common failure modes 
and thei r activation energies. 

Table 1. 

FAILURE MECHANISM Ea STRESS 

Oxide Defects O.3eV High Voltage Op Life 

Contamination 1.0eV High Voltage Bias 

Silicon Defects O.SeV High Voltage 

Metal Line O.SeV High Voltage Op Life 
Electromigration 

Contact 0.geV High Voltage Op Life 
Electromigration 

Masking Defects O.SeV High Temperature 
Assembly Defects Storage Op Life 

Microcracks N/A Temperature Cycling 

Short Channel -O.06eV Low Voltage 
Charge Trapping High Voltage Op Life 

ACCELERATION FACTORS 

Once the activating energy is determined for a given 
failure mechanism, the acceleration factor can be 
calculated using the Arrhenius equation. The following 
table lists some of the common activation energies and its 
associated acceleration factors between different ambient 
temperature. 

Table 2. 

Est. TJ Estimated TJ Activation 
Accelerated Typical application Temp. Energy 
Temperature 25°C 40°C 55°C 70°C (eV) 

125°C 133 52 22 10 0.5 
150°C 315 124 53 24 

125°C 941 255 78 26 0.7 
150°C 3142 851 260 88 

125°C 6655 1241 270 67 0.9 
150°C 31368 5852 1273 316 
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FAILURE RATES 

At Micro Linear, failure rates are generally stated at 60% 
confidence level using Chi square statistic per the 
following formula. 

XT_a[with df = 2(r + l)J 
2t 

where: "'MAX= maximum failure rate 
X2 = chi square distribution 

= number of failures 
df = degree of freedom 

= total number of test hours 
C( = statistical error expected in estimate. 

For 60% confidence level, C( = 004 or 
l-C( = 0.6 

Selected values of Chi Square distribution are listed in 
Table 3. 

Table 4. Failure Rates 

NO. OF 
FAILURES PER FAILURE % PER 

DEVICE HOURS RATE 1000 HOURS 

1/1 x 109 0.000000001 0.0001 

1/1 X 108 0.00000001 0.001 

1/1 x 107 0.0000001 0.01 

1/1 X 106 0.000001 0.1 

1/1 x 105 0.00001 1 

1/1 x 104 0.0001 10 

1/1 X 103 0.001 100 

Table 3. Percentiles of the Chi Square Distribution. 
(Values of chi2 corresponding to certain selected 
probabilities). 

60% 90% 
CONFIDENCE CONFIDENCE 

LEVEL LEVEL 

PROBABILITY IN % 60.0 90.0 

1-()( 0.60 0.90 

TOTAL 
df FAILURES 

1 0.708 2.71 
2 0 1.830 4.61 
3 2.950 6.25 
4 1 4.040 7.78 
5 5.130 9.24 
6 2 6.210 10.60 
7 7.280 12.00 
8 3 8.350 13040 
9 9.410 14.70 
10 4 10.500 16.00 
11 11.500 17.30 
12 5 12.600 18.50 
13 13.600 19.80 
14 6 14.700 21.10 
15 15.700 22.30 
16 7 16.800 23.50 
17 17.800 24.80 
18 8 18.900 26.00 
19 19.900 27.20 
20 9 21.000 28.40 

Failure rate may be expressed a number of ways. Table 4 
compares various ways of expressing failure rates. 

PPM MTBF 
(HOURS) FITS (HOURS) 

0.001 1 1 x 109 

0.01 10 1 x 108 

0.1 100 1 x 107 

1 1000 1 x 106 

10 10000 1 x 105 

100 100000 1 X 104 

1000 1000000 1 x 103 

8-10 'Micro Linear 



APPENDIX B: RADIATION HARDNESS OF 12V BIPOLAR PROCESS 

The Micro Linear 12V bipolar process has demonstrated 
selective hardness to radiation exposure. The components 
most commonly used in the 12V process which are 
described in table 1, were exposed up to 106 Rads total 

dose ionizing radiation. A second group of the same 
components were exposed to non-ionizing radiation of up 
to 1014 fluence neutrons/sq. cm. Neither group was 
exposed to both types of radiation. 

BIAS POST 
DURING IRRADIATION 

DESCRIPTION IRRADIATION MEASUREMENTS FIGURES 

Minimum Geometry NPN VCES = 5V ilhfe 1,4 

Lateral Quad Collector PNP VCES = -5V ilhfe 2,5 

Vertical PNP VCES = -5V ilhfe 3,6 

450 N+ Resistor No bias ilR 3,6 

8500 P+ Resistor No bias ilR 3,6 

10KO Implanted P Resistor No bias ilR 3,6 

1 OpF Capacitor No bias illL 3,6 

Table 1. Components 

Figures 1 through 3 show the results of the ionizing 
radiation tests. Figures 4 through 6 show the results of the 
non-ionizing radiation tests. 

SUMMARY 

The hie of the NPN transistors degrade by approximately 
50% at 105 Rads and 80% at 106 Rads. The PNPs degrade 
more severely by approximately 80% at 105 Rads and 
reach unity at 106 Rads. Degradation vs. neutron fluence 
is similar but less severe. 

* The resIstors and capacitors were not Significantly altered by exposure to these 
radiation levels. They are not Included in the figures. 

General Purpose NPN Transistor 
140 

120 

100 

80 

~ 
60 

-Ice = lIlA 
40 

-Ice = l001lA 

20 -Ice = 101lA 

0 
-lce=1~ 

10' 105 10· 107 

TOTAL IONIZING DOSE RAD (Si) 

Figure 1. 

Micro Linear circuits, exclusively using NPN devices and 
passive components, can be designed to perform in a high 
radiation environment. 

General Purpose Lateral PNP Transistor 
50 

40 

30 
J! .c 
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10 
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Figure 2. 
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Substrate PNP Transistor 
80 

60 

~ 40 
'" 

20 
!,ce lmA ice 100~A 

0 
~;~: l°!t 
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TOTAL IONIZING DOSE RAD (5;) 

Figure 3. 

General Purpose NPN Transistor 

40 Ice = 100~, 

Ice = 10~ 

30 

~ 20 Ice = lJlA-

'" 

10 

107 

oL-..-~,..,..,...---.-~~~......." 
1011 1012 1013 1014 

FLUENCE NEUTRONS/sq. cm. 

Figure 5. 

General Purpose lateral PNP Transistor 
140 

Ice = lmA-......... 
120 Ice = 100~

Ice = 10~A--
100 Ice = I~A---

80 

60 

40 

20 
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Figure 4. 

Substrate PNP Transistor 
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Figure 6. 
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Packaging Information 

Section 9 

Package: J08 8-Pin Hermetic DIP ................................................................................... 9-1 

Package: P08 8-Pin Molded DIP ...................................................................................... 9-1 

Package: S08N 8-Pin SOIC (Narrow) ................................................................................. 9-2 

Package: J14 14-Pin Hermetic DIP ................................................................................. 9-2 

Package: P14 14-Pin Molded DIP .................................................................................... 9-3 

Package: S14N 14-Pin SOIC (Narrow) .......................................................................... , ..... 9-3 

Package: J16 16-Pin Hermetic DIP ................................................................................. 9-4 

Package: P16 16-Pin Molded DIP .................................................................................... 9-4 

Package: S16N 16-Pin SOIC (Narrow) ............................................................................... 9-5 

Package: S16W 16-Pin SOIC .............................................................................................. 9-5 

Package: J18 18-Pin Hermetic DIP ................................................................................. 9-6 

Package: P18 18-Pin Molded DIP .................................................................................... 9-6 

Package: S18W 18-Pin SOIC .............................................................................................. 9-7 

Package: J20 20-Pin Hermetic DIP ................................................................................. 9-7 

Package: P20 20-Pin Molded DIP .................................................................................... 9-8 

Package: Q20 20-Pin Molded Leaded PCC ...................................................................... 9-8 

Package: R20 20-Pin SSOP .............................................................................................. 9-9 

Package: K20 20-Pin QSOP ............................................................................................ 9-9 

Package: T20 20-Pin TSSOP ............................................................................................ 9-10 

Package: S20W 20-Pin SOIC .............................................................................................. 9-10 

Package: P22 22-Pin Molded DIP .................................................................................... 9-11 

Package: J24W 24-Pin Hermetic DIP ................................................................................. 9-11 

Package: J24N 24-Pin Hermetic Ceramic DIP (Narrow) ..................................................... 9-12 

Package: P24W 24-Pin Molded DIP .................................................................................... 9-12 

Package: P24N 24-Pin Molded DIP (Narrow) ..................................................................... 9-13 

Package: R24 24-Pin SSOP .............................................................................................. 9-9 

Package: S24W 24-Pin SOIC .............................................................................................. 9-13 -Package: J28W 28-Pin Hermetic DIP ................................................................................. 9-14 

Package: P28W 28-Pin Molded DIP .................................................................................... 9-14 

Package: P28N 28-Pin Molded DIP .................................................................................... 9-15 

Package: Q28 28-Pin Molded Leaded PCC ...................................................................... 9-15 

Package: R28 28-Pin SSOP .............................................................................................. 9-9 

Package: S28W 28-Pin SOIC .............................................................................................. 9-16 
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Package: H32 32-Pin TQFP ............................................................................................. 9-16 

Package: Q32 32-Pin Molded Leaded pee ...................................................................... 9-17 

Package: S32W 32-Pin sOle .............................................................................................. 9-17 

Package: )40 

Package: P40 

Package: G44 

Package: Q44 

Package: H44 

Package: H48 

Package: G52 

Package: Q52 

Package: H52 

Package: H64 

Package: Q68 

Package: Q84 

40-Pin Hermetic DIP ................................................................................. 9-18 

40-Pin Molded Plastic DIP ......................................................................... 9-18 

44-Pin PQFP ............................................................................................. 9-19 

44-Pin Molded Leaded pee ...................................................................... 9-19 

44-Pin TQFP ............................................................................................. 9-20 

48-Pin TQFP ............................................................................................. 9-16 

52-Pin PQFP ............................................................................................. 9-19 

52-Pin Molded Leaded pee ...................................................................... 9-19 

52-Pin TQFP ............................................................................................. 9-20 

64~Pin TQFP ............................................................................................. 9-20 

68-Pin Molded Leaded pee ...................................................................... 9-19 

84-Pin Molded Leaded pee ...................................................................... 9-19 

Note 1: Dimensions are In mches/(mililmeters). 
Note 2: Coplananty not to exceed 0.005" (0.1 27mm) for all surface mount packages. 
Note 3: Bent leads for all surface mount packages not to exceed 0.005" (O.127mm) from Its true position 
Note 4: Bent leads for all POIP and COfP packages not to exceed 0.010" (0 254mm) from their true position. 

'Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: J08 
8-Pin Hermetic DIP (CERDIP) 

I-~~;~~~~ -I 
----r-+ D5 0.27510.295 

(6.9817.49) 

_----'-' __ 1 4 

__ I 1-0.05510.065 029010 320 
(1.4011.65) !736IS:13) 

0.02010.050 bI 
~~..:::l1.27) ~ 
0.125 ~SEATING' I •• 0.00810.012 
13.ffi MIN PlANE '" r- 0 115 .. (0.20310.305) 

0.m610.020 _II... ~ -I .. (~::) MIN 
(0.40610.508) - ~~;~~~ 

Package:P08 
8-Pin Molded DIP 

t~:!~;~~~j 

~+ 05 0.24010.260 
(6.0916.60) 

+ 1 4 

0.29010.320 
I I 0.05010.065 --I I- (1.2711.65) 

0.2001 ~ ~ci~:~;~~ (5.ii8j MAX -----1 
0.125 : SEATING 
(3.17) MIN PlANE 

0.m610.022 _II ':: •• 
(0.40610.559) I-" /.m 

J'~~:·i-,u .. r-- (0.22910.356) 

-- _0.119010.110 
(2.2812.79) 

'Micro Linear 

---~----~-~--- -----

9-1 



PHYSICAL DIMENSIONS inches (millimeters) 

9-2 

Package: S08N 
8-Pin SOIC (Narrow) 

.1871.198 

8 
.0111.021 TYP.'/I- I II- .018 MIN (.457) 
(.280/.533)' ..j I- (4 PLCS) 

.050 ± .008 
(1.27 ± 0.20) 

L 
.0591.070 t::::::::l 

(1.50/1.79) tI..ClJJ..ClJZ 
t SEATING7 

PLANE 

Package: J14 

.148/.159 
(3.76/4.04) 

.0071.010 1-1 
(.I77/:L~ 

TI -l j.- .0141.037 
.. ,.. (.3551.940) 

.2281.246 
(5.7916.25) 

14-Pin Hermetic DIP (CERDIP) 

0.750/0.785 
(19.05/19.94) 

~¥~~ : : :"'T"T""T"'I'-: : :1 
1 1 

0.05010.065 
--. (1.2711.65) 

'Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 

Package:P14 
14-Pin Molded DIP 

I'" 0.730/0.770 "I (18.542119.558) 

~l::::::1 
I I. 0.050/0.065 

--j (1.27/1.65) 

0.020/0.050 

~~:-:-J:::::::;::=:::;:::::::1L508/1.27) 
:: MAX If"FfHifHlrifA

11

. t SEATING 

(3:175) MIN ] ¥ ¥ ¥ ¥ ¥ ~l PLANE 

0.016/0.022 _11__ ~~ (::~.:) '-../I~ 0'/15" 
(0.406/0.559) O.09O/O.flO MIN 

(2.286/2.794) 

Package: S14N 
14-Pin sOle (Narrow) 

-I 
~ 
(3.76/4.01) 

! ~ (5.79/6.22) 

-I 

'Micro Linear 

0.008/0.014 
(0.203/0.356) 

9-3 

-



PHYSICAL DIMENSIONS inches (millimeters) 

9-4 

Package: J16 
16-Pin Hermetic DIP (CERDlP) 

.. (19.05/19.94) ,. I 
0.750/0.785 I 

~€l:::::: :1 
I I 0.050/0.065 

-I ~1.651) 

0.020/0.050 

~~ 
(0.508/1.270) 

0.200 
(5.08) MAX SEATING 

o 125 n:.PLANE _.- MIN 
(3.175) 

--II-- 0.005 MIN 
0.016/0.022 (0.127) 

0.090/0.110 
(0.406/0.559) (2.286/2.794) 

Package: P16 
16-Pin Molded DIP 

c (18.54/19.56) .. I 
0.730/0.770 I 

~El : : : : : : :! 
I I 0.055/0.065 

---I c (1.397/1.651) 

0.020/0.050 

(5.08) MAX tTSEATING 

~ MIN PLANE 
(3.175) 

0.290/0.320 a 

f2 (0.508/1.270) 

0.200 ~ 

--11-- ~1 .. 0005 \ /1 /oo/W 
0.016/0.022 (0: 127) MIN -....; I"*" 

(0.406/0.559) 0.090/0.110 
(2.286/2.794) 

'Micro Linear 

0.008/0.014 
(0.203 /0.356) 

0.008/0.014 
(0.203/0.356) 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: S16N 
16-Pin SOIC (Narrow) 

.384/.395 I 
~(9.75/10.04)-

~ 
~ 

.0111.021 II _ 1 1 ..-I ~ .018 MIN (.457) 
(.280/.530) ~ )+..j I- (4 PLCS) 

.050 ± .005 
(1.27 ± 0-20) 

L 
.070/.059 C,L ;:;;;:;;::;;:;:;l] 
(1.79/1.50) 0000000017 

t SEATING/ 
PlANE 

.148/.159 
(3.76/4.04) 

.0071.010 rl 
(.178/E:uB 

TI -\1- .0141.037 
j.. .228/.246 ~ (.355/.940) 

(5.79/6.25) 

Package:S16W 
16-Pin SOIC (Wide) 

.400/.414 -J 
~ (10.10/10.52) ~ nl 

~ 
~ 

.012/.020 II 1 1 _ I 1 .025 MIN 
(.304/.508) 1YP. ~ )+ ..j I- ~ I- ~635 MIN) (4 PLCS) 

.050 ±.008 
(1.27 ± 0.20) 

L 
.095/.106 C,L ;::;;::;;::;;::;;:J] 
(2.4112.70) 0000000017 

t SEATING/ 
PlANE 

.290/.301 
(7.36/7.65) 

.0071.015 t~==~ ~177/.381) 

.L,jj 
1""1 11_ .0221.042 I--- .398/AI2 ~I ~559/1.07) 

(10.11/10A7) 

'Micro Linear 9-5 

-



PHYSICAL DIMENSIONS inches (millimeters) 

9-6 

Package: 118 
18-Pin Hermetic DIP (CERDIP) 

r--~~ 
1 ___ (22.35/23.23) __ J 

~[:::::::I 
--II- .050/.065 

(1.27/1.65) 0.290/0.320 

14 (7.36/8.131 ~I .020/.050 

(.510/1.27J 

2OO(5·08)S~ SEATING iF 
'" '"'' .. I ¥ ¥ ¥ ¥ ¥ ¥ ¥ ~C ~ U~ .",. -..\\-- ,::6~, 
=)JL J L·00~27)MIN ~ 

.090/.110 

(2.29/2.79) 

Package: P18 
18-Pin Molded DIP 

C.915 (23.23) MAX~ 

€[:::::] 
-J I- .050/.065 

(1.27/1.65) 

.020/.050 

(.510/1.27)J . ~ .200 (5.08) MAX , SEATING 

t PLANE 
.125 (3.17) MIN Ilf 
~JLI L JL' 
(.406/.559) =-.! .005 (1.27) MIN 

.090/.011 

(2.29/2.79) 

'Micro Linear 

0.290/0.320 

I~ 
~I ~ 

Iii ~~.- (.203/.356) 
~··V00!150 



PHYSICAL DIMENSIONS inches (millimeters) 

~ 
(5.08) 
MAX 

(~~~~:~~:) lYP. 

Package:S18W 
l8-Pin SOIC (Wide) 

0.448/0.468 
(11.38/11.89) 

0.050 ± 0.005 
(1.27± .13) 

~ S29O/O.301 

G.OO7/ll.015 0'095/!!'106~ (0.1"/!!.38I) 
(2AI/2.70) L 

SEATINT tL -II- O.ll22/O.O42 
PLANE ~ -.:.J (0.559/1.07) 

(lO.l1/1G.47) 

Package: )20 
20-Pin Hermetic DIP (CERDIP) 

0.985 

1··----(25.02)----~ I MAX 

'II • 

~ 0.020/0.050 

~M?Wm1+ t~ lit I ~ 0.05010.065 I I 11..- 0.005 Jg~) --11-(1.270/1.651) -I (0.127) MIN 

I 
~::;~:~~~) I 

~ 0.008/0.012 
(0.203/0.305) 

...... , __ 0'/15' 

MIN _ (~:~~::~~) _ _ (g:~g:~~) 

'Micro Linear 

--- --- -- --- -------

9-7 



PHYSICAL DIMENSIONS inches (millimeters) 

0.20!!.. 
(5.08) 
MAX 

Package: P20 
20-Pin Molded DIP 

r---- 1.020/1.040 --1 
1 ___ .-(25.91126.42) ____ I 

0.290/0.320 

~ 0.020/0.050 

WV\KKKfVW~.-=' ~ SEATING 

-r-y II y J ~PLANE 
r -Jlto.055/0.065 I t _J!,OO5 MIN 

I 
(7.366/8.128) I .. .. 

D 0.00810.014 
(0.203/0.356) 

'-..,..1 ___ 0°/15° 

9-8 

(3.175) (1.397/1.6511 (0.127) 
MIN 0.01&/0.022 _ J!.lI.2I!io.1l!l 

- (0.406/0.559) (2.28&/2.794) 

Package: Q20 
20-Pin Molded Leaded PCC 

...... 020 
(.508) MIN. 
SEE NOTE 1 

I~:~~~;~::':;) RADIUS 

0.352 ± 0.010 J, ..... ~~---;~I 
(8.941 ± 0.254) 

SQUARE 

0.390 ± 0.010 
(9.906 ± 0.254) 

SQUARE 

+ I~MIN 0.15510.190 • (2.286) 
(3.93714.826) 

.~Micro Linear 

t 
0.290/0.330 
17.366/8.382) 

t 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: R20, R24, R28 
20-Pin SSOP, 24-Pin SSOP, 28-Pin SSOP 

---"0"---

NN" O!chesDlM. "O"(mm) PACKAGE 
LEADS I.D. 

20 .'Jj4/294 (6.95/7A5) H2O 
24 .313/.333 {7.95/8.45) R24 

28 .392/AI2 (9.95/10AS) R28 

Package: K20 
20-Pin QSOP 

0.0525 :t 0.0025---1 
(1.33 :t 0.07) I 

n--!--r 

o 0.236 ± 0.008 

1I..""'i'FfFi'i''i'Fi'Fi''Ffi''i'f'iTiFf£}·20) 

SEATING PLANE 

0.064 :t 0.004 
(1.63;1:0.10) 

0.006 +0.004/-0.002 
(0.15 +0.10/-0.03) 

0.058 ::t 0.005 
(1.47±0.13) 

~ 0.00hO.002 

cUI. ] ~~0.05) 
0"-" ::t::J 0.15"0.005 I r-' (3.9400.13) 

0.025 :t 0.010 
(0.64 :t 0.25) 

'Micro Linear 

---- -- ------ --- ---

9-9 

l1li 



PHYSICAL DIMENSIONS inches (millimeters) 

9-10 

PIN liD 

Package: T20 
20-Pin TSSOP 

I 
4.30/4.48 

~~~~~~~1~ 
1 

6.25/6.50 

T 
(.007/012) - - .1.00 MI\X 

.Il256 BSC (.0394) 
.825 

(.D325) ~
18/'30 

(.6S)- - I 
--.l 

I 6.40/6.60 ]It 

I 
~J,ffi;:~~~"bj 
t _I 1_ .50(.70 -) 

(.252/.260) .00;(.015 
(.002/.006) 

Package: S20W 
20-Pin sOle 

r- .498/.512 I I a a (12.65/13.00)--+-

1 10 

(.020/.028) 0"-8" 

CO 11 

.024 MIN 
I (.610 MIN) (4 PLCS) .290/.301 

.012l.0~0 '[- I 1 ~ 1-.. X~"~\I i\, (.304/.508)" -.j f. .050 ± .008 
L 11.27 ± 0.20) .0071.015 

.095/.106 b ~ Ci77/3iii) 
(2.41/2.70)DDDDDDDDD .L 

r SEATING 7' TI J L .0221.042 
PLANE (NorE 1) f.-- .398/.412 -~ (.559/1.07) 

11 0.1111 0.47) 

'Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 

0.200 

(5.08) 

Package: P22 
22-Pin Molded DIP 

1.120/1.140 --1 
,.. (28.45/28.96) ~ I 

Q~~ 

(3.18) 
MIN. 

0.200 
(5.08) 
MAX 

24 

Package: J24W 
24-Pin Hermetic DIP (CERDlP) 

13 -r 
0.510/0.590 

(12.95/14.99) 

~~~12_1 

t 0.020/0.055 

~~'"_"m ~ ~SEATING t t PLANE 

- II J I 0.010 t ~ I ..... 0.050/0.065 -I - (0.254) MIN 
0.125 (1.270/1.651) 

(3.175) 0.016/0.022 0.09010.110 
MIN - -- (0.406/0.559) - (2.28612.794) 

.~Micro Linear 

0.390/0.420 I rr (9.91110.67) 1 I 

~O.008/0.014 
(0.20/0.36) 

0°/15° 

'..J 

....... , .¥ 0·/15· 

0.008/0.012 _ 

(0.203/0.305) 

9-11 



PHYSICAL DIMENSIONS inches (millimeters) 

9-12 

0.200 
(5.08) 
MAX 

Package: J24N 
24·Pin Hermetic Ceramic DIP (Narrow) 

.. (31.50/32.77) I 1.240/1.290 -I 

~ 0.020/0.055 

~~"-'., ~ ~SEATING t t PLANE 

t r 1111- 0.050/0.065 J I -I-{~:~!~) MIN 
0.125 ~ (1.270/1.651) 

(3.175) 0.016/0.022 0.090/0.110 
MIN - --(0.406/0.559) - (2.286/2.794) 

0.200 
(5.08) 
MAX 

24 

Package: P24W 
24·Pin Molded DIP (Wide) 

13 1 
0.540/0.570 

(13.72/14.48) 

~~"""""':':'12~ 

L 0.020/0.050 

i ~-.£ro~"m .-1-- +t-SEATING 

I I...! ,!!:Q!:PLANE 

r -1111- 0.050/0.065 I L -I - (~:~!~) MIN 0.125 (1.270/1.651) 
i3.17si ___ 0.016/0.022 _ 0.090/0.110 

MIN (0.406/0.559) (2.28612.794) 

'Micro Linear 

r- 0.290/0.320 I I r (7.366/8.128) -. 

~~8/0.012 
UI --F (0.203/0.305) 

"I ...,- 0°/15° 

t 0.590/0.620 j 
~ 

I ' 11 

0.008/0.014 --p> 

(0.203/0.356) 
'-0..1 oK 0°/15" 



PHYSICAL DIMENSIONS inches (millimeters) 

0.200 
(5.08) 
MAX 

Package: P24N 
24-Pin Molded DIP (Narrow) 

I 1.210/1.270 . "I (30.73/32.26) 

~:::::::::::I 0.240/0.270 
(6.096/6.858) , 

0.290/0.320 

L 0.020/0.050 

I ~~",~,ro, 
+ ttSEATING 
~ t PLANE 

-t _1,,1_ 0.050/0.065 I L -I - (~:~~~) MIN 

I 
(7.366/7.874) I 

'II: ., 

~ 0.00810.014 
(0.203/0356) 

--
'-I __ OO/1S' 

0.125 (1.270/1.651) 
(3.175) ___ 0.016/0.022 _ 0.09010.110 

MIN (0.40610.559) (2.286/2.794) 

Package:S24W 
24-Pin sOle 

r-- .600/.614 --j 
I R R R (15.24/15.60) R R R I 

~ 
~ 

-.II-- .012/.020 -...J L .025 MIN 
(.305/.508) (.635 MIN) 

(4 PlCS) 

L 
rliifuiiiiiiiiiiiiiiiu uiiu iiu u~ul 

.095/.106 j L .050 ± .005 
(2.41/2.70) (1.27 ± 0.20)' 

SEATING 
PLANE 

.290/.301 
(7.36/7.65) 

.0071.015 r---I 
(.177/.3~~ 

~ 1 J 1 0.015/0.050 --l 0.406 ± 0.010 t (0.38/1.25) 
(10.31 ± 0.254) 

'Micro Linear 9-13 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: J28W 
28-Pin Hermetic DIP (CREDIP) 

.... (36.58/37.72) r~-------------1 '~.4~~~/~1.~~~5~ _____________ ~·~1 

l8 15 

0.51010.590 
(12.95/14.99) 

~~~14~ 
0.200 MAX 
(5.08) 

L 0.020/0.050 

~S"'~''" + t: tr: SEATING 

~ jjtl 0.055/0.065 j L ~ __ (~:;;~N~IN 
0.125 MIN - (1.397/1.651) 0.090/0.110 

(3.175) 0.016/0.020 (2.286/2.794) 
(0.406/0.508) 

0.200 MAX 
(5.08) 

Package: P28W 
28-Pin Molded DIP 

1.410/1.470 1""·0--------------- (35.81/37.34) ------------.l·~1 
28 15 1 

0.540/0.570 

...,....,..,....,...,...,....,...,...T"'I ....... .,...., ....... ..,..,,....,...,...,....,...,...,..,...,...,....,...,1i-'4r-'J·~' 
L 0.020/0.050 

~~~S:~::~~~27) 
t ~ I i III PLANE J[ I L ~ J!Jl!Q.. MIN r _ 0.050/0.065 (0.254) 

0.125 MIN (1.27/1.651) 0090/0110 
(3.175) 0.016/0.022 -- (2:28612:794) 

(0.406/0.559) 

9-14 'Micro Linear 

t 0.590/0.620 --1 
(14.99/15.75) ---, I 

I j Ie --~(~:~~~;~:~~~) 
0°/15° 

"'"-t 

~ 0.59010.620 ---1 
Ir-~~l l J\ .. ~, ... " ~ --- (0.203/0.356) 

0°/15° "*"/..,./ 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: P28N 
28-Pin Molded DIP (Narrow) 

1-------(~~~)--------1 

28 15 ~ 
1'\ 0.280/0.295 V (7.11/7.49) 

........................................................................................................ ~~ 

!~~ MAX 

~ 0.020 

~
rT.,.-rTTlrrrT.,.-rr.,.-rrrT.,.-rr.,.-rrrT.,.-rl-.l. (0.051) MIN 

~ ---t-r- SEATING 

I jll-~ I I ~-T-PIANE 
(l) 0.100 

_ 0.()1S/O.021 - - (2.54) BSC 
(038/053) 

Package: Q28 
28-Pin Molded Leaded pee 

0.050 ± 0.005 
(1.270 ± 0.127) 

~ 
(11.4/11.6) 

5Q. 

0.485/0.495 
(12.3/12.6) 

SQ. 

'Micro Linear 

(~:::;) RAD. 

0300/II.325 

t(7·6~26)j 

~ ~ 
0-7" 

1 
0.390/0.430 

(9.906/10.92) 
Be OF 

BENDJRADII 

..- ./ (0.20/0.30) 

9-15 



PHYSICAL DIMENSIONS inches (millimeters) 

9-16 

Package:S28W 
28-Pin sOle 

-I L·024MI"!. 
(.609 MIN) 

-II-- .0121.020 
(.305/.508) 
TYP. 

L 
·t:;6n;;n;;;n;;;n;;;;n;;n:;nn;;;;n;;n;;;n;;;n;;;;n;ld 

(4PLCS.) 

0.294 ± 0.010 
(7.47 ± 0.25) 

.007/.015 L-J 
(.177/.381) I~ 

~[qE~ ~f'" ='M' ,~r:- J L .050 ± .005 
(l.41 12.70) (1.27 ± 0.20) 

SEATING 
PLANE 

PIN 1 "W", __ 
-) 

Package: H32, H48 
32-Pin TQFP, 48-Pin TQFP 

"N" .,. 
"W" 

PACKAGE 
ID 

'Micro Linear 

(.559/1.07) 

.398/.412 
(10.11/1 0.47) 

32L 48L 
.315iIASIC .o19711AS1C 

(.110) (.50) 

.1108/.615 .1108/.612 
(.23/.38) (.20/.30) 

H32 H48 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: Q32 
32·Pin Molded Leaded pee 

~~ r- (11.51/11.35) 

.495/.485 
(12.57/12.32) 

0.050 ± 0.005 
(1.27 ± 0.127) 

n 
0.53310.547 

(15.05/13.89) 

.0595/.0585 
(15.11/14.86) 

LiiiiB0 
1 .430/.390 ! 
- (10.92/9.91) --J 

Package: S32W 
32·Pin sOle 

-I 
.291/.301 
(7.39/7.65) I .417/.427 

(10.59/10.85) 

~;;;:;;::n::n::mmm;::m:'l- I 

.083/.093 

Ir-------...... -.I-.L (2.11/2.37) 

I ~.100 tnnr~~~~nnnr~rl (2.26/2.54) 

.025/.031 _11_ _11_ .014/.020 t 
(.634/.786) (.354/.506) 

-.l 0.013/0.021 t (0.330/0.533) 

t~ (3.07/3.61 ) 

.098/.112 
(2.49/2.84) 

(:~!~) MIN 

.~Micro Linear 

0.490/0.530 
(12.45/13.46) 

9-17 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: J40 
40-Pin Hermetic DIP (CERDIP) 

... ___________ 2.040/2.0% ___________ _ 

51.82153.24 ~ I 
40 

21 -, 

0.510/0.590 

~~~~~~~~~TC~~~~~~~~~~~~~~~T2~0~ 02~5r~~1 

+ II 020/0.0ln 

:: ~~~.~"'" MAX. + ~ SEATING -,-- t PLANE 

- II J I J I 0.010 
t J 11 __ 0 050/0 061 --I - 0.254 MIN 

0.125 ~ 1.270/1.(,11 

3.175 0.01610.022 0.090/0.110 0.09010.110 
MIN. - -- 0.406/0.559 -- 2.28&/2.794 -12.28612.794) 

9-18 

Package:P40 
40-Pin Molded Plastic DIP 

"'1· __ ---------2.07i;2.039·---------_~~1 
152.fiO/51.79) 

40 

n -=r.~ 

~~~~~~~~~~~~TL~~~~<=~~~~~,~~~·" 
--I '-- 0.065/0.050 

0.65/1.271 

'Micro Linear 

I-- 0.590/0.620 -

I r= li4.99tt5.ffi 

0.008/0.012..-r 
0.203/0.305 

(15.75/14.~) 1_ 0.620/0.590 -I 
0.014/0.008 
10.3&/020) 



t 
t 
0.048 

/1.219) 
O.042f 

(1.067 

PHYSICAL DIMENSIONS inches (millimeters) 

--- (1:'~~~:'~5) ---

I 
.389/.3'" 

- (9.88/10.12) --

uN" 

Package: G44, G52 
44-Pin PQFP, 52-Pin PQFP 

I 1 
.537/.557 

(13.65/14.15) 

"N" 

"I'" 

"WI' 

PACKAGE 
10 

44l 

.0315 

.012/.018 

G44 

.389/3.99 
('.88/10.12) DETAIL IIA" 

521 

(.80) OS<: .0265 (,65) BSC 

(.30/A5) .090/.014 (.22/.35) 

G52 

1.9Smm 

J -- FORM .005/.009 

~EAP' -,- r (.130/.230) 

.074/.084 
(1.80/2.13) I 
~ I 

SEE DETAIL "A" \ 

.. -"'" j Lo",o." , = _ L .026/.037 
(.63/.95) 

Package: Q44, Q52, Q68, Q84 
44-Pin, 52-Pin, 68-Pin and 84-Pin Molded Leaded PCC 

F; Lead Count 44L 52L 68L 

A 0.165/0.180 0.165/0.180 0.165/0.180 
(4.191/4.572) (4 191/4.572) (4.191/4.572) 

Al 0.100/0.110 0.100/0.110 0.095/0.118 

/ 

0.026/0.032 
(0.660/0.813) 

• 
+ 

1 
El E 

JJJ 
0.050 " 0.005 
(1.27" 0.127) 

.~Micro Linear 

(2.540/1.794) 

A2 0.148/0.156 
(3.759/3.962) 

D 0.685/0.695 
(17.39/17.65) 

D1 0.650/0.654 
(16.51/16.61) 

02 0.590/0.630 
(14 .... /16.00) 

03 0.500 REF 
(12.70 REF) 

E 0.685/0.695 
(17.39/17.65) 

E1 0.650/0.654 
(16.51/16.61) 

E2 0.590/0.630 
(14 .... /16.00) 

EJ 0.5OORfF 
(12.70 REA 

C 0.009/0.0103 
(0.228/0.261) 

PACKAGE Q44 10 

(2.540/.1.794) (2.413/1.997) 

0.148/0.156 0.146/0.154 
(3.759/3.962) (3.708/1.911) 

0.785/0.795 0.985/0.995 
(19.94/20.19) (25.02/25.27) 

0.750/0.754 0.950/0.954 
(19.05/19.15) (24.13/24.23) 

0.690/0.730 0.890/0.930 
(1753/18.54) (22.61/23.62) 

0.600 REF 0.800 REF 
(15.24 REF) (20.32 Ref) 

0.785/0.795 0.985/0.995 
(1'.94/20.1') (25.02/25.27) 

0.750/0.754 0.950/0.954 
(19.05/19.15) (24.13/24.23) 

0.690/0.730 0.890/0.'30 
(17.53/18.54) (22.61/23.62) 

0.600 REF 0.800 REF 
(15.24 REf) (20.32 REA 

0.009/0.0103 0.007/0.008 
(0.228/0,261) (0.178/0.203) 

Q52 Q68 

84L 

0.165/0.180 
(4.191/4.572) 
O.()9S/O.118 

(2.413/2.997) 

0.146/0.154 
(3.708/3.911) 

1.185/1.195 
(30.09/30.35) 

1.150/1.154 
(29.21/29.31 ) 

1.090/1.130 
(27.69/28.70) 

1.00 REF 
(25.40 REF) 

1.185/1.195 
(30.09/30.35) 

1.150/1.154 
(29.21/29.31) 

1.090/1.130 
(27.69/28.70) 

1.00 REF 
(25.40 REF) 

0.007/0.008 
(0.178/0.203) 

Q84 

9-19 



PHYSICAL DIMENSIONS inches (millimeters) 

G527 GElCP 30K 295 

9-20 

Package: H44, H52, H64 
44-Pin, 52-Pin and 64-Pin TQFP 

-(1t.%i~5) b 
-(;~-:)-
"N" 

"N" 
"P" 

'w" 

PACKAGE 
10 

"YI" 

j I 
·~l·047MAX (.900/1.10) (1.20) 

1.J I .014/.026 J1 
-- (.350/.650) 0"-8" 

'Micro Linear 

44l 52l 64l 

.808AS1C .65 BASIC .so BASIC 
(.0315) (.0256) (.D19n 

.13/32 .23/37 .13/32 
(.007/.013) (.009/.015) (.007/.013) 

H44 H52 H64 
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