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IMPORTANT NOTICE 

Texas Instruments (Til reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 

TI warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale In accordance with Tl's standard warranty. Testing and other quality control techniques are 
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage ("Critical Applications',. 

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS. 

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of TI 
products in such applications requires the written approval of an appropriate TI officer. Questions concerning 
potential risk applications should be diremed to TI through a local SC sales office. 

In order to minimize risks associated with the customer's applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 

TI assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does TI warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of TI covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. . 

Copyrlght(g) 1994, Texas Instruments Incorporated 



INTRODUCTION 

Overall system performance is directly related to the quality of the clock distribution network. 
Virtually aU high-performance digital deSigns subscribe to some form of clock distribution for 
proper system timing. 

The 1994 CDC Clock-Distribution Circuits Data Book provides technical inSight into the 
comprehensive line of clock-distribution circuits (CDC) or clock drivers developed by Texas 
Instruments. CDC products are offered in support of system-clocking layout and design and are 
targeted for applications in nearly all end equipments. The CDC line of products has been 
developed in a variety of Texas Instruments silicon processes ranging from Bipolar and CMOS 
to the latest Advanced BiCMOS technologies. Functionally, the CDC line serves to address a 
wide spectrum of design requirements with products developed to support 3.3-V and 5-V Vee 
applications. Texas'lnstruments is developing new buffer, flip-flop, and phase-locked loop 
(Pll)-based clOCk-distribution elements to meet today's higher-performance design 
requirements. With a large and varied portfolio of products already in production and in 
development, the designer is able to select the optimal clock driver based on a variety of clocking 
requirements such as: 

• lowskew 

• Minimal propagation delay 

• TIL, CMOS, differential pseudo ECl ( PECl) inputs and outputs 

• 3.3-Vor 5-V Vee applications 

• Selectable true or complementary output configuration 

• Output-enable control 

• 1/2x, 1x, and 2x frequency multiplication 

• Board-space constraints 

The products in this book have been designed to meet the stringent requirements of today's 
advanced system architectures. Due to the increasing requirements to shrink board area, the 
products in this book are being developed in a variety of surface-mount packaging options such 
as shrink small-outline packaging (SSOP) and thin shrink small-outline packaging (TSSOP). 
Texas Instruments also supports the CDC line with an assortment of analytical modeling tools. 

The latest high-speed microprocessors, buses, and memories are examples of critical-system 
components that are spurring a need for higher-performance clock distribution. Texas 
Instruments is working to provide optimal clock-driver solutions to meet these needs. 

Complete technical data for any TI Advanced System Logic product is available from the nearest 
TI field sales office, local authorized TI distributor, or directly by calling the Advanced System 
logic hotline at (214) 997-5202. 
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PRODUCT STAGE STATEMENTS 

Product stage statements are 'used on Texas Instruments data sheets to indicate the 
development stage(s) of the product(s) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate 
statementfrom the following list is placed in the lower left corner of the first page ofthe data sheet. 

PRODUCTION DATA information is current as of publication date. Products conform to 
speCifications per the terms of Texas Instruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 

PRODUCT PREVIEW information ·concerns products in the formative or design phase of 
development. Characteristic data and other specifications are deSign goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first 
statement below is placed in the lower left corner ofthe first page of the data sheet. Subsequent 
pages of the data· sheet containing PRODUCT PREVIEW information or ADVANCE 
INFORMATION are then marked in the lower left-hand corner with the appropriate statement 
given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing 
of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 

PRODUCT PREVI EW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are deSign goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC 
Council ofthe Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical 
Commission (IEC) for international use. 

OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 

CI Input capacitance 
The internal capacitance at an input of the device 

Co Output capacitance 
The internal capacitance at an output of the device 

Cpd Power dissipation capacitance 
Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
Po = Cpd Vee2 f + Icc Vee. 

fmax Maximum clock frequency 
The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification. 

Icc Supply current 
The current into* the Vee supply terminal of an integrated circuit 

Alcc Supply current change 
The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
OVorVee 

ICEX Output high leakage current 

II(hold) 

The maximum leakage current into the collector of the pulldown output transistor when the output is high 
and the output forCing condition Vo = 5.5 V. 

Input hold current 
I nput current that holds the input at the previous state when the driving device goes to a high-impedance 
state 

IIH High-level Input current 
The current into* an input when a high-level voltage is applied to that input 

III Low-level Input current 
The current into* an input when a low-level voltage is applied to that input 

loff Input/output power-off leakage current 
The maximum leakage current int%ut of the input/output transistors when forcing the input/output to 
4.5 V and Vec = 0 V 

IOH High-level output current 
The current into* an output with input conditions applied that, according to the product speCification, will 
establish a high level at the output. 

IOl Low-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 

·Current out of a terminal is given as a negative value. 

-!II TEXAS 
INSTRUMENTS 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

IOZ Off-state (high-impedance-state) output current (of a 3-state output) 
The current flowing into* an output having 3-state capability with input conditions established that, 
according to the product specification, will establish the high-impedance state at the output. 

ta Access time 
The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

tdls Disable time (of a 3-state or open-collector output) 
The propagation time between the specified reference pOints on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance (off) 
state. 
NOTE:· For 3-state outputs, tdis = tpHZ or tpLZ' Open-collector outputs will change only if they are low 

at the time of disabling so ldis = tpLH' 

ten Enable time (of a 3-state or open-collector output) 
The propagation time between the specified reference pOints on the input and output voltage waveforms 
with the output changing from a high-impedance (off) state to either of the defined active levels (high or 
low). 
NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 

outputs, ten = tpZH ortpZL. Open-collector outputs will change only ifthey are responding to data 
that would cause the output to go low so, for them ten = tPHL' 

th Hold time 
The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal. 
NOTES: 1. The hold time is the actual time interval between two Signal events and is determined by the 

system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 
2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digitai circuit is to be expected. 

tlltter Jitter 
Dispersion of a time parameter of the pulse waveforms in a pulse train with respect to a reference time, 
interval, or duration. Unless otherwise specified by a mathematical adjective, peak-to-peak jitter is 
assumed. 

tjltter(RMS) RMS Jitter 
The root mean square jitter, one sixth of the maximum peak-to-peak jitter 

tpd Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level. (tpd = tpHL or tpLH) 

tpHL Propagation delay time, hlgh-ta-Iow level output 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 

tpHZ Disable time (of a 3-state output) from high level 

HI 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to a high-impedance (off) state 

~1ExAs 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

tpLH Propagation delay time, low-to-hlgh level output 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 

tpLZ Disable time (of a 3-state output) from low level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to a high-impedance (off) state 

tpZH Enable time (of a 3-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from a high-impedance (off) state to the defined high level. 

tpZL Enable time (of a 3-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from a high-impedance (off) state to the defined low level. 

tsk(l) Input skew 
The difference between any two propagation delay times that originate at different inputs and terminate 
at a single output. Input skew describes the ability of a device to manipulate (stretch, shrink, or chop) a 
clock signal. This is typically accomplished with a multiple-input gate wherein one of the inputs acts as 
a controlling signal to pass the clock through. tSk(l) describes the ability of the gate to shape the pulse to 
the same duration regardless of the input used as the controlling input. 

tsk(l) Limit skew 
The difference between 1) the greater ofthe maximum specified values oftpLHandtpHLand 2) the lesser 
of the minimum speCified values of tpLH and tpHL' Umit skew is not directly observed on a device but 
rather is calculated from the data sheet limits for tpLH and tpHL' tsk(l) quantifies for the designer how much 
variation in propagation delay time will be induced by operation over the entire ranges of supply voltage, 
temperature, output load, and other specified operating conditions. Specified as such, tsk(i) also accounts 
forprocessvariation.lnfact, all other skew specifications [tsk(o), tsk(i), tsk(p), andtsk(pr)l aresubsetsoftsk(i); 
they will never be greater than tsk(i)' 

tsk(o) Output Skew 
The difference between any two propagation delay times when a Single switching input or multiple inputs ' 
switching simultaneously cause multiple outputs to switch, as observed across all switching outputs. This 
parameter is used to describe the fanout capability of a clock driver and is of concern when making 
decisions on clock buffering and distribution networks. 

tsk(p) Pulse Skew 

tsk(pr) 

The difference between propagation delay times tpHL and tpLH when a single switching input causes one 
or more outputs to switch. tsk(p) quantifies the duty cycle characteristic of a clock driver. Certain 
applications require a fixed duty cycle for proper operation. As an example, the CLK2 input of an 
MC68020 processor operating at 40 MHz requires a duty cycle of 50 ± 5%. tsk(p) is a measure of a clock 
driver's ability to supply such a precisely controlled pulse. 

Process Skew 
The difference between identically specified propagation delay times on any two like ICs operating under 
identical conditions. tsk(pr) quantifies the skew induced by variations in the IC manufacturing process but 
not by variations in supply voltage, operating temperature, output loading, input edge rate, input 
frequency, etc. Process skew is commonly specified and production tested under fixed conditions (e.g., 
Vee = 5.25 V, TA = 70°C, CL = 50 pF, all inputs switching simultaneously). 

~1EXAS 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

tau Setup time 
The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is guaranteed. 

tw Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform. 

VIH High-level Input voltage 

An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables. 

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

VIL Low-level Input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables. 

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

VOH High-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a high level at the output. 

VOL Low-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a low level at the output. 

VT + Positive-going threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, VT-

VT _ Negative-going threshold level 

1-8 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, VT +. 
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THERMAL INFORMATION 

In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures 
for the ABT family. In general, the junction temperature for any device can be calculated using using the following 
equation. 

TJ = R9JA X PT + TA 

where: 

virtual junction temperature 
thermal resistance, junction to free air 
total power dissipation of the device 
free-air temperature 

JUNCTION-TO-AMBIENT THERMAL RESISTANCE 
va 

AIR VELOCITY 

130r---'---~----r---~--~----' 
14-Pln D Package 

120 I---I---+~-t-----r-----t---i 
16-Pln D Package 

401----+---+--+---+---+---1 

30~--~--~----~--~--~--~ 
o 100 200 300 400 500 600 

Air Velocity - Feet/Min 

Figure 1 

Figures 2 through 5 show power dissipation derating for the 8-,16,- 20-, and 24-pin DB packages. 
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THERMAL INFORMATION 
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FUNCTIONAL INDEX 

CLOCK-DISTRIBUTION CIRCUITS 

5-V Clock-Distribution Circuits (CDC) 

TECHNOLOGY 
DESCRIPTION VOLEVELS TYPE 

AS AC ACT ABT 
Hex Inverter CMOS/CMOS '204 V 

TTLmL '328 V 

1-10-6 Exclusive OR TTLmL '328A + 
TTL/CMOS '329A V 

TTLmL '391 V 
1-10-6 Exclusive OR With OE 

TTL/CMOS '392 V 

TTL/CMOS '208 V 
Dua11-t0-4 Buffer (2 inputs, 8 outputs) 

CMOS/CMOS '209 V 

1-to-8 Divide-by-2 Flip-Flop (6 inverting, 2 noninvertlng) TTLmL '303 V 

1-10-8 Divide-by-2 Flip-Flop (8 noninverting) TTLmL '304 V 

1-10-8 Divide-by-2 Flip-Flop (4 inverting, 4 noninverting) TTLmL '305 V 

TTL/CMOS '337 V 
1-10-8 Fanout (4 noninverting buffer, 4 divide-by-2 flip-flop) 

TTLmL '339 V 

1-to-8 NAND TTLmL '340 V 

1-to-8AND TTLmL '341 V 

3-Way Fanout Buffer 
TTLmL '330 V (dual1-t0-3 nonlnverting buffer, 1-t0-4 divide-by-2 flip-flop) 

3.3-V Clock-Distribution Circuits (CDC) 

TECHNOLOGY 
DESCRIPTION VOLEVELS TYPE 

AS AC ACT ABT 
Hex Inverter CMOS/CMOS '203 V 

1-to-9 Differential LVPECL Buffer LVPECL/LVPECL '111 + 
1-to-9 Differential LVPECL Buffer With TTL OE LVPECL/LVPECL '112 + 

TTLmL '351 + 
1-10-10 Buffer With OE 

TTLmL '2351 + 
1-to-6 PLL Buffer 

TTLmL '536 + 
TTLmL '2536 + 
TTLmL '586 + 

1-to-12 PLL Buffer 
TTLmL '2586 + 

1-to-12 PLL Buffer LVPECL/TTL '2582 + 
V Product available In technology Indicated 
+ New product planned in technology indicated 

~1EXAS 
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The following table lists military 5~V Vee clock-driver circuits currently targeted for market 
introduction. Customers interested in learning more about Tl's plans for these devices should 
contact military Advanced System Logic marketing at (915) 561-7289 . 

DEVICE . PINJPACKAGE DESCRIPTION 

SN54CDC303 16/J. 16/W. 201FK Octal Divide-by-2 Circuit/Clock Driver 

SN54CDC328 16/J. 16/W. 201FK 1-Une to 6-Une Clock Driver With Selectable Polarity 



• CDC204 Replaces 74AC11204 

• CDC204-7 Replaces 74AC11204-7 
• Low.skew Propagation Delay Specifications 

for Clock·Drlver Applications 

• CMOS-Compatlble Inputs and Outputs 

• Flow·Through Architecture Optimizes 
PCB Layout 

• Center·Pln Vee and GND Pin Configurations 
Minimize High·Speed Switching Noise 

• EPIC ™ (Enhanced·Performance Implanted 
CMOS) 1·fJ.II1 Process 

• 500·mA Typical Latch·Up Immunity at 125°C 

• Package Options Include Plastic 
Small·Outline Package (OW) and Standard 
Plastic 3000mil DIPs (N) 

description 

CDC204, CDC204·7 
HEX INVERTERS/CLOCK DRIVERS 

SCAS098C - OCTOBER 1989 - REVISED 

OW OR N PACKAGE 
(TOP VIEW) 

1A 
2A 

3Y 3 3A 
GND 4 NC 
GND VCC 
GND VCC 
GND 7 NC 

4A 
5A 
SA 

NC - No internal connection 

The CDC204/204-7 contains six independent inverters. The device performs the Boolean function Y = A. It is 
designed specifically for applications requiring low skew between switching outputs. 

The CDC204/204-7 is characterized for operation from 25°C to 70°C. 

FUNCTION TABLE 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram (positive logic) 

20 
1A 1Y 

19 2 
2A 2Y 

18 3 
3A 3Y 

13 8 
4A 4Y 

12 9 
SA 5Y 

11 10 
6A 6Y 

t This symbol is in accordance with ANSVIEEE SId 91-1984 
and IEC Publication 617-12. 

EPIC Is a trademark of Texas Instruments Incorporated. 
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3A 

4A 

SA 

6A 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

20 (>0 1Y 

19 (>0 2 
2Y 

18 (>0 3 
3Y 

13 (>0 8 
4Y 

12 (>0 9 
5Y 

11 (>0 10 
6Y 
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CDC204,CDC204-7 
HEX INVERTERS/CLOCK DRIVERS 

SCAS098C-OCTOBER 1969-REVISED MARCH 1994 

absolute maximum rating~ over operating free-air temperature range (unless otherwise noted)f 

Supply voltage range, Vee ..................................... ; ......•..•..•....... -0.5Vto7V 
Input voltage range, VI (see Note 1) .........................................• -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) ............................................... :t20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ..................•.........•.............. :t50 mA 
Continuous output current, 10 (VO = 0 to Vee) .......................................... "... :t50 mA 
Continuous current through Vee or GND .................................................. :t150 mA 
Storage temperature range ....................................................... -65·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 

recommended operating conditions 

Vee 

VIH 

VIL 

VI 

IOH 

IOL 

/;.t//;.v 

fclock 

TA 

2-4 

Supply voltage 

High-level input voltage 

Low-level Input voltage 

Input voltage 

High-level output current 

Low-level output current 

Input transition rise or fa" rate 

Input clock frequency 

Operating free-air temperature 

Vee = 4.75 V 

Vee = 5.25 V 

Vee = 4.75 V 

Vee = 5.25 V 

Vee = 4.75 V 

Vee = 5.25 V 

Vee=4.75V 

Vee = 5.25 V 
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MIN NOM 

4.75 5 

3.3 

3.7 

0 

0 

25 

MAX UNIT 

5.25 V 

V 

1.4 
V 

1.6 

Vee V 

-24 
mA 

-24 

24 
mA 

24 

10 ns/V 

80 MHz 

70 ·e 



CDC204, CDC204·7 
HEX INVERTERS/CLOCK DRIVERS 

SCAS098C - OCTOBER 1989 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

TA.25°C CDC204 CDC204-7 
PARAMETER TEST CONDITIONS VCC 

MIN TYP MAX MIN MAX MIN MAX 

4.75 V 4.65 4.65 4.65 
10H = -50 IlA 

5.25 V 5.15 5.15 5.15 

VOH 4.75 V 4.19 4.05 4.05 
IOH=-24mA 

5.25 V 4.68 4.55 4.55 

10H =-75 mAt 5.25 V 3.6 3.6 

4.75 V 0.1 0.1 0.1 
10L= 501lA 

5.25 V 0.1 0.1 0.1 

VOL 4.75 V 0.36 0.44 0.44 
10L= 24 mA 

5.25 V 0.36 0.44 0.44 

10L= 75 mAt 5.25 V 1.65 1.65 

II VI = Vee or GND 5.25 V :to.l :tl :tl 

Ice VI = Vee or GND, 10=0 5.25 V 4 40 40 

ej VI = Vee or GND 5V 4 

t Not more than one output should be tested at a time, and the duration of the test should not exceed 10 ms. 

switching characteristics over recommended operating free-air temperature range, 
Vee = 5 V ± 0.25 V (see Note 2 and Figures 1 and 2) 

FROM TO CDC204 CDC204-7 
PARAMETER 

(INPUT) (OUTPUT) MIN MAX MIN MAX 

tPLH 3.7 5.7 3.7 5.7 
A Y 

tpHL 3.7 5.7 3.7 5.7 

tsk(o) A y 1 0.7 

NOTE 2: All speCifications are valid only for all outputs switching simultaneously and in phase. 

~1ExAs 
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UNIT 

V 

V 

IlA 
IlA 
pF 

UNIT 

ns 

ns 
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CDC204, CDC204-7 
HEX INVERTERS/CLOCK DRIVERS 

SCAS098C - OCTOBER 1989 - REVISED MARCH 19114 

PARAMETER MEASUREMENT INFORMATION 

Fr=~.:~ 
CL -50 pF 

(8ee Note A) T 500 g 

- -- -
LOAD CIRCUIT 

Input .1 
(-Note B) ---Ii 50% 

I 
tpLH -14j4t---..~ 

I 

Output ----""'\50% 
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES . 

NOTES: A. CL Includes probe and jig capacitance. 
B. Input pulses are supplied by generators having the following characteristics: PRR ~ 10 MHz, Zo = 50 g, tr = 3 ns, tf = 3 ns. 
C. The outputs are measured one at a time with one Input transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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CDC204, CDC204-7 
HEX INVERTERS/CLOCK DRIVERS 

SCAS098C - OCTOBER 1989 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

1A-6A ~50% ~50% 
I I 
I 

~50% 
I 

~50% Y1 I I 
I I 

tpLH1 14 III 14 III tpHL1 
I I 
I 

~50% 
1 

~50% Y2 I I 
1 I 

~2 14 III 14 III tpHL2 I I 
1 I 
I t5O% 1 

~50% Y3 I I 
I I 

tpLH3 i4 III 14 III tpHL3 

I . I 
I 

~50% 
I 

~50% Y4 I I 
I I 

tpLH4 ~ III 14 III tpHL4 
1 

I I 
Y5 

I t5O% I ~50% I I 

tpLH5 ~ III ~ III tpHLS I I 
I I 
I 

~50% 
I 

~50% Y6 I I 
I I 

tPLH6 14 III 14 III tpHL6 

NOTE A: Output skew, tsk(o), Is calculated as the greater ot 
- The difference between the fastest and slowest of tpHLn (n = 1, 2, ... , 6) 
- The difference between the fastest and slowest of tPLHn (n = 1, 2, ... , 6) 

Figure 2. Waveforms for Calculation of tsk(o) 
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• CDC208 Replaces 74ACT1120B 

• CDC208-7 Replaces 74ACT11208-7 

• Low-Skew Propagation Delay Specifications 
for Clock·Drlver Applications 

• TTL-Compatible Inputs and 
CMOS-Compatlble Outputs 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Center-Pin Vee and GND Pin Configurations 
Minimize High-Speed Switching Noise 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 1-llm Process 

• 500-mATyplcal Latch·Up Immunity at 125°C 

• Package Options Include Plastic 
Smail-Outline (DW) and Shrink 
Small.Qutline (DB) Packages and Standard 
Plastic 300-m1l DIPs (N) 

description 

CDC208, CDC208-7 
DUAL 1-LlNE TO 4-LINE CLOCK DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS109C-APRIL 1990- REVISED MARCH 1994 

DB, OW, OR N PACKAGE 
(TOP VIEW) 

.1Y1 
1A 

1Y4 3 10E1 
GND 4 10E2 
GND Vce 
GND Vee 
GND 2A 
2Y1 20E1 
2Y2 20E2 
2Y3 

The CDC208/208-7 contains dual clock-driver circuits that fanout one input Signal to four outputs with minimum 
skew for clock distribution (see Figure 2). The device also offers two output-enable (OE1 and OE2) inputs for 
each circuit that can force the outputs to be disabled to a high-impedance state or to a high- or low-logic level 
independent of the signal on the respective A input. 

Skew parameters are specified for a reduced temperature and voltage range common to many applications. 

The CDC208/208-7 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLES 

INPUTS OUTPUTS 

10E1 10E2 1A 1Y1 1Y2 1Y3 1Y4 

L L L L L L L 

L L H H H H H 

L H X L L L L 

H L X H H H H 

H H X Z Z Z Z 

INPUTS OUTPUTS 

20Ei 20E2 2A 2Y1 2Y2 2Y3 2Y4 

L L L L L L L 

L L H H H H H 

L H X L L L L 

H L X H H H H 

H H X Z Z Z Z 

EPle is a trademark of Texas Instruments Incorporated. 

Copyright © 1994. Texas Instruments Incorporated 
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CDC208, CDC208-7 
DUAL 1·L1NE TO 4·L1NE CLOCK DRIVERS 
WITH 3·STATE OUTPUTS 
SCAS109C-APRIL 1990- REVISED MARCH 1994 

logic symbolt 

XIV 1 

18 
1 

1- V4 

17 2 G5 
2 

3 EN 

4,5'il 

19 4,5'il 
1A 

4,5'il 

4,5'il 

13 

12 

14 
2A 

t This symbol Is In accordance with ANSI/IEEE SId 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

10E1 _1_8_~:JI 

1A ---=1~9 __ -I 

20E1 ---=1e,::.3_-(JI 

20E2 _1_2_~.JI 

2A ---=1:...:.4 ___ 1 

~1ExAs 
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20 

1 

2 

3 

8 

9 

10 

11 
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1Y1 

/1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

20 1Y1 

>--~-1Y2 

>---=2- 1Y3 

>-_--=3_ 1Y4 

>----.:::.8- 2Y1 

>-_--=9_ 2Y2 

>-__ 1:.::0_ 2Y3 

>-~_1.:.:.1_ 2Y4 



CDC208, CDC208·7 
DUAL 1·LlNE TO 4·LlNE CLOCK DRIVERS 

WITH 3·STATE OUTPUTS 
SCASlO9C -APRIL 1990 - REVISED MARCH 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ............................... ; .......................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ....................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) ............................................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±SO rnA 
Continuous output current, 10 (VO = 0 to Vee) ............................................. ±SO rnA 
Continuous current through Vee or GND ................................................. ±200 rnA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating condHions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vce Supply voltage 4.5 5 5.5 V 

VIH High-level Input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 Vee V 

IOH High-level output current -24 rnA 

IOL Low-level output current 24 mA 

at/av Input transition rise or fall rate 0 10 ns/V 

fclock Input clock frequency 60 MHz 

TA Operating free-air temperature -40 85 ·e 

~1ExAs 
INSTRUMENTS 
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CDC208, CDC208-7 
DUAL 1-LlNE TO 4-LINE CLOCK DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS109C -APRIL 1990 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

TA = 25°C CDC208 CDC208-7 
PARAMETER TEST CONDITIONS VCC 

MIN TYP MAX MIN MAX MIN 

4.5V 4.4 4.4 4.4 
10H =-50 IlA 

5.5V 5.4 5.4 5.4 

4.5 V 3.94 3.8 3.8 
VOH 10H =-24 mA 

5.5V 4.94 4.8 4.8 

IOH=-50 mAt 5.5V 

IOH=-75 mAt 5.5V 3.85 3.85 

4.5V 0.1 0.1 
10L= 501lA 

5.5V 0.1 0.1 

4.5V 0.36 0.44 
VOL IOL=24mA 

5.5V 0.36 0.44 

10L= 50 mAt 5.5V 

IOL= 75 mAt 5.5V 1.65 

II VI = Vee or GND 5.5V .. 0.1 .. 1 

IOZ Vo = Vee or GND 5.5V .. 0.5 .. 5 

lee VI = Vee or GND, 10=0 5.5V 8 80 

&Iee* 
One input at 3.4 V. 

5.5V 0.9 1 
Other Inputs at Vee or GND 

ei VI = Vee or GND 5V 4 

eo Vo = Vee or GND 5V 10 

t Not more than one output should be tested at a tIme, and the duratIon of the test should not exceed 10 ms. 
:I: This is the increase in supply current for each Input that Is at one of the specified TTL vottage levels rather than 0 V or Vee. 

switching characteristics over recommended operating free-air temperature range, 
Vee = 5 V:t 0_5 V (unless otherwise noted) (see Figure 1) 

MAX 

0.1 

0.1 

0.44 

0.44 

1.65 

.. 1 

.. 5 

80 

1 

FROM TO TA = 25°C CDC208 CDC208-7 
PARAMETER 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX MIN MAX 

tPLH 5.3 8.5 10.9 5.3 11.7 5.3 11.7 
lAand2A AnyY 

tpHL 3.6 7.7 11 3.6 11.5 3.6 11.5 

tpLH lOE1, l0E2, and 4.7 8.5 11.7 4.7 12.8 4.7 12.8 

20E1,20E2 
AnyY 

tpHL 4.4 8.4 11.3 4.4 12.4 4.4 12.4 

tpZH 10E2or20E2 4.4 8.1 11.3 4.4 12.4 4.4 12.4 

10Elor20El 
AnyY 

tpZL 5 9.6 13.3 5 14.9 5 14.9 

tpHZ 10E20r20E2 4.2 7.4 9.3 4.2 10.2 4.2 10.2 

lOE1 or20El 
AnyY 

tpLZ 5.4 7.5 9.2 5.4 9.9 5.4 9.9 

UNIT 

V 

V 

IlA 
IlA 
IlA 

mA 

pF 

pF 

UNIT 

ns 

ns 

ns 

ns 

switching characteristics, Vee = 5 V:t 0_25 V, TA = 25°C to 70°C (see Note 2 and Figures 1 and 2) 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
lAand2A AnyY 

tpHL 

tsk(o) lAand2A AnyY 

NOTE 2: All specifications are valid only for all outputs swHchlng slmuttaneously and In phase. 

2-12 
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CDC208 CDC208-7 
UNIT 

MIN MAX MIN MAX 

7.6 10.2 7.6 10.2 
ns 

6.6 9.8 6.6 9.8 

1 0.7 ns 



CDC208, CDC208·7 
DUAL 1·LINE TO 4-LlNE CLOCK DRIVERS 

WITH 3·STATE OUTPUTS 
SCAS109C-APRIL 1990- REVISED MARCH 1994 

operating characteristics, VCC = 5 V, TA = 25°C 

Cpd 

PARAMETER TEST CONDInONS TYP UNIT 

I Outputs enabled 96 
Power dissipation capacitance per bank 

l0utputs disabled 
CL = 50 pF. f = 1 MHz r--n pF 

PARAMETER MEASUREMENT INFORMATION 

S1 5000 
From Output_ .... _--4~~WIr-__ .../ 

Under Teat 

CL=50pF 

(see Note A) T 5000 

a 2xVCC 

a Open 
TEST S1 

tpLHftpHL Open 
tpLZItPzL. 2xVCC 
tpHZIIPzH GND 

Output 3V 
(see Note A) LOAD CIRCUIT FOR OUTPUTS Control 

(Iow-level I 
enabling) I ---..I 

tpZL-+' ~ I 
I I tpLZ -t>j ~ 

Output II I :~ -VCC 

S:':::~~~ : " 50% VCC: } 20% ~CE. VOL 

(see Note C) I tpHZ -.I I+-
Output tpZH -.{ 14- I 

Waveform 2 I - 80% Vc~ VOH 
S1 at2xVCC 

(see Note C) OV 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. All input pulses are supplied by generators having the following characteristics: PAR" 1 0 MHz. Zo = 50 O. tr " 3 ns. tf" 3 ns. 
For testing pulse duration: tr = tf = 1 to 3 ns. Pulse polarity can be either high-to-Iow-to-hlgh or low-to-high-to-Iow. 

C. Waveform 1 Is for an output with Internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with Internal conditions such that the output is high except when disabled by the output control. 

Figure 1. Load Circuit and Voltage Waveforms 

:111EXAS 
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CDC208, CDC208-7 
DUAL 1-L1NE TO 4-LINE CLOCK DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS109C -APRIL 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

1A,2A t ~ 
I I 
I t I 

~ 1Y1 I I 
I I 

tpLH1 14 ~ I .. ~I tpHL1 
I I 
I 

1 
I 

} 1Y2 
I I 

I .. 
I 

tpLH2 I .. tPHL2 I 
I I 
I I( I 

~ 1Y3 I I 
I I 

tPLH3 14 ~ . I" ~ tPHL3 

I I 
I I 

~ 1Y4 I I( I 
1 I 

tpLH4 ~ ~ ~ ~I tpHL4 
1 1 
1 1 
1 t 1 

~ 2Y1 1 1 
I I 

tpLHB I" ~I I" ~I tpHLB 

I I 
I 

I( 
I 

~ 2Y2 I I 
I 1 

tpLH6 I .. ~I I,. ~ tpHL6 
I 1 
I I 

2Y3 
1 t I ~. 1 1 

I .. ~ tpLH7 I ~I ~I tpHL7 

1 I 
1 

I( 
I 

~ 2Y4 I I 
I I 

tpLH8 14 ~ 14 ~ tpHL8 

NOTE A: Output skew. tsk(o). is calculated as the greater of: 
- The difference between the fastest and slowest of tPLHn (n = 1. 2, •.. , 8) 
- The difference between the fastest and slowest of tpHLn (n = 1. 2 •...• 8) 

Figure 2. Waveforms for Calculation of tsk(O) 
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• CDC209 Replaces 74AC11208 

• CDC209·7 Replaces 74AC11208-7 

• Low-8kew Propagation Delay Specifications 
for Clock·Drlver Applications 

• CMOS·Compatible Inputs and Outputs 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Characterized for Operation at SoVand 
3.3-VVee 

• Center-Pin Vee and GND Pin Configurations 
Minimize High-Speed Switching Noise 

• EPIC ™ (Enhanced-Performance Implanted 
CMOS) 1-llm Process 

• 500-mA "TYpical Latch-Up Immunity at 125°C 

• Package Options Include Plastic 
Smail-Outline Package (OW) and Standard 
Plastic 300-mil DIPs (N) 

description 

CDC209, CDC209·7 
DUAL 1·L1NE TO 4·L1NE CLOCK DRIVERS 

WITH 3·STATE OUTPUTS 
SCAS108C - MARCH 1990 - REVISED MARCH 1994 

OW OR N PACKAGE 
(TOP VIEW) 

1Y2 1 20 1Y1 
1Y3 2 19 1A 
1Y4 3 18 10E1 

GND 4 17 10E2 
GND 5 16 Vee 
GND 6 15 Vee 
GND 14 2A 
2Y1 200 
2Y2 9 20E2 
2Y3 

The CDC209/209-7 contains dual clock-driver circuits that fanout one input signal to four outputs with minimum 
skew for clock distribution (see Figure 2). The device also offers two output-enable (OE1 and OE2) inputs for 
each circuit that can force the outputs to be disabled to a high-impedance state or to a high- or low-logic level 
independent of the signal on the respective A input. 

Skew parameters are specified for a reduced temperature and voltage range common to many applications. 

The CDC209/209-7 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLES 

INPUTS OUTPUTS 

10E1 10E2 1A 1Y1 1Y2 1Y3 1Y4 

L L L L L L L 

L L H H H H H 

L H X L L L L 

H L X H H H H 

H H X Z Z Z Z 

INPUTS OUTPUTS 

2OE1 20E2 2A 2Y1 2Y2 2Y3 2Y4 

L L L L L L L 

L L H H H H H 

L H X L L L L 

H L X H H H H 

H H X Z Z Z Z 

EPIC is a trademark of Texas Instruments Incorporated. 

Copyright © 1994, Texas Instruments Incorporated 
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CDC209, CDC209-7 
DUAL 1 ~LlNE TO 4-LlNE CLOCK DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS108C - MARCH 1990- REVISED MARCH 1994 

logic symbolt 

XIV 1 

18 1- V4 1 
17 2 ( Os 

2 
3 EN 

4,S'i1 

19 
1A 

4,5'i1 

4,S'i1 

4,5'i1 

13 

12 

14 
2A 

tThls symbol Is In accordance with ANSI/IEEE SId 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

10E1 ----'1 __ 8_--<:lI 

1~ --.,;1c.:...7_--<:lI 

1A 19 

2OE1----'1;..:.3_---<:JI 

2OE2 --.,;1:.::;2_---<:JI 

2A 14 

~1ExAs 
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1 

2 

3 

8 

9 

10 

11 
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1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

20 1Y1 

>------'-- 1Y2 

>-_--=2_ 1Y3 

>-_--=3_ 1Y4 

>-_--=8_ 2Y1 

>-_--=9_ 2Y2 

>-__ 1;;.;:;0_ 2Y3 

>-__ 1.;.;1_ 2Y4 



CDC209, CDC209-7 
DUAL 1-LlNE TO 4-LlNE CLOCK DRIVERS 

WITH 3-STATE OUTPUTS 
SCAS108C - MARCH 1990 - REVISED MARCH 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ....................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vecl ............................................... :1:20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vecl ........................................... :1:50 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. :1:50 mA 
Continuous current through Vee or GND ................................................. :1:200 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating condKlons" Is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are Observed. 

recommended operating conditions 

Vee 

VIH 

VIL 

VI 

IOH 

IOL 

f!t/ f!v 

fclock 

TA 

Supply voltage 

High-level input voltage 

Low-level input voltage 

Input voltage 

High-level output current 

Low-level output current 

Input transition rise or fall rate 

Input clock frequency 

Operating free-air temperature 

Vee=3V 

Vee=4.5V 

Vec =5.5V 

Vec=3V 

Vee =4.5V 

Vee =5.5V 

Vec=3V 

Vee=4.5V 

VCC=5.5V 

Vec=3V 

Vec=4.5V 

Vec=5.5V 

~TEXAS 
INSlRUMENrS 
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MIN NOM 

3 5 

2.1 

3.15 

3.85 

0 

0 

-40 

MAX UNIT 

5.5 V 

V 

0.9 

1.35 V 

1.65 

Vec V 

-4 

-24 rnA 

-24 

12 

24 rnA 

24 

10 nstv 

60 MHz 

85 ·C 
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CDC209, CDC209-7 
DUAL1-LlNE TO 4·LlNE CLOCK DRIVERS 
WITH 3-STATE OUTPUTS 
SCAS108C - MARCH 1990 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

TA =25"C coca CDC209-7 
PARAMETER TEST CONDITIONS VCC 

MIN TYP MAX MIN MAX MIN MAX 

3V 2.9 2.9 2.9 

10H =-50 JAA 4.5V 4.4 4.4 4.4 

5.5V 5.4 5.4 5.4 

VOH IOH=-4mA 3V 2.58 2.48 2.48 

4.5 V 3.94 3.8 3.B 
IOH=-24mA 

5.5V 4.94 4.B 4.B 

IOH=-75mAt 5.5V 3.B5 3.B5 

3V 0.1 0.1 0.1 

10L= 50 JAA 4.5V 0.1 0.1 0.1 

5.5V 0.1 0.1 0.1 

VOL 10L= 12 rnA 3V 0.36 0.44 0.44 

4.5V 0.36 0.44 0.44 
10L= 24 rnA 

5.5V 0.36 0.44 0.44 

10L= 75 mAt 5.5V 1.65 1.65 

II VI = VCC or GND 5.5V ",0.1 ",1 ",1 

10Z Vo = VCC or GND 5.5V ",0.5 ",5 ",5 

ICC VI = VCC or GND. 10=0 5.5V B 80 BO 

Ci VI = VCC or GND 5V 4 

Co Vo = VCC or GND 5V 10 

t Not more than one output should be tested at a time. and the duration of the test should not exceed 1 Oms. 

switching characteristics over recommended operating free-air temperature range, 
Vee = 3.3 V ± 0.3 V (unless otherwise noted) (see Figure 1) 

FROM 
PARAMETER 

(INPUT) 

tpLH 
lAand2A 

tpHL 

tPLH 10El. 10E2. and 

tpHL 20El.20E2 

tpZH l0E2or20E2 

tpZL 10El or 2C5E1 

tpHZ 10E2or 20E2 

tpLZ 1 C5E1 or 20El 

2-18 

TO TA = 25°C 

(OUTPUT) MIN TYP 

4.B 11.1 
AnyY 

5.1 12.2 

5.2 11.9 
AnyY 

7.B 13.3 

5.1 11.B 
AnyY 

6.8 16.3 

3.4 6.9 
AnyY 

4.1 7.5 

~TEXAS 
INSTRUMENTS 

MAX 

13.1 

14.3 

14.2 

15.7 

14.2 

19.5 

B.6 

9.4 

POST OFFICE BOX 656303 • DAUAS. TEXAS 75265 

coca CDC209-7 

MIN MAX MIN MAX 

4.B 14.6 4.B 14.6 

5.1 15.6 5.1 15.6 

5.2 .15.B 5.2 15.B 

7.B 17.4 7.B 17.4 

5.1 15.7 5.1 15.7 

6.B 22.B 6.B 22.8 

3.4 9.2 3.4 9.2 

4.1 10.2 4.1 10.2 

UNIT 

V 

V 

JAA 
JAA 
JAA 
pF 

pF 

UNIT 

ns 

ns 

ns 

ns 



CDC209, CDC209-7 
DUAL 1-LlNE TO 4-LINE CLOCK DRIVERS 

WITH 3-STATE OUTPUTS 
SCASI 08C - MARCH 1990- REVISED MARCH 1994 

switching characteristics over recommended operating free-air temperature range, 
Vee = 5 V ± 0.5 V (unless otherwise noted) (see Figure 1) 

FROM TO TA = 25°C CDC209 CDC209-7 
PARAMETER 

(INPUT) (OUTPUT) MIN TYP MAX MIN MAX MIN MAX 

tpLH 4.2 5.5 9 4.2 9.9 4.2 9.9 
lAand2A AnyY 

tPHL 4.2 7 9.3 4.2 10.1 4.2 10.1 

tpLH 1 OE1. 10E2. and 4.6 7.3 9.6 4.6 10.7 4.6 10.7 

20El.20E2 
AnyY 

tPHL 4.8 7.7 10.2 4.8 11 4.8 11 

tpZH 10E2or20E2 4.3 7.2 9.4 4.3 10.4 4.3 10.4 

lOE1 or20E1 
AnyY 

tpZL 5.3 9 12.2 5.3 13.5 5.3 13.5 

tpHZ 10E2or 20E2 3 5.4 7.5 3 8 3 8 
AnyY 

tpLZ 10Elor20El 3.7 5.7 7.5 3.7 8.2 3.7 8.2 

UNIT 

ns 

ns 

ns 

ns 

switching characteristics, Vee = 5 V ± 0.25 V, TA = 25°e to 70°C (see Note 2 and Figures 1 and 2) 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tpLH 
lAand2A AnyY 

tpHL 

tsk(o) lAand2A AnyY 

NOTE 2: All specifications are valid only for all outputs switching simultaneously and in phase. 

operating characteristics, Vee = 5 V, T A = 25°C 

Cpd 

PARAMETER 

Power dissipation capacitance per bank 
I Outputs enabled 

I Outputs disabled 

~TEXAS 
INSTRUMENTS 
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CDC209 CDC209-7 
UNIT 

MIN MAX MIN MAX 

6 8.5 6 8.5 
ns 

6 8.5 6 8.5 

1 0.7 ns 

TEST CONDITIONS TYP UNIT 

95 
CL = 50 pF. f = 1 MHz r--w pF 
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CDC209, CDC209-7 
DUAL 1·LlNE TO 4-LlNE CLOCK DRIVERS 
WITH 3·STATE OUTPUTS 
SCAS108C - MARCH 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

S1 5000 
From Output-_.------4t->--W\r---.../ 

Under Teat 

CL=&OpF 
(_NoteA)I 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAYEFORMS 
PROPAGATION DELAY TIMES 

o 2xYCC 

o Open 
TEST S1 

tpLJi/lpHL Open 
tpL.Zftpn 2xVCC 
tpH~ GND 

Ompm VCC 
Control 50% 

(Iow-level I fI 
enabling) ~ - - - - OV 

tpZL ---.I 14-:. I 
I I tpLZ -+i 14-

Ompm II I Col - YCC 
Waveform 1 I ~ 50% YCC I } 

S1 at2xYCC I \ I _ ~~C.Q. YOL 
(- Note C) I tpHZ --.I 14-

Ompm tpZH ~ 14- I 
Waveform 2 I YOH 

S1 atGND 
(see Note C) 0 Y 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

2-20 

B. All input pulses are supplied by generators having the following characteristics: PRR .. 10 MHz, Zo = 50 0, tr .. 3 ns, tf" 3 ns. 
For testing pulse duration: tr = tf = 1 to 3 ns. Pulse polarity can be either hlgh-to-Iow-to-hlgh or low-to-hlgh-to-Iow. 

C. Waveform 1 Is for an output with Internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that the output Is high except when disabled by the output control. 

Figure 1. Load·Clrcuit and Voltage Waveforms 

~TEXAS 
INSTRUMENTS 
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CDC209, CDC209·7 
DUAL 1·LlNE TO 4-LlNE CLOCK DRIVERS 

WITH 3·STATE OUTPUTS 
SCAS108C-MARCH 1990-REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

1A,2A t ~ 
1 1 
1 t 1 

~ 1Y1 1 1 
1 1 

tpLH1 14 .1 14 .1 tpHL1 
1 1 
1 

t I 

~ 1Y2 
1 1 
I 1 

tpLH2 14 ~ 14 ~ tpHL2 i i . 
1 1 
1 t 1 

~ 1Y3 1 1 
1 1 

tpLH3 14 ~ 14 ~ tpHL3 

1 1 
1 t 1 

~ 1Y4 1 1 
1 1 

tpLH4 14 .1 14 ~ tpHL4 
1 1 
1 1 
1 t 1 

~ 2Y1 1 1 
1 1 

tpLH5 14 .1 1'4 .1 tpHUI 

1 1 
1 t 1 

~ 2Y2 1 1 
1 1 

tpLH6 14 ~ 14 .1 tpH16 
1 1 
1 1 
1 t 1 

~ 2Y3 1 1 
1 14 tpLH7 14 .1 1 .1 tpHL7 

1 1 
1 t 1 

~ 2Y4 1 1 
1 1 

tpLH8 ~ .1 14 ~ tpHL8 

NOTE A: Output skew, tsk(a), is calculated as the greater at 
- The difference between the fastest and slowest of tPLHn (n = 1, 2, ... , 8) 
- The difference between the fastest and slowest of tpHLn (n = 1, 2, ... , 8) 

Figure 2. Waveforms for Calculation of tak(O) 

~1EXAS 
INSTRUMENTS 
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CDC303 
OCTAL DIVIDE-BY-2 CIRCUIT/CLOCK DRIVER 

• Replaces SN74AS303 

• Maximum Output Skew Between Same 
Phase Outputs of 1 ns 

• Maximum Pulse Skew of 1 ns 

• TTL-Compatible Inputs and Outputs 

• Center-Pin Vee and GND Configurations 
Minimize High-Speed Switching Noise 

• Package Options Include Plastic 
Smail-Outline Package (D) and Standard 
Plastic 30D-mll DIPs (N) 

description 

SCAS323 1994 

D OR N PACKAGE 
(TOP VIEW) 

03 1 02 
04 01 

GND ClR 
GND 4 VCC 
GND VCC 

05 11 ClK 
06 PRE 
07 9 08 

The CDC303 contains eight flip-flops designed to have low skew between outputs. The eight outputs (six 
in-phase with ClKand two out-of-phase) toggle on successive ClK pulses. Preset (PRE) and clear (ClR) inputs 
are provided to set the Q and Q outputs high or low independent of the clock (ClK) input. 

The CDC303 has output and pulse-skew parameters tsk(o) and tsk(p) to ensure performance as a clock driver 
when a divide-bY-two function is required. 

The CDC303 is characterized for operation from O'C to 70'C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLR PRE CLK Q1-OO Q7-Q8 

L H X L H 

H L X H L 

L L x Lt Lt 

H H t 00 00 
H H l 00 00 

t This configuration will not persist when PRE 
or ClR returns to Hs inactive (high) level. 

logic symbol:!: 

C> 

10 1'0 S 

11 
ClK T 

14 "- R 

"'This symbol Is in accordance wHh ANSI/IEEE Std 91-1984 and IEC Publication 617·12. 

~TEXAS 
INSTRUMENTS 
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15 

16 

1 

2 

6 

7 

8 

9 

Q1 

Q2 

Q3 

Q4 

as 
00 

07-
08 

Copyright @ 1994, Texas Instruments Incorporated 
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CDC303 
OCTAL DIVIDE-BY-2 CIRCUIT/CLOCK DRIVER 

SCAS323-JULY1990-REVISED MARCH 1994 

logic diagram (positive logic) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee ........................................................................ 7 V 
Input voltage, VI ............................................................................ 7 V 
Operating free-air temperature range .................................................. ooe to 700e 
Storage temperature range ....................................................... -65°e to 1500 e 

t Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damageto the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating condttions' is not 
implied. Exposure to absolute-maximum-rated condttions for extended periods may affect device reliability. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voRage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current -24 mA 

IOL Low-level output current 48 mA 

fclock Input clock frequency 80 MHz 

TA Operating free-air temperature 0 70 ·C 

~1ExAs. 
INSTRUMENTS 
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CDC303 
OCTAL DIVIDE-BY-2 CIRCUIT/CLOCK DRIVER 

SCAS323-JULY 1990-REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC=4.5V, II =-18mA -1.2 V 

VOH 
VCC = 4.5 Vto 5.5 v, 10H =-2mA VCC-2 

V 
VCC=4.5V, IOH=-24mA 2 2.8 

VOL VCC = 4.5 V, 10l=48mA 0.3 0.5 V 

II VCC = 5.5 V, VI=7V 0.1 rnA 

IIH VCC = 5.5 V, VI = 2.7V 20 !'A 
III VCC = 5.5 V, VI =0.4V -0.5 rnA 

10* VCC = 5.5 V, VO=2.25V -50 -150 rnA 

ICC VCC=5.5V, See Note 1 40 70 rnA 

t All typical values are at VCC = 5 V. TA = 25°C. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE1: ICC Is measured with ClK and PRE grounded, then with ClK and CLR grounded. 

timing requirements 

MIN MAX UNIT 

fclock Clock frequency 0 80 MHz 

CLR or PRE low 5 

tw Pulse duration CLKhigh 4 ns 

CLKlow 6 

Isu Setup time before ClKt CI:R or PRE inactive 6 ns 

switching characteristics over recommended operating free-air temperature range (see Figure 1) 

PARAMETER 
FROM 

(INPUT) 

fmax§ 

tplH 
ClK 

tpHl 

tpLH 

tpHl 
PRE or CI:R 

tsk(o) ClK 

tsk(p) ClK 

tr 
tf . . 

§ fmax minimum values are at Cl = 0 to 30 pF . 

TO 
TEST CONDITIONS 

(OUTPUT) 

a,Q Rl= 500 g, 

a,Q Rl = 500 g, 

a 
a Rl = 500 g, 

See Figure 2 a,a 
a,a Rl=500 g, 

~TEXAS 
INSTRUMENTS 
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Cl= 50 pF 

Cl = 50 pF 

Cl = 10 pFto 30 pF, 

Cl = 10 pFto 30 pF 

MIN MAX UNIT 

80 MHz 

2 9 
ns 

2 9 

3 12 
ns 

3 12 

1 

1 ns 

2 

1 ns 

4.5 ns 

3.5 ns 
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CDC303 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS323 - JULY 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

From Output -~t----l'-- Teet Point 
Under Teat ..L 

CL T RL 
(eeeNoteA) 

LOAD CIRCUIT 

CLR 
or 

PRE V-~:------------------------ :v 
I M tau 

Q 

~ ~ ~ {"'1~-3V-t-PLH-'""'~:------~ -----

I ~tpHL 

_____ --Jl~v \', '\~~------

3.5 V 

CLK 

0.3 V 

VOH 

NOTES: A. CL Includes probe and Jig capacitance. 
B. Input pulses are supplied by generators having Ihe following characteristics: PRR :s; 10 MHz. Ir = 2.5 ns, If = 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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CDC303 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS323 - JULY 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

CLR,PRE 

-------------------------------- 0 

t '\----7 L CLK 

tpLH1 ~ 
if--*- tpHL1 

Q1 :1 1\ 
I 

tpLH2 -j4--tI ~ tpHL2 

Q2 il :\ 
tpLH3 r I 

R~H~ 
Q3 :1 

I 
tPLH4 ~ ~ tpHL4 

Q4 :1 !\ I 

tpLHSt---' K~ :1 
tPLH6 -J4-.l ~ tpHL6 

Q6 :/ :\ I 
14 -' tpHL7 I 

-' tPLH7 14 I 

" I I )I en I I 
I I 

14 -' tpHLB tpLH8 ~ -' 

" Qa )I 
NOTES: A tsk(o), CLK to a, is calculated as the greater of: 

- The difference between the fastest and slowest of tPLHn ( n = 1, 2, 3, 4, 5, 6) 
- The difference between the fastest and slowest of tpHLn ( n = 1, 2, 3, 4, 5, 6) 

B. tsk(o), CLK to Q, is calculated as the greater of: I tpLH7 - tplHSI and I tpHl7 - tpHL8 I. 
C. tsk(o), ClK to a and a, is calculated as the greater of: 

- The difference between the fastest and slowest oftPlHn (n = 1, 2, 3, 4, 5, 6), tpHl7, and tPHL8 
- The difference between the fastest and slowest oftpHLn (n = 1, 2, 3,4,5,6), tplH7, and tplHS 

D. tsk(p) is calculated as the greater of I tPlHn - tpHLn I ( n = 1, 2, 3, ... , S ). 

Figure 2. Wavetorma tor Calculation ot tsk(o) 

:'IlExAs 
INSTRUMENTS 
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CDC304 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

• Replaces SN74AS304 
• Maximum Output Skew of 1 ns 

• Maximum Pulse Skew of 1.5 ns 
• TTL-Compatlble Inputs and Outputs 

• Center-Pin Vee and GND Configurations 
Minimize High-Speed Switching Noise 

• Package Options Include Plastic 
Small-Outilne Package (D) and Standard 
Plastic 300-mll DIPs (N) 

description 

- JULY 1990 - REVISED MARCH 1994 

D OR N PACKAGE 
(TOP VIEW) 

Q2 
Q1 
ClR 
VCC 

VCC 
ClK 
PRE 

9 Q8 

The CDC304 contains eight flip-flops designed to have low skew between outputs. The eight outputs (in-phase 
with ClK) toggle on successive ClK pulses. Preset (PRE) and clear (ClR) inputs are provided to set the Q 
outputs high or low independent of the clock (ClK) input. 

The CDC304 has output and pulse-skew parameters tsk(o) and tsk(p) to ensure performance as a clock driver 
when a divide-by-two function is required. 

The CDC304 is characterized for operation from O°C to 70°C. 

logic symbol:!: 

10 

11 
CLK 

14 

FUNCTION TABLE 

INPUTS OUTPUTS 

CLR PRE CLK 01-08 

L H X L 

H L X H 

L L X Lt 

H H f 00 
H H L 00 

t This configuration will not persist 
when PRE or CLR returns to its 
inactive (high) level. 

t> 

r-... S 

T 

" R 

:I: This symbol Is in accordance with ANSVIEEE SId 91-1984 and IEC Publication 617-12. 

~TEXAS 
INSTRUMENTS 
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15 

16 

1 

2 

6 

7 

8 

9 

01 

Q2 

Q3 

Q4 

05 

Q6 

Q7 

08 

Copyright © 1994. Texas Instruments Incorporated 
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CDC304 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS325-JULYl990-REVISED MARCH 1994 

logic diagram (positive logic) 

Q1 

Q2 

PRE 
10 Q3 

S 

CLK 
11 

C1 Q4 

CLR 
14 

R QS 

10 

Q6 

Q7 

QS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee ........................................................................ 7 V 
Input voltage, VI ............................................................................ 7 V 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional. operation of the device at these or any other conditions beyond those indicated under 'recommended operating conditions' is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

Vee 

VIH 

ViL 

IOH 

IOL 

fclock 

TA 

2-30 

Supply voRage 

High-level input voltage 

Low-level input voRage 

High-level output current 

Low-level output current 

Input clock frequency 

Operating free-air temperature· 

'~TEXAS 
INSTRUMENTS 
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MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-24 rnA 

48 rnA 

80 MHz 

a 70 ·e 



CDC304 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS325 - JULY 1990 - REVISED MARCH 1994 

electrical characteristics over recommended operating free·air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC = 4.5 V, 11=-18mA -1.2 V 

VOH 
VCC = 4.5 V, IOH=-2mA VCC-2 

V 
VCC = 4.5 V, IOH=-24mA 2 2.8 

VOL VCC = 4.5 V, 10l=48mA 0.3 0.5 V 

II VCC=5.5V, VI=7V 0.1 mA 

IIH VCC=5.5V, VI=2.7V 20 JAA 
III VCC=5.5V, VI =0.4V -0.5 mA 

10* VCC = 5.5 V, VO=2.25V -50 -150 mA 

ICC VCC = 5.5 V, See Note 1 45 75 mA 

t All typical values are at VCC = 5 V, TA = 25°C. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-clrcu~ output current, lOS. 
NOTE 1: ICC is measured with ClK and PRE grounded, then with ClK and ClR grounded. 

timing requirements 
MIN MAX UNIT 

fclock Clock frequency 0 80 MHz 

ClR or PRE low 5 

tw Pulse duration ClKhigh 4 ns 

ClKlow 6 

tsu Setup time before ClKt ClR or PRE Inactive 6 ns 

switching characteristics over recommended operating free·airtemperature range (see Figure 1) 

PARAMETER 
FROM 

(INPUT) 

fmax§ 

tplH 
ClK 

tpHl 

tPlH 
PREor"CCR 

tpHl 

tsk(o) ClK 

tsk(P) ClK 

tr 

tf 

t All typical values are at VCC = 5 V, TA = 25°C. 
§ fmax minimum values are at Cl = 0 to 30 pF .. 

TO 
TEST CONDITIONS 

(OUTPUT) 

a Rl=500 C, Cl=50pF 

a Rl=5OOC, Cl=50pF 

a 
Rl = 500 C, Cl= 10pFt030pF, 
See Figure 2 

01,a8 
Cl = 10 pF to 30 pF Rl=500 C, 

a2-a7 

~1ExAs 
INSTRUMENTS 
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MIN TYpt MAX UNIT 

80 MHz 

2 6 9 
ns 

2 6 9 

3 7 12 
ns 

3 7 12 

1 ns 

1 
ns 

1.5 

4.5 ns 

3.5 ns 
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CDC304 . 
OCTAL DIVIDE-BY-2 CIRCUIT/CLOCK DRIVER 

SCAS325":JULY 1990- REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

From Output -~<t----l<t-- Test Point 
Under Test -L 

CL I RL 
(_NoteA) 

LOAD CIRCUIT 

NOTES: A. CL Includes probe and Jig capacitance. 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

VOH 

VOL 

B. Input pulses are supplied by generators having the following characteristics: PRR .. 10 MHz, tr = 2.5 ns, tf" 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 
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CDC304 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS325 - JULY 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

ClR,PRE 

--------------------------------0 

If '\-----l L ClK 

tpLH1 *1 j4---.I- tpHl1 

Q1 il i\ 
tPLH2 *--- ~ tpHL2 

Q2 i1 :\ 
~ 1 

tPLH3 R-' Q3 i1 
tplH4 ~ I+----'-- tpHL4 

Q4 il i\ 
tplH5 -1.---.1 K~HU 

as il 
tPlH6 ~ je-*- tpHL6 

Q6 :}' :\ I 
tplH7 ~ ~ tpHl7 

Q7 il :'\ 
-H 1 

tplH8 It-*- tpHL8 

as 1 1\ 
NOTES: A. tsk(o), elK to a, is calculated as the greater of the following: 

- The difference between the fastest and slowest of tPlHn ( n = 1, 2, 3 ... , 8 ) 
- The difference between the fastest and slowest of tpHLn ( n = 1, 2, 3 .. " 8 ) 

B. tsk(P) is defined at the greater of 1 tPLHn - tPHLn I (n = 1, 2, 3, ... , 8). 

Figure 2. Waveforms for Calculation of tsk(O) 

~1ExAs 
INSTRUMENTS 
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CDC305 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

• Replaces SN74AS305 
• Maximum Output Skew of 1 ns 
• Maximum Pulse Skew of 1 ns 
• TTL.Compatlble Inputs and Outputs 

• Center-Pin Vee and GND Configurations 
Minimize High-Speed Switching Noise 

• Package Options Include Plastic 
Smail-Outline Package (D) and Standard 
Plastic 300-mll DIPs (N) 

description 

SCAS326 - JUNE 1990 - REVISED 

o OR N PACKAGE 
(TOP VIEW) 

16 Q2 

15 Q1 
14 ClR 
13 VCC 
12 VCC 
11 ClK 
10 PRE 
9 08 

The CDC305 contains eight flip-flops designed to have low skew between outputs. The eight outputs (four 
in-phase with ClK and four out-of-phase) toggle on successive ClK pulses. Preset (PRE) and clear (ClR) 
inputs are provided to set the a and Q outputs high or low independent of the clock (ClK) input. 

The CDC305 has output and pulse-skew parameters tsk(o) and tsk(p) to ensure performance as a clock driver 
when a divide-by-two function is required., 

The CDC305 is characterized for operation from O°C to 70°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

CUi PRE CLK Q1-04 os-Qa 
L H X L H 

H L X H L 

L L X Lt Lt 

H H L 00 00 
H H t 00 Qo 

t This configuration will not persist when PRE 
or CLR retums to its Inactive (high) level. 

logic symbol* 

14 "- S 
10 

" R 
11 

C1 ., r 
15 

t> 
16 

1 

2 

6 

7 

8 

9 

* This symbol Is in accordance with ANSVIEEE Std,91-1984 and IEC Publication 617-12. 

~1ExAs 
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Q1 

Q2 

Q3 
Q4 

05 
Q6 

07 
08 

Copyright@ 1994, Texas Instrumenls Incorporated 
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CDC30S 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS326 - JUNE 1990 - REVISED MARCH 1994 

logic diagram (positive logic) 

15 
Q1 

16 
Q2 

Q3 
10 

PRE S 2 
11 Q4 

CLK C1 

CLR 
14 6 R 05 

1D 
7 as 
8 

07 

9 
08 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee ................................................. -....................... 7 V 
Input voltage, VI ............................................................................. 7 V 
Operating free-air temperature range .................................................. O°C to 70·C 
Storage temperature range ....................................................... -65°C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

IOH High-level output current -24 rnA 

IOL Low-level output current 48 rnA 

TA Operating free-air temperature 0 70 ·C 

~1ExAs 
INSTRUMENTS 
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CDC305 
OCTAL DIVIDE-BY-2CIRCUIT/CLOCK DRIVER 

SCAS326 - JUNE 1990 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC=4.5V, 11=-18mA -1.2 V 

VOH 
VCC = 4.5 Vto 5.5 V, 10H =-2mA VCC-2 

V 
VCC=4.5V, IOH=-24mA 2 2.8 

VOL VCC=4.5V, 10l=48mA 0.3 0.5 V 

II VCC=5.5V, VI=7V 0.1 rnA 

IIH VCC = 5.5 V, VI = 2.7V 20 lolA 
III VCC = 5.5 V, VI=0.4V -0.5 rnA 

10* VCC = 5.5 V, VO=2.25V -50 -150 rnA 

ICC VCC=5.5V, See Note 1 40 70 rnA 

t All typical values are at VCC = 5 V, TA = 25°C. 
:I: The output condttions have been chosen to produce a current that closely approxlmates one half 01 the true short-circuit output current, lOS. 
NOTE1: ICC is measured with CLK and PRE grounded, then wtth ClK and CLR grounded. 

timing requirements 
MIN MAX UNIT 

fclock Clock frequency 0 80 MHz 

CLR or PRE low 5 

Iw Pulse duration CLKhigh 4 ns 
CLKlow 6 

tsu Setup time before ClKt CLR or ~ inactive 6 ns 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwis~ noted) (see Figure 1) 

PARAMETER 
FROM 

(INPUT) 

fmax§ 

tplH 
ClK 

tpHl 

tplH 

tpHl 
PREorCLR 

tsk{o) CLK 

tsk(p) ClK 

tr 

tf 

t All typical values are at VCC = 5 V, TA = 25°C. 
§ fmax minimum values are at Cl = 0 to 30 pF. 

TO 
TEST CONDITIONS 

(OUTPUT) 

0,0 Rl= 500 0, Cl=50pF 

0,0 Rl = 500 0, Cl=50pF 

0 

0 
Rl = 500 0, Cl = 10 pFto 30 pF, 
See Figure 2 

01-08 

01,08 

02-07 
Rl = 500 0, Cl=10pFto30pF 

~1ExAs 
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MIN TYpt MAX UNIT 

80 MHz 

2 6 9 
ns 

2 6 9 

3 7 12 

3 7 12 
.ns 

1 

1 ns 

1.5 

1.5 
ns 

2 

4.5 ns 
3.5 ns 

H7 



CDC305 
OCTAL DIVIDE ... BY·2 CIRCUIT/CLOCK DRIVER 

SCAS326 ~ JUNE 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

From Output -~----I-- Teet Point Under Test ....L 

CL I RL 
(_NoteA) -=-

LOAD CIRCUIT 

CLR U M 1~V 

PRE I 
I ~--------------------------
I H- tau 

CU( I'- 'w --'lr1'-3v--...,~r -----~ -----
~tPLH ~tpHL 

Q /uv \', '\~~~------

NOTES: A. CL includes probe and )Ig capacitance. 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

B. Input pulses are supplied by generators having the following characteristics: PRR " 10 MHz, Ir '" 2.5 ns, If'" 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
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CDC30S 
OCTAL DIVIDE·BY·2 CIRCUIT/CLOCK DRIVER 

SCAS326-JUNE 1990- REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

eLR,PRE 

--------------------------------0 

t \ t "-eLK 

tpLH1 ~ 
j4-t!- tpHL 1 

Q1 il 1\ i 
tpLH2 ~ ~ tpHL2 

Q2 il :\ 
tpLH3 t-.J i R-' Q3 :t 

i 
tpLH4-14--* i+-..t- tpHL4 

Q4 
i )I !'\ i 
i 
II1II ~ tpHL5 i ., 

tpLHS jill i 

" i i Y as i I 
i I 
jill ~ tPHL6 tPLH6 ~ ., 

" 
i Y Q6 I I 
I i 
iIII ~ tpHL7 i ., 

tPLH7 j'II i 

" i i Y Q7 i I 
i I 
j'II ~ tpH~ tpLHS ~ ., 

" Qa Y 
NOTES: A. Isk(o) eLK to Q are calculated as the greater of: 

- The difference between the fastest and slowest of tPlHn (n = 1, 2, 3, 4) 
- The difference between the fastest and slowest of tpHLn (n = 1, 2, 3, 4) 

B. tsk(o) ClK to Q are calculated as the greater of: 
- The difference between the fastest and slowest of tPlHn (n = 5, 6, 7, 8) 
- The difference between the fastest and slowest of tpHLn (n = 5, 6, 7, 8) 

c. tsk(o) ClK to Q and Q are calculated as the greater of: 
- The difference between the fastest and slowest oftPlHn (n = 1, 2, 3, 4), tpHLn (n = 5, 6,7,8) 
- The difference between the fastest and slowest of tpHLn (n = 1,2, 3, 4), tPLHn (n = 5, 6, 7, 8) 

D. tsk(p) is calculated as the greater of i tPlHn -tpHLn I (n = 1, 2, 3, ... ,8). 

Figure 2. Waveforms for Calculation of tsk(o) 
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• Replaces SN74ABT328 
• Low Output Skew for Clock·Dlstrlbutlon 

and Clock-Generation Applications 
• TTL-Compatlble Inputs and Outputs 
• Distributes One Clock Input to Six Clock 

Outputs 
• Polarity Control Selects True or 

Complementary Outputs 
• Distributed Vee and GND Pins Reduce 

Switching Noise 

• High-Drive Outputs (-15-mA IOH. 
64-mAlou 

• State-of.the.Art EPIC-IIB TM BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Smail-Outline (D) and Shrink Small-Qutllne 
(DB) Packages 

description 

CDC328 
1-LlNE TO 6-LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCBSll68 - JANUARY 1991 - REVISED MARCH 1994 

o OR DB PACKAGE 
(TOP VIEW) 

GND 1 

2Y2 
3Y 

GND 7 

1Y1 
{f/C 

vcc 
2T/C 
A 

Vcc 
3T/C 

9 4T/C 

The CDC328 contains a clOCk-driver circuit that distributes one input signal to six outputs with minimum skew 
for clock distribution. Through the use of the polarity-control inputs (TIC). various combinations of true and 
complementary outputs can be obtained. 

The CDC328 is characterized for operation from -40'C to 8S·C. 

logic symbol t 

A 

1T/C 

'if/C 

:IT/C 

4T/C 

12 

15 

13 

10 

9 

FUNCTION TABLE 

INPUTS OUTPUT 

TIC A v 
L L L 

L H H 

H L H 

H H L 

C> 1 

N1 1 

N2 2 

2 

N3 3 

N4 4 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

EPIC-lIB is a trademark of Texas instruments Incorporated. 

~:..~....:r:.=:'';.~;:''~:':''~ 
stanetard w.rn~ Production proceulnlJ doeI noI nlCtuuHr Include 
testing of III pill. ..... en. ~lExAs 

INSTRUMENTS 
POST OFFICE BOX 655303 • OAUAS. TEXAS 75265 

16 

2 

3 

5 

6 

8 

1Y1 

1Y2 

2Y1 

2Y2 

3Y 

4Y 

Copyright © 1994. Texas Instruments Incorporated 
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CDC328 
1-LINE TO 6-L1NE CLOCK DRIVER 
WITH SELECTABLE POLARITY 
SCBS116B - JANUARY 1991 - REVISED MARCH 1994 

logic diagram (positive logic) 

1f/C 
15 

1Y2 

2T/C 
13 

12 
A 

2Y2 

3f/C 
10 

3Y 

4fIC 9 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................... ; ............................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 Vto 7 V 
Voltage range applied to any output in the high state 

or power-off state, Vo (see. Note 1) ..................................... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 ......•......................................•... 128 mA 
Input clamp current, 11K (VI < 0) ........................................................... -18 mA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 1000 mW 
Storage temperature range ....................................................... -65°C to 150·C 

t Stresses beyond those listed under 'absolute maximum ratings" mey cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negatlve-voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 
2. For operation above 25°e free-air temperature, derate to 478 mW at 85°e at the rate of 8.7 mwre. 

recommended operating conditions (see Note 3) 

MIN NOM MAX UNIT 

Vee Supply voltage 4.75 5 5.25 V 

VIH High-level Input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

VI Input voltage 0 Vee V 

IOH High-level output current -15 mA 

IOL Low-level output current 64 mA 

At/Av Input transition rise or fali rate 5 nsN 

fclock Input clock frequency 80 . MHz 

TA Operating free-air temperature -40 85 °e 

NOTE 3: Unused Inputs must be held high or low. 

~1ExAs 
INSTRUMENTS 
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CDC328 
1-LlNE TO 6-LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCBSl16B - JANUARY 1991 - REViSeD MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Vce: 4.75 V, 11:-18mA -1.2 V 

VOH Vee: 4.75 V, 10H :-15mA 2.5 V 

VOL Vee: 4.75 V, IOL:64mA 0.55 V 

II Vee: 5.25 V, VI = Vee or GND ",I IlA 
10* Vee = 5.25 V, VO=2.5V -15 -100 mA 

Vee = 5.25 V, 10=0, I Outputs high 50 IlA 
ICC 

VI = Vee or GND I Outputs low 20 30 mA 

ei VI = 2.5 Vor 0.5 V 3 pF 

t All typical values are at Vee = 5 V, TA = 25°C 
* Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN TYP 
(INPUT) (OUTPUT) 

tpLH 1.7 
A AnyY 

tPHL 1.5 

tpLH 
TIC 

1.5 
AnyY 

tPHL 1.4 

Any Y (same phase) 
tsk(o) A 

Any Y (any phase) 

tr 1.2 

tf 0.5 

switching characteristics, Vee = 5 V ± 0.25 V, TA = 25°e to 70°C (see Figures 1 and 2) 

PARAMETER 

tpLH 

tpHL 

tsk(o) 

FROM 
(INPUT) 

A 

A 

TO 
(OUTPUT) 

AnyY 

Any Y (same phase) 

Any Y (any phase) 

="TEXAS 
INSTRUMENTS 
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MIN 

2.1 

1.7 

MAX UNIT 

7 
ns 

5.4 

8 
ns 

6.6 

0.7 
ns 

2.6 

ns 

ns 

MAX UNIT 

6.1 
ns 

4.8 

0.7 
ns 

2.1 
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CDC328 
1·LlNE TO 6-LINE CLOCK DRIVER 
WITH SELECTABLE POLARITY 
SCBS116B - JANUARY 1991 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

Input 
(see Note B) 

Output 

Fromoutput~ Under Test 

CL=50pF I 500C 
(see Note A) 

LOAD CIRCUIT FOR OUTPUTS 

~1.5V 
tpLH ~ ~ 

I 
1.5 V II 

O.SV -'! 
-----'il I 

tr ~ j4-

\~.5~--- :: 
I I 
14 ~ tpHL 

I 

~--VOH 
2V 1.5V 

O.SV VOL I I . 
~ j4-tf 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR" 10 MHz. Zo = 50 C, tr " 2.5 ns, If" 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

~1EXAS 
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CDC328 
1·LlNE TO 6-LlNE CLOCKQRIVER 

WITH SELECTABLE POLARITY 
SCBSll68 - JANUARY 1991 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

A ~ \ t .~ 
1 1 1 1 

1'i'/C 1 1 1 1 
1 1 1 1 
1 

{ 
1 

~ 
1 

{ 
1 

~ 1 1 1 1 1Y1 I 1 I 1 
tpLH1 I .. .. I tpHL1 I .. .. I I .. ~ tpLH5 I .. "I tpHLS 

1 

'" 
I 

~ 
1 

'" 
1 L 1 1 1 1 1Y2 1 1 1 1 

tpLH2 ~ ~ tpHL2 I .. .. I I .. .. I tPLH6 I .. .. I tpHUI I 1 

/ 
1 1 

fi/C 1 1 1 1 
1 1 I 1 
1 1 1 1 
1 

{ 
1 

V 
1 

~ 
1 r 1 1 1 1 

2Y1 
1 1 1 1 

tPLH3 I .. .. I tpHL3 I .. .. I I .. .. I tPHL7 ~ .. I tPLH7 
1 

1 l I l ~ 1 
1 :-; 1 C 2Y2 I .. I .. tPHL4 tpHL8 tpLH4 ~ 

NOTES: A. Output ~kew.lsk(o). from A to any Y (same phase). can be measured only between outputs for which the respective polarity-control 
inputs (TIC) are at the same logic level. It is calculated as the greater of: 

- The difference batween the fastest and slowest of tpLH from A f to any Y (e.g .• tPLHn. n = 1 to 4; or tPLHn. n = 5 to 6) 
- The difference batween the fastest and slowest of tpHL from M to any Y (e.g .• tpHLn. n = 1 to 4; or tpHLn. n = 5 to 6) 
- The difference batween the fastest and slowest of tpLH from A, to any Y (e.g .• tPLHn. n = 7 to 8) 
- The difference batween the fastest and slowest of tpHL from A f to any Y (e.g .• tPHLn. n = 7 to 8) 

B. q,utput skew. Isk(o). from A to any Y (any phase). can be measured between outputs for which the respective polarity-control inputs 
(TIC) are at the same or different logic levels. It is calculated as the greater of: 

- The difference batween the fastest and slowest oftpLHfromAf to any YortpHL from Af to any Y (e.g .• tPLHn. n = 1 to 4; 
or tPLHn. n = 5 to 6. and tpHLn. n = 7 to 8) 

- The difference batween the fastest and slowest of tpHL from A, to any Y or tPLH from M to any Y (e.g •• tpHLn. n = 1 to 4; 
or tpHLn. n = 5 to 6. and tPLHn. n = 7 to 8) 

figure 2. Waveforms for Calculation of tak{o) 

~TEXAS 
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• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• TTL-Compatible Inputs and Outputs 
• Distributes One Clock Input to Six Clock 

Outputs 
• Polarity Control Selects True or 

Complementary Outputs 

• Distributed Vee and GND Pins Reduce 
Switching Noise 

• High-Drive Outputs (-48-mA IOH. 
48-mAloU 

• State-of-the-Art EPIC-lIB TM BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Smail-Outline (D) and Shrink Smail-Outline 
(DB) Packages 

description 

CDC328A 
1-LlNE TO 6-LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCAS327 - DECEMBER 1992 - REVISED MARCH 1994 

o OR DB PACKAGE 
(TOP VIEW) 

GND 
1Y2 
2Y1 

GND 4 

1Y1 
1 TIC 
Vcc 
2T/C 
A 

Vcc 
3T/C 

9 4T/C 

The CDC328A contains a clock-driver circuit that distributes one input signal to six outputs with minimum skew 
for clock distribution. Through the use of the polarity-control inputs (fIC), various combinations of true and 
complementary outputs can be obtained. 

The CDC328A is characterized for operation from -40·C to 85·C. 

logic symbol t 

A 

1T{C 

~{C 

3T{C 

4T{C 

12 

15 

13 

10 

9 

FUNCTION TABLE 

INPUTS OUTPUT 

TIC A Y 

L L L 

L H H 

H L H 

H H L 

t> 1 

1 
N1 2 
N2 

2 
N3 3 
N4 4 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

EPIC-llB is a trademark of Texas Instruments Incorporated. 

PRODUCl' PREVIEW InIomIlllon _ml pnIducII'ln tilt lonnIIivI or 
de p..... 01 cItvolopml'" Chl ..... ~otI. dota .nd other 
• CllIonIII'I cIeIIgn p ... TlXlllnllrumentll'l"l'YtI thl right to 
C Inge or dlicontinul thue procIucIs without notice. ~TEXAS 

INSTRUMENTS 
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2 

3 

5 

6 

8 

1Y1 

1Y2 

2Y1 

2Y2 

3Y 

4Y 

Copyright © 1994, Texas Instruments Incorporated 
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CDC328A 
1·LINE TO 6·LINE CLOCK DRIVER 
WITH SELECTABLE POLARITY 
SCAS327 - DECEMBER 1992- REVISED MARCH 1994 

logic diagram (positive logic) 

1T/C 
15 

1V2 

2T/C 
13 

12 
A 

2Y2 

3T/C 
10 

3Y 

4T/C 
9 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, VCC .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state 

or power-off state, Vo (see Note 1) ..................................... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 ..•........•...•.................................. 96 rnA 
Input clamp current, 11K (VI < 0) ........................................................... -18 rnA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 rnA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 1000 mW 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The i,nput and output negatlve-voHage ratings may be exceeded If the input and output clamp-current ratings are observed. 
2. For operation above 25°e free-air temperature, derate to 478 mWat 85°e at the rate of 8.7 mW/oe. 

recommended operating conditions (see Note 3) 

MIN NOM MAX UNIT 

vee Supply voltage 4.75 5 5.25 V 

VIH High-level Input voltage 2 V 

VIL Low-level input voHage 0.8 V 

VI Input voHage 0 Vee V 

IOH High-level output current -48 rnA 

IOL Low-level output current 48 rnA 

At/Av Input transition rise or fall rate 5 ns/V 

fclock Input clock frequency 100 MHz 

TA Operating free-air temperature -40 85 °e 

NOTE 3. Unused Inputs must be held high or low. 

~1ExAs 
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CDC328A 
1-LlNE TO 6-LINE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCAS327 - DECEMBER 1992 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

V,K Vee = 4.75 V, 1,=-1BmA -1.2 V 

VOH Vee = 4.75 V, 10H =-48mA 2 V 

VOL Vee = 4.75 V, IOL=48mA 0.5 V 

" 
Vee = 5.25 V, V, = Vee or GND ,01 !.tA 

10* Vee = 5.25 V, VO=2.5V -15 -100 mA 

Vee = 5.25 V, '0=0, I Outputs high 10 
ICC mA 

V, = Vee or GND I Outputs low 32 

ei V, = 2.5 V or 0.5 V 3 pF 

t All typical values are at Vee = 5 V, TA = 25°C 
* Not more than one output should be tested at a time, and the duration 01 the test should not exceed one second. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 and 2) 

PARAMETER 

tpLH 

tpHL 

tpLH 

tpHL 

tsk(o) 

tr 

tf 

FROM 
(INPUT) 

A 

TIC 

A 

TO 
(OUTPUT) 

AnyY 

AnyY 

Any Y (same phase) 

Any Y (any phase) 

~TEXAS 
INSTRUMENTS 

AnyY 

AnyY 
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MIN MAX UNIT 

1.7 5.5 
ns 

1.5 5.5 

1.5 5 
ns 

1.4 5 

0.5 
ns 

1.1 

1.5 ns 

1.5 ns 
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CDC328A 
1·LlNE TO &-LlNE CLOCK DRIVER 
WITH SELECTABLE POLARITY 
SCAS327-DECEMBER 1992-REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

Input 
(see Note B) 

From Output IT-
Under Test 

CL=50pF I SOOO 
(see Note A) 

LOAD CIRCUIT FOR OUTPUTS 

~1.5V \ ~5~--- :: 

tpLH ~ ~ 14 ~ tpHL 

r ~II"_~:-:--_~I -- VOH 
Output 1.5V.jf1 2V 1.5V 

___ 0_.8_V...". I I 0.8 V VOL 

tr --.: j4- ~ :.- tf 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR $ 10 MHz, Zo = 50 0, tr $ 2.5 ns, tf $ 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC328A 
1·LlNE TO 6·LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCAS327 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

\ t ~ 
I I I 

11'/C I I I I 
I I I I 
I 

{ 
I 

~ 
I 

{ I 
I I I I L 1Y1 I I I I 

tPLH1 "- ~ tpHL1 "- ~ I ... • 1 tpLH5 I ... .1 tpHL5 
I 

~ 
I 

~ 
I 

~ 
I L I I I I 1Y2 I I I I 

tpLH2 "- ~ tpHL2 I ... .1 I ... .1 tPLH6 I,. .1 tPHL6 I I 

/ 
I I 

%fIC I I I I 
I I I I 
I I I I 
I 

{ 
I 

V 
I 

~ 
I r-I I I I 

2Y1 I I I I 
tpLH3 I ... .1 tpHL3 I ... .1 I ... ~ tpHL7 I ... .1 tPLH7 I 

1 l I l I I I 
I )J } I C 2Y2 I ... : ... tpl..H4 tpHL4 tPHLB 

NOTES: A Output skew. tsk(o). from A to any Y (same phase). can be measured only between outputs for which the respective polarity-control 
inputs (f/C) are at the same logic level. It is calculated as the greater ot 

- The difference between the fastest and slowest of tpLH from At to any Y (e.g .• tPLHn. n = 1 to 4; or tPLHn. n = 5 to 6) 
- The difference between the fastest and slowest of tpHL from A~ to any Y (e.g .• tpHLn. n = 1 to 4; or tPHLn. n = 5 to 6) 
- The difference between the fastest and slowest of tpLH from M to any Y (e.g .• tPLHn. n = 7 to 8) 
- The difference between !he fastest and slowest oftpHLfromAttoanyY (e.g .• tPHLn. n = 7to 8) 

B. q,utput skew. Isk(o). from A to any Y (any phase). can be measured between outputs for which the respective polarity-control inputs 
(TIC) are at the same or different logic levels. It is calculated as the greater of: 

- The difference between the fastest and slowest of tpLH from At to any Y or tpHL from At to any Y (e.g .• tPLHn. n = 1 to 4; 
or tPLHn. n = 5 to 6. and tpHLn. n = 7 to 8) 

- The difference between !he fastest and slowest of tPHL from A~ to any Y or tpLH from M to any Y (e.g .• tpHLn. n = 1 to 4; 
or tpHLn. n = 5 to 6. and tPLHn. n = 7 to 8) 

Figure 2. Waveforms for Calculation of tsk(o) 
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• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• TTL-Compatlble Inputs and 
CMOS-Compatible Outputs 

• Distributes One Clock Input to Six Clock 
Outputs 

• Polarity Control Selects True or 
Complementary Outputs 

• Distributed Vee and GND Pins Reduce 
Switching Noise 

• High-Drive Outputs (-32-mA IOH. 
32-mAlou 

• State-of-the-Art EPIC-IIB™ BICMOS Design 
Significantly Reduces Power Dissipation 

• Packaged In Plastic Smail-Outline Package 

description 

CDC329A 
1·LlNE TO 6·LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY 

GND 

2Y1 
GND 
2Y2 

3Y 
GND 

1992 - REVISED MARCH 1994 

DPACKAGE 
(TOP VIEW) 

1 

7 

9 

1Y1 
ff/c 
vcc 
2T/C 
A 

VCC 
3T/C 
4'f/C 

The CDC329A contains a clock-driver circuit that distributes one input signal to six outputs with minimum skew 
for clock distribution. Through the use of the polarity-control inputs (TIC). various combinations of true and 
complementary outputs can be obtained. 

The CDC329A is characterized for operation from -40°C to a5°C. 

logic symbolt 

A 

1T/C 

-:if/C 

:if/C 

4T/C 

12 

15 

13 

10 

9 

FUNCTION TABLE 

INPUTS OUTPUT 
TIC A Y 

L L L 

L H H 

H L H 

H H L 

t> 1 

N1 1 

N2 2 

2 

N3 3 

N4 4 

t This symbol is in accordance with ANSI/iEEE Std 91-1984 and lEe Publication 617-12. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 
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CDC329A 
1-L1NE TO 6-L1NE CLOCK DRIVER 
WITH SELECTABLE POLARITY 
SCAS328- DECEMBER 1992- REVISED MARCH 1994 

logic diagram (positive logic) 

1T/C 
15 

1Y2 

2T/C 
13 

2Y1 

12 
A 

2Y2 

3T/C 
10 

4T/C 9 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ....... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 ......•........................................... 64 mA 
Input clamp current, 11K (VI < 0) ................•.......................................... -18 mA 
Output clamp current, 10K (VO < 0) ............ ,..... . ..... .. .. ... .. . . . ... . ... .. . ... .. .. ... -50 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 1000 mW 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating condkions' Is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings may be exceeded If the input and output clamp-current ratings are observed. 
2. For operation above 25°e free-air temperature. derate to 478 mW at 85°e at the rate of 8.7 mWre. 

recommended operating conditions (see Note 3) 

MIN NOM MAX UNIT 

Vee Supply voHage 4.75 5 5.25 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 Vee V 

IOH High-level output current -32 rnA 

IOL Low-level output current 32 rnA 

at/av Input transition rise or fall rate 5 ns/V 

fclock Input clock frequency 80 MHz 

TA Operating free-air temperature -40 85 °e 

NOTE 3: Unused Inputs must be held high or low. 

~1EXAS 
INSTRUMENTS 
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CDC329A 
1-LlNE TO 6-LINE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCAS328 - DECEMBER 1992 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC = 4.75 V, 11=-18mA -1.2 V 

VOH VCC=4.75V, 10H=-32mA 3.85 V 

VOL Vee = 4.75 V, IOL=32mA 0.55 V 

II Vee = 5.25 V, VI = Vee or GND ",1 J,lA 

Vee = 5.25 V, 10=0, I Outputs high 10 
ICC rnA 

VI = Vee or GND I Outputs low 40 

ei VI = 2.5 Vor 0.5 V 3 pF 

t All typical values are at Vee = 5 V, TA = 25°C 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN TYP MAX UNIT 
(INPUT) (OUTPUT) 

tpLH 2 5.9 
A AnyY ns 

tpHL 1.7 5.9 

tpLH 1.5 5 
TIC AnyY ns 

tpHL 1.5 5 

Any Y (same phase) 0.6 
tsk(o) A ns 

Any Y (any phase) 1.5 

tr 1.3 ns 

tf 0.85 ns 

~1ExAs 
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CDC329A 
1·LINE TO 6·LINE CLOCK DRIVER 
WITH SELECTABLE POLARITY 
SCAS328 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

FromOutput~ UnderTest .. 

CL=50pF 5000 
(see Note A) T 

LOAD CIRCUIT FOR OUTPUTS 

VOLTAGE WAVEFORMS 
PROPAGAll0N DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR " 10 MHz, Zo = 50 0, tr " 2.5 ns, tf" 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

~1ExAs 
INSTRUMENTS 

2-56 POST OFFICE BOX _ • DALlAS, TEXAS 75265 



CDC329A 
1·LINE TO 6-LINE CLOCK DRIVER 

WITH SELECTABLE POLARITY 
SCAS328 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

A --.i \ t ~ , , , , 
1T/C 

, , , , , 1 1 1 
1 

~ 
1 

~ 
1 

~ 
1 

~ 1 1 1 1 1Y1 1 1 1 1 
tpLH1 14 ., tpHL1 "- ..r 14 .1 tPLH5 14 ..r tpHLS 

1 

l 
1 

~ 
1 

l 1 L 1 1 1 1 1Y2 1 1 1 1 
tpLH2 "- .r tpHL.2 14 .1 14 .1 tPLH6 r... .1 tpHLS 

1 1 1 1 
2T/C 1 1 I 1 , 

1 1 1 1 
1 1 1 1 
1 

~ 
1 

V 
1 

~ 
1 r-1 1 1 1 

2Y1 1 1 1 1 
tpLH3 ~ ., tPHL3 14 ., 14 ..r tpHL7 ~ .t tpLH7 

l 1 LI 1 \ r-1 1 1 1 
2Y2 1 1 1 1 

tPLH4 14 ., tpHL4 14 ., 14 ., tpHLB 14 ., tpLH8 

NOTES: A. Output ~kew, tsk(O) , from A to any Y (same phase), can be measured only between outputs for which the respective polarity-control 
inputs (TIC) are at the same logic level. It Is calculated as the greater ot 

- The difference between the fastest and slowest of tpHL from M to any Y (e.g., tpHLn, n = 1 to 4; or tPHLn, n = 5 to 6) 
- The difference between the fastest and slowest of tpHL from A~ to any Y (e.g., tpHLn, n = 1 to 4; or tpHLn, n = 5 to 6) 
- The difference between the fastest and slowest of tpLH from A~ to any Y (e.g., tPLHn, n = 7 to 8) 
- The difference between the fastest and slowest oftpHLfromAttoanyY(e.g.,tpHLn,n=7to8) 

B. ~utput skew, tsk(o), from A to any Y (any phase), can be measured between outputs for which the respective polarity-control Inputs 
(TIC) are at the same or different logic levels. It is calculated as the greater ot 

- The difference between the fastest and slowest of tPLH from At to any Y or tpHL from At to any Y (e.g., tPLHn, n = 1 to 4; 
or tPLHn, n = 5 to 6, and tPHLn, n = 7 to 8) 

- The difference between the fastest and slowest of tpHL from M to any Y or tPLH from A~ to any Y (e.g., tpHLn, n = 1 to 4; 
or tPHLn, n = 5 to 6, and tPLHn, n = 7 to 8) 

Figure 2. Waveforms for Calculation of tsk(o) 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAu.AS, TEXAS 75265 2-57 



2-58 



• Low Output Skew, Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Applications 

• TTL-Compatible Inputs and Outputs 
• Two Banks Distribute One Clock Input to 

Three Same-Frequency Clock Outputs 
• One Bank Distributes One Clock Input to 

Four Half-Frequency Clock Outputs 
• Internal Power-Up Circuit 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 

• Symmetrical Output Drive (-32-mA IOH' 
32-mAlou 

• State-of-the-Art EPIC-liB'" BiCMOS Design 
Significantly Reduces Power Dissipation 

• Packaged In Plastic Small-Outline Package 

description 

CDC330 
CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS329A - OCTOBER 1993 - REVISED MARCH 1994 

DWPACKAGE 
(TOP VIEW) 

GND 1 

201 
20E 

iA 7 
202 8 

GND 
3Y1 
3Y2 

GND 

10E 
1Y3 
1A 

VCC 
PRE 
203 
GND 
204 
VCC 
30E 
3Y3 
3A 

The CDC330 is a high-performance, low-skew clock driver. It is specifically designed for applications requiring 
output signals at both the primary clock frequency and one-half the primary clock frequency. 

This device contains two banks that fan out one input to three same-frequency outputs and one bank that fans 
out one input to four half-frequency outputs with minimum skew for clock distribution. Each bank of Y outputs 
switch in phase and at the same frequency as its clock (A) input. The four a outputs switch at one-half the 
frequency of their clock (2A) input. 

When the output-enable (20E) input is low and the preset (PRE) input is high, the a outputs toggle on 
high-to-Iow transitions of 2A. Taking PRE low asynchronously presets the a outputs to the high level. When a 
bank's OE input is high, the outputs are in the high-impedance state. 

The CDC330 is characterized for operation from O°C to 70°C. 

FUNCTION TABLES 

INPUTS OUTPUTS 
nOE nA nY1-nY3 

H X Z 

L L L 

L H H 

n= 1.3 

INPUTS OUTPUTS 

20E PRE 2A 201-203 

H X X Z 

L L L H 

L H ~ Toggle 

EPIC-liB is a trademark of Texas Instruments incorporated. 

PROOUCTlON DATA I_Ian It ........ ", pu __ 
_ ..... onIorIIIO.pocIIIcaIfono ........ _.",r ............ _ 
... ndlrdwlll'lllly._uoIIon_IntI_ ... _ .. rllylnc-. ... 
... 1Ing",.II ............. ~TEXAS 
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CDC330 
CLOCK DRIVER 
WITH 3-STATEOUTPUTS 
SCAS329A- OCTOBER 1993 - REVISED MARCH 1994 

logic symbolt 

22 
1A V 

V 
24 

'" EN V 10E 

7 r-.. I> T V 

20 r-.. V 
PR 

V 
6 

~ EN V 

13 
I> 

V 3A 

V 
15 r-.. EN V 30E 

2 

3 

23 

5 

8 

17 

19 

10 

11 

14 

tThis symbol is in accordancew~h ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

logic diagram (positive logic) 

10E 
24 

1Y1 

1A 22 2 
1Y1 1Y2 

1Y3 

2Q1 3 1Y2 

202 

203 

204 23 1Y3 

20E 
6 

3Y1 

3Y2 2A 7 
T 5 2Q1 

3Y3 
20 

PRE R 

8202 

17 203 

19 2Q4 

30E 
15 

3A 
13 10 3Y1 

11 
3Y2 

14 3Y3 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted):!: 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the disabled or power-off state, Vo ..... . . . . . . . .. -0.5 V to 5.5 V 
Current into any output in the low state, 10 .................................................. 96 mA 
Inputclampcurrent,IIK(VI<O) ........................................................... -1SmA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Storage temperature range ....................................................... -65·C to 150·e 

* Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating cond~lons· is not 
Implied. Exposure to absolute-maximum-rated cond~ions for extended periods may affect device reliability. 

NOTE 1: The Input and output negative-voltage ratings may be exceeded If the input and output clamp-current ratings are observed. 

~1ExAs 
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recommended operating conditions (see Note 2) 

VCC Supply voltage 

V,H High-level input voltage 

V,L Low-level input voltage 

V, Input voltage 

10H High-level output current 

10L Low-level output current 

TA Operating free-air temperature 

NOTE 2: Unused pins (input or VOl must be held high or low. 

CDC330 
CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS329A- OCTOBER 1993 - REVISED MARCH 1994 

MIN MAX UNIT 

4.75 5.25 V 

2 V 

0.8 V 

0 VCC V 

-32 mA 

32 mA 

0 70 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

V,K Vcc = 4.75 V, II =-18mA -1.2 V 

VOH VCC = 4.75 V, 10H=-32mA 2 V 

VOL VCC = 4.75 V, IOL=32mA 0.5 V 

'IH VCC=5.25V, V, =2.7V 50 t.A 
',L VCC=5.25V, V, =0.5V -so t.A 
10Z VCC=S.2SV, Vo = VCC or GND ,.50 t.A 
10* Vcc = S.2SV, VO=2.SV -30 -180 mA 

Outputs high 11 40 

ICC 
VCC =S.2SV, 10=0, Outputs low 15 30 mA 
V, = VCC or GND 

Outputs disabled 10 30 

Ci V, = 2.S Vor 0.5 V 3 pF 

Co Vo =2.5VorO.S V 9 pF 

t All typical values are at VCC = S V, TA = 2S·C. 
* Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

MIN MAX UNIT 

lA/3A (duty cycle 40-60%) 67 MHz 
fclock Clock frequency, 

2A (duty cycle 40 - 60%) 100 MHz 

lA/3Alow S.9 

lA/3Ahigh S.9 

tw Pulse duration 2Alow 2.8 ns 

2Ahigh 4.S 

PRElaw 3 

tsu Setup time PRE inactive before 2A~ 2 ns 

~1ExAs 
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CDC330 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS329A- OCTOBER 1993 - REVISED MARCH 1994 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Note 3 and Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN MAX UNIT (INPUT) (OUTPUT) 

1Aor3A Any 1Yor3Y 67 
fmaxT MHz 

2A AnyQ 100 

tpLH 11 
AnyAorA AnyYorQ ns 

tpHL 10.5 

tpHL PRE AnyQ 12.5 ns 

tpZH 9 
AnyOE AnyYorQ ns 

tpZL 8.5 

tpHZ 
AnyOE 

8.5 
AnyYorQ ns 

tpLZ 9 

1A Any1Y 0.4 

3A Any3Y 0.4 
tsk(o) ns 

1Aor3A Any 1Yor3Y 0.5 

2A AnyQ 0.4 

tsk(pr) AnyAorA AnyYorQ 1 ns 

t Duty cycle 40 - 60% 
NOTE 3: All specifications are valid only for all outputs switching. 

~1EXAS 
INSTRUMENTS 

2-62 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



CDC330 
CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS329A- OCTOBER 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

o 7V 

CL=50pF 
(see Note A) I 

S1 o Open 

l~ 
From Output _--e_~.-_500W\,-O __ --./ 

Under Teet 

5000 

LOAD CIRCUIT 

Timing Input -------X1.& V 
_____ J. I~ ______ OV 

1 I. I 
14 t ~ +L ~ 
1 su ~ I 

3V 

Oats Input ----'\*1.5 V ~ :: 
VOLTAGE WAVEFORMS 

Input L 1.&V \ ~&~--- 3V 

---" 1 • ov 
tp ----jII1 .. 1------...r 1 1 

LH I I 14.r tpHL 
I I 

2V!i" 2V~--- VOH 

0.8V,{j- 1.&V --l~ V 
--.....;.;.;~I 1 I I OL 

Output 

tr ~ 14-- tf ----.r 14--

VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and jig capacitance. 

TEST S1 

tPL.JiI'tPHL Open 
tpL.ZftPZL 7V 

tPHz/tPZH Open 

I0Il-- tw ----.r 
I I 

Input 3 X:1.~&~V~~~~ :: 
VOLTAGE WAVEFORMS 

Output 3V 

Control 1.& V 
(low-level I II 
enabling) CL - - - - ov 

tPZL--.i ~ I 
I I tpLZ~ 14-

Output I ~ I : r-- 3.& V 

w~a:aatr~~ : \ 1.&V : I VOL + 0.3 V 
. --- VOL 

(S88 Note C) I tpHZ -.I !.-
tpZH --.! 14-- I Output 

Waveform 2 I'----l 
S1 atOpen 

(S88 Note C) ___ .I 

VOLTAGE WAVEFORMS 

VOH 
VOH-0.3V 

MOV 

B. All input pulses are supplied by generators having the following characteristics: PRR" 1 0 MHz, Zo = 50 0, Ir " 2.5 ns, tf" 2.5 ns. 
C. Waveform 1 Is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 Is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC330 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS329A-OCTOBER 1993-REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

nA~ 
I 

nV1 : ~ 
I 
~ tPLH11+--

I~ 
nV2 /' 

~tpLH2~ 
nV3 : ~ 

-+I tPLH31+--

~~ __ ...J/ 
I 
I 

: ).. ..... _-----
~tpHL4i+-

:'l 
I 1'-· --------

~tpHL.5j+-

I 'k ..... _____ _ 
~tPHL6r_= 

: ~ ..... ------
--..I tPHL7i+-

NOTES: A. Output skew, tsk(o), Is calculated as the greater of: 
- The difference between the fastest and slowest of tPLHn (n = 1, 2, 3) 

2~4 

- The difference between the fastest and slowest of tPLHn (n = 4, 5, 6, 7) 
- The difference between the fastest and slowest oftPLHn (n = 8, 9, 10) 
- The difference between the fastest and slowest of tPHLn (n = 1, 2, 3) 
- The difference between the fastest and slowest of tpHLn (n = 4, 6, 6, 7) 
- The difference between the fastest and slowest of tpHLn (n = 8, 9, 10) 

B. Process skew, tsk(pr), is calculated the same as output skew, tsk(o), across multiple CDC330 devices under identical operating 
conditions. 

Figure 2. Waveforms for Calculation of tsk(o). tsk(pr) 
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CDC337 
CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS330 - DECEMBER 1990 - REVISED MARCH 1994 

.• Low Output Skew, Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Applications 

• TTL-Compatlble Inputs and 
CMOS-Compatlble Outputs 

• Distributes One Clock Input to Eight 
Outputs 
- Four Same-Frequency Outputs 
- Four Half-Frequency Outputs 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• High-Drive Outputs (-48-mA IOH' 
48-mAloL> 

• State-of-the-Art EPIC_nB™ BICMOS Design 
Significantly Reduces Power Dlsalpatlon 

• Package Options Include Plastic 
Smail-Outline (OW) and Shrink 
Small-Outline (DB) Packages 

description 

DB OR ow PACKAGE 
(TOP VIEW) 

Y3 1 Y2 
GND GND 

Y4 Y1 
Vee Vee 
OE elK 

CLR 6 GND 
Vee Vee 

04 01 
GND 9 GND 

03 02 

The CDC337 is a high-performance, low-skew clock driver. It is specifically designed for applications requiring 
synchronized output Signals at both the clock frequency and one-half the clock frequency. The four Y outputs 
switch in phase and at the same frequency as the clock (ClK) input. The four Q outputs switch at one-half the 
frequency of ClK. 

When the output-enable (OE) input is low and the clear (ClR) input is high, the Y outputs follow ClK and the 
Q outputs toggle on low-to-high transitions at ClK. Taking ClR low asynchronously resets the Q outputs to the 
low level. When OE is high, the outputs are in the high-impedance state. 

The CDC337 is characterized for operation from -40·C to a5·C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE CLR ClK Y1-Y4 Q1-Q4 

H X X Z Z 

L L L L L 

L L H H L 

L H L L Qat 

L H f H Qat 

t The level of the Q outputs before the 
indicated steady-state input conditions were 
established. 

EPIC-liB is a trademark of Texas Instruments Incorporated. 
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CDC337 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS330-DECEMBER 1990-REVISED MARCH 1994 

logic symbolt 

5 
" EN L;' 

I> 
V 

V 

elK 
16 V 

V 

I> 
V 

T 
V 

6 
" R V 

V 

18 

20 

1 

3 

13 

11 

10 

8 

t This symbol is in accordance with ANSVIEEE SId 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic)' 

OE 
5 

18 
V1 

V1 

V2 20 
V2 

V3 

V4 

Q1 V3 

Q2 

Q3 3 
Q4 V4 

16 
CLK 

T 13 
CLR 6 

R 
Q1 

11 
Q2 

10 
Q3 

8 
Q4 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted):!: 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ....... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 ..••..•.•..••.......•..............••.......•.•••• 96 rnA 
Input clamp current, 11K (VI < 0) ........................................................... -18 rnA 
Storage temperature range ....................................................... -65°C to 150°C 

:j: Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage railngs may be exceeded if the input and output clamp-current ratings are observed. 
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CDC337 
CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS330-DECEMBER 1990-REVISED MARCH 1994 

recommended operating conditions (see Note 2) 
MI,N MAX UNIT 

VCC Supply voltage 4.75 5.25 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 VC·C V 

10H High-level output current -48 mA 

10L Low-level output current 48 mA 

fclock Input clock frequency 80 MHz 

TA Operating free-air temperature -40 85 ·C 

NOTE 2: Unused pins Qnput or VOl must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC = 4.75\1. II =-18 rnA -1.2 V 

VOH VCC=4.75V, 10H=-32mA 3.75 V 

VOL VCC=4.75\1. IOL=32mA 0.55 V 

IIH VCC = 5.25 V, VI=2.7V 50 fIA 
IlL VCC = 5.25 V, VI =0.5V -50 fIA 
10Z VCC = 5.25 V, Vo = VCC or GND ",50 fIA 

Outputs high 70 

ICC 
VCC=5.25V, 10=0, 

Outputs low 85 mA 
VI = VCC or GND 

Outputs disabled 70 

CI VI = 2.5 Vor 0.5 V 3 pF 

Co Vo = VCC or GND 10 pF 

t All typical values are at VCC = 5 \I. TA = 25·C. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

MIN MAX UNIT 

fclock Clock frequency 80 MHz 

CLRlow 4 

tw Pulse duration CLKlow 4 ns 

CLKhigh 4 

tsu Setup time, CLR inactive before CLKt 2 ns 

, Clock duty cycle 40% 60% 

:lllExAs 
INSTRUMENTS 
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CDC337 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS330 - DECEMBER 1990 - REVISED MARCH 1994 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Note 3 and Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN TYpt MAX UNIT (INPUT) (OUTPUT) 

fmax 80 MHz 

tpLH 4 9 
ClK AnyYorO ns 

tpHl 4 9 

tPHl ClR Any 0 4 10 ns 

tpZH I 3 7 
OE AnyYorO ns 

tpZl 3 7 

tPHZ C5E AnyYorO 
2 7 

ns 
tpLZ 2 7 

Yt 0.75 

tsk(o) ClKt Of 0.9 ns 

Yt andOt 0.9 

tr 0.9 ns 

tf 0.7 ns 

t All typical values are at VCC = 5 V. TA = 25°C. 
NOTE 3: All specifications are valid only for all outputs switChing. 

~1ExAs 
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CDC337 
CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS330 - DECEMBER 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

o 2xVCC 

Sl o Open 

rD 

From Output _-4I>--_.-_JI,SOOM Q,--__ J 

Under Test 

CL=50pF 
(see Note A) T SooQ 

LOAD CIRCUIT 

TIming Input 
--------x1.S V 

------J·I'-------
1 I.. 1 
I" I ·r Ih ~ 
1 su 1 

3V 

OV 

--"""'*1.5 V ~ Dstalnput 

3V 

OV 

VOLTAGE WAVEFORMS 

Input L~.sv \1.5~--- 3V 

TEST Sl 
IpLHftPHL Open 
tpLZltPZL 2xVCC 
tPHzftPZH Open 

14--Iw~ 

I I 3V 

Input 3 ~r1-.S-V-- OV 

Output 
Control 

VOLTAGE WAVEFORMS 

(Iow-ievei I 
enabling) . I ___ -J 

IpZL ..... i+- I 
I I tpL2~ 14-

3V 

OV 

-'1 1 . ov 
I..~ 1 1 
I 1 I" ~tpHL 

I 1 

tPLH 
Output II ( I :r- -vcc 

sJ':~~~~ : ,\,.,50%_. _vc_c ...... : .... f- V ~OL~ + 0 ~.3 V VOL 

(see Note C) I tpHZ -+I ~ 
Output 1t ~--VOH 

OBV
2V I- sO% Vcc2 Y..1 .BV 

• 1 1 VOL 
I I I I 

Ir~ ~ If ~ 14-

VOLTAGE WAVEFORMS 

NOTES; A. CL includes probe and jig capacitance. 

IpZH -.! 14- I 
Output 

Waveform 2 I r-------\. 
Sl stOpen 

(see Note C) ___ .I 

VOLTAGE WAVEFORMS 

VOH 
VOH-O.3V 

-OV 

B. All input pulses are supplied by generators having the following characteristics; PRR s 10 MHz, Zo = SO Q, tr s 2.5 ns, tf" 2.5 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
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CDC337 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS330 - DECEMBER 1990 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

" ,( " 
eLK --X' 

1 1 
Y1 1 ;( " 

1 ;( "--1 ~ ----.I I+- tpLH1 i+-tpLH9 
1 )' Y2 1 ,( " 

1 "--1 1 1 
~ I+- tpLH2 ----.I ~tpLH10 

1 Y " 
1 )' "--Y3 

~ 
1 

1 1 
i+-tpLH11 j+- tpLH3 --+j 

Y4 1 X " 
1 % "--1 1 

-.I I+- tpLH4 --+1 ~tpLH12 
1 

" 
01 1 ,(' 

1 
--+1 I+- tpLH5 

Q2 1 Y " 1 
--+1 1 

1 ~ tpLH6 

03 1 % " 1 
--+1 ~ tpLH7 

1 
04 1 % " 1 

~ I+- tpLH8 

NOTES: A. Output skew. tsk(o). from CLKt to yt. is calculated as the greater of the difference between the fastest and slowest of 
tPLHn(n= 1.2.3. 4)ortPLHn(n=9. 10. 11. 12). 

2-70 

B. Output skew. tsk(o). from CLKt to at. is calculated as the greater of the difference between the fastest and slowest of 
tPLHn (n = 5. 6. 7. 8). 

C. Output skew, lsk(o), from CLKt to Yt and at. Is calculated as the greater of the difference between the fastest and slowest of 
tPLHn (n = 1. 2. . ..• 8). 

Figure 2. Skew Waveforms and Calculations 
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CDC339 
CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS331- DECEMBER 1992- REVISED MARCH.1994 

• Low Output Skew, Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Applications 

• TTL-Compatible Inputs and Outputs 

• Distributes One Clock Input to Eight 
Outputs 
- Four Same-Frequency Outputs 
- Four Half-Frequency Outputs 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• High-Drive Outputs (-48-mA IOH' 
4S-mAlou 

• State-of-the-Art EPIC_IIB™ BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Small-Outline (DW) and Shrink 
Small-Outline (DB) Packages 

description 

DB OR ow PACKAGE 
(TOP VIEW) 

Y3 20 Y2 
GND 19 GND 

Y4 18 Y1 
Vee 17 Vee 
OE 16 ClK 

CLR 6 15 GND 
Vee 14 Vee 
04 13 01 

GND 9 12 GND 
03 11 02 

The CDC339 is a high-performance, low-skew clock driver. It is specifically deSigned for applications requiring 
synchronized output signals at both the primary clock frequency and one-half the primary clock frequency. The 
four Y outputs switch in phase and at the same frequency as the clock (ClK) input. The four Q outputs switch 
at one-half the frequency of ClK. 

When the output-enable (DE) input is low and the clear (ClR) input is high, the Y outputs follow ClK and the 
Q outputs toggle on low-to-high transitions of ClK. Taking ClR low asynchronously resets the Q outputs to the 
low level. When DE is high, the outputs are in the high-impedance state. 

The CDC339 is characterized for operation from -40°C to 8SoC. 

FUNCTION TABLE 

INPUTS OUTPUTS 

OE CLR ClK Y1-Y4 Q1-Q4 

H X X Z Z 

L L L L L 

L L H H L 

L H L L oat 
L H t H Qat 

t The level of the 0 outputs before the 
indicated steady-state input conditions were 
established. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 

~~ ... ~:T::~u.:.~'="""::~=m~~ 
IIInd_rd Wlrrlnt)t ProdUCIton proceIIlng don not neGt ..... '" Include 
teltlng of all parametel'L ~ThxAs 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1994. Texas Instruments Incorporated 
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CDC339 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS331 - DECEMBER 1992 - REVISED MARCH 1994 

logic symbolt 

5 
" EN t.:;. 

C> V 

16 V 
CLK 

V 

V 

C> V 
--1:::. >T v 

6 
" R 

V 

V 

18 

20 

1 

3 

13 

11 

10 

8 

V1 

V2 

V3 

V4 

01 

Q2 

Q3 

Q4 

t This symbol is in accordance wHh ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

logic diagram (positive logic) 

OE _5 _______ --4t----, 

18 
V1 

20 
V2 

V3 

3 
V4 

16 
CLK 

T 13 
01 

11 
02 

10 
03 

8 
04 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the disabled or power-off state, Vo ............... -0.5 V to 5.5 V 
Current into any output in the low state, 10 .................................................. 96 rnA 
Input clamp current, 11K (VI < 0) ........................................................... -18 rnA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 rnA 
Storage temperature range ....................................................... -65°C to 150°C 

* Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other condHions beyond those indicated under 'recommended operating condHions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2-72 
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CDC339 
CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS331 - DECEMBER 1992 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

MIN MAX UNIT 

VCC Supply voltage 4.75 5.25 V 

VIH High-level input voltage 2 V 

Vil Low-level input voltage 0.8 V 

VI Input voltage 0 VCC V 

10H High-level output current -48 mA 

10l Low-level output current 48 mA 

fclock Input clock frequency 80 MHz 

TA Operating free-air temperature -40 85 ·C 

NOTE 2: Unused pins (Input or I/O) must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC=4.75V, 11=-18mA -1.2 V 

VOH VCC=4.75\1, 10H=-48mA 2 V 

VOL VCC=4.75\1, 10l=48mA 0.5 V 

ilH VCC = 5.25\1, VI=2.7V 50 !AA 
ill VCC = 5.25\1, VI =0.5V -50 !AA 
10Z VCC = 5.25\1, VO=2.7VorO.5V ",50 !AA 
10* VCC = 5.25\1, VO=2.5V -50 -180 mA 

Outputs high 70 

ICC 
VCC=5.25\1, 10=0, Outputs low 85 mA 
VI = VCC or GND 

Outputs disabled 70 

Ci VI = 2.5 Vor 0.5 V 3 pF 

Co Vo =2.5 Vor 0.5 V 8 pF 

t All typical values are at VCC = 5 V, TA = 25"C. 
* Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time 

Clock duty cycle 

crnlow 

~TEXAS 
INSTRUMENTS 

ClKlow 

ClKhigh 

ClR inactive before ClKt 

POST OFFICE BOX 65S303 • DAUAS, TEXAS 75265 

MIN MAX UNIT 

80 MHz 

4 

4 ns 
4 

2 ns 

40% 60% 
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CDC339 
CLOCK DRIVER 
WITH·3·STATE OUTPUTS 
SCAS331 - DECEMBER 1992- REVISED MARCH 1994 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN TYpt MAX UNIT 
(INP~ll (OUTPUll 

fmax 80 MHz 

IpLH 3 9 
ClK AnyYorO ns 

IpHl 3 9 

IpHl CLR Any 0 4 9 ns 

IpZH 
OE 

2 7 
AnyYorQ ns 

IpZl 3 7 

IpHZ 
~ 

2 7 
AnyYorO ns 

IpLZ 2 7 

Yf 0.75 

Isk(ol ClKf Of 0.9 ns 

Yf and Of 0.9 

Ir 0.9 ns 

If 0.7 ns 

t All typical values are at VCC = 5 V, TA = 25°C. 
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CDC339 
CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS331-DECEMBER 1992-REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

o 7V 

S1 o Open 

rD 

From Output _-.>--_.-_...,5OOM°,--__ J 

Under Teet 

CL=50pF 
(see Note A) T 5000 

TEST S1 
tpLHftpHL Open 
tPLZftPZL 7V 
tpHzttPZH Open 

-=- IOII--tw--.l 
LOAD CIRCUIT 

Timing Input -------X1.5 V 
3V ,-3 *:1~'5~V~~~~ :: 

____ ---J·I'-_____ _ 

114 .1.. ~ 
I taurlh i 

OV VOLTAGE WAVEFORMS 

---""*1.5 V ~ Data Input 

3V 

OV 3V Output 

VOLTAGE WAVEFORMS 
Control 1.5 V 

(low-level , (I 

enabling) I '--__ ..I'-L - - - -

tpZL ..... ~ I 
OV 

Input L 1.5V \~5~--- 3V 

---II I. ov 
tpUi 114 ~ I I 

I I tpLZ~ I+-
Output I, :r- 3.5V 

Waveform 1 : \. 1.5 V L VOL + 0.3 V I 14" tpHL 
I I S1 at7V 1... -_......I...AT::"'- - - -:- VOL 

(see Note C) , tpHZ -.I ~ 
2V!i.' 2V~-- VOH 

Output O.BV/t-- 1.5V --I O.BV 
--.....;~-"!- I . I VOL 

I I I I 

tpZH -+I I+- I 
Output 

Waveform 2 I---~ 
S1 atOpen 

tr --+I 14-- tf ~ 14- (see Note C) ___ oJ -OV 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR 0; 10 MHz, Zo = 50 Cl, tr 0; 2.5 ns, tf 0; 2.5 ns. 
C. Waveform 1 is for an output wnh Internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 Is for an output wnh internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and VoHage Waveforms 
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CDC339 
CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS331 - DECEMBER 1992- REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

elK ~ " ~ " 1 1 
V1 1 A' " 

1 ~ "-1 ~ ---.I r-- tPlH1 I+-tplH9 
1 Y V2 1 .{ " 

1 "-1 1 1 
~ I+- tpLH2 ---.I !+-tpLH10 

1 )' " 
1 % "-V3 

1 1 

~ 
1 1 

i+=tpLH11 r tplH3 -+j 
V4 1 X " 

1 X "-1 I 
-.I r-- tpLH4 --..I i4-- tplH12 

1 
Q1 1 ~ " 1 

~I I+- tplH5 

Q2 1 )' " 1 
~I 1 

1 r tpLH6 

Q3 1 X " 1 
--+1 r- tpLH7 

1 

" 
Q4 1 ;( 

1 
--+1 14-- tplH8 

NOTES: A. Output skew, tsk(o), from CLKt to Yt, Is calculated as the greater of the difference between the fastest and slowest of 
tPLHn (n = 1, 2, 3, 4) ortPLHn (n = 9,10,11,12). 

2-76 

B. Output skew, tsk(o), from CLKt to Qt, is calculated as the greater of the difference between the fastest and slowest of 
tPLHn (n = 5, 6, 7, 8). 

C. Output skew, tsk(o), from CLKt to Yt and Qt, Is calculated as the greater of the difference between the fastest and sl.owest of 
tPLHn (n = 1, 2, ... ,8). 

Figure 2. Skew Waveforms and Calculations 
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• Low Output Skew. Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Applications 

• TTL-Compatlble Inputs and Outputs 
• Distributes One Clock Input to Eight 

Outputs 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 

• High-Drive Outputs (-48-mA IOH. 
48-mAlou 

• State-of-the-Art EPIC-IIBTM BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Small-Outline (OW) and Shrink 
Small-Outline (DB) Packages 

description 

CDC340 
1·L1NE TO B-L1NE CLOCK DRIVER 

SCAS332 - DECEMBER 1992 - REVISED MARCH 1994 

DB OR ow PACKAGE 
(TOP VIEW) 

VCC VCC 
1G 1Y1 
2G 1Y2 

GND 
PO 1Y3 
P1 1Y4 

VCC 7 GND 
2Y4 2Y1 
2Y3 2Y2 

GND GND 

The CDC340 is a high-performance clock-driver circuit that distributes one (A) input signal to eight M outputs 
with minimum skew for clock distribution. Through the use of the control pins (1 G and 2G), the outputs can be 
placed in a high state regardless of the A input. 

The CDC340's propagation delays are adjusted at the factory using the PO and P1 pins. These pins are not 
intended for customer use and should be strapped to GND. 

The CDC340 is characterized for operation from O·C to 70·C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

1G 2G A 1Y1-1Y4 2Y1-2Y4 

X X L H H 

L L H H H 

L H H H L 

H L H L H 

H H H L L 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 

Copyright © 1994. Texas Instruments Incorporated 
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CDC340 
1·LINE TO 8-LlNE CLOCK DRIVER 

SCAS332 - DECEMBER 1992 - REVISED MARCH 1994 

logic symbolt 

1G 

2G 

A 

2 

3 

4 

G1 

~2 
I> 1 

1 

1 

1 

I> 2 

'- 2 

2 

2 

tThis symbol is in accordancewilh ANSI/IEEE Sid 91-1984 and lEe Publicalion 617-12. 

logic diagram (positive logic) 

2 
1G 

3 
2G 

4 
A 

~1EXAS 
INSTRUMENTS 

2-78 POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

19 

18 

16 

15 

13 

12 

9 

8 

1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 

19 

18 

16 

15 

13 

12 

9 

8 

1Y1 

1Y2 

1Y3 

1Y4 

2Y1 

2Y2 

2Y3 

2Y4 



CDC340 
1-LlNE TO 8-LlNE CLOCK DRIVER 

SCAS332 - DECEMBER 1992 - REVISED MARCH 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ....... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 ••.••.•••••.••...•••...•...•.•.................•.. 96 mA 
Input clamp current, 11K (VI < 0) ........................................................... -18 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and negative-vo~age rating may be exceeded if the input clamp-current rating is observed. 

recommended operating conditions (see Note 2) 

MIN MAX UNIT 

vee Supply voltage 4.75 5.25 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 Vee V 

10H High-level output current -48 rnA 

10L Low-level output current 48 rnA 

fclock Input clock frequency 80 MHz 

TA Operating free-air temperature 0 70 ·e 

NOTE 2: Unused pins (Input or I/O) must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA=25·e 

MIN TYp:J: MAX 

VIK Vee = 4.75 V, II =-18mA -1.2 

Vee = 4.75 V, 10H =-3mA 2.5 

VOH Vee=SV, IOH =-3mA 3 

Vee = 4.7S V, 10H=-48mA 2 

VOL Vee = 4.7S V, 10L=48mA 

II Vee = S.2S V, VI = Vee or GND ±1 

10§ Vee=S.2SV, VO=2.SV -50 -100 -200 

Vee = S.25 V, 10=0, I Outputs high 2 
ICC 

VI = Vee or GND I Outputs low 24 

ei VI;: 2.S VorO.S V 3 

:j: All typical values are at Vee = S v. 
§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

~TEXAS 
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MIN MAX UNIT 

-1.2 V 

2.5 

3 V 

2 

0.5 V 

.,1 J.tA 
-SO -200 rnA 

3.S 
rnA 

33 

pF 
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CgC340 
1·LlNETO~L1NE CLOCK DRIVER 

SCAS~ - DECEM!lltR 1m - REVISED MARCH 1994 

switching characteristics, CL = 50 pF (see Figures 1 and 2) 

FROM TO 
Vee =5V, Vee = 4.75 V to 5.25 V, 

PARAMETER TA=25·e TA = o·e to 7O·e UNIT (INPUT) (OUTPUT) 
MIN TYP MAX MIN MAX 

tpLH 3.4 4.5 3 4.8 
A Y ns 

tpHL 3.2 4.3 2.8 4.7 

tpLH 2 3.8 2 4 
G Y ns 

tpHL 2 3.8 2 4 

tsk(ol 0.3 0.5 0.6 

IskID) A Y 0.6 0.8 0.9 ns 

tsk(orl 1.1 1.1 

tr A y 1.5 ns 

tf A Y 1.5 ns 

tpd performance information relative to Vee and temperature variation (see Note 3) 

DtPLHCTAl t Temperature drift of tpLH from O·C to 70·C -53 ps/10·C 

DtPHLCTA)t Temperature drift of tpHL from O·C to 70·C -58 ps/10·C 

DtPLHNCC)* VCC drift oftpLHfrom4.75Vt05.25V +43 ps/100 mV 

DtPHLNCCI* VCC drift oftpHLfrom 4.75 Vto 5.25 V -33 ps/1 00 mV 

t Virtually Independent of VCC 
:I: Virtually independent of temperature 
NOTE 3: The data extracted Is from a wide range of characterization material. 

~1ExAs 
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CDC340 
1-L1NE TO a-LINE CLOCK DRIVER 

SCAS332 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

Input 
(see Note B) 

Output 

FromOutput~ Under Teet 

CL=50pF I 5000 
(see Note A) 

LOAD CIRCUIT FOR OUTPUTS 

~--------~ 3V ---tf 1.SV \~~--- OV 

tpLH ~ ~ ~ ~ tpHL 

~I ~I --VOH 
1.SV 2V 1.SV 

O.SV _ O.SV v 
-----';1 I I 1 OL 

tr~~ ~r4-tf 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacHance. 
B. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, tr s 2.5 ns, tf s 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

A~_---,,( 
I I 

1G " ...... _-...,.,/ 
2G 

i ~ ..... ___ / 
-.1 tPHL1i4--

: ~~------------------------+I tpHL2i4-

1Yn 

2Yn 

NOTES: A. Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest of tPLHn (n = 1, 2) 
- The difference between the fastest and slowest of tpHLn (n = 1, 2) 

B. Pulse skew, tsk(p), is calculated as the greater of I tPLHn - tpHLn I (n = 1, 2). 
C. Process skew, tsk(pr), is calculated as the greater of: 

- The difference between the fastest and slowest of tPLHn (n = 1, 2) across multiple devices under identical operating conditions 
- The difference between the fastest and slowest oftPHLn (n = 1. 2) across multiple devices under identical operating condHions 

Figure 2. Waveforms for Calculation of tsk(o). tsk(p). tsk(pr) 
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• Low Output Skew, Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Applications 

• TTL-Compatlble Inputs and Outputs 
• Distributes One Clock Input to Eight 

Outputs 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 
• High-Drive Outputs (-48-mA IOH, 

48-mAloU 
• State-of-the-Art EPIC_IIB™ BICMOS Design 

Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Smail-Outline (DW) and Shrink 
Smail-Outline (DB) Packages 

description 

CDC341 
1-LlNE TO 8-LlNE CLOCK DRIVER 

SCAS333 - DECEMBER 1992 - REVISED MARCH 1994 

DB OR DW PACKAGE 
(TOP VIEW) 

VCC 
1Y1 
1Y2 

A GND 
PO 1Y3 
P1 1Y4 

VCC 7 GND 
2Y4 2Y1 
2Y3 2Y2 

GND GND 

The CDC341 is a high-performance clock-driver circuit that distributes one (A) input signal to eight (y) outputs 
with minimum skew for clock distribution. Through the use of the control pins (1 G and 2G), the outputs can be 
placed in a low state regardless of the A input. 

The CDC341 's propagation delays are adjusted at the factory using the PO and P1 pins. These pins are not 
intended for customer use and should be strapped to GND. 

The CDC341 is characterized for operation from O·C to 70·C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

1G 2G A 1Y1-1Y4 2Y1-2Y4 

X X L L 

L L H L 

L H H L 

H L H H 

H H H H 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 

L 

L 

H 

L 

H 
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CDC341 
1-LINE TO 8-LlNE CLOCK DRIVER 

SCAS333 - DECEMBER 1992 - REVISED MARCH 1994 

logic symbolt 

1G 

2G 

A 

2 

3 

4 

IG1 

~2 
I> 1 

1 

1 

1 

I> 2 

'--- 2 

2 

2 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

logic diagram (positive logic) 

2 
1G 

3 

4 
A 

2~4 
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CDC341 
1·LlNE TO 8·LINE CLOCK DRIVER 

SCAS333 - DECEMBER 1992 - REVISED MARCH 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output In the high state or power-off state, Vo ....... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 •.••.•...••.••.•••..•..•.••.•........•..........•. 96 mA 
Input clamp current, 11K (VI < 0) ........................................................... -18 mA 
Storage temperature range ....................................................... -65·C to 150·C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions bayond those indicated under "recommended operating condRlons' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and negative-voltage rating may be exceeded if the input clamp-current rating is observed. 

recommended operating conditions (see Note 2) 

MIN MAX UNIT 

Vee Supply voltage 4.75 5.25 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 Vee V 

10H High-level output current -48 mA 

10L Low-level output current 48 mA 

fclock Input clock frequency 80 MHz 

TA Operating free-air temperature 0 70 ·e 

NOTE 2: Unused pins (Input or I/O) must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA=25·C 

MIN TYpf MAX 

VIK Vee =4.75\1, 11=-18mA -1.2 

Vee =4.75\1, 10H =-3mA 2.5 

VOH VCC=5V, IOH=-3mA 3 

Vee = 4.75 V, 10H=-48mA 2 

VOL Vee = 4.75 V, IOL=48mA 

II Vee = 5.25 V, VI = Vee or GND ",1 

10§ Vee =5.25\1, VO=2.5V -SO -100 -200 

Vee = 5.25 V, 10=0, I Outputs high 2 
lee 

VI = Vee or GND I Outputs low 24 

ei VI = 2.5 Vor 0.5 V 3 

* All typical values are at Vee = 5 V. 
§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

~TEXAS 
INSTRUMENTS 
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MIN MAX UNIT 

-1.2- V 

2.5 

3 V 

2 

0.5 V 

",1 )lA 

-50 -200 mA 

3.5 
mA 

33 

pF 
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CDC341 
1 .. LlNE TO 8-LlNE CLOCK DRIVER 

SCAS333 - DECEMBER 1992 - REVISED MARCH 1994 

switching characteristics, CL = 50 pF (see Figures 1 and 2) 

FROM TO 
Vee =5V, vcc = 4.75 V to 5.25 V, 

PARAMETER TA=25·C TA = oOC to 7O·C UNIT (INPUT) (OUTPUT) 
MIN TYP MAX MIN MAX 

tpLH 3.5 4.5 3.1 4.9 
A Y ns 

tpHL 3.5 4.3 3.1 4.9 

tPLH 2 3.8 2 4 
G Y ns 

tpHL 2 3.8 2 4 

tsklo) 0.3 0.5 0.6 

Isk(p) A Y 0.6 0.8 0.9 ns 

tsklor) 1 1 

tr A y 1.5 ns 

tf A Y 1.5 ns 

tpd performance information relative to Vee and temperature variation (see Note 3) 

DtPLHlTA)t Temperature drift of tpLH from O·C to 70·C 

DtPHLlTA)t Temperature drift of tpHL from O·C to 70·C 

DtpLH(VCC)* VCC drift of tpLH from 4.75 V to 5.25 V 

DtPHL(VCC)*§ VCC drift oftpHLfrom 4.75 Vto 5.25 V 

t Virtually Independent of VCC 
* Virtually independent of temperature 
NOTE 3: The data extracted is from a wide range of characterization material. 

2-86 
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CDC341 
1-LlNE TO a-LINE CLOCK DRIVER 

SCAS333 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

Input 
<_NoteB) 

Output 

From Outputtr UnderTeel 

CL=50pF I 500'1 
<_NoteA) 

LOAD CIRCUIT FOR OUTPUTS 

3V 

~ 1.5V \~5~--- OV 

tpLH ~ ~ 14 ~ IpHL 

I ,,----::":":'""_~I __ VOH 
1.5V} 2V 1.5V 

___ O_.B_V..". I I I O.BV VOL 

Ir -.: j4- ~ j4- If 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz. Zo = 50 '1. tr s 2.5 ns. tf S 2.5 ns. 

Figure 1. Load Circuit and Voltage Waveforms 

1G ,,'--__ -J/ 
2G 

i ~"----_--J/ 
~iIPHL1~ 

I 'h ......... -----------+I tpHL2i4-

1Yn 

2Yn 

NOTES: A. Output skew. tsk(o). is calculated as the greater of: 
- The difference between the fastest and slowest of tPLHn (n = 1. 2) 
- The difference between the fastest and slowest of tpHLn (n = 1 • 2) 

B. Pulse skew.isk(p). Is calculated as the greater of I tPLHn - tpHLn I (n = 1. 2). 
C. Process skew. tsk(pr). Is calculated as the greater of: 

- The difference between the fastest and slowest of tPLHn (n = 1 • 2) across multiple devices under identical operating conditions 
- The difference between the fastest and slowest of tpHLn (n = 1. 2) across multiple devices under Identical operating conditions 

Figure 2. Waveforms for Calculation of tsk(o}. tsk(p}. tsk(pr} 

~1ExAs 
INSTRUMENTS 
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CDC391 
1·LlNE TO 6-LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY AND 3·STATE OUTPUTS 

• Low Output Skew for Clock·Dlstrlbutlon 
and Clock-Generation Applications 

• TTL-Compatible Inputs and Outputs 
• Distributes One Clock Input to Six Clock 

Outputs 
• Polarity Control Selects True or 

Complementary Outputs 

• Distributed Vee and GND Pins Reduce 
Switching Noise 

• High-Drive Outputs (-48-mA IOH. 
(48-mAlou 

• State-of-the-Art EPIC-IlB™ BICMOS Design 
Slgnlncantly Reduces Power Dissipation 

• Package Options Include Plastic 
Smail-Outline (D) and Shrink Small-Outline 
(DB) Packages 

description 

SCAS334 - DECEMBER 1992 - REVISED 

o OR DB PACKAGE 
(TOP VIEW) 

16 lYl 
lY2 15 l'f/C 
lY3 14 VCC 

13 2T/C 
2Yl 12 A 
2Y2 11 VCC 

GND 10 3T/C 
3Yl 9 DE 

The CDC391 contains a clock-driver circuit that distributes one input Signal to six outputs with minimum skew 
for clock distribution. Through the use of the polarity-control (TIC) inputs, various combinations of true and 
complementary outputs can be obtained. The output-enable (OE) input is provided to disable the outputs to a 
high-impedance state. 

The CDC391 is characterized for operation from -40°C to 85°C. 

logic symbolt 

A 

1T/C 

2T/C 
3T/C 

9 

12 

15 

13 

10 

OE 

H 

L 

L 

L 

L 

FUNCTION TABLE 

INPUTS OUTPUT 

TIC A V 

X X Z 

L L L 

L H H 

H L H 

H H L 

r...: EN 
~. 

[> V 1 

V 1 

N1 V 1 

N2 "12 

N3 "12 

"13 

t This symbol Is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 

~TEXAS 
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3Y1 

Copyright © 1994. Texas Instruments Incorporated 
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CDC391 
1-L1NE TO 6-LlNE CLOCK DRIVER 
WITH SELECTABLE POLARITY AND 3-STATE OUTPUTS 
SCAS334 - DECEMBER 1992 - REVISED MARCH 1994 

logic diagram (positive logic) 

OE --=9~ _______ -, 

1T/C --=1.=.5_ .... __ \'\-.... 
>--+-1 

A ----=1.=.2 __ __. 

13 
2T/C --___ >--+---\', ........ 

>--+-1 

>-___ 1:..=6_ 1Y1 

2 >-----1Y2 

>-__ --=3_ 1Y3 

5 
>------'- 2Y1 

>-__ --"6_ 2Y2 

8 
>-----3Y1 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, V, (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ....... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 .................................................. 96 mA 
Input clamp current, 1,K (V, < 0) ........................................................... -18 mA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 1000 mW 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating conditions' is not 
implied. Exposure to absolute-maxlmum-rated conditions for extended periOds may affect device reliability. 

NOTES: 1. The input and output negatlve-vottage ratings may be exceeded if the input and output clamp-current ratIngs are observed. 
2. For operation above 25·C free-air temperature, derate to 478 mWat 85·C at the rate of 8.7 mW/"C. 

recommended operating conditions (see Note 3) 

MIN NOM MAX UNIT 

VCC Supply vottage 4.75 5 5.25 V 

V,H High-level input vottage 2 V 

V,L Low-level input voltage 0.8 V 

V, Input voltage 0 VCC v 

'OH High-level output current -48 mA 

IOL Low-level output current 48 mA 

tot/tov Input transition rise or fall rate 5 ns/V 

fclock Input clock frequency 100 MHz 

TA Operating free-air temperature -40 85 ·C 

NOTE 3: Unused Inputs must be held high or low. 

~1ExAs 
INSTRUMENTS 
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CDC391 
1·LlNE TO 6·LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY AND 3·STATE OUTPUTS 
SCAS334 - DECEMBER 1992 - REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Vee = 4.75V. II =-18mA -1.2 V 

VOH Vee = 4.75 V, 10H=-48mA 2 V 

VOL Vee = 4.75 V, IOL=48mA 0.5 V 

II Vee = 5.25 V, VI = Vee or GND ,.1 IIA 
10Z Vee = 5.25 V, Vo = Vee or GND ",50 IIA 
10* Vee = 5.25 V, VO=2.5V -15 -100 mA 

Outputs high 10 

Ice 
Vee = 5.25 V, 10=0, Outputs low 40 mA 
VI = Vee or GND 

Outputs disabled 10 

ei VI = 2.5 Vor 0.5 V 3 pF 

eo Vo = 2.5 VorO.5V 5 pF 

t All typical values are at Vee = 5 V, TA = 25°e 
* Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 and 2) 

PARAMETER 

tpLH 

tpHL 

tpLH 

tpHL 

tpZH 

tpZL 

IpHZ 

IpLZ 

Isk(o) 

Isk(p) 

Ir 

If 

FROM 
(INPUT) 

A 

TIe 

OE 

OE 

A 

A 

TO 
(OUTPUT) 

AnyY 

AnyY 

AnyY 

AnyY 

Any Y (same phase) 

Any Y (any phase) 

~TEXAS 
INS1RUMENTS 

AnyY 
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MIN MAX UNIT 

1.5 5 
ns 

1.5 5 

1.5 5 
ns 

1.5 5 

1.5 5 
ns 

3 7 

5 
ns 

5 

0.5 
ns 

1 

1 ns 

1.5 ns 

1.5 ns 
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CDC391 
1·LlNE TO 6-LINE CLOCK DRIVER 
WITH SELECTABLE POLARITY AND 3-STATE OUTPUTS 
SCAS334 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

51 5000 
From Output --'-~'--W\r---.J 

Under Teat 

CL=50pF 
(_NoteA) T 5000 

LOAD CIRCUIT FOR OUTPUTS 

o 7V 

o Open 
TEST 51 

tpL.HltPHL Open 
tpL.,ZItPZL 7V 
tpHz!tPZH Open 

Output 3V 

Control 1.& V 
(low-level I 'I 
enabling) '-L - - _ _ 0 V 

tPZL -.I 14-: I 
I I tpLZ ~ 14-

Output I, I ir- 3.&V 

W~~~~ : \ 1.&V :} ~~~VVOL 
Input L~.&v \-;-&-;--- 3V 

---" I· ov 

(- Note C) I tpHZ -.I I+-
tPLH'.. ~ I I 

I I 14" tpHL 
I I 

2V!i' 2~--- VOH 

OutPut ____ O._8_v~.fi- 1.& V - -:~ VOL 

, I I , 

Output 'PzH -+I 14- I 
Waveform 2 I ~---\' 
51 atOpen 

VOH 
VOH-O.3V 

tr ~ 14-- tf -+I /4-
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES 

(see Note C) ___ .I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

-OV 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR:s 10 MHz, Zo = 50 O. 'r :s 2.5 ns, If:S 2.5 ns. 
C. Waveform 1 Is for an output with internal condHions such that the output Is low except when disabled by the output control. 

Waveform 2 is for an output wHh internal condHions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one 'at a lime wHh one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1EXAS 
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A --.-i 
I 

1T/C I 
I 
I , 

1Y1 I 
I 

tPLH1 'III I 
1Y2 

, , 
tPLH2 I,. , 

2T/C' I 
I 
I 
I , 

2Y1 I 

tpLH3 

2Y2 

tpLH4 

CDC391 
1·LINE TO 6·LINE CLOCK DRIVER 

WITH SELECTABLE POLARITY AND 3·STATE OUTPUTS 
SCAS334 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

\ , , , , 
t 

, , , 
~I tpHL1 ,III 

I I , , 
~I tpHL2 14 I I , 

, , 

{ 
, 
, , 

~ tpHL3 l1li , , , 
tpHL4 ,III 

t 
I , 
I , 

~ 
, , , "------+--t 

~I I+---t~+-I - tpLHS 1'1 

\ , , , 
~ 
~_+--,l 

I+---t~+-I - tpLH6 I 
,III 

I , 
/ , , , 

~ , , , , 
I L , 
'III ~I tpHLS , 

L , , , 
~ (4 I tpHL6 , 

I 
I 
I 

V 
, , , 

I 
I 
I 'i''----+-.....J 

~ 'III 
~ ___ ~+- tpHL7 1'1 , _-+--""10.1 I , 

,III 

NOTES: A. Output s~ew.lsk(o). from A to any Y (same phase). can be measured only between outputs for which the respective polarity-control 
inputs (TIC) are at the same logic level. It Is calculated as the greater of: 
- The difference between the fastest and slowest of tpLH from A t to any Y (e.g .• tPLHn. n = 1 to 4; or tPLHn. n = 5 to 6) 
- The difference between the fastest and slowest of tpHL from M to any Y (e.g .• tpHLn. n = 1 to 4; or tpHLn. n = 5 to 6) 
- The difference between the fastest and slowest of tPLH from A, to any Y (e.g .• tPLHn. n = 7 to 8) 
- The difference between the fastest and slowest of tpHL from A t to any Y (e.g .• tpHLn. n = 7 to 8) 

B. ~utput skew. tsk(o). from A to any Y (any phase). can be measured between outputs for which the respective polarity-control inputs 
(TIC) are at the same or different logic levels. It Is calculated as the greater of: 

- The difference between the fastest and slowest of tpLH from At to any Y or tpHL from At to any Y (e.g .• tPLHn. n = 1 to 4; 
or tPLHn. n = 5 to 6. and tPHLn. n = 7 to 8) 

- The difference between the fastest and slowest of tpHL from M to any Y or tpLH from M to any Y (e.g .• tpHLn. n = 1 to 4; 
or tpHLn. n = 5 to 6. and tPLHn. n = 7 to 8) 

Figure 2. Waveforms for Calculation of tsk(o) 

~1EXAS 
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CDC392 
1-LINE TO 6-LINE CLOCK DRIVER 

WITH SELECTABLE POLARITY AND 3-STATE OUTPUTS 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• TTL-Compatlble Inputs and 
CMOS-Compatlble Outputs 

• Distributes One Clock Input to Six Clock 
Outputs 

• Polarity Control Selects True or 
Complementary Outputs 

• Distributed Vee and GND Pins Reduce 
Switching Noise 

• High-Drive Outputs (-32-mA IOH. 
32-mAlou 

• State-of-the-Art EPIC-IIB™ BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Smail-Outline (D) and Shrink Small-Outllne 
(DB) Packages 

description 

SCAS335 - DECEMBER 1992 - REVISED MARCH 1994 

D OR DB PACKAGE 
(TOP VIEW) 

GND 1 

2Y2 
GND 
3Y1 

1Y1 
1 TIC 
vcc 
2T/C 
A 

Vcc 
3T/C 

9 DE 

The CDC392 contains a clock-driver circuit that distributes one input signal to six outputs with minimum skew 
for clock distribution. Through the use of the polarity-control (fIC) inputs. various combinations of true and 
complementary outputs can be obtained. The output-enable (OE) input is provided to disable the outputs to a 
high-impedance state. 

The CDC392 is characterized for operation from -40°C to 85°C. 

logic symbolt 

A 

11'/C 

2T/C 
:tr/C 

9 

12 

15 

13 

10 

OE 

H 

L 

L 

L 

L 

FUNcnON TABLE 

INPUTS OUTPUT 
TIC A Y 

X X Z 

L L L 

L H H 

H L H 

H H L 

" EN L;' 
I> 9 1 

9 1 

N1 9 1 

N2 92 

N3 92 

93 

t This symbol is in accordance with ANSVIEEE Std 91-1984 and IEC Publication 617-12. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 
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CDC392 
1-LlNE TO 6-LINE CLOCK DRIVER 
WITH SELECTABLE POLARITY AND 3-STATE OUTPUTS 
SCAS335 - DECEMBER 1992 - REVISED MARCH 1994 

logic diagram (positive logic) 

OE -.::.9 _______ ---. 

1'i'/C ---'1...:..S_-.-__ ~-.... 

12 A----. 

13 

3T/C --'-10"-__ f--~-.... 

r-+--I 

r--I 

>-___ 1:,;;6;.,.. 1Y1 

2 
>-----1Y2 

>-__ --=3_ 1Y3 

>-__ --.:.s_ 2Y1 

>-___ 6_ 2Y2 

>-__ ---'-8_ 3Y1 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ....... -0.5 V to Vee + 0.5 V 
Current into any output in the low state, 10 .................................................. 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -18 mA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 1000 mW 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating condkions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The Input and output negatlve-voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 
2. For operation above 25°e free-air temperature, derate to 478 mW at 85°e at the rate of 8.7 mW/"e. 

recommended operating conditions (see Note 3) 

MIN NOM MAX UNIT 

Vee Supply voltage 4.75 5 5.25 V 

VIH High-level Input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

VI Input voltage a Vee v 
IOH High-level output current -32 mA 

IOL Low-level output current 32 mA 

At/l:..v Input transition rise or fall rate 5 nsN 

fclock Input clock frequency 90 MHz 

TA Operating free-air temperature -40 85 °e 

NOTE 3: Unused Inputs must be held high or low. 

~1ExAs 
INSTRUMENTS 
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CDC392 
1·LlNE TO 6·LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY AND 3·STATE OUTPUTS 
SCAS335-DECEMBER 1992-REVISED MARCH 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONOmONS MIN TYpt MAX UNIT 

VIK Vec = 4.75 V, 11=-18mA -1.2 V 

VOH Vee = 4.75 V, 10H =-32mA 3.85 V 

VOL Vee = 4.75 V, 10L= 32 mA 0.55 V 

II Vee = 5.25 V, VI = Vee or GND .,1 JAA 
10Z Vee = 5.25 V, Vo = Vee or GND .,50 JAA 

Outputs high 10 

ICC 
Vee = 5.25 V, 10=0, Outputs low 40 mA 
VI = Vec or GND 

Outputs disabled 10 

Ci VI =2.5VorO.5V 3 pF 

Co Vo = VCC or GND 7 pF 

t All typical values are at Vee = 5 V, TA = 25°C 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 and 2) 

PARAMETER 

tpLH 

tpHL 

tpLH 

tpHL 

tpZH 

tpZL 

tpHZ 

tpLZ 

tsk(o) 

tr 

tf 

FROM 
(INPUT) 

A 

TIC 

OE 

OE 

A 

TO 
(OUTPUT) 

AnyY 

AnyY 

AnyY 

AnyY 

Any Y (same phase) 

Any Y (any phase) 

~TEXAS 
INSlRUMENTS 

POST OFFICE BOX _ • DALlAS, TEXAS 75265 

MIN TYP MAX UNIT 

2 6.5 
ns 

1.5 5 

1.5 5 
ns 

1.5 5 

1.5 6 
ns 

3 8 

1.5 5 
ns 

1.5 5 

0.6 
ns 

2.2 

1.4 ns 

0.83 ns 
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CDC392 
1·LINE TO 6-LlNE CLOCK DRIVER 
WITH SELECTABLE POLARITY AND 3-STATE OUTPUTS 
SCAS335 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

S1 5000 
From Output ---.----4.--WIr---..J 

UnclerTest 

CL=50pF 

( .. eNoteA) T 5000 

o 2xVCC 

o Open 

Output 

TEST 

tPLHftPHL 
tpLZtPZL 
tpHz/tPZH 

S1 
Open 

2xVCC 
Open 

LOAD CIRCUIT FOR OUTPUTS 
Control 1.5 V 

3V 

(Iow-level I fI 
enabling) :..L - - - - 0 V 

tPZL -.I 14-:- I 
I I tpLZ ~ 14-

Output II I :,--- - VCC 

s1~~d : \. 50% VCC: .} ~~ ~ V VOL 

(see Note C) I tpHZ -.I 14-

Input L 1.5V \-;'-5~--- 3V 

--'I I . OV 

tPLH ~ ~ ~ J tpHL 
I I 

Output 70% VCc:X- ~7O%Vc~OH 
30% VCC 1- 50% VCC- -I 30% VCC 

Output tpZH ~ 14- I 
Weveform 2 1,.----\ 

- I I VOL 
I I I I 

tr ~ 14- tf ~ 14-
VOLTAGE WAVEFORMS 

PROPAGATION DELAY nMES 

S1 atOpen 
(888 Note C) ___ .I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. CL includes probe and jig capacilance. 
B. All inpul pulses are supplied by generators having the following characterislics: PRR" 10 MHz, Zo = 50 Q, Ir" 2.5 ns, If" 2.5 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~1EXAS 
INSTRUMENTS 
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CDC392 
1·LlNE TO 6·LlNE CLOCK DRIVER 

WITH SELECTABLE POLARITY AND 3·STATE OUTPUTS 
SCAS335 - DECEMBER 1992 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

A ~ \ __ 1 ~ ___ _ 
1 1 1 1 

1'f/C 1 1 1 1 
----~I-------------+I------------~I~------------~I----------

1 1 1 1 
1 ,..---+-1 ~ 1 1 

1V1 ----+I~t 1 }'----+I---Jt 1 L 
tpLH1 ~I .. -~.I tpHL1 -I4i'4f--~.1 141 .. - ..... 0I-1-tPLH5 I.. .1 tpHL5 

1V2 ___ !i.--~i ! \ ! t,..----il-""L 
tpLH2 l,. .1 tpHL2 ---I4i'4r--.;~ 1144--..01-11 - tpLH6 ~ ~ tpHL6 1 1 1 ,.. __ +-_~ ____ ~ __ ~I ____ 

2T/C 1 1 / i I 
--~I------------+I---~' 1 1 

1 1 1 

2V1 1 /""---+1 ---..\. /""-+1--\ 1 r-
----;-1 ~ 1 1 i'--/ 1 1 "'----+1 ~J! 
tpLH3 ~ ~ tpHL3 ---IoII14~~.1 1414-_.....01-1 - tpHL7 i'4 ~ tpLH7 

2V2 1 l"'---+I---"V 1 '\ 1 r 
-tP-LH4-~l4-~----"''''~ tpHL4 ---tIII14~~.1 114-4 ---1.~I- tpHLB :..~ tpLH8 

NOTES: A. Output !kew.lsk(o). from A to any Y (same phase). can be measured only between outputs for which the respective polarity-control 
Inputs (TIC) are at the same logic level. It Is calculated as the greater of: 

- The difference between the fastest and slowest of tpLH from A t to any Y (e.g .• tPLHn. n = 1 to 4; or tPLHn. n = 5 to 6) 
- The difference between the fastest and slowest of tpHL from M to any V (e.g .• tpHLn. n = 1 to 4; or tPHLn. n = 5 to 6) 
- The difference between the fastest and slowest of tpLH from A, to any V (e.g .• tPLHn. n = 7 to 8) 
- The difference between the fastest and slowest of tpHL from At to any Y (e.g .• tPHLn. n = 7 to 8) 

B. ~utput skew. Isk(o). from A to any Y (any phase). can be measured between outputs for which the respective polarity-control Inputs 
(TIC) are at the same or different logic levels. It Is calculated as the greater of: 

- The difference between the fastest and slowest of tpLH from At to any Y or tpHL from At to any Y (e.g .• tPLHn. n = 1 to 4; 
or tPLHn. n = 5 to 6. and tpHLn. n = 7 to 8) 

- The difference between the fastest and slowest of tpHL from A, to any V or tPLH trom A, to any Y (e.g .• tpHLn. n = 1 to 4; 
or tpHLn. n = 5 to 6. and tPLHn. n = 7 to 8) 

Figure 2. Waveforms for Calculation of tsk{o) 

:illExAs 
INSTRUMENTS 
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CDC111 
1-UNE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

• low Output Skew for Clock-Distribution 
and Clock·Generatlon Applications 

• Differential low Voltage Pseudo ECl 
(lVPECl)-Compatlble Inputs and Outputs 

• Distributes Differential Clock Inputs to Nine 
Differential Clock Outputs 

• Output Reference Voltage, VREF, Allows 
Distribution From a Slngle·Ended Clock 
Input 

• Single-Ended lVPECl-Compatlble Output 
Enable 

• Packaged In 28·Pln Plastic Chip Carrier 

description 

The differential lVPECl clock-driver circuit 
distributes one pair of differential lVPECl clock 
inputs (ClKIN, ClKIN) to nine pairs of differential 

Y8 
Y8 
Y7 

Vee 
Y7 

SCAS321 _ C>CDTCUDca 

5 

6 

7 

8 

9 

FNPACKAGE 
(TOP VIEW) 

Iz z 
o ~ ~ g ~IW ~ z>o>ooC) 

4 3 2 1 282726 
0 

25 

24 

23 

22 

21 

Y6 10 20 

Y6 11 19 
1213 14 15 16 1718 

clock (Y, Y) outputs with minimum skew for clock ~ 
distribution. It is specifically designed for driving > 
50-Q transmission lines. W 
When the output-enable (OE) input is in the low state, the nine differential outputs switch at the same frequency >W
as the differential clock inputs. When OE is in the high state, the nine differential outputs will be in static states a: 
(Y outputs will be in the low state, Y outputs will be in the high state). 0. 
The VREF output can be strapped to the ClKIN input for a single-ended ClKIN input. I-
The CDC111 is characterized for operation from O·C to 70·C. 

PIIODUCTPAEVlEW_ .................. lntho_lvoor 

~
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• ... .......... 10. ___ thorlahlto .pord_._ ........ __ ~I TEXAS 
NS1RUMENTS 
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CDC111 
1-LlNE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS321 - SEPTEMBER 1993 - REVISED MARCH 1994 

logic diagram (positive logic) 

ClKlN _28 ____ ........ 
ClKlN ~2 ____ ~ 

25 
YO 

24 
YO 

23 
Y1 

21 
Y1 

20 
Y2 

19 
Y2 

18 
Y3 

17 
Y3 

16 
Y4 

14 
Y4 

13 
Y5 

12 
Y5 

11 
Y6 

10 
Y6 

9 
Y7 

7 
Y7 

6 
YB 

5 
YB 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 Vto Vcc + 0.5 V 
Output voltage range, Vo (see Note 1) ....................................... -0.5 V to Vcc + 0.5 V 
Input clamp current, 11K (VI < 0) .......................................................... -18 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vce) ........................................... -18 mA 
Continuous output current, 10 (Vo = 0 to Vce) .....................................•....... -50 mA 
Continuous current through VCC or GND .................................................. ± 70 mA 
Maximum power disSipation at TA = 55°C (in still air) ....................................... 525 mW 
Maximum operating free-air temperature range, TA ...................................... O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

~1ExAs 
INSTRUMENTS 
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CDC111 
1·LlNE TO 9·LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS321 - SEPTEMBER 1993 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

MIN MAX UNIT 

Vee Supply voltage 3 3.6 V 

VIH High-level Input voltage 
Vee=3Vto3.6V Vee-1.165 Vee-0.B8 

V 
Vee=3.3V 2.135 2.420 

Vil Low-level input voltage 
Vee = 3 Vto 3.6 V Vee-1.81 Vee-1.475 

V 
Vee=3.3V 1.490 1.825 

TA Operating free-air temperature 0 70 De 

NOTE 2: Vee = Veeo 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX 

VREF 
Vee = 3 Vto3.6V Vee-1.38 Vee-1.26 

Vee=3.3V 1.925 2.075 

VOH 
Vee =3Vto3.6V Vee-1.025 Vee-0.88 

Vee =3.3V 2.275 2.42 

VOL 
Vee = 3 Vto 3.6 V Vee-1.81 Vee-1.62 

Vee =3.3V 1.49 1.68 

II VI =2.4 V. Vee=3.6V 150 

lee 10=0, Vee=3.6V 70 

switching characteristics over recommended operating free-air temperature range, 
Vee = 3.3 V ± 0.3 V (see Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN MAX 
(INPUT) (OUTPUT) 

tplH 
eLKIN, elKiN Y,Y 

tpHl 

tpLH YorY 

tpHl 
C5E 

YorY 

Isk(o) Y,Y 50 

Isk(pr) Y,Y 100 

~1ExAs 
INSTRUMENTS 
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CDC111 
1·LlNE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS321 - SEPTEMBER 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

Zo=SOC 

CLKlN 
Inputs 

-v""'---" r---- VCC-O.9V 

--A ___ ~X,-· ____ VCC-1.7V 

tpLH --Jot-.! --J.+! tpHL 
I I 

From Output -{,,) ____ .J~ Vcc -2V 
Under Teet - . 50 C Y 

Outputs 

I I --....,x Xr --- ::: 

LOAD CIRCUIT FOR OUTPUTS VOLTAGE WAVEFORMS 
PROPAGAnON DELAY TIMES 

OE \50% t-~---
VCC-O.9V 

VCC-1.7V 
I I 

CLKlN I I VCC-O.9V 
I I 

CLKlN I I VCC-1.7V 
I I 

y 

:¥ : X 
VOH 

Y VOL 
I 

tpLH --J..I 
tPHL 

tpLH -J.+l 
tpHL 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR s 45 MHz, Zo = 50 0, tr s 1 ns, tf S 1 ns. 
B. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and VoHage Waveforms 

~1ExAs 
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CDC111 
1-LINE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS321 - SEPTEMBER 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

CLKIN =x- ¥ CLKlN 1 
1 1 

YO 

! ¥ I ¥ YO 

1 
14- tpLH1 ---+j 14-- tPHL1 

Y1 1 

~ x ! Y1 

~ :.- tpLH2 -+I ~tPHL2 
Y2 

! >K I ~ Y2 

1 
l-- tpLH3 --+j 14- tPHL3 

Y3 

>K ! X == Y3 W 
--+j j4- tpLH4 ---+1 ~ tPHL4 -

Y4 

! >k I ~ 
[ij 

Y4 a: 
--.I l-- tPLH5 ---+1 14- tpHLS 

Q. 
Y5 

! >K ! ~ 
t-o 

Y5 

~ !+-tPHL6 
::l j4- tpLH6 ~ Q Y6 

! ~ ! ;K 0 
Y6 1 a: 
~ I+- tpLH7 -+I j4-tpHL7 Q. 

Y7 

! >k ! ~ Y7 
~ I+- tpLH8 ---+1 14- tpHLB 

Y8 

! X ! >K Y8 

--+I l.- tPLH9 ~ 14- tpHLB 

NOTES: A. Output skew, tsk(o)' is calculated as the greater of: 
- The difference between the fastest and slowest tPLHn (n '" 1 , 2, . . . 9) 
- The difference between the fastest and slowest tPHLn (n '" 1, 2, ... 9) 

B. Process skew, Isk(pr) , is calculated as: 
- The difference between the fastest and slowest tPLHn (n '" 1 • 2, ... 9) 
- The difference between the fastest and slowest tpHLn (n '" 1, 2, ... 9) across multiple devices 

Figure 2. Waveforms for Calculation of tsk(o)' tsk(pr) 

~1EXAS 
INSTRUMENTS 
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CDC112 
1-LINE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

• low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Differential low Voltage Pseudo ECl 
(lVPECl)-Compatlble Inputs and Outputs 

• Distributes Differential Clock Inputs to Nine 
Differential Clock Outputs 

• Output Reference Voltage, VREFt Allows 
Distribution From a Single-Ended Clock 
Input 

• lVlTl-Compatlble Output Enable 
• Packaged In 28-Pln Plastic Chip Carrier 

description 

The differential LVPECL clock-driver circuit 
distributes one pair of differential lVPECl clock 
inputs (ClKIN, ClKIN) to nine pairs of differential 
clock (Y, Y) outputs with minimum skew for clock 
distribution. It is specifically designed for drMng 
50-0 transmission lines. 

Y8 
Y8 
Y7 

Vce 
Y7 
Y6 
Y6 

SCAS322-

FNPACKAGE 
(TOP VIEW) 

IZ Z 
o ~ ~ 8 ~Iw ~ Z>O>OOCl 

4 3 2 1282726 
5 

0 
25 

6 24 

7 23 

8 22 

9 21 

10 20 

11 19 
12131415161718 

110 101"<t 0 "<tIC? C? >->->-0>->->-
> 

When the output-enable (OE) input is in the low state, the nine differential outputs switch at the same frequency 
as the differential clock inputs. When OE is in the high state, the nine differential outputs will be in static states 
(y outputs will be in the low state, Y outputs will be in the high state). 

The VREF output can be strapped to the elKiN input for a single-ended ClKIN input. 

The CDC112 is characterized for operation from O°C to 70°C. 

PRODUCT PREVIEW Inlannlllon _mo prvd_ln tho IannaIIv< or 
dnlan ph_ '" ~enL ~Ic _ and _ 
apeclftGltlon .... deII,n IGlIL TUIIInIlnl ............ 1'VM the right to 
chlngeordlocontl .... _ ~wllhouI_ ~1ExAs 
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CDC112 
1 .. LlNE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS322 - DECEMBER 1893 - REVISED MARCH 1994 

logic diagram 

eLKIN -=28::..-___ ........ 

eLKIN -=2~ ___ -I ...... 

25 VO 
24 VO 

23 V1 
21 

V1 

20 V2 
19 

V2 

1B V3 
17 V3 

16 
V4 

14 V4 

13 V5 
12 V5 

11 V6 
10 

V6 

9 
Y7 

7 V7 

6 VB 
5 VB 

:e absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ....................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) .......................................................... -18 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... -18 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. -50 mA 
Continuous current through Vee or GND .................................................. ± 70 mA 
Maximum power dissipation at TA = 55°C (in still air) ....................................... 525 mW 
Storage temperature range.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only and 
funclional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
implied. Exposure to absolute-maxiinum-rated conditlcms for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 

~1ExAs 
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CDC112 
1-LlNE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS322 - DECEMBER 1993 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

MIN MAX UNIT 

Vee Supply voltage 3 3.6 V 

VIH High-level Input voltage, (eLKIN, eLKIN only) 
Vee = 3Vto 3.6V Vee-1.165 Vce-0.88 

V 
Vee =3.3V 2.135 2.42 

VIL Low-level input voltage, (eLKIN, eLKIN only) 
Vee=3Vto3.6V Vee-1.81 Vee-1.475 

V 
Vee =3.3V 1.49 1.825 

VIH High-level input voltage, (OE only) 2 V 

VIL Low-level Input voltage, (DE only) 0.8 V 

TA Operating free-air temperature 0 70 ·e 

NOTE 2: Vee = Veeo 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX 

VOH 
Vee=3Vto3.6V Vee-1.025 Vee-0.88 

Vee =3.3V 2.275 2.42 

VOL 
Vee=3Vto3.6V Vee-1.81 Vee-1.62 

Vee =3.3V 1.49 1.68 

VREF 
Vee =3Vlo3.6V Vee-1.38 Vee-1.26 

Vee=3.3V 1.925 2.075 

II VI = 2.4 V, Vee=3.6V 150 

ICC 10=0, Vee =3.6V 70 

switching characteristics over recommended operating free-air temperature range, 
Vee = 3.3 V :t 0.3 V (see Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN MAX 
(INPUT) (OUTPUT) 

tpLH 
eLKIN, eLKIN V,Y 

tpHL 

tpLH VorV 
OE 

VorV tpHL 

Iskeo) V,V 50 

Isk(pr) V,V 100 

-!llEXAS 
INSTRUMENTS 
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CDC112 
1·LlNE TO 9-LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS322 - DECEMBER 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

Zo=500 

CLKlN 
Inputs 

-v ___ .... v,.---- VCC-O.9V 

--A 11\ _____ Vee-1.7V 

tpLH ---j.-.! --J..! tpHL 
I I 

From Output --U )----vvv- Vee - 2 V 
Under Teet "' _____ J. 50 0 Y 

Outputs 

I I --.....,x x,.--- ::: 
LOAD CIRCUIT FOR OUTPUTS 

OE \50% 
I 

eLKIN I 
I 

CLKlN I 
I 

y 

:~ Y 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

i~---
Vee- O•9V 

Vee- 1•7V 
I 
I Vee- O•9V 
I 
I Vee- 1•7V 
I 

: X 
VOH 

VOL 
I 

tpLH --J..I 
tpHL 

tpLH-J..: 
tpHL 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR so 45 MHz, Zo = 50 0, tr so 1 ns, tf so 1 ns. 
B. The outputs are measured one at a time with one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC112 
1·LlNE TO 9·LlNE DIFFERENTIAL LVPECL CLOCK DRIVER 

SCAS322 - DECEMBER 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

CLKlN 

¥ ClKlN =>rC 
1 1 

vo 

! ~ i ¥ vo 

1 
14-- tpLH1 ~ !+-tpHL1 

V1 X ! :k V1 

---+i :.- tplH2 

1 I+- tpHL2 
V2 

! >K >K V2 

1 :-- tpLH3 -+I 14- tpHl3 

V3 

>K I x= V3 

~ ~ tpLH4 --.1 I+-- tpHl4 1 
V4 

! >K ! >K V4 
-+I '-- tpLH5 -+I 14-- tPH15 

V5 

! 
1 

! X X V5 

V6 ~ I+--- tPLH6 1 /---tPHL6 

! >K ::K V6 1 
~ 14- tpLH7 ~ j+-tPHl7 

V7 

! >K ! >K Y7 

VB 
-+I I+- tpLHB --.1 I+- tpHLB 

! >K ! >K VB 

---+I !4- tplH9 ---+I 14- tpHL9 

NOTES: A. Output skew, Isk(o), is calculated as the greater of: 
- The difference between the fastest and slowest tPLHn (n = 1, 2, ... 9) 
- The difference between the fastest and slowest tpHLn (n = 1, 2, ... 9) 

B. Process skew, tsk(pr), is calculated as as the greater of: 
- The difference between the fastest and slowest tPLHn (n = 1, 2, ... 9) 
- The difference between the fastest and slowest tPHLn (n = 1, 2, ... 9) across multiple devices 

Figure 2. Waveforms for Calculation of tak(o). tsk(pr) 
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CDC203 
3.3-V HEX INVERTER/CLOCK DRIVER 

• Replaces 74AC11203 
• Low-8kew Propagation Delay Specifications 

for Clock Driver Applications 

• Operates at 3.3-V Vee 
• Flow-Through Architecture Optimizes 

PCB Layout 

• Center-Pin Vee and GND Pin Configurations 
Minimize High-Speed Switching Noise 

• EPICTM (Enhanced-Performance Implanted 
CMOS) 1-,..rn Process 

• 5Oo-mA'TYplcal Latch-Up Immunity at 125·C 
• Packaged In Plastic Smail-Outline Package 

description 

SCAS324 - OCTOBER 1989 - REVISED MARCH 1994 

ow PACKAGE 
(TOP VIEW) 

1Y 1A 
2Y 2A 

3A 
NC 

VCC 

Vcc 
GND NC 

4Y 4A 

""1...._....r 

5A 
SA 

NC - No Internal connection 

The CDC203 contains six independent inverters. The device performs the Boolean function Y = A. It is designed 
specifically for applications requiring low skew between switching outputs. 

The CDC203 is characterized for operation from 25·C to 70·C. 

FUNCTION TABLE 

INPUT OUTPUT 
A Y 

H L 

L H 

logic symbolt logic diagram (positive logic) 

20 
1A 1Y 

19 2 
2A 2Y 

18 3 
3A 3Y 

13 8 
4A 4Y 

12 9 
SA 5Y 

11 10 
6A 6Y 

tThis symbol Is in accordance wHh ANSI/IEEE SId 91-1984 
and IEC Publication 617-12. 

EPIC is a trademark of Texas Instruments Incorporated. 
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20 [)o 1Y 
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CDC203 
3,3-V HEX INVERTER/CLOCK DRIVER 

SCAS324 - OCTOBER 1989 - REVISED MARCH 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Va (see Note 1) ....................................... -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) ..............................................• :1:20 mA 
Output clamp current, 10K (VA < 0 or Va> Vee) .......................................... .:1:50 mA 
Continuous output current, 10 (VA = 0 to Vee) ............................................. :1:50 mA 
Continuous current through Vee or GND .................................................. :1:150 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating conditions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions 
MIN NOM MAX UNIT 

Vee Supply voltage 3 3.3 3.6 V 

Vee=3V 2.1 
VIH High-Ievei input voltage V 

Vee=3.6V 2.5 

Vee=3V 0.9 
VIL Low-level input voltage V 

Vee=3.6V 1.1 

VI Input voltage ° Vee V 

Vo Output voltage ° Vee V 

Vee=3V -12 
IOH High-level output current mA 

Vee=3.6V -12 

Vee=3V 12 
IOL Low-level output current mA 

Vee=3.6V 12 

at/I!"v Input transition rise or fall rate ° 10 ns/V 

fclock Input clock frequency. 40 MHz 

TA Operating free-air temperature 25 70 ·e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

TA=25·C 
PARAMETER TEST CONDITIONS Vee MIN MAX UNIT 

MIN TYP MAX 

3V 2.9 2.9 
10H = - 50 I-lA 

3.6V 3.5 3.5 
VOH V 

3V 2.58 2.48 
iOH=-12mA 

3.6V 3.18 3.08 

3V 0.1 0.1 
IOL = 50 I-lA 

3.6V 0.1 0.1 
VOL V 

3V 0.36 0.44 
10L= 12mA 

3.6V 0.36 0.44 

II VI = Vee or GND 3.6 V ",0.1 .. 1 I-lA 
ICC VI = Vee or GND, 10=0 3.6 V 4 40 I-lA 
ei VI = Vee or GND 3.3V 4 pF 

~1EXAS 
INSTRUMENTS 
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CDC203 
3.3-V HEX INVERTER/CLOCK DRIVER 

SCAS324-OCTOBER 1989-REVISED MARCH 1994 

switching characteristics over recommended operating free-air temperature range, 
VCC = 3.3 V ± 0.3 V (see Note 2 and Figures 1 and 2) 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tPLH 
A Y 

tPHL 

tsk(o) A Y 

NOTE 2: All specifications are valid only for all outputs sWitching simultaneously and In phase. 

PARAMETER MEASUREMENT INFORMATION 

F~~~'1.:n 
CL=30pF 

(888 Note A) T 500 0 

- -- -
LOAD CIRCUIT 

Input .J 
(-Note B) ---Ii 50% 

I 
tpLH --14j4-~~ 

I 

OutPut-----'\. 50% VCC 

NOTES: A. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

MIN 

3.5 

3.5 

MAX UNIT 

6.1 
ns 

6.1 

0.7 ns 

B. Input pulses are supplied by generators having the following characteristics: PRR" 1 0 MHz, Zo = 50 0, tr = 3 ns, tf = 3 ns. 
C. The outputs are measured one at a time with one input transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
INSTRUMENTS 
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CDC203 
3.3-V HEx INVERTER/CLOCK DRIVER 

SCAS324 ~ OCTOBER 1989 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION . . 

1A-6A ~50% ~50% 
I I 
I 

~50% 
I 

~50% Y1 I I 
I I 

tpLH1 I .. ~ 14 ~ tpHL1 
I I 
I 1 

Y2 
I {50% I ~50% 1 I 

tPLH2 I .. • 1 I .. ~ tpHL2 
I I 
I I 
I {50% I 

~50% Y3 I I 
I I 

tpLH3 I" ~ J4 .1 tpHL3 

I I 
I I 

Y4 I {50% I ~50% I I 
tPLH4 I .. ~ I .. ~ tpHL4 

I I 
I I 
I {50% 1 ).50% Y5 I I 

tpLH5 I .. • 1 I .. .1 tpHL5 I I 
I I 
I (50% I 

~50% Y5 I I 
I I 

tpLH6 I .. • 1 I .. .1 tpHL5 

NOTE A: Output skew. tsk(o). is calculated as the greater of: 
- The difference between the fastest and slowest of tPLHn (n = 1. 2 •...• 6) 
- The difference between the fastest and slowest of tpHLn (n = 1. 2 •...• 6) 

Figure 2. Waveforma for Calculation of tsk(o) 

~1EXAS 
INSTRUMENTS 
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• Low Output Skew. Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Appllcatlona 

• Operates at 3.3 Vee 
• LVlTL-COmpatlble Inputs and Outputs 
• Distributes One Clock Input to Ten Outputs 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 

• High-Drive Outputs (-32-mA IOH. 
32-mAloL> 

• State-of-the-Art EPIC-nS™ BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Small-Qutllne (OW) and Shrink 
Small-Qutllne (DB) Packages 

description 

CDC351 
1·LlNE TO 1 D-UNE CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

DB OR ow PACKAGE 
(TOP VIEW) 

GND 
Y10 Y1 
Vee Vee 

Y9 Y2 
DE GND 

A Y3 
Y4 

P1 GND 
YB Y5 

Vee Vee 
Y7 Y6 

GND GND 

1994 

The CDC351. is a high-performance clock-driver circuit that distributes one input (A) to ten outputs (Y) with 
minimum skew for clock distribution. The output-enable (DE) input is provided to disable the outputs to a 
high-impedance state. 

The CDC351 propagation delays are adjusted at the factory using the PO and P1 pins. The factory adjustments 
ensure that the part to part skew is minimized and is kept within a specified window. Pins PO and P1 are not 
intended for customer use and should be connected to GND. 

The CDC351 is characterized for operation from O°C to 70°C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

A ~ Yn 

L H Z 

H H Z 

L L L 

H L H 

EPIC-lIB is a trademark of Texas Instruments incorporated. 
PIIOOUCI"PIIEVIEW __ ..-In ............ or =-= III -.,.,l1li. a.oraoIIIIoIIc _ and _ 

................ ___ ... rlgllllO ",--..--- Copyright @ 1994. Texas Instruments Incorporated 
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CDC351 
1·L1NE TO 10-LINE CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS339- FEBRUARY 1994 - REVISED MARCH 1994 

logic symbolt 

5 

6 
A 

" EN 
~' 

t> V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

" t This symbol Is In accordance with ANSVIEEE Std 91-1984 and lEe Publication 617-12. 

l:J o 
C 
C o 
-I 

" :JJ 

~ -
~ 
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23 

21 

19 

18 

16 

14 

11 

9 

4 

2 

V1 

V2 

V3 

V4 

V5 

V6 

Y7 

V8 

V9 

V10 



logic diagram (positive logic) 

OE """S'---a 

A 
6 

PO P1 

CDC351 
1-LlNE TO 10-LlNE CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS339 - FEBRUARY 1994 - REVISED MARCH 1994 

23 
V1 

21 
V2 

19 
V3 

18 
V4 

16 
VS 

14 
V6 

11 Y7 

9 
V8 

4 
V9 

2 
V10 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 

Supply voltage range, Vee .........................•.............................. -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ............. -0.5 V to 3.6 V 
Current into any output in the low state, 10 .................................................. 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -18 mA 
Output clamp current,IOK (VI < 0) .........................•........•..................... -50 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and negative-voltage rating may be exceeded if the input clamp-current rating is observed. 

~TEXAS 
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CDC351 
1·LINE TO 10·LlNE CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS339 - FEBRUARY 1994 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

VCC Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voltage 

10H High-level output current 

10L Low-level output current 

fclock Input clock frequency 

TA Operating free-air temperature 

NOTE 2: Unused pins (input or I/O) must be held high or low. 

MIN MAX UNIT 

3 3.6 V 

2 V 

0.8 V 

0 5.5 V 

-32 mA 

32 mA 

100 MHz 

0 70 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA=25·C 

MIN MAX 
MIN MAX 

VIK VCC= 3V, 11=-18mA -1.2 -1.2 

VOH VCC= 3V, IOH=-32mA 2 2 

VOL VCC-3V, 10L=32mA 0.5 

II VCC = 3.6 V, VI - VCC or GND ±1 ±1 

lOt VCC = 3.6 V, VO=2.5V 

10Z VCC = 3.6 V Vo = 3 VorO 

Outputs high 

ICC 
VCC = 3.6 V, 10- 0, Outputs low 
VI = VCC or GND 

Outputs disabled 

Ci VI = VCC or GND 

Co Vo = VCC or GND 

t Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

switching characteristics, CL = ·50 pF (see Figures 1 and 2) 

FROM PARAMETER (IN PUn 

tPLH 
A 

tPHL 

tPZH 
OE 

tPZL 

tpHZ 
OE 

tpLZ 

tsk(o) A 

tsk(p) A 

tsk(pr) A 

tr A 

tf A 

3-22 

TO 
(OUTPUT) 

y 

y 

y 

y 

y 

y 

y 

Y 

~TEXAS 
INSTRUMENTS 

Vcc = 3.3 V, 
TA = 25·C 

MIN TYP 

0.3 

0.6 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

VCC =3Vto 3.6 V, 
TA = O·C to 70·C 

MAX MIN MAX 

0.5 0.5 

0.8 0.8 

1 1 

1.5 

1.5 

UNIT 

V 

V 

V 

).IA 

mA 

).IA 

mA 

pF 

pF 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



CDC351 
1·LlNE TO 10·LlNE CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS339 - FEBRUARY 1994 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

sooo Sl 

o 6V 

o Opan From Output 
Under Teet - ..... -~t--~'lNIr--_J 

TEST Sl 
tpLH/tpHL Opan 
tpLZ/tpZL 6V 
tpHZ/tpzH GNO 

CL=50pF 
(see Note A) T sooo 

14--tw--+l 
LOAD CIRCUIT 

Timing Input -------X1.5 V 
3V 

I I~ ___ 

Input 3 ~,"l_.5_V __ :: 

Oem Input 

___ :----J. 1\..;______ ov 

I.. .1. ~ 
I taurth I 
I I 

--""""'*1.5 V ~:: 
VOLTAGE WAVEFORMS 

VOLTAGE WAVEFORMS 

Output 3V 

Control 1.5V 1.5V 
(low-level I II 
enabllng).1 '-L ____ ov 

tpZL-" J4- I 
Input L 1.5V \ ~:v--- 3V 

---" I· OV 
tpLH II.. ~I I J 

I I tpLZ~ 14-
I I I 3V 

Output I~ 

w~~:~ : "1.5V I f~L+~VVOL 14 M tpHL 
I I 

Output o.8~.1F-- 1.5V ~Y..~-:8~ VOH 
----"'"'!- I T~ VOL 

I I I I 

(see Note C) I tpHZ -.I 14-
Output tpZH -.j 14- I 

Weveform 2 1,----( 
Sl etOpan 

tr ~ 14-- tf -.t 14- (see Note C) ___ .I -OV 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

NOTES: A. CL Includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, ZO= 50 g, tr s 2.5 ns, tf S 2.5 ns. 
C. Waveform 1 Is for an output with internal conditions such that the output Is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC351 
1-LlNE TO 10-LlNE CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS339 - FE~UARY 1994 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

A ~ % " / 
1 1 
1 ". 1 / " r Y1 1 1 

tpHL1 ~ ~ -*1 1 
1 I~ tpLH1 

1 ~ 
1 )' " r Y2 1 1 

tpHL2-*1 ~ -*1 
1 j4-- tpLH2 

1 

" 
1 

~ " r Y3 1 1 

tpHL3-*1 k- 1 
1 ---*I ~ tpLH3 

1 

" 
I 

~ " r Y4 1 1 

tpHL4 -+I I~ 1 
1 ---+i 14-- tpLH4 

1 

" 
1 1 

" r Y5 1 1 -f 1 
tPHLS-*1 ~ -*1 14- tpLH5 

1 

" 
1 1 

Y6 1 1 X " r 1 1 ~ -+I 14-- tpLH6 tPHL6 --+j 
1 1 1 

~ I % " r Y7 1 1 1 ~ ---.I ~ tpLH7 tpHL7 --+j 
1 1 

~ 1 % " r YB 1 1 1 ~ -*1 ~ tpLHB tpHLB-*1 1 
1 

" 1 )' " r Y9 1 1 
1 1 

....... 1 1 tpHL9 ....... 1 j4- 1 j4-- tpLH9 
1 '} 1 )' " r Y10 1 1 
1 -*1 1 

tPHL10---+i ~ 1 j4--tPLH10 

NOTES: A. Output skew, tsk(o), Is calculated as the greater of: 
- The difference between the fastest and slowest oftPLHn (n = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10) 
- The difference between the fastest and slowest oftPHLn (n = 1, 2, 3, 4, 5, 6,7,8,9,10) 

B. Pulse skew, !sk(p) , is calculated as the greater of 1 tPLHn -tpHLn 1 (n = 1,2,3,4,5,6,7,8,9, 10). 

3--24 

C. Process skew, !sk(pr) , is calculated as the greater of: 
- The difference between the fastest and slowest of tPLHn (n = 1, 2, 3, 4, 5, 6, 7,8, 9, 10) across multiple devices under identical 

operating conditions 
- The difference between the fastest and slowest oftPHLn (n = 1,2, 3, 4, 5, 6, 7, 8, 9, 10) across multiple devices under Identical 

operating conditions 

Figure 2. Waveforms for Calculation of tsk(o). tSk(p). tsk(pr) 
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• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-VVee 

• Distributes One Clock Input to Six Outputs 

• One Select Input Configures Up to Three 
Outputs to Operate at One-Half or Double 
the Input Frequency 

• No External RC Network Required 

• External Feedback Pin (FSIN) Is Used to 
Synchronize the Outputs to the Clock Input 

• Application for Synchronous DRAM, 
High-Speed Microprocessor 

• Edge-Triggered Clear for Half-Frequency 
Outputs 

• TTL-Compatlble Inputs and Outputs 

• Outputs Drive 50-0 Parallel-Terminated 
Transmission Lines 

• State-of-the-Art EPIC-IIB™ SICMOS Design 
Significantly Reduces Power Dissipation 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• Packaged In Plastic 28-Pln Shrink Small 
Outline Package (SSOP) 

description 

CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

DLPACKAGE 
(TOP VIEW) 

SCAS378-APRIL 1994 

The CDC536 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (PLL) to precisely 
align, in both frequency and phase, the clock output signals to the clock input (CLKIN) Signal. It is specifically 
designed for use with syncronous DRAMs and popular microprocessors operating at speeds from 50 MHz to 
100 MHz or down to 25 MHz on outputs configured as half-frequency outputs. The CDC536 operates at 3.3-V 
Vee and is designed to drive a properly terminated 50-0 transmission line. 

The feedback (FBIN) input is used to synchronize the output clocks in frequency and phase to the input clock 
(CLKIN). One ofthe six output clocks must be fed back to the FBIN inputfor the PLL to maintain synchronization 
between the CLKIN input and the outputs. The output used as the feedback pin is synchronized to the same 
frequency as the CLKIN input. 

The Y outputs can be configured to switch in phase and at the same frequency as CLKI N. The select input (SEL) 
configures three Y outputs to operate at one-half or double the CLKIN frequency depending on which pin is fed 
back to FBIN (see Tables 1 and 2). All output signal duty cycles are adjusted to 50% independent of the duty 
cycle at the input clock. 

Output-enable (OE) and clear (eLR) inputs are also provided for output control and synchronization. When OE 
is high, the outputs are in the high-impedance state. When OE is low, the outputs are active. The CLR input is 
negative edge triggered and is provided to allow phase synchronization of the outputs operating at half 
frequency on multiple CDC536 devices. The TEST input is used for factory testing of the device and is not 
intended for customer use. The TEST pin should be strapped to GND. 

Unlike many products containing PLLs, the CDC536 does not require external RC networks. The loop filter for 
the PLL is included on chip, minimizing component count, board space, and cost. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 
PRODUCT PREVIEW 1 __ pnldUOlllntho_lwor := I'hMI 01 __ .... ~ clata .nII _ 
• ....... ........ l1li ... 10. _ MInI __ thollghllO ngeordloc __ pnIdUOII __ ·~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

Copyright © 1994. Texas Instruments Incorporated 
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CDC536 
3.a..V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS378 -APRIL 1994 

description (continued) 

Because it is based on Pll circuitry, the CDC536 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at ClKIN as well as following any changes to the Pll reference or 
feedback signals. Such changes occur upon phase reset of the half-frequency outputs and upon enable of all 
outputs; therefore, stabilization is also required when switching from the clear or high-impedance state to the 
active state. 

The CDC536 is characterized for operation from O°C to 70°C. 

detailed decription of output configurations 

The voltage-controlled oscillator (VCO) used in the CDC536 phase-lock loop has a frequency range of 1 00 MHz 
to 200 MHz, twice the operating frequency of the CDC536 outputs. A two-bit counter is used to divide the VCO 
frequency. The two outputs ofthis counter (divide-by-two and divide-by-four) operate at one-half and one-fourth 
the VCO frequency, respectively, at a duty cycle of 50%. The SEl input selects which of these two counter 
outputs is buffered to each bank of device outputs. 

One device output must be externally wired to the feedback input (FBIN) to complete the phase-lock loop. The 
VCO operates such that the frequency and phase of this output matches that of the ClKI N Signal. In the case 
that a divide-by-two output is wired to FBIN, the VCO must operate at twice the ClKIN frequency resulting in 
device outputs that operate at either the same or one-half the ClKIN frequency. If a divide-by-four output is 
wired to FBIN, the device outputs operate at twice the frequency or the same frequency as the ClKIN input. 

output configuration A 

Output configuration A is valid when any output configured as a 1x frequency output in Table 1 is fed back to 
the FBIN input. The input frequency range for the ClKIN input is 50 MHz to 100 MHz when using output 
configuration A. Outputs configured as 1/2x outputs operate at half the ClKIN frequency, while outputs 
configured as 1x outputs operate at the same frequency as the ClKIN input. 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL 1/2X 1x 
FREQUENCY FREQUENCY 

L None All 

H 1Yn 2Yn 

NOTE: n=l,2,3 

output configuration B 

3-26 

Output configuration B is valid when any output configured as a 1x frequency output in Table 2 is fed back to 
the FBIN input. The input frequency range for the ClKIN input is 25 MHz to 50 MHz when using output 
configuration B. Outputs configured as 1 x outputs operate at the ClKIN frequency, while outputs configured as 
2x outputs operate at double the frequency of the ClKI N input. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 

SEL 1x 2x 
FREQUENCY FREQUENCY 

L 1Yn 2Yn 

H All None 

NOTE: n = 1, 2, 3 

~1EXAS 
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functional block diagram 

OE---f 

CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS378-APRIL 1994 

CLR ------------------------------~ 

FBIN---f 

Phaae-Lock Loop 

CLK---I 

TEST---I 

SEL 

1Y1 

1Y2 

1Y3 

2Y1 

2Y2 

2Y3 
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CDC536 
3.3-VPHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS378-APRIL 1994 

TERMINAL 

NAME NO. 
, 

ClKIN TBO 

CCR TBO 

FBIN TBO 

OE TBO 

SEl TBO 

TEST TBO 

lY1-1Y3 TBO 

2Y1-2Y3 TBO 

3-28 

I/O 

I 

I 

I 

I 

I 

I 

0 

0 

Terminal Functions 

DESCRIPTION 

Clock Input. CLKlN provides the clock signal to be distributed by the COC536 clock-driver circuit. CLKIN is used 
to provide the reference signal to the integrated phase-lock loop that generates the clock output signals. ClKl N 
must have a fixed frequency and fixed phase in order for the phase-lock loop to obtain phase lock. Once the circuit 
is powered up and a valid CLKlN Signal is applied, a stabilization time Is required for the phase-lock loop to phase 
lock the feedback signal to its reference signal. 

Clear. CLR is used to reset the Y outputs configured as half-frequency outputs to a known phase. ClR is useful 
to ensure that the half-frequency output signals of multiple COC536 circuits are all In the same phase. The ern 
signal is a negative-edge-triggered signal. When a high-ta-Iow edge occurs at CLR, the flip-flop that divides the 
CLKlN signal is asynchronously cleared to a low level. Following the required stabilization time, half-frequency 
output signals for all COC536 units that receive the same ClKIN and CLR signals have the same phase. 

Filedback input. FBIN provides the feedback signal to the Internal PLL. The FBIN terminal must be hard wired 
toone of the six clock outputs to provide frequency and phase lock. The internal Pll adjusts the output clocks 
to obtain zero phase delay between the FBIN and differential ClKlN inputs. 

Output enable. OE is the output enable for all outputs. When OE Is low, all outputs are enabled. When OE is high, 
all outputs are in the high-Impedance state. Since the feedback signal for the phase-lock loop is taken directly 
from an output, placing the outputs in the high-impedance state interrupts the feedback loop; therefore, when a 
high-to-Iow transition occurs at OE, enabling the output buflers, a stabilization time Is required before the 
phase-lock loop obtains phase lock. 

Counter output select. SEl selects the output configuration (see Tables 1 and 2). 

TEST is used to bypass the phase-lock loop circuitry for factory testing of the device. When TEST is low, all 
outputs operate using the PLL circuitry. When TEST is high, the outputs are placed in a test mode that bypasses 
the Pll circuitry. TEST should be grounded for normal operation. 

Four-bit output ports. These outputs are configured by the select input (SEL) to transmit one-half or one-fourth 
the frequency ofthe VCO. The relationship between the CLKIN frequency and the output frequency is dependent 
on the select input. The duty cycle of the Y output signals is nominally 50%, Independent of the duty cycle of the 
CLKIN signal. Since the phase ofthe output signals configured as half-frequency outputs cannot be determined 
at power up, the ClR input is provided to allow the outputs of multiple COC536 circuits operating at half-frequency 
to be reset to the same phase. 

Four-bit output ports. These outputs transmit one-half the frequency of the VCO. The relationship between the 
CLKIN frequency and the output frequency is dependent on the frequency of the output being fed back to the FBI N 
input. The duty cycle of the Y output signals is nominally 50% independent ofthe duty cycle ofthe CLKlN signal. 
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CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS378-APRIL 1994 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 

Supply voltage range, Vee ...............................................•........ -0.5 V to 4.6 V 
Input voltage range, V, (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .. -0.5 V to 5.5 V 
Current into any output in the low state, 10 .................................................. 64 rnA 
Input clamp current, ',K (V, < 0) .......................................................... -20 rnA 
Output clamp current, 10K (Vo < 0) .............. ,........................................ -50 rnA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded If the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 
MIN MAX UNIT 

Vee Supply voltage 3 3.6 V 

VIH High-level input voltage 2 V 

Vil Low-level input voltage 0.8 V 

VI Input voltage 0 5.5 V 

10H High-level output current -32 mA 

10l low-level output current 32 mA 

TA Operating free-air temperature 0 70 ·e 

NOTE 2: Unused Inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA = 25·C 

UNIT 
MIN MAX 

V,K Vee- 3V, 1,=-18mA -1.2 V 

VOH 
Vee = MIN to MAx:l=, 10H =-100 IJA Vee-0.2 

V 
Vee=3V, IOH--32mA 2 

Vee=3V, 10l = 100 IJA 02 
VOL V 

Vee=3V, 10l= 32 mA 0.5 

Vee - 0 or MAx:I:, VI-3.6V ±10 
II 

Vec- 3.6V, VI - Vce or GND ±1 IJA 

10ZH Vee- 3.6V, VO=3V 10 IJA 
10Zl Vec =3.6 V, VO=O -10 IJA 

Outputs high 1 

ICC 
VCC- 3.6V, '0=0, Outputs low 1 mA 
VI = VCC or GND 

Outputs disabled 1 

Ci VI - VCC or GND pF 

Co Vo • Vee or GND pF 
.. .. .. 

:j: For conditions shown as MIN or MAX, use the appropnate value specified under recommended operating conditions . 
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CDC536' 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS378-APRIL 1994 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 3) 

MIN MAX UNIT 

When VCO is operating at four times the ClKIN frequency 25 50 
fclock Clock frequency , 

When VCO is operating at double the ClKlN frequency 
MHz 

50 100 

Input clock duty cycle 40% 60% 

Iw Pulse duration CLRlow ns 

AfterSEl 50 

Stabilization time t 
AfterCCR~ 50 

AfterOE~ 50 
lUI 

After power up 50 

t lime required for the integrated phase-lock loop circuit to obtain phase lock of its feedback signal to its reference signal. In order for phase lock 
to be obtained, a fixed-frequency, fixed-phase reference signal must be present at ClKIN. Until phase lock is obtained, the specifications for 
propagation delay and skew parameters given in the switching characteristics tabie are not applicable. 

NOTE 3: Preliminary specifications based on SPICE analysis. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN MAX UNIT 
(INPUT) (OUTPUT) 

fmax 100 MHz 

tphase error* ClKlNf y ",500 ps 

tsk(o) (see Figure 3) ClKlN Y 0.5 ns 

tsk(pr) ClKlN y 1 ns 

tjitter (RMS) ClKlNf Y 25 ps 

Duty cycle Y 45% 55% 

tr 1.4 ns 

tf 1.4 ns 

* The propagation delay, tphase error, is dependent on the feedback path from any output to the feedback input FBIN. 
NOTE 4: The specificatiOns for parameters in this table are applicable only after any appropriate stabilization time has elapsed. 
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3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS378-APRIL 1994 

PARAMETER MEASUREMENT INFORMATION 

115pr 

1:' 
LOAD CIRCUIT FOR OUTPUTS 

~14--tw~ 

3V 
Tlmlnglnput------~.5V 

_____ J·I'-______ ov 

1 I.. 1 
I" t_u ·r ., 
I..... th 1 

DlIhllnput--....... *1.5 V ~ :: 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES I I 3V 

Input ~'-____ ~y~5~ __ OV 

Output 
Control 

(low-level 
enabling) 

_---3V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Input ---If 1.5V 

!. 'II tphase error 1- .. 

\~5~--- 3V 

\".----OV 

I 
V !i" ....... ---:":'":"'"f\t:' - -- -- VOH 

Output 0.8~}-1-1.5V 2~t~ V 
I I I I OL 

tr ~ 14- tr --.t 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Waveform 1 
(ase Note B) 

Output 
Waveform 2 
(eee Note B) ___ .I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. All Input pulses are supplied by generators having the following characteristics: PRR " 10 MHz, Zo = 50 g, tr " 2.5 ns, tf" 2.5 ns. 
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 21s for an output with internal condltiOAs such that the output is high except when disabled by the output control. 
C. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS378-APRIL 1994 

PARAMETER MEASUREMENT INFORMATION 

CLKlN 

Outputs 
Operating 

at 112 CLKlN 
Frequency 

Outputs 
Operating 
atCLKlN 

Frequency 

~ " 1 ~--------------~ 
1 

--H 
~ j4- tphaSe error 1 

--U' 

~ " 1 
I 

" 
1 
1 
1 
1 

" -+1 ~ tphase error 2 

-V " ---+I 14- tphase error 3 
1 1,·-----....... 
1 

'---------+-1 
--.: j4- tphase error 7 

_-+-", I 
1 j4- tphase error 4 

1 I I 
I 

- ....... ", I I 
-+I 14- tphase error 5 ---: :--- tphase error 8 

IX " iX 
--.: :.- tphase error 6 -...j I-- tphase error 9 

NOTE A: Output skew. tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n '" 1, 2 ••.. 6) 
- The difference between the fastest and slowest of tphase error n (n '" 7. 8, 9) 

Figure 2. Skew Waveforms and Calculations 
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CDC536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

~ " ~ CLKlN 

I 
I I 
I I 
I ~ " 

I 
I 

~ I 
~ 14-- tphase error 10 

I I 

" 
I 

Outputs I ;( I 
Operating I I atCLKlN 

--+I I 
~ Frequency 

I 
j4-- tphase error 11 

I ,{' " 
I 

I I 

~ 14-- tphase error 12 

I I 
I 

-+i 
~ 

Outputs I 
Operating I I at2XCLKlN 

Frequency 14-- tphase error 14 
14 tpLH23 
I 

I 
14-- tphase error 15 ~ 

tpLH24 

NOTE A: Output skew, tsk(o), is calculated as the greater of:, 
- The difference between the fastest and slowest of tphase error n (n = 10, 11, ' , , 15) 
- The difference between the fastest and slowest oftphaseerrorn (n = 16, 17, ' , ,21) 
- The difference between the fastest and slowest of Iphase error n (n = 22, 23, 24) 

where: 

tphase error 22 = tpLH22 - 2 x (2fcloek) 

tphase error 23 = tpLH23 - 2 x (2~ I k) 
eoe 

tphase error 24 = tpLH24 - 2 x (2fclock) 

Figure 3. Waveforms for Calculation of tsk(o) 
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I+- tphase error 21 

3-33 

== W 

~ a: 
D. 
Io 
:::l 
C o a: 
D. 



3-34 



CDC586 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Twelve 

Outputs 

• Application for Synchronous DRAM, 
High-Speed Microprocessor 

• Edge-Triggered Clear for Half-Frequency 
Outputs 

• TTL-Compatible Inputs and Outputs 
• Outputs Drive 50-0 Parallel-Terminated 

Transmission Lines 
• Two Select Inputs Configure Up to Nine 

Outputs to Operate at One-Half or Double 
the Input Frequency 

• No External RC Network Required 
• State-of-the-Art EPIC_nB™ BICMOS Design 

Significantly Reduces Power Dissipation 
• External Feedback Pin (FBIN) Is Used to 

Synchronize the Outputs to the Clock Input 
• Distributed Vee and Ground Pins Reduce 

Switching Noise 
• Packaged In 52-Pin Thin Quad Flat Package 

PBGPACKAGE 
(TOPVJEW) 

c~oczc ~ f-
zmmziiiz 8~o 8~ffi~ 
(!lCl)CI)(!lu.(!l>OZ> f-

52 51 50 49 48 4746 45 44 43 42 41 40 
GND 1 39 Vee 
1Y1 2 38 4Y3 

37 GND 
36 Vec 

5 35 4Y2 
Vee 6 34 GND 
GND 7 33 Vee 
1Y3 8 32 4Y1 
Vee 9 31 GND 
GND 10 30 GND 
GND 11 29 Vee 
2Y1 12 28 3Y3 
Vee 13 27 GND 

1415 16 17 18 19 20 21 2223 242526 

Ne - No internal connection 

description 

The CDC586 is a high-performance, low~skew, low-jitter clock driver. It uses a phase-lock loop (Pll) to precisely 
align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is specifically 
designed for use with popular microprocessors operating at speeds from 50 MHz to 1 00 MHz or down to 25 MHz 
on outputs configured as half-frequency outputs. The CDC586 operates at 3.3-V Vee and is designed to drive 
a properly terminated 50-0 transmission line. 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW 1_100 ..... m. prod ..... In the IormIIIvo or 
de=p/IIM 01 -opm .... Cba_ doll .nd -
• ... ... doIlgn ,Olio. T_lnotru_ .... _the right to 
• ng. or dllcontl .... .-,,-wfthout noll .. . ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 855303 • DAUAS. TEXAS 75265 
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CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

description (continued) 

The feedback (FBIN) input is used to synchronize the output clocks in frequency and phase to the input clock 
(ClKIN). One of the twelve output clocks must be fed back to the FBIN input for the Pll to maintain 
synchronization between the ClKIN input and the outputs. The output used as the feedback pin is synchronized 
to the same frequency as the ClKIN input. 

The Y outputs can be configured to switch in phase and at the same frequency as ClKIN. Select inputs 
(SEl1, SElO) configure up to nine Y outputs, in banks of three, to operate at one-half or double the ClKIN 
frequency depending on which pin is fed back to FBIN (see Tables 1 and 2). All output signal duty cycles are 
adjusted to 50% independent of the duty cycle at the input clock. 

Output-enable (OE) and clear (ClR) inputs are also provided for output control and synchronization. When OE 
is high, the outputs are in the high-impedance state. When OE is low, the outputs are active. The ClR input is 
negative edge triggered and is provided to allow phase synchronization of the outputs operating at half 
frequency on multiple CDC586 devices. The TEST input is used for factory testing of the device and is not 
intended for customer use. The TEST pin should be strapped to GND. 

Unlike many products containing PlLs, the CDC586 does not require external RC networks. The loop filter for 
the Pll is included on chip, minimizing component count, board space, and cost. 

Because it is based on Pll circuitry, the CDC586 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference Signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at ClKIN as well as following any changes to the Pll reference or 
feedback signals. Such changes occur upon phase reset of the half-frequency outputs and upon enable of all 
outputs; therefore, stabilization is also required when switching from the clear or high-impedance state to the 
active state. 

The CDC586 is characterized for operation from O'C to 70'C. 

detailed description of output configurations 

3-36 

The voltage-controlled oscillator (VCO) used in the CDC586 phase-lock loop has a frequency range of 1 00 MHz 
to 200 MHz, twice the operating frequency range of the CDC586 outputs. A 2-bit counter is used to divide the 
VCO frequency. The two outputs of this counter (divide-by-two and divide-by-four) operate at one-half and 
one-fourth the VCO frequency, respectively, at a duty cycle of 50%. The SElO and SEl1 inputs select which 
of these two counter outputs is buffered to each bank of device outputs. 

One device output must be externally wired to the feedback input (FBIN) to complete the phase-lock loop. The 
VCO operates such that the frequency and phase of this output will match that of the ClKIN signal. In the case 
that a divide-by-two output is wired to FBIN, the VCO must operate at twice the ClKIN frequency resulting in 
device outputs that operate at either the same or one-half the ClKIN frequency. If a divide-by-four output is wired 
to FBIN, the device outputs operate at twice or the same as the ClKIN frequency. 
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output configuration A 

CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

Output configuration A is valid when any output configured as a 1 x frequency output in Table 1 is fed back to 
the FBIN input. The input frequency range for the elKIN input is 50 MHz to 100 MHz when using output 
configuration A. Outputs configured as 1/2x outputs operate at half the elKIN frequency, while outputs 
configured as 1x outputs operate at the same frequency as the elKIN input. 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL1 SELO 
1/2x 1x 

FREQUENCY FREQUENCY 

L L None All 

L H 1Yn 2Yn, 3Yn, 4Yn 

H L 1Yn,2Yn 3Yn.4Yn 

H H 1Yn, 2Yn, 3Yn 4Yn 

NOTE: n = 1,2,3 

output configuration B 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to 
the FBIN input. The input frequency range for the elKIN input is 25 MHz to 50 MHz when using output 
configuration B. Outputs configured as 1 x outputs operate at the elKI N frequency, while outputs configured as 
2x outputs operate at double the frequency of the elKIN input. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 

SEL1 SELO 
1x 2x 

FREQUENCY FREQUENCY 

L H 1Yn 2Yn, 3Yn, 4Yn 

H L 1Yn,2Yn 3Yn,4Yn 

H H 1Yn, 2Yn, 3Yn 4Yn 

L L N/A N/A 

NOTE: n = 1, 2, 3 
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3.3-VPHASE·LOCK LOOP CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

functional block diagram 
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TERMINAL 

NAME NO. 

ClKIN 45 

ClR 40 

FBIN 48 

OE 42 

SEl1, SElO 51,50 

TEST 41 

1Y1-1Y3 2,5,8 
2Y1-2Y3 12,15,18 
3Y1-3Y3 22,25,28 

4Y1-4Y3 32,35,38 

1/0 

I 

I 

I 

I 

I 

I 

0 

0 

CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

Terminal Functions 

DESCRIPTION 

Clock input. ClKIN is the clock signal to be distributed by the COC586 clock-driver circuit. ClKIN is used 
to provide the reference signal to the integrated phase-lock loop that generates the clock output signals. 
ClKIN must have a fixed frequency and fixed phase in order for the phase-lock loop to obtain phase lock. 
Once the circuit is powered up and a valid ClKIN signal is applied, a stabilization time is required for the 
phase-lock loop to phase lock the feedback signal to its reference signal. 

Clear. ClR is used to reset the Y outputs configured as half-frequency outputs to a known phase. It is useful 
to ensure that the half-frequency output signals of multiple COC586 circuits are all in the same phase. The 
ClR signal is a negative-edge-triggered signal. When a high-to-Iow edge occurs at ClR, the flip-flop that 
divides the ClKIN signal is asynchronously cleared to a low level. Following the required stabilization time, 
half-frequency output signals for all COC586 units that receive the same ClKIN and ClR signals have the 
same phase. 

Feedback input. FBIN provides the feedback signal to the internal PlL. The FBIN terminal must be hard 
wired to one of the twelve clock outputs to provide frequency and phase lock. The internal Pll adjusts the 
output clocks to obtain zero phase delay between the FBIN and ClKIN inputs. 

Output enable. OE is the output enable for all outputs. When OE is low, all outputs are enabled. When OE 
is high, all outputs are in the high-impedance state. Since the feedback Signal for the phase-lock loop is taken 
directly from an output terminal, plaCing the outputs in the high-impedance state interrupts the feedback 
loop; therefore, when a high-to-Iow transition occurs at OE, enabling the output buffers, a stabilization time 
is required before the phase-lock loop obtains phase lock. 

Counter output select. These inputs select up to nine outputs in banks of three to operate at half or double 
the frequency of the ClKIN signal (see Tables 1 and 2). 

TEST is used to bypass the phase-lock loop circuitry for factory testing of the device. When TEST is low, 
all outputs operate using the Pll circuitry. When TEST is high, the outputs are placed in a test mode that 
bypasses the Pll circuitry. TEST should be strapped to GND for normal operation. 

Four-bit output ports. These outputs are configured by the select inputs (SEl1, SElO) to transmit one-half 
or one-fourth the frequency of the VCO. The relationship between the ClKIN frequency and the output 
frequency is dependent on the select inputs and the frequency of the output being fed back to the FBIN input. 
The duty cycle of the Y output Signals will be nominally 50% independent of the duty cycle of the ClKIN 
signal. Since the phase of the output signals configured as half-frequency outputs cannot be determined at 
power up, the ClR input is provided to allow the outputs of multiple COC586 circuits operating at 
half-frequency to be reset to the same phase. 

Four-bit output ports. These outputs transmit one-half the frequency of the VCO. The relationship between 
the ClKIN frequency and the output frequency is dependent on the frequency of the output being fed back 
to the FBIN input. The duty cycle of the Y output signals is nominally 50% independent of the duty cycle of 
the ClKIN signal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .. -0.5 V to 5.5 V 
Current into any output in the low state, 10 ...•.....•.••...••..•..••..•..•..•.........•...... 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -20 mA 
Output clamp current, 10K (VO < 0) ....................................................... -50 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyo:1d those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

Vee Supply voltage 

V,H High-level input voltage 

V,l low-level Input voltage 

V, Input voltage 

10H High-level output current 

10l Lew-level output current 

TA Operating free-air temperature 

NOTE 2: Unused inPuts must be held high or low. 

MIN MAX UNIT 

3 3.6 V 

2 V 

0.8 V 

0 5.5 V 

-32 rnA 

32 mA 

0 70 ·e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA = 25·C 

UNIT 
MIN MAX 

V,K Vee=3V, 1,=-18mA -1.2 V 

VOH 
Vee = MIN to MAXt, 10H =-100pA Vee-0.2 

V 
Vee- 3V, 'OH--32rnA 2 

!lOl = 100 pA 0.2 
VOL Vee = 3V 

IIOl=32mA 
V 

0.5 

Vee = 0 or MAXt, V, -3.6V ±10 
II 

Vee = 3.6 V, V, = Vee or GND ±1 
pA 

10ZH Vee- 3.6V, VO~3V 10 pA 

10Zl Vee = 3.6 V, Vo=O -10 pA 

Outputs high 1 

ICC 
Vee- 3.6V, 10=0, Outputs low 1 mA 
V, - Vee or GND 

Outputs disabled 1 

ei V, = Vee or GND 4 pF 

:::e t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . 

eo Vo = Vee or GND 8 pF 
.. . , 

3-40 
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CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 3) 

MIN MAX UNIT 

VCO is operating at four times the ClKIN frequency 25 50 
fclock Clock frequency MHz 

VCO is operating at double the CLKIN frequency 50 100 

tw Pulse duration CLRlow ns 

Input clock duty cycle 40 60 % 

After SEL1, SElO 50 

Stabilization timet 
AfterClR~ 50 

AfterOE~ 50 
lUI 

After power up 50 

t Time required for the integrated phase-lock loop circuit to obtain phase lock of its feedback signal to its reference signal. In order for phase lock 
to be obtained, a fixed-frequency, fixed-phase reference signal must be present at ClKiN. Until phase lock is obtained, the specifications for 
propagation delay and skew parameters given in the switching characteristics table are not applicable. 

NOTE 3: Preliminary specifications based on SPICE analysis. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1 thru 3) 

PARAMETER 
FROM TO 

MIN MAX UNIT (INPUT) (OUTPUT) 

fmax 100 MHz 

tphase error* ClKINf y ",500 ps 

tsk(o) CLKIN y 0.5 ns 

Isk(pr) ClKIN y 1 ns 

tjitter(RMS) ClKiNf y 25 ps 

Duty cycle Y 45% 55% 

tr 1.4 ns 

tf 1.4 ns 

* The propagation delay, tphase error, IS dependent on the feedback path from any output to the feedback Input FBIN. 
NOTE 4: The specifications for parameters in this table are applicable'only after any appropriate stabilization time has elapsed. 
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CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT FOR OUTPUTS Input ~ 1.5V 
\~5~--- 3V 

..... ·----OV 

Iphase error ~ ~ 
l1li tw~ I 

~Joo---~':'O~t:" -- VOH 
Output o.a2v V ',_ 1.5V 2y oav 

- , • V 
I , 'I OL 

I I 3V 

~,-_____ y ~5V __ OV 
Input 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Ir ~ If- If -+f 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR" 1 00 MHz. Zo = 50 O. tr " 2.5 ns. tf" 2.5 ns. 
B. The outputs are measured one at a time w~h one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CLKlN 

Outputs 
Operating 

at 1/2 CLKlN 
Frequency 

Outputs 
Operating 
atCLKIN 

Frequency 

CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

l' """'-------'1 ,,'------
I I 

IX I 
I I I 

~I !4-- tphase error 1 I 
I 

! Y I --fJ! I 
---+I ~ tphase error 2 I 

---LJ. I --+l ~ tphase error 3 

IX 
I I 

---+I ~ tphase error 4 

Iy 
. I . I 

--+l 14-- tphasa error 5 

IX 
_~-+I-J :.- tphasa error 6 

,,'-------,,'-------
,,'-------

"---.;,.....J% I I 
~ j4- tphase error 7 

,,~----+-! .-t 
----: '--- tphase error 8 

"~ __ -+-I .-X 
----I J.-- tphase error 9 

NOTE A: Output skew. tsk(o). is calculated as the greater of: 
- The dlffenince between the fastest and slowest of tphase error n (n = 1 • 2 •... 6) 
- The difference between the fastest and slowest of tphase error n (n = 7. 8. 9) 

Figure 2. Waveforms for Calculation of tsk(o) 
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CDC586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS336 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

CLKIN 

Outputs 
Operating 
atCLKlN 

. Frequency 

Outputs 
Operating 

at2XCLKlN 
Frequency 

A /(' "''--_____ ....J 
I 

I 
I 

I~ -..J 14- tphae error 10 

IX 
I I 

---' j4- tphase error 11 
I 
!Y 

~'-~ 14- tphae error 12 I I __ ~ 

I 

I 
~ tpheee error 14 

" 
" 
" 

Ie tpLH23 ------,~ 
I ,-----, 

I 
I 
I 

~ 
I 
I 
I 

~ 
I 
I 
I 

---+I 
I 
I 

" ,( 
I+- 1phase error 16 

X 
:+- 1pheee error 17 

Y I 
I+- tpheee error 18 
I 
I 

I I+- tphase error 19 

I 

_....-" I ---I 14-- tpheee error 15 

'------+---" I 

I4-le---- tpLH24 -----.. 

NOTE II<. Output skew, tsk(o), is calculated as the greater ot. 
- The difference between the fastest and slowest of tphase error n (n = 10, 11, ... 15) 
- The difference between the fastest and slowest of tphase error n (n = 16, 17, ... 21) 
- The difference between the fastest and slowest of tphase error n (n = 22, 23, 24) 

where: 

a. tphase error 22 = tpLH22 - 2 x (2~CIOCk) 
1 

b. tphase error 23 = tpLH23 - 2 x (2fclocW 

1 
c. tphase error 24 = tpLH24 - 2 x (2fclock) 

Figure 3. Waveforms for Calculation of tsk(o) 
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• Low Output Skew, Low Pulse Skew for 
Clock-Distribution and Clock-Generation 
Applications 

• Operates at 3.3-V Vee 
• LVTTL-Compatlble Inputs and Outputs 
• Distributes One Clock Input to Ten Outputs 
• Outputs Have Internal Series Damping 

Resistor To Reduce Transmission Line 
Effects 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• State-of-the-Art EPIC_nB™ BICMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Smail-Outline (DW) and Shrink 
Smail-Outline (DB) Packages 

description 

CDC2351 
1-LlNE TO 10-LlNE CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS340-

DB OR DW PACKAGE 
(TOP VIEW) 

GND 
Y1 

Vce Vee 
Y9 Y2 
DE GND 

A Y3 
Y4 

P1 GND 
YB Y5 

Vee Vee 
Y7 Y6 

GND GND 

MARCH 1994 

The CDC2351 is a high-performance clock-driver circuit that distributes one input (A) to ten outputs M with 
minimum skew for clock distribution. The output-enable (OE) input is provided to disable the outputs to a 
high-impedance state. Each output has an internal series damping resistor to improve signal integrity atthe load. 
The CDC2351 operates at 3.3-V Vee. 

The CDC2351 propagation delays are adjusted atthe factory using the PO and P1 pins. The factory adjustments 
ensure that the part to part skew is minimized and is kept within a specified window. Pins PO and P1 are not 
intended for customer use and should be connected to GND. 

The CDC2351 is characterized for operation from O·C to 70·C. 

FUNCTION TABLE 

INPUTS OUTPUTS 

A OE Yn 

L H Z 

H H Z 

L L L 

H L H 

EPIC-liB Is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW 1 __ ... pnxIucIIln the I ........ ., _n ..- III __ nL ChIncIorIIIIc ..... Ind 0lil0< _la_ ............... T __ ........ lherlgldlo 

CIIItIJI·.,d_ .... lhiio...-_notlco. 

Copyright © 1994, Texas Instruments Incorporated 
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CDC2351 
1-LINETO 1D-LINE CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS340 - FEBRUARY 1994 - REVISED MARCH 1994 

logic symbolt 

5 

6 
A 

" EN 
L.:;' 

I> 
V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

'1J tThis symbol Is in accordance withANSVIEEE Std 91-1984 and lEe Publication 617-12. 

::D o 
C 
c: o 
-I 
'1J 
::D 

!:2 -m :e 
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logic diagram (positive logic) 

OE ....:5"---a 

A 
6 

PO P1 

CDC2351 
1·LlNE TO 10-LINE CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
SCAS340 - FEBRUARY 1994 - REVISED MARCH 1994 

23 
Y1 

21 
Y2 

19 
Y3 

18 
Y4 

16 
Y5 

14 
Y6 

11 Y7 

9 
Y8 

4 
Y9 

2 
Y10 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo ............. -0.5 V to 3.6 V 
Current into any output in the low state, 10 •.•...•..••.••.•.••.•.•.....••..•.••..••..••.••... 64 mA 
Input clamp current, 11K (VI < 0) ........................................................... -18 mA 
Output clamp current, 10K (VI < 0) ........................................................ -50 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and negative-voltage rating may be exceeded if the input clamp-current rating is observed. 
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CDC2351 
1·LlNE to 10-LINE CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS340 - FEBRUARY 1994 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

VCC Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voltage 

10H High-level output current 

10L Low-level output current 

fclock Input clock frequency 

TA Operating free-air temperature 

NOTE 2: Unused pins (input or I/O) must be held high or low. 

MIN MAX UNIT 

3 3.6 V 

2 V 

0.8 V 

0 5.5 V 

-12 mA 

12 mA 

100 MHz 

0 70 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

"tJ ::a 
o c 
c: 
~ 
"tJ ::a 
m 

PARAMETER 

VIK 

VOH 

VOL 

II 

lOt 

10Z 

ICC 

Cj 

Co 

TEST CONDITIONS 

Vee- 3V, 11--18mA 

Vcc- 3V, 10H~-32mA 

Vcc- 3V, 10L=32mA 

Vce- 3•6V, VI .. VCC or GND 

Vce- 3•6V, VO-2.5V 

Vee" 3.6 V, Vec=3 VorO 

VCC- 3.6V, 10. 0, 
VI - VCC or GND 

VI .. VCC or GND 

Vo • Vce or GND 

TA = 25·C 
MIN MAX 

MIN MAX 

-1.2 -1.2 

2 2 

0.5 

±1 ±1 

Outputs high 

Outputs low 

Outputs disabled 

< - t Not more than one output should be tested at a time, and the duration of the test should not exceed one second. m :e switching characteristics, CL = 50 pF (see Figures 1 and 2) 

FROM TO 
Vee = 3.3 V, Vee = 3 V to 3.6 V, 

PARAMETER TA=25·C TA = O·C to 70·C 
(INPUT) (OUTPUT) 

MIN TYP MAX MIN MAX 

tpLH 
A Y 

tpHL 

tpZH 
OE y 

tPZL 

tpHZ 
OE y 

tpLZ 

tsk(o) A y 0.3 0.5 0.5 

tsk(p) A y 0.6 0.8 0.8 

tsk(pr) A y 1 1 

tr A y 1.5 

tf A Y 1.5 

~1ExAs 
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V 

V 

IlA 
mA 

IlA 

mA 

pF 

pF 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



CDC2351 
1·LlNE TO 10·LlNE CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS340 - FEBRUARY 1994 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

S1 
From Output _-'>--~f-_SOOW\r° __ -/ 

Under Teat 

CL=50pF 
(see Note A) I SOOO 

LOAD CIRCUIT 

o 6V 

o Open 
TEST S1 

tpLH/lpHL Open 
tPLZ/lpZL 6V 
tpHZ/tpztj GND 

14--tw~ 

-------X1.5V 
3V 

I I 

Input 3 X:1.~5~V~~~~ :: 
Timing Input _____ J. 1'-______ OV 

I... .1.. ~ 
I taurth I 
I I 

Detelnput --~*1.5V ~ :: 
VOLTAGE WAVEFORMS 

Output 
Control 

VOLTAGE WAVEFORMS 

(Iow.Jevel I 
enabling) . I '----..I. 

tPZL ..... 14- I 

3V 

OV 

Input L 1.5V \ ~:v--- 3V 

---II I. OV 

tpLH ~ ~I I I 

I I tpLZ~ 14-
I I I 3V 

Output I~ 

w~~: ~ : \""1_.5_V_....r..1 ... f_ V ~OLL + + 0 ~.3 V VOL 14 ~ tpHL 
I I 

2V!I.' 2V~-- VOH 
Output 0.8 V.,{ f" - 1.5 V - -I 0.8 V 

--~~..:II- I I VOL 
I I I I 

tr -+I 14- tf -til 14-

(-Note C) I tpHZ -.I 14-
Output tPZH ~ ~ I 

Waveform 2 1_---.. 
S1 atOpen 

(_ Note C) ___ J 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz. Zo = 50 0. tr s 2.5 ns. tf S 2.5 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CDC2351 
1·LlNE TO 1 ()'LlNE CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS340 - FEBRUARY 1994 - REVISED MARCH 1994 

NOTES: A. 

B. 
C. 

3-50 

PARAMETER MEASUREMENT INFORMATION 

~ ~ " 
, / A , , , 

" 
, 

/ " ~ Y1 , , 
tpHL1 ~ ~ ~ :4-- tpLH1 , 

~ 
, y 

" ~ Y2 , , 
tpHL2~: ~ 

, , ----., r4-- tpLH2 , 
~ 

, ,r " ~ Y3 , , 
tpHl3 ----'1 ~ 

, 
, ----., j4-- tpLH3 , 

" 
1 ,r " ~ Y4 , 1 

tpHl4~1 !4--
, 

, ~ 14-- tpLH4 , 
~ 

, , 

" ~ Y5 1 
, ,( 1 

tpHL5 ----.: ~ ----., 14-- tpLH5 

1 

" 
, , 

Y6 
, , % " ~ , 
~ 

1 
tpHL6 --+j --.I 14-- tpLH6 

1 1 , 

" 1 % " ~ Y7 
, , , 
~ ----+I ~ tpLH7 tpHL7 --+j 

1 , 

" 1 AI " ~ Y8 
, 

I , 
~ ----.1 ~ tpLH8 tpHL8 --+j , , 

" 
, / " ~ Y9 

, , , 1 ~I 
, 

tpHL9~' j4- , j4-- tpLH9 , 

" 
, y " ~ Y10 

, , , 1 ----.1 
, 

tpHL10~ j4-- , j4--tpLH10 

Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest oftPLHn (n = 1, 2, 3,4,5,6,7,8,9, 10) 
- The difference between the fastest and slowest of tpHLn (n = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10) 

Pulse skew, Isk(P) , is calculated as the greater of, tPLHn -tpHLn , (n = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10). 
Process skew, Isk(pr), Is calculated as the greater of: 

- The difference between the fastest and slowest oftPLHn (n = 1, 2, 3, 4, 5, 6, 7, 8, 9,10) across mu~ipledevices under Identical 
operating conditions 

- The difference between the fastest and slowestoftpHLn (n = 1, 2, 3, 4, 5, 6, 7, 8, 9,10) across multiple devices under Identical 
operating conditions 

Figure 2, Waveforms for Calculation of tsk(o). tsk(P). tsk(pr) 
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• Low Output Skew for Clock-Distribution 
and Clock-Generatlon Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Six Outputs 
• One Select Input Configures Up to Three 

Outputs to Operate at One-Half or Double 
the Input Frequency 

• No External RC Network Required 
• On-Chip Series Damping Resistors 
• External Feedback Pin (FBIN) Is Used to 

Synchronize the Outputs to the Clock Input 
• Application for Synchronous DRAM, 

High-Speed Microprocessor 
• Edge-Triggered Clear for Half-Frequency 

Outputs 
• TTL-Compatlble Inputs and Outputs 
• Outputs Drive 50-0 Parallel-Terminated 

Transmission Lines 
• State-of-the-Art EPIC-IIB™ BiCMOS Design 

Significantly Reduces Power Dissipation 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• Packaged In Platlc 28-Pln Shrink Small 
Outline Package (SSOP) 

description 

CDC2536 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 

DLPACKAGE 
(TOP VIEW) 

SCAS377-APRIL 1994 

The CDC2536 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (Pll) to 
preCisely align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is 
specifically designed for use with syncronous DRAMs and popular microprocessors operating at speeds from 
50 MHz to 100 MHz or down to 25 MHz on outputs configured as half-frequency outputs. The CDC2536 
operates at 3.3-V Vee and is designed to drive a properly terminated 50-0 transmission line. The CDC2536 
also provides on-chip series damping resistors, eliminating the need for external termination components. 

The feedback (FBIN) input is used to synchronize the output clocks in frequency and phase to the input clock 
(ClKIN). One of the six output clocks must be fed back to the FBI N input for the Pll to maintain synchronization 
between the ClKIN input and the outputs. The output used as the feedback pin is synchronized to the same 
frequency as the ClKIN input. 

The Y outputs can be configured to switch in phase and at the same frequency as ClKIN. The select input (SEl) 
configures three Y outputs to operate at one-half or double the ClKIN frequency depending on which pin is fed 
back to FBIN (see Tables 1 and 2). All output signal duty cycles are adjusted to 50% independent of the duty 
cycle at the input clock. 

Output-enable (OE) and clear (ClR) inputs are also provided for output control and synchronization. When OE 
is high, the outputs are in the high-impedance state. When OE is low, the outputs are active. The ClR input is 
negative edge triggered and is provided to allow phase synchronization of the outputs operating at half 
frequency on multiple CDC2536 devices. The TEST input is used for factory testing of the device and is not 
intended for customer use. The TEST pin should be strapped to GND. 

EPIC-liB is a trademark of Texas Instruments Incorporated. 

Copyright © 1994. Texas Instruments Incorporated 
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CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS377 -APRIL 1994 

description (continued) 

Unlike many products containing PLLs, the CDC2536 does not require external RC networks. The loop filter for 
the PLL is included on chip, minimizing component count, board space, and cost. 

Because it is based on PLL circuitry, the CDC2536 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at CLKIN as well as following any changes to the PLL reference or 
feedback signals. Such changes occur upon phase reset of the half-frequency outputs and upon enable of all 
outputs; therefore, stabilization is also required when switching from the clear or high-impedance state to the 
active state. 

The CDC2536 is characterized for operation from O·C to 70·C. 

detailed description of output configurations 

The voltage-controlled oscillator (VCO) used in the CDC2536 phase-lock loop has a frequency range of 
100 MHz to 200 MHz, twice the operating frequency ofthe CDC2536 outputs. A two-bit counter is used to divide 
the VCO frequency. The two outputs of this counter (divide-by-two and divide-by-four) operate at one-half and 
one-fourth the VCO frequency, respectively, at a duty cycle of 50%. The SEL input selects which of these two 
counter outputs is buffered to each bank of device outputs. 

One device output must be externally wired to the feedback input (FBIN) to complete the phase-lock loop. The 
VCO operates such that the frequency and phase ofthis output matches that ofthe CLKIN Signal. In the case 
that a divide-by-two output is wired to FBIN, the VCO must operate at twice the CLKIN frequency resulting in 
device outputs that operate at either the same or one-half the CLKIN frequency. If a divide-by-four output is 
wired to FBIN, the device outputs operate at twice the frequency or the same frequency as the CLKIN input. 

output configuration A 

3-52 

Output configuration A is valid when any output configured as a 1 x frequency output in Table 1 is fed back to 
the FBIN input. The input frequency range for the CLKIN input is 50 MHz to 100 MHz when using output 
configuration A. Outputs configured as 1/2x outputs operate at half the CLKIN frequency, while outputs 
configured as 1x outputs operate at the same frequency as the CLKIN input. 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL 1/2X 1x 
FREQUENCY FREQUENCY 

L None\ All 

H 1Yn 2Yn 
NOTE: n= 1.2. 3 
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output configuration B 

CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS377-APRIL 1994 

Output configuration B is valid when any output configured as a 1x frequency output in Table 2 is fed back to 
the FBIN input. The input frequency range for the ClKIN input is 25 MHz to 50 MHz when using output 
configuration B. Outputs configured as 1 x outputs operate at the elKI N frequency, while outputs configured as 
2x outputs operate at double the frequency of the ClKIN input. 

Table 2. Output Configuration B 

INPUTS OUTPUTS 
1x 2x SEL FREQUENCY FREQUENCY 

H All None 
L 1Yn 2Yn 

NOTE: n= 1.2.3 
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3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS377-APRIL 1994 

functional block diagram 

OE---I 

C~ -------------------------------, 

FBIN ----I 

Phase-Lock Loop 

CLK---t 

TEST---t 

SEL 
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2Y2 
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TERMINAL 

NAME NO. 
VO 

CLKIN TBO I 

CLR TBO I 

FBIN TBO I 

DE TBO I 

SEl TBO I 

TEST TBO I 

lYl-1Y3 TBO 0 

2Y1-2Y3 TBO 0 

CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS377-APRlll994 

Terminal Functions 

DESCRIPTION 

Clock input. ClKlN provides the clock signal to be distributed by the COC2536 clock-driver circuit. ClKlN is used 
to provide the reference signal to the integrated phase-lock loop that generates the clock output signals. ClKlN 
must have a fixed frequency and fixed phase in order for the phase-lock loop to obtain phase lock. Once the circuit 
is powered up and a valid CLKlN Signal is applied, a stabilization time is required for the phase-lock loop to phase 
lock the feedback signal to Its reference signal. 

Clear. ClR is used to reset the Y outputs configured as half-frequency outputs to a known phase. ClR is useful 
to ensure that the half-frequency output signals of multiple COC2536 circuits are all In the same phase. The CLR 
signal Is a negative-edge-triggered signal. When a high-to-Iow edge occurs at CLR, the flip-flop that divides the 
CLKIN signal Is asynchronously cleared to a low level. Following the required stabilization time, half-frequency 
output signals for all COC2536 unks that receive the same ClKIN and CLR signals have the same phase. 

Feedback input. FBIN provides the feedback signal to the internal PlL FBIN must be hard wired to one of the 
six clock outputs to provide frequency and phase lock. The internal Pll adjusts the output clocks to obtain zero 
phase delay between the FBIN and differential CLKIN inputs. 

Output enable. OE Is the output enable for all outputs. When OE is low, all outputs are enabled. When OE is high, 
all outputs are in the high-impedance state. Since the feedback signal for the phase-lock loop is taken directly 
from an output, placing the outputs in the high-impedance state interrupts the feedback loop; therefore, when a 
high-to-Iow transition occurs at OE, enabling the output buffers, a stabilization time Is required before the 
phase-lock loop obtains phase lock. 

Counter output select. SEl selects the output configuration (see Tables 1 and 2 for details). 

TEST is used to bypass the phase-lock loop circuitry for factory testing of the device. When TEST is low, all 
outputs operate using the PLL circuitry. When TEST Is high, the outputs are placed in a test mode that bypasses 
the Pll circukry. TEST should be grounded for normal operation. 

Four-bk output ports. These outputs are configured by the select input (SEl) to transmit one-half or one-fourth 
the frequency of the VCO. The relationship between the ClKIN frequency and the output frequency is dependent 
on the select input. The duty cycle of the Y output signals is nominally 50%, independent of the duty cycle of the 
CLKIN signal. Since the phase of the output signals configured as half-frequency outputs cannot be determined 
at power up, the ern input is provided to allow the outputs of multiple COC2536 circuits operating at 
half-frequency to be reset to the same phase. 

Four-bk output ports. These outputs transmit one-half the frequency of the VCO. The relationship between the 
CLKlN frequency and the output frequency is dependent on the frequency of the output being fed back to the FBIN 
input. The duty cycle ofthe Y output signals is nominally 50%, independent ofthe duty cycle of the ClKIN signal. 
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CDC2536 
3.3·V PHASE·LOCK LOOP CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS377-APRIL 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .. -0.5 V to 5.5 V 
Current into any output in the low state, 10 ••.•..•..••..•..••..••.••.•.••....••••.•••.••.•..• 24 mA 
Input clamp current, 11K (VI < 0) .......................................................... -20 mA 
Output clamp current, 10K (VO < 0) ....................................................... -50 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 
MIN MAX UNIT 

Vee Supply voltage 3 3.6 V 

VIH High-level input voltage 2 V 

V,L Low-level input voltage 0.8 V 

V, Input voltage 0 5.5 V 

10H High-level output current -12 mA 

10L Low-level output current 12 mA 

TA Operating free-air temperature 0 70 °e 

NOTE 2: Unused Inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless' 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA = 25°C 

UNIT 
MIN MAX 

VIK Vee- 3V• 1,--18mA -1.2 V 

VOH 
Vee - MIN to MAx:t:, 'OH - -100 IlA Vee-O.2 

V 
Vee .av, IOH=-32mA 2 

Vee- 3V, 10L = 100!IA 0.2 
VOL V 

Vee- 3V, IOL-32mA 0.8 

Vee = 0 or MAX:t:, V, =3.6V ±10 
II 

Vee- 3.6V, V, = Vee or GND ±1 
IlA 

10ZH Vee- 3.6V, VO=3V 10 IlA 
10Zl Vee- 3.6V, VO-O -10 !IA 

Outputs high 1 

ICC 
Vee- 3.6V, 10,,0, Outputs low 1 mA 
VI" Vee or GND 

Outputs disabled 1 

ei VI .. Vee or GND pF 

Co Vo = Vee or GND pF 

:t: For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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3.3·V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3·STATE OUTPUTS 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 3) 

MIN MAX UNIT 

When VCO Is operating at four times the CLKIN frequency 2S SO 
fclock Clock frequency MHz 

When VCO is operating at double the CLKIN frequency 50 100 

Input clock duty cycle 40% 60% 

tw Pulse duration CLRlow ns 

AfterSEL 50 

Stabilization timet 
AfterCCR~ SO 

Afterm:~ SO 
IlB 

After power up SO 
. . 

NOTE 3: Preliminary specifications based on SPICE analysis . 
t Time required for the Integrated phase-lock loop Circuit to obtain phase lock of its feedback signal to its reference signal. In order for phase lock 

to be obtained. a fixed-frequency. fixed-phase reference signal must be present at CLKIN. Until phase lock is obtained. the specifications for 
propagation delay and skew parameters given in the switching characteristics table are not applicable. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1 and 2) 

.;: 
PARAMETER 

FROM TO 
MIN MAX UNIT (INPUT) (OUTPUT) 

fmax 100 

tOOase error* CLKlNt y ",SOO 

tsk/o) (see Figure 3) CLKlN Y 0.5 

tsk/pr) CLKlN y 1 

tjitter(RMS) CLKlNt y 25 

Duty cycle Y 45% 55% 

tr 1.4 

tf 1.4 

NOTE 4: The specifications for parameters In thiS table are applicable only after any appropriate stabilization time has elapsed. 
* The propagation delay. tphase error. Is dependent on the feedback path from any output to the feedback input FBIN. 
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CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 

3V 

From Output --..... e-----, 
Under Test -L { 

Timing Input -------X1.5 V 

---:-----J·I'------- OV J 15pf -l- SOOO 

LOAD CIRCUIT FOR OUTPUTS 

If-IIII -- tw -----.t 

I~ .1. ~ 
ltaurth I 
1 1 

Data Input--""'""j(1.5 V ~ :: 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES I I 3V 

Input ~'-____ -Jf~5~ __ OV 

VOLTAGE WAVEFORMS 
PULSE DURATION 

Output 
Control 

(low-level 
enabling) 

,__---3V 

1.SV 

'-----'~---- OV 
tpZL -.I 14- I 

Input -.J 1.5 V 
\;5~--- 3V 

'\.,·----OV 

I I tpLZ~ ~ 

___ Ih \& - - - Lrv:::I - VCC 
Output I I I 

:::::B~ 1 1•5V IVOL;:"'O~V VOL tphaae error 14 ~ 
I tpHZ -.I 14-1 

V !i.'Jeo---"":,,:":",,'!\I;:----- VOH 
Output o.8~.Ei-1.SV 2Yt~ V 

I I 1 I OL 

Output 
Waveform 2 

tPZH -.! 14- I 
I~--"'" VOH 

VOH-O.3V 

tr -+I ~ If -+I 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(aae Note B) ___ .I 
---- -OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zo = 50 0, tr s 2.5 ns, tf S 2.5 ns. 

3-58 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Outputs 
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Frequency 

CDC2536 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS3n-APRIL 1994 

PARAMETER MEASUREMENT INFORMATION 

)' " ~ " I I 
I I 

" 
I X I 
I I 

I I 
-+I !4- lpha .. error 1 I 

-LA I 

" I 
I 

-.1 ~ tpha .. error 2 I 
I I 

~ 
I 

" I 
I 

-+I 14-- 'Ph- error 3 I 
I )' " 

I 

X I I "----~ 
I 

I ~ 
I 

j4- tpha .. error 4 ~ tpha .. error 7 

I Y " 
I 

~ "----I I 
I I I 

--.I ~ 'Ph- error 5 ----.I :-- lph_ error 8 
I 

" 
I 

"----I X I X I 
~ ~ I+- tpha .. error 8 j.- tph_ error 9 

NOTE A:. Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n = 1, 2, ... 6) 
- The difference between the fastest and slowest of tphase error n (n = 7, 8, 9) 

Figure 2. Skew Waveforms and Calculations 
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CLKlN 

Outputs 
Operating 
atCLKlN 

Frequency 

Outputs 
Operating 

at2XCLKlN 
Frequency 

~ 
I 
I 

PARAMETER MEASUREMENT INFORMATION 

"'~ __________ -....J;( "'~---
1 { "'~ __ ----+-....J/ 

-.: t.- tphaae error 10 I+- tph88e error 16 

I I ,--------"" VI 

1 ~ ,,-------+....J/I -+I j.- tphaae error 11 ---.: I+- tphaae error 17 

-+I_~ "'~ ______ ~I~)/ 
~ t.- tphaae error 12 ~ I.- tphaae error 18 

--,,+.1_% "'''--___ ~ ,,"--~! _y "---.! ~ tphaae error 13- - I I 
~ ~I tpLH22 .1 I I+- tphaae error 19 

-+01_% "'~--/,----"''-~! -y "--="!! 14-- tphaae error 14 .1 I II+- tph88e error 20 
--r l1li tPLH23 ----, ... ~I I 

--,-I _~ "' ___ '{---"'_--+-I -~ "--
--I ~ tphaae error 15 I ~ I+- tph88e error 21 

~14---- tpLH24 ----....., 

NOTE A: Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest andslowast of tphase error n (n = 10, 11, ... 15) 
- The difference between the fastest and slowest of !phase error n (n = 16, 17, ... 21) 
- The difference between the fastest and slowest of tphase error n (n = 22, 23, 24) 

where: 

a. tphase error 22 = tpLH22 - 2 x (2~CIOck) 

b. tphase error 23 = tpLH23 - 2 x (2~ I k) 
coc 

1 
c. tphase error 24 = tpLH24 - 2 x (2fclock) 

Figure 3. Waveforms for Calculation of tak(o) 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379-FEBRUARY 1993-REVISED MARCH 1994 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V V ee 
• Distributes Differential LVPECL Clock 

Inputs to Twelve TTL-Compatible Outputs 

• Application for Synchronous DRAMs 
• Outputs Have Internal 26-Q Series 

ReSistors To Dampen Transmission Line 
Effects 

• Edge-Triggered Clear for Half-Frequency 
Outputs • Two Select Inputs Configure Up to Nine 

Outputs to Operate at One-Half or Double 
the Input Frequency 

• State-of-the-Art EPIC-US™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• No External RC Network Required 
• External Feedback Pin (FBIN) Is Used to 

Synchronize the Outputs With the Clock 
Inputs 

• Distributed Vee and Ground Pins Reduce 
Switching Noise 

• Packaged In 52-Pin Quad Flat Package 

PBGPACKAGE 
(TOPYlEW) 

o z~ I-
ZWWZIllZ..J..J W..J o:i..:Jo~o gS2S2 g~(/)~ 
"(/)(/)"11.">0 > I-

GND 1 
52 51 50 49 48 4746 45 44 43 42 41 40 

39 Vee 
1Y1 2 38 4Y3 
Vee 3 37 GND 

GND 4 36 Vee 
5 35 4Y2 
6 34 GND 
7 33 Vee 
8 32 4Y1 
9 31 GND 
10 30 GND 
11 29 Vee 
12 28 3Y3 
13 27 GND 

1415 1617 18 19 20 21 22 23242526 

description 

The CDC2582 is a high-performance, low-skew, low·jitter clock driver. It uses a phase-lock loop (Pll) to 
precisely align the frequency and phase of the clock output signals to the differential lVPECl clock (ClKIN, 
ClKI N) input signals. It is specifically designed to operate at speeds from 50 MHz to 100 MHz or down to 25 MHz 
on outputs configured as half-frequency outputs. Each output has an internal26-Q series resistor that improves 
the Signal integrity at the load. The CDC2582 operates at 3.3-V Vee. 
The feedback (FBIN) input is used, to synchronize the output clocks frequency with the input clock signals 
(ClKIN, ClKIN). One of the twelve output clocks must be fed back to the FBIN input for the Pll to maintain 
synchronization between the differential ClKIN and ClKIN inputs and the outputs. The output used as the 
feedback pin is syncronized to the same frequency as the clock inputs (ClKIN and elKIN). 

EPIC-lIB is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVlEW_ ......... pracI_In ........... "' ... == '" -..,....t. CIIoraCtodIIIc _ .nd _ 
• • ................ T ___ ......... 10 • ord __ ,...... __ ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS, TEXAS 75l!65 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379- FEBRUARY 1993 - REVISED MARCH 1994 

description (continued) 

The Y outputs can be configured to switch in phase and at the same frequency as differential clock inputs (ClKI N 
and ClKI N). Select inputs (SEl1 , SElO) configure up to nine Y outputs, in banks of three, to operate at one-half 
or double the differential clock input frequency, depending,upon the feedback configuration (see Tables 1 and 
2). All output signal duty cycles are adjusted to 1)0% independent of the duty cycle at the input clocks. 

Output-enable (OE) and clear (ClR) inputs are also provided for output control and synchronization. When OE 
is high, the outputs are in the low state. When OE is low, the outputs are active. The CLR input is 
negative-edge-triggered and is provided to allow phase synchronization of the outputs operating at half 
frequency on multiple CDC2582 devices. The test input is used for factory testing of the device and is not 
intended for customer use. The test pin should be connected to GND. 

Unlike many products containing a Pll, the CDC2582 does not require external RC networks. The loop filter 
for the Pll is included on chip, minimizing component count, board space, and cost. 

Because it is based on P~l circuitry, the CDC2582 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at ClKIN and elKIN as well as following any changes to the Pll 
reference or feedback signal. Such changes occur upon phase reset of the half-frequency outputs and upon 
enable of all outputs. Therefore, stabilization is also required when switching from the clear or low state to the 
active state. 

The CDC2582 is characterized for operation from O°C to 70°C. 

detailed description of output configurations 

3-62 

The voltage-controlled oscillator (VCO) used in the CDC2582 phase-lock loop has a frequency range of 
100 MHz to 200 MHz, twice the operating frequency range of the CDC2582 outputs. A 2-bit counter is used to 
dMde the VCO frequency. The two outputs ofthis counter (divide-by-two and divide-by-four) operate at one-half 
and one-fourth the VCO frequency, respectively, at a duty cycle of 50%. The SElO and SEl1 inputs select which 
of these two counter outputs is buffered to each bank of device outputs. 

One device output must be externally wired to the feedback input (FBIN) to complete the phase-lock loop. The 
VCO operates such that the frequency and phase of this output will match that of the differential clock inputs. 
In the case that a dMde-by-two output is wired to FBIN, the VCO must operate at twice the differential clock 
inputs frequency resulting in device outputs that operate at either the same or one-half the frequency of the 
differential clock inputs~ If a divide-by-four output is wired to FBIN, the device outputs operate at twice or the 
same as the elKIN frequency. 

~1ExAs 
INSTRUMENTS 

POST OFFICE BOX 6I5S303 • DAllAS. TEXAS 75265 



output configuration A 

CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISED MARCH 1994 

Output configuration A is valid when any output configured as a 1x frequency output in Table 1 is fed back to 
the FBI N input. The frequency range for the differential clock input is 50 MHz to 100 MHz when using output 
configuration A. Outputs configured as 1/2x outputs operate at half the input clock frequency, while outputs 
configured as 1x outputs operate at the same frequency as the differential clock input. 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL1 SELO 1/2x lx 
FREQUENCY FREQUENCY 

L L None All 

L H 1Yn 2Yn, 3Yn, 4Yn 

H L 1Yn,2Yn 3Yn,4Yn 

H H 1Yn, 2Yn, 3Yn 4Yn 

NOTE: n=l,2,3 

output configuration B 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to :> 
the FBIN input. The frequency range for the differential clock inputs is 25 MHz to 50 MHz when using output w:> 
configuration B. Outputs configured as 1 x outputs operate at the input clock frequency, while outputs configured 
as 2x outputs operate at double the frequency of the differential clock inputs. ~ 

Table 2. Output Configuration B a: 
INPUTS 

SELl SELO 

L H 

H L 

H H 

L L 

OUTPUTS 
lx 2x 

FREQUENCY FREQUENCY 
1Yn 2Yn, 3Yn, 4Yn 

1Yn,2Yn 3Yn,4Yn 

1Yn, 2Yn, 3Yn 4Yn 

N/A N/A 

a. 
I
o 
:J 
Q o 
a: 

NOTE: n=l,2,3 a. 
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functional block diagram 

CLR -----------------, 

FBIN 

Phase-Lock Loop 
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TERMINAL. 

NAME NO. 

ClKIN 
44,45 

ClKIN 

ClR 40 

FBIN 48 

OE 42 

SEll,SElO 51,50 

TEST 41 

1Yl-1Y3 2,5,8 
2Yl-2Y3 12,15,18 
3Yl-3Y3 22,25,28 

4Yl-4Y3 32,35,38 

1/0 

I 

I 

I 

I 

I 

I 

0 

0 

CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISEO MARCH 1994 

Terminal Functions 

DESCRIPTION 

Clock input. ClKIN and ClKIN are the clock signals to be distributed by the COC2582 clock-driver circuH. 
These inputs are used to provide the reference signal to the integrated phase-lock loop that generates the 
clock output signals. ClKIN and ClKIN must have a fixed frequency and fixed phase in order for the 
phase-lock loop to obtain phase lock. Once the circuit is powered up and valid ClKIN and ClKIN signals 
are applied, a stabilization time is required for the phase-lock loop to phase lock the feedback signal to its 
reference Signal. 

Clear. ClR is used to reset the Y outputs configured as half-frequency outputs to a known phase. It is useful 
to ensure that the half-frequency output signals of muHiple COC2582 circuits are all in the same phase. The 
ClR signal is a negative-edge-triggered signal. When a high-to-Iow edge occurs at ClR, the flip-flop that 
divides the ClKIN signal is asynchronously cleared to a low level. Following the required stabilization time, 
half-frequency output signals for all COC2582 units that receive the same ClKIN, ClKIN, and ClR signals 
will have the same phase. 

Feedback input. FBIN provides the feedback signal to the Internal PlL. The FBIN terminal must be hard 
wired to one of the twelve clock outputs to provide frequency and phase lock. The intemal Pll adjusts the 
output clocks to obtain zero phase delay between the FBIN and the differential clock input (ClKIN and 
ClKIN). 

Output enable. OE is the output enable for all outputs. When OE is low, all outputs are enabled. When OE 
is high, all outputs are in the high-impedance state. Since the feedback signal forthe phase-lock loop is taken 
directly from an output terminal, placing the outputs in the high-impedance state interrupts the feedback 
loop; therefore, when a high-to-Iow transition occurs at QE, enabling the output buffers, a stabilization time 
is required before the phase-lock loop obtains phase lock. 

Counter output select. These inputs select up to nine outputs in banks of three to operate at half or double 
the frequency of the input clock signals (ClKIN and ClKIN). See Tables 1 and 2. 

TEST is used to bypass the phase-lock loop circuitry for factory testing of the device. When TEST is low, 
all outputs operate using the Pll circuitry. When TEST is high, the outputs are placed In a test mode that 
bypasses the Pll circuitry. TEST should be strapped to GNO for normal operation. 

Four-bit output ports. These output terminals are configured by the select inputs (SEll, SElO) to transmit 
one-half or one-fourth the frequency of the VCO. The relationship between the input clock frequency and 
the output frequency is dependent on the select Inputs and the frequency of the output being fed back to 
the FBIN input. The duty cycle of the Y output Signals is nominally 50% independent of the duty cycle of the 
input clock signals. Since the phase of the output signals configured es half-frequency outputs cannot be 
determined at power up, the ClR input is provided to allow the outputs of multiple COC2582 circuits 
operating at half-frequency to be reset to the same phase. Each output has an internal series resistor to 
dampen transmission-line effects and improve the signal integrity at the load. 

Four-bit output ports. These output terminals transmH one-half the frequency of the VCO. The relationship 
between the input clock frequency and the output frequency is dependent on the frequency of the output 
being fed back to the FBIN input. The duty cycle of the Y output signals is nominally 50% independent of 
the duty cycle of the ClKIN signal. Each output has an internal series resistor to dampen transmission-line 
effects and improve the signal integrity at the load. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .. ,............................................... -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .. -0.5 V to 5.5 V 
Current into any output in the low state, 10 ..••...•..•..•.••.••.•.....•...••..•.•••••.••.•••• 64 rnA 
Input clamp current, 11K (VI < 0) ...... ,................................................... -20 rnA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 rnA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other condHions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

VCC Supply voltage 

Other inputs 
VIH High-level input voltage 

ClKIN, ClKIN 

Vil low-level input voltage 
Other inputs 

ClKIN, ClKIN 

VI Input voltage 

IOH High-level output current 

IOl low-level output current 

TA Operating free-air temperature 

NOTE 2: Unused Inputs must be held high or low. 

MIN MAX UNIT 

3 3.6 V 

2 
V 

VCC-l.025 

VCC-l.62 
V 

1.6 

0 5.5 V 

-12 rnA 

12 mA 

0 70 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA=25·C 

UNIT 
MIN MAX 

VIK VCC=3V, 11=-18mA -1.2 V 

VOH 
VCC = MIN to MAXt, IOH = -100 JJA VCC-0.2 

V 
VCC=3V, IOH=-12rnA 2 

IIOl = 100 JJA 0.2 
VOL VCC= 3V 

I10l= 12 mA 
V 

0.8 

VCC = 0 or MAXt, VI-3.6V ±10 
II 

Vee = 3.6 V, VI - Vee or GND ±1 
JJA 

VCC = 3.6 V, 10- 0, I Outputs high 5 
ICC mA 

VI = VCC or GND I Outputs low 1 

Ci VI- 3 VorO 4 pF 

Co VO=3 VorO 8 pF 

m t For conditions shown as MIN or MAX, use the appropnate value specified under recommended operating conditions . =: 
.. 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISED MARCH 1994 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 3) 

MIN MAX UNIT 

VCO is operating at four times the CLKIN/CLKIN frequency 25 50 
fclock Clock frequency 

VCO is operating at double the CLKIN/eLKIN freque 
MHz 

50 100 

tw Pulse duration CLRlow ns 

Input clock duty cycle 40 60 % 

Aller SEL1. SELO 50 

Stabilization time t 
AllerCLR~ 50 

AllerOE~ 50 I4S 

Aller power up 50 

t Time required for the Integrated phase-lock loop circuit to obtain phase lock of its feedback Signal to Its reference signal. I n order for phase lock 
to be obtained. a fixed-frequency. fixed-phase reference signal must be present at CLKIN. Until phase lock is obtained. the specifications for 
propagation delay and skew parameters given in the switching characteristics table are not applicable. 

NOTE 3: Preliminary specifications based on SPICE analysis. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1 and 2) 

PARAMETER 
FROM TO 

MIN MAX (INPUT) (OUTPUT) 

fmax 100 

tphase error* CLKINf y ,.500 

Isk(o) (see Figure 3) CLKIN Y 0.5 

Isk(pr) CLKIN y 1 

t'iI!er(RMSI eLKIN y 25 

Duty cycle Y 45 55 

tr 1.4 

tf 1.4 

* The propagation delay. tphase error. Is dependent on the feedback path from any output to the feedback Input FBIN. 
NOTE 4: The specifications for parameters in this table are applicable only aller any appropriate stabilization time has elapsed. 
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CDC2582 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 
WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

From Output ---0 ) + 
UnderTeat "'-___ ..J t 15pf i 5000 

- -- -
lOAD CIRCUIT FOR OUTPUTS 

CLR 
Input 

VOLTAGE WAVEFORMS 
PULSE DURATION 

ClKlN =X __ ~ __ ~X"---- 2.4 V 
Inputs 2V 

_ '---- 1.6V 

tphase error --jII~I---.!~1 

OE 
(low-level 
enabling) 

3V 

t1~"- __ OV -----', 
Output 

I 
2V!t' ... ---....... ~"'" 2V- VOH 

o.av/:-- 1.SVo --I o.av 
--......;;.;;;..;~- I I VOL 

I I I I 
tr -+! ~ tf-+! 14-

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Output 
Waveform 1 
(see Note B) 

tpHl~ 14-
I I 

-______ L\ 1.SV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTES: A. All input pulses are supplied by generators having Ihe following characterislics: PRR s 75 MHz. Zo = 50 Co Ir s 2.5 ns. If S 2.5 ns. 
B. Waveform 1 is for an oUlput with internal conditions such Ihallhe output Is high excepl when disabled by Ihe output control. 
C. The outputs are measured one at a lime wilh one Iransition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Outputs 
Operating 

at112CLKlN 
Frequency 

Outputs 
Operating 
atCLKlN 

Frequency 

CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

~ 
I 

-----------~---)(--------
I 

:X 
I I 

--.: !4-- tphase error 1 

!Y 
~! 
~ I--- tphaee error 2 

--0r' 
--.: 14-- tphase error 3 

:% 
I I 
~ j4- tphase error 4 

:y 
I . I 

--.: '-- tphaee e"or 5 

:% 
_~"";'I--J I-- tphaee error 6 

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

,,'-------,,-----
,,'-------

,,"-__ --.-! ..J{ 
-----r !4-- tphase error 7 

,,------+! -t 
-----l It-- tphase error 8 

,,"-__ --+-: ..J% 
----I j.- tphaee error 9 

NOTE A;. Output skew, tsk(o), Is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n = 1, 2, ... 6) 
- The difference between the fastest and slowest of tphase error n (n = 7, 8, 9) 

Figure 2. Skew Waveforms and Calculations 
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CDC2582 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH DIFFERENTIAL LVPECL CLOCK INPUTS 
SCAS379 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

CLKlN ~ X X eLKIN I 
I I 
I I 
I ,( " 

I 
I I 
I I 
~ 14- tphase error 10 ~ 1 1 

Outputs --+-1 " 
I 

Operating I 
atCLKlN I 

Frequency -+i j4- tpheee error 11 ~ 
1 

~ " 
1 

1 1 
1 1 

-1 14- tphase error 12 -.J 
I 

/, " 
1 

X " 1 

~ !:-tpheee error 13 1 
.1 -+j 1 tPLH22 

Outputs I X " I'f' " Operating 

::::J at2XCLKlN 
Frequency 14- tphase error 14 .1 -+t 14 tpLH23 1 

1 Y " fi, " 1 1 
1 I ' 1 
~ j4--tpheee error 15 1 -+I 

I,. tpLH24 ~ 
NOTE A: Output skew, tsk(o), is calculated as the greater of: 

- The difference between the fastest and slowest of \phase error n (n = 10, 11, ... 15) 
- The difference between the fastest and slowest of \phase error n (n = 16, 17, ... 21)' 
- The difference between the festest and slowest of tphase error n (n = 22, 23, 24) 

where: 

tphase error 22 = tpLH22 - 2 x (2fclock) 

1 
tphase error 23 = tpLH23 - 2 x (2fclock) 

1 
tphase error 24 = tpLH24 - 2 x (2fclock) 

Figure 3. Waveforms for Calculation of tsk(o) 
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CDC2586 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH 1994 

• Low Output Skew for Clock-Distribution 
and Clock-Generation Applications 

• Operates at 3.3-V Vee 
• Distributes One Clock Input to Twelve 

Outputs 

• Edge-Triggered Clear for Half·Frequency 
Outputs 

• TTL-Compatible Inputs and Outputs 

• Outputs Have Internal 26-0 Series 
Resistors to Dampen Transmission Line 
Effects • Two Select Inputs Configure Up to Nine 

Outputs to Operate at One-Half or Double 
the Input Frequency 

• State-of-the-Art EPIC_IIB™ BICMOS Design 
Significantly Reduces Power Dissipation 

• No External RC Network Required • Distributed Vee and Ground Pins R.educe 
Switching Noise • External Feedback Pin (FBIN) Is Used to 

Synchronize the Outputs to the Clock Input • Packaged In 52-Pin Thin Quad Flat Package 

• Application for Synchronous DRAM, 
High-Speed Microprocessor 

description 

5 

6 

10 

PBGPACKAGE 
(TOP VIEW) 

52 51 50 49 48 4746 45 44 43 42 41 40 
39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

2Y1 12 28 
13 V 

1415 1617 18 1920 21 2223 242526 

NC - No internal connection 

Vcc 
4Y3 
GND 
Vcc 
4Y2 
GND 
Vcc 
4Y1 
GND 
GND 
Vcc 
3Y3 
GND 

The CDC2586 is a high-performance, low-skew, low-jitter clock driver. It uses a phase-lock loop (Pll) to 
precisely align, in both frequency and phase, the clock output signals to the clock input (ClKIN) signal. It is 
specifically designed for use with popular microprocessors operating at speeds from 50 MHz to 100 MHz or 
down to 25 MHz on outputs configured as half-frequency outputs. Each output has an internal 26-0 series 
resistor that improves the signal integrity at the load. The CDC2586 operates at 3.3-V Vee. 

EPIC-lIB Is a trademark of Texas Instruments Incorporated. 
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CDC2586 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS337 - FEBRUARY 1993- REVISED MARCH 1994 

description (continued) 

The feedback (FBI N) input is used to synchronize the output clocks in frequency and phase to the input clock 
(CLKIN). One of the twelve output clocks must be fed back to the FBIN input for the PLL to maintain 
synchronization between the CLKIN input and the outputs. The output used as the feedback pin is synchronized 
to the same frequency as the CLKIN input. 

The Y outputs can be configured to switch in phase and at the same frequency as CLKIN. Select inputs 
(SEL1, SELO) configure up to nine Y outputs, in banks of three, to operate at one-half or double the CLKIN 
frequency depending on which pin is fed back to FBIN (see Tables 1 and 2). All output signal duty cycles are 
adjusted to 50% independent of the duty cycle at the input clock. 

Output-enable (OE) and clear (CLR) inputs are also provided for output control and synchronization. When OE 
is high, the outputs are in the high-impedance state. When OE is low, the outputs are active. The CLR input is 
negative edge triggered and is provided to allow phase synchronization of the outputs operating at half 
frequency on multiple CDC2586 devices. The TEST input is used for factory testing of the device and is not 
intended for customer use. The TEST pin should be strapped to GND. 

Unlike many products containing PLLs, the CDC2586 does not require external RC networks. The loop filter for 
the PLL is included on chip, minimizing component count, board space, and cost. 

Because it is based on PLL circuitry, the CDC2586 requires a stabilization time to achieve phase lock of the 
feedback signal to the reference signal. This stabilization time is required following power up and application 
of a fixed-frequency, fixed-phase signal at CLKIN as well as following any changes to the PLL reference or 
feedback signals. Such changes occur upon phase reset ofthe half-frequency outputs and upon enable of all 
outputs; therefore, stabilization is also required when switching from the clear or high-impedance state to the 
active state. 

The CDC2586 is characterized for operation from O"C to 70"C. 

detailed description of output configurations 

3-72 

The voltage-controlled oscillator (VCO) used in the CDC2586 phase-lock loop has a frequency range of 
100 MHz to 200 MHz, twice the operating frequency range of the CDC2586 outputs. A 2-bit counter is used to 
divide the VCOfrequency. The two outputs ofthis counter (divide-bY-two and divide-by-four) operate at one-half 
and one-fourth the VCO.frequency, respectively, at a duty cycle of 50%. The SELO and SEL 1 inputs select which 
of these two counter outputs is buffered to each bank of device outputs. 

One device output must be externally wired to the feedback input (FBIN) to complete the phase-lock loop. The 
VCO operates such that the frequency and phase of this output will match that of the CLKIN Signal. In the case 
that a divide-by-two output is wired to FBIN, the VCO must operate at twice the CLKIN frequency resulting in 
device outputs that operate at either the same or one-half the CLKIN frequency. If a divide-by-four output is wired 
to FBIN, the device outputs operate at twice or the same as the CLKIN frequency. 
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output configuration A 

CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH 1994 

Output configuration A is valid when any output configured as a 1 x frequency output in Table 1 is fed back to 
the FBIN input. The input frequency range for the elKIN input is 50 MHz to 100 MHz when using output 
configuration A. Outputs configured as 1/2x outputs operate at half the elKIN frequency, while outputs 
configured as 1 x outputs operate at the same frequency as the elKIN input. 

Table 1. Output Configuration A 

INPUTS OUTPUTS 

SEL1 SELO 
1/2X 1x 

FREQUENCY FREQUENCY 

L L None All 

L H 1Yn 2Yn, 3Yn, 4Yn 

H L 1Yn.2Yn 3Yn.4Yn 

H H 1Yn. 2Yn. 3Yn 4Yn 

NOTE: n=1.2.3 

output configuration B 

Output configuration B is valid when any output configured as a 1 x frequency output in Table 2 is fed back to ::> 
the FBIN input. The input frequency range for the elKIN input is 25 MHz to 50 MHz when using output ::> 
configuration B. Outputs configured as 1 x outputs operate at the elKIN frequency. while outputs configured as W 
2x outputs operate at double the frequency of the elKIN input. ~ 

Table 2. Output Configuration B a: 
INPUTS 

SEL1 SELO 

L H 

H L 

H H 

L L 

OUTPUTS 

1x 2x 
FREQUENCY FREQUENCY 

1Yn 2Yn. 3Yn. 4Yn 

1Yn,2Yn 3Yn.4Yn 

1 Yn, 2Yn. 3Yn 4Yn 

N/A N/A 

D. 
t
O 
:::l 
C 
o 
a: 

NOTE: n=1.2,3 D. 
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CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1~ - REVISED MARCH 1994 

functional block diagram 

C~--------------------------------. 

FBIN 

Ph~kLoop 

CLK 

TEST 

~-----------I 10f 3 Identical Outputs -1Yn 

SELO 
Select I 

SEL1 
logic I 

I >--+-+-1Y1-1Y3 
I 
I '----------- --------
~----------- -------- ., 
I 1of3IdentlcaIOutputs-2Yn I 

I 
I I 
I I 
I >--+-+- 2Y1-2Y3 

I I 
I I L __________ -------- -' 

~----------- -------- ., 
I 10f 3 Identical Outputs - 3Yn I 

I 
I I 
I I 
I 3Y1-3Y3 
I I 
I I '------------- -------- -' 
~------------ -------- ., I 10f 3 Identical outputs - 4Yn I 
I I 
I I 
I I 
I 4Y1-4Y3 

I 
I I '------------------------' 
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TERMINAL 

NAME NO. 

ClKIN 45 

ClR 40 

FBIN 48 

OE 42 

SEll, SElO 51,50 

TEST 41 

lYl-1Y3 2,5,8 
2Yl-2Y3 12,15,18 
3Yl-3Y3 22,25,28 

4Yl-4Y3 32,35,38 

VO 

I 

I 

I 

I 

I 

I 

0 

0 

CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993- REVISED MARCH 1994 

Terminal Functions 

DESCRIPTION 

Clock input. CLKIN is the clock signal to be distributed by the COC2586 clock-driver circuit. elKIN is used 
to provide the reference signal to the integrated phase-lock loop that generates the clock output signals. 
ClKIN must have a fixed frequency and fixed phase in order for the phase-lock ICIOP to obtain phase lock. 
Once the circuit is powered up and a valid ClKIN signal is applied, a stabilization time is required for the 
phase-lock loop to phase lock the feedback signal to its reference signal. 

Clear. ClR is used to reset the Y outputs configured as half-frequency outputs to a known phase. ClR is 
useful to ensure that the half-frequency output signals of multiple COC2586 circuits ar, all in the same 
phase. The CLR signal is a negative-edge-triggered signal. When a high-to-Iow edge occurs at ClR, the 
flip-flop that divides the ClKIN signal is asynchronously cleared to a low level. Following the required 
stabilization time, half-frequency output signals for all COC586 units that receive the same ClKIN and ClR 
signals have the same phase. 

Feedback input. FBIN provides the feedback signal to the internal PlL. The FBIN terminal must be hard 
wired to one of the twelve clock outputs to provide frequency and phase lock. The intemal Pll adjusts the 
output clocks to obtain zero phase delay between the FBIN and ClKIN inputs. 

Output enable. OE Is the output enable for all outputs. When OE is low, all outputs are enabled. When OE 
is high, all outputs are in the high-impedance state. Since the feedback signal for the phase-lock loop is taken 
directly from an output, placing the outputs in the high-impedance state interrupts the feedback loop; 
therefore, when a high-te-Iow transition occurs at OE, enabling the output buffers, a stabilization time is 
required before the phase-lock loop obtains phase lock. 

Counter output select. These inputs select up to nine outputs in banks of three to operate at half or double 
the frequency of the elKIN signal (see Tables 1 and 2). 

TEST is used to bypass the phase-lock loop circuitry for factcry testing of the device. When TEST Is low, 
all outputs operate using the Pll circuitry. When TEST is high, the outputs are placed in a test mode that 
bypasses the Pll circuitry. TEST should be strapped to GND for normal operation. 

Four-bit output ports. These outputs are configured by the select inputs (SEll, SElO) to transmit one-half 
or one-fourth the frequency of the VCO. The relationship between the ClKIN frequency and the output 
frequency is dependent on the select inputs and the frequency of the output being fed back to the FBIN input. 
The duty cycle of the Y output signals is nominally 50% independent of the duty cycle of the ClKIN signal. 
Since the phase of the output signals configured as half-frequency outputs cannot be determined at power 
up, the ClR Input has been provided to allow the outputs of multiple COC2586 circuits operating at 
half-frequency to be reset to the same phase. Each output has an internal series resistor to dampen 
transmission-line effects and improve the signal integrity at the load. 

Four-bit output ports. These outputs transmit one-half the frequency of the VCO. The relationship between 
the ClKI N frequency and the output frequency is dependent on the frequency of the output being fed back 
to the FBIN input. The duty cycle of the Y output signals is nominally 50%, independent of the duty cycle 
of the ClKIN signal. Each output has an intemal series resistor to dampen transmission-line effects and 
improve the signal integrity at the load. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) .................................................. -0.5 V to 7 V 
Voltage range applied to any output in the high state or power-off state, Vo (see Note 1) .. -0.5 V to 5.5 V 
Current into any output in the low state, 10 ••...••..•.••.••..••.........•.•..••.•.•••...••••• 64 mA 
Input clamp current, 11K (VI < 0) .......................................................... -20 mA 
Output clamp current, 10K (VO < 0) ....................................................... -50 mA 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any9lher conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH 1994 

recommended operating conditions (see Note 2) 

VCC Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VI Input voltage 

10H High-level output current 

10L Low-level output current 

TA Operating free-air temperature 

NOTE 2: Unused inPuts must be held high or low. 

MIN MAX UNIT 

3 3.6 V 

2 V 

0.8 V 

0 5.5 V 

-12 rnA 

12 rnA 

0 70 ·C 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 
TA=25·C 

UNIT 
MIN MAX 

VIK VCC = 3 V, 11--18mA -1.2 V 

VOH 
VCC - MIN to MAxt, 10H = -100 lolA VCC-0.2 

V 
VCC = 3 V, IOH=-12rnA 2 

1i0L = 1 00 lolA 0.2 
VOL VCC=3V 

IIOL= 12 rnA 
V 

0.8 

VCC = 0 or MAXt, VI =3.6V ±10 
II 

VCC=3.6V, VI = VCC or GND ±1 
lolA 

10ZH VCC = 0 or 3.6 V, VO-3V 10 lolA 
10ZL VCC =0 or 3.6 V, VO·O -10 lolA 

Outputs high 1 

ICC 
VCC=3.6V, 10=0, Outputs low ·1 rnA 
VI = VCC or GND 

Outputs disabled 1 

Ci VI - VCC or GND 4 pF 

:::e t For conditions shown as MIN or MAX, use the appropnate value specified under recommended operating condllions . 

Co Vo - VCC or GND 8 pF 
.. .. 
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CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH 1994 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 3) 

MIN MAX UNIT 

VCO Is operating at four times the CLKlN frequency 25 50 
fclock Clock frequency 

VCO is operating at double the CLKIN frequency 
MHz 

50 100 

Iw Pulse duration CLRlow ns 

Input clock duty cycle 40% 60% 
After SEL1, SELO 50 

Stabilization timet 
AfterCLR, 50 

AfterOE, 50 Jl.8 

After power up 50 
t lime required for the Integrated phase-locked loop circuit to obtain phase lock of its feedback signal to Its reference signal. In order for phase 

lock to be obtained, a fixed-frequency, fixed-phase reference signal must be present at CLKlN. Until phase lock is obtained, the specifications 
for propagation delay and skew parameters given in the swHching characteristics table are not applicable. 

NOTE 3: Preliminary specifications based on SPICE analysis. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 15 pF (see Note 4 and Figures 1 thru 3) 

PARAMETER 
FROM TO 

MIN MAX UNIT (INPUl) (OUTPUl) 

fmax 100 MHz 

tDhase error* CLKINt y ,0500 ps 

tsk(o) CLKlN y 0.5 ns 

Isk(pr) CLKlN y 1 ns 

tjitter(RMS) CLKlNt y 25 ps 

Duty cycle Y 45% 55% 

tr 1.4 ns 

tf 1.4 ns 

* The propagation delay, tphase error, IS dependent on the feedback path from any output to the feedback Input FBIN. 
NOTE 4: The specifications for parameters in this table are applicable only after any appropriate stabilization ~me has elapsed. 
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CDC2586 
3.3-V PHASE·LOCK LOOP CLOCK DRIVER 
WITH 3·STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH .1994 

Input 

PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT FOR OUTPUTS 

l1li tw--.J 
I I 3V 

~'--____ .Jy ~5~ __ ov 

VOLTAGE WAVEFORMS 
PULSE DURAnON 

Input -1 1.5V 

tphase error ~ ~ 

\~5~--- 3V 

"-·----ov 

1 

~Io---~~~t:" -- VOH 
Output o.a2vV 11- 1.5V 2y oav 

- 1 • V 
I 1 1 I OL 

tr ~ Ie- tr -4t 14-

VOLTAGE WAVEFORMS 
PROPAGAnON DELAY TIMES 

NOTES: A. All Input pulses are supplied by generators having the following characteristics: PRR", 1 00 MHz, Zo = 50 0, tr '" 2.5 ns, tf'" 2.5 ns. 
B. The outputs are measured one at a time ·wHh one transHion per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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CLKlN 

Outpute 
Operating 

at 1/2 ClKlN 
Frequency 

Outpute 
Operating 
atCLKlN 

Frequency 

CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 

WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

~ "'------1 
I I "'---
IX I 
I . I I 

-.11 j4-- tph ... error 1 I 
I 

! Y I 
~! I 
~ I--- tph ... error 2 I 

I y I ---i--/: I 
~ If- tpheee error 3 I 

I VI ' II V /I ''''---_---;. __ /[I 
I I - I 
~ j4"- tph ... error 4 ~ j4-- tph ... error 7 

! ~ "'~-----+!~~ 
~ It- tph ... error 5 ---I ~ tphase error 8 

V '~ _____ +-VI I /f "-- I /f 
I I I ~_ 
~ j4- tph ... error 6 ---tj r tphase error 9 

"' ...... _----

"'~-----
"'~-----

NOTE A: Output skew, tsk(o), is calculated as the greater of: 
- The difference between the fastest and slowest of tphase error n (n = 1, 2, ... 6) 
- The difference between the fastest and slowest of tphase error n (n = 7, 8, 9) 

Figure 2. Waveforms for Calculation of tsk(o) 
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CDC2586 
3.3-V PHASE-LOCK LOOP CLOCK DRIVER 
WITH 3-STATE OUTPUTS 
SCAS337 - FEBRUARY 1993 - REVISED MARCH 1994 

PARAMETER MEASUREMENT INFORMATION 

CLKlN ,{ ,,---------1 
I I 
I I 

,,---
~ "~ ______ ~1 ~~ 
-+j 14-- tphase error 10 -.: 14- tphase error 16 

i ~ ,,-------~! -~ Outputs 
Operating 
atCLKlN 

Frequency 

Outputs 
Operating 

at2XCLKlN 
Frequency 

-+l jf"- tphaee error 11 --.: 14- !phaae error 17 

~ "~--------~l -~ 
-+j 14-- tphaaa error 12 ---+I 14- tphaae error 18 

I I I I 
I I I 

.=:l 14- tphaaa error 19 

I 1 
1 __ +-~ 1 1 

14- tphaee error 14 1 .114- tphaee error 20 
14 tPLH23 ----t.~1 

---,-...;~ "---...;'{---"----+-...;{, "--
I+- tphaae error 15 I 14- tphaae error 21 

~---- tpLH24 ----..~ 

NOTE A:. Output skew. tsk(o). is calculated as the greater of: 

:H30 

- The difference between the fastest and slowest of tphase error n (n = 10, 11, ... 15) 
- The difference between the fastest and slowest oftphaseerrorn (n = 16, 17, ... 21) 
- The difference between the fastest and slowest of tphase error n (n = 22. 23. 24) 

where: 

a. tphase error 22 = tpLH22 - 2 x (2~CIOCk) 
1 

b. tphase error 23 = tpLH23 - 2 x (2fclocW 

1 
c. tphase error 24 = tpLH24 - 2 x (2fclock) 

Figure 3. Waveforms for Calculation of tsk{o) 
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Introduction 

Personal computer and workstation designers are pushing the operating speeds of new equipment to ever-higher 
frequencies with technological advances in areas such as RISC/CISC microprocessors, high-speed SRAMs, and cache 
memories. At higher frequencies, the timing delays and uncertainties associated with clock signal generation and 
distribution in a system become critical factors in determining the system's overall performance and reliability. System 
performance is optimized by carefully considering the attributes of the components used in designing the clock circuit. 
The clocking network is the heart of any system. There are two main aspects to this network: clock generation and clock 
distribution. Clock generation is accomplished by taking the output of some source (a crystal oscillator, for example) 
and manipulating it to obtain pulses with a specific frequency, duty cycle, and amplitude. These signals are then fanned 
out to the various system components by a clock-distribution network. As system speeds rise to 33, 40, or 50 MHz and 
clock periods grow shorter, the uncertainties of meeting setup, hold, and pulse duration requirements become critical 
due to a narrowing time window. A clocking system that does not fully consider these uncertainties will suffer degraded 
performance and reliability. 

Clock Generation Clock Distribution 
~ ______________ -JA~ ______________ ~\lr ______________ ~~ ______________ ~ 

Figure 1. Clock Network 

Texas Instruments, as well as several of the other major integrated-circuit (IC) vendors, offers the designer a choice of 
clock generation and distribution circuits commonly referred to as clock drivers. Clock driver ICs are able to provide 
clock generation functions (frequency multiplication, division, and duty-cycle control) as well as clock-distribution 
functions (buffering and fanout) with timing specifications unavailable on older CMOS and 1TL logic families. 
Advances in process technology have allowed IC vendors to offer circuits with tight specifications on switching speeds 
and skew parameters. The high speed, fast edge rates, and tight skew specs offered on clock driver data sheets give the 
designer additional flexibility, but component selections must be closely tied to proper board layout techniques. The 
purpose of this application report is to discuss considerations in the design of clocking networks for high-performance 
systems wherein proper clock generation and distribution are essential. 
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What Is Skew? 

Any discussion of clock-driver attributes ultimately centers around skew. Simply defined, skew is the difference 
between the expected and actual arrival time of a clock pulse. In an ideal clock circuit, propagation delays remain fixed 
and equal for high-to-Iow and low-to-high transitions over the entire ranges of supply voltage, operating temperature, 
and output loading and are independent of the number of outputs switching. However, the world is not ideal, and 
definitions have evolved to help the designer deal with the various types of skew that can be encountered. Clock-driver 
performance can be described in terms of five types of skew as defined in JEDEC Standard 99, clause 2.3.5 (refer to 
Figure 3). 

Output Skew 

Output skew, tsk(o), is the difference between any two propagation delay times when a single switching input or multiple 
inputs switching simultaneously cause multiple outputs to switch, as observed across all Switching outputs. This 
parameter is used to describe the fanout capability of a clock driver and is of concern when making decisions on clock 
buffering and distribution networks. 

Input Skew 

Input skew, lsk(i), is the difference between any two propagation delay times that originate at different inputs and 
terminate at a single output. Input skew describes the ability of a device to manipulate (stretch, shrink, or chop) a clock 
signal. This is typically accomplished with a multiple-input gate wherein one of the inputs acts as a controlling signal 
to pass the clock through. lsk(i) describes the ability of the gate to shape the pulse to the same duration regardless of the 
input used as the controlling input. 

Pulse Skew 

Pulse skew, lsk(p)' is the difference between propagation delay times tpHL and tpLHwhen a single switching input causes 
one or more outputs to switch. tsk(P) quantifies the duty-cycle characteristic of a clock driver. Certain applications require 
a fixed duty cycle for proper operation. As an example, the CLK2 input of an MC68020 processor operating at 40 MHz 
requires a duty cycle of 50:1: 5%. lsk(P) is a measure of a clock driver's ability to supply such a precisely controlled pulse . 

Process Skew 

A-----..._ 
B 
C 
D-----'"-

.,---y 

~--z 

Figure 2. Example of a Gate With Input Skew 

Process skew, lsk(pr)' is the difference between identically specified propagation delay times on any two like ICs 
operating under identical conditions. lsk(pr) quantifies the skew induced by variations in the IC manufacturing process 
but not by variations in supply voltage, operating temperature, output loading, input edge rate, input frequency, etc. 
Process skew is commonly specified and production tested under fixed conditions (e.g., Y cc = 5.25 V, TA = 70·C, CL 
= 50 pF, all inputs switching simultaneously). 

Limit Skew 

limit skew, tsk(l)' is the difference between 1) the greater of the maximum specified values of tpLH and tpHL and 2) the 
lesser of the minimum specified values of tpLH and tpHL' limit skew is not directly observed on a device but rather is 
calculated from the data sheet limits for tpLH and tpHL. lsk(l) quantifies for the designer how much variation in 
propagation delay time will be induced by operation over the entire rangeS of supply voltage, temperature, output load, 
and other specified operating conditions. Specified as such, tsk(l) also accounts for process variation. In fact, all other 

skew specifications [tsk(o)' lsk(i), lsk(P)' and tsk(pr)J are subsets oflsk(l); they will never be greater than tsk(J)-

In general, not all skew parameters are of interest on a device, but their discussion is included for illustration. The 
designer's goal is to minimize skew to an acceptably small fraction of the system clock period. A design rule of thumb 
is that clock skew should be less than 10% of the system clock period. 



The desired operating frequency determines the designer's skew budget, or the maximum amount of skew allowed. For 
example, a system operating at 33 MHz has a period of 30.3 ns, and the allowable skew budget is 3 ns using the 10% 
rule. At 50 MHz, the period is reduced to 20 ns and the permissible skew is now a scant 2 ns. Components in the clock 
network must be carefully selected in order to meet the shrinking skew budget as operating frequencies increase. 

A_I '\ / 
1 1 

Y1 

Y2 

tak(o) Is calculated from tha following expraaalona: 

tak(l) is calcuiated from the following expr888lona: 

tsk(p) is calculated from the following expressions: 

ItpLH1 -tpu.j21 
ItpHL1 -tPHL21 
I tpLH3 - tPLH41 
ItpHl3 -tpHL41 
ItpLH1 -tpLH31 
ItpHL1 -tpHl31 
ItpLH2 - tPLH41 
ItpHL2-tPHL41 
1 tpLH1 - tpHL 11 
ItpLH2- tPHL21 
ItpLH3- tPHl31 
ItpLH4 -tpHL41 

Figure 3. Skew Definitions 

Power Dissipation 

~~Y1 
--LrLt>- Y2 

Power consumption becomes an important consideration as operating frequencies rise but is often overlooked as a 
designer tackles other issues. A much-touted aspect of devices fabricated in CMOS and BiCMOS technologies is low 
power consumption, especially when compared to equivalent devices fabricated in a purely bipolar process. At lower 
frequencies, this generalization holds true but power consumption at higher frequencies becomes less a function of 
process technology and more a function of output loading. To illustrate this point, the dynamic power (P cU consumed 
by a CMOS device will be examined. The dynamic power consumed consists of two components: 

1. Power used by the device as it switches states 
2. Power required to charge any load capacitance 

P d is easily calculated using the following expression: 

Pd = [Cpd x VCC2 x fi] + n[CL x VCC2 x £0] 
Where: 

n 

power dissipation capacitance of the device as specified on the data sheet 
input switching frequency 

= output switching frequency 
load capacitance on each output 

= the number of outputs switching 



This example assumes all outputs are equally loaded. Power consumed by the device switching logic states occurs 
because fabricated transistors on a chip are not ideal. Parasitic capacitances are present, and they must be charged and 
discharged. Cpd quantifies the magnitude of these parasitic capacitances and is in the range of24-30 pF for clock-driver 
devices fabricated using Texas Instruments EPIC" Advanced CMOS process. Power needed to charge the load 
capacitance, Cr.. makes up the second half of the equation. The designer has some control over Cr.. while Cpd is strictly 
a property of the device chosen. Power consumed by both is a direct function of the frequency at which the system 
operates and is usually fixed by the processor speed. The designer's goal is to reduce and evenly distribute the load that 
a device must drive. The SPICE data shown in Figure 4 for the CDC337 clock driver graphically illustrates the 
power-consumption tradeoffs that can be made between switching frequency and output loading. 

The CDC337 is fabricated in Texas Instruments EPIC-lIB" BiCMOS process and contains four buffered outputs that 
switch at the clock frequency and four divide-by-two outputs that toggle atone-halfthe clock frequency. It is specifically 
designed for applications requiring synchronized output signals at both the clock frequency and one-half the clock 
frequency. Power consumption also has implications for packaging at both the component and system levels. The 
general trend is that the system box shrinks with each advance in performance. This in turn requires smaller power 
supplies, closer board-to-board spacing, and reduced capacity for free air flow, all of which are not compatible with 
power-hungry designs. Increased system packaging density usually requires the use of surface-mount components that 
do not have the higher heat dissipation properties of larger DIP devices but do allow closer board-to-board spacing and 
component placement on both sides of the circuit board. All of these factors can drive up system operating temperature 
and cost. Power consumption can make or break a system design and should not be treated lightly. 
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Figure 4. CDC337 Power Dissipation 

EPIC and EPIC-lIB are trademarks of Texas Instruments Incorporated. 
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High-Speed Design Considerations 

A number of tightly specified, high-speed, high-drive clock-driver circuits are available to aid the designer in developing 
a system-clocking network. By carefully following established high-speed circuit design techniques, the designer can 
achieve superior performance from standard components and not incur the high cost of custom components. 
Transmission line effects take over in high-speed, high-drive designs, and attention to detail during board layout is 
critical. A sound high-speed design uses all of the following techniques and rules of thumb: 

Keep output loading as light as possible. This reduces power consumption, allows switching at higher 
frequencies, and reduces skew. 

Equally load all outputs where possible 

Use short, equal-length etch runs 

Avoid sharp comers that may induce unwanted reflections, ringing, and overshoot due to discontinuities 

Properly decouple all device V Cc;: pins as close to the pins as possible. The best high-frequency filtering is 
often accomplished with a combmation of capacitors. An effective combination is 0.1 !AF in parallel with 
0.01 !AF or 0.005 J.tF. Use RF-quality (low-inductance) capacitors. 

Use a multilayer board with low-impedance power and ground planes to minimize circuit noise 

Select components with low noise characteristics. Components optimized for low noise usually have multiple 
Vee and GND pins interSpersed among the device outputs to help reduce noise. 

Summary 

High-perfprmance systems demand a carefully designed clock-generation and distribution network. The designer has 
the challenge of outlining a design that meets tighter timing, lower power consumption, smaller space, lower operating 
temperature, and lower cost requirements. Timing performance is optimized by reducing clock skew. Skew can be 
minimized by selecting components optimized for low-skew applications and by tightening power-supply requirements 
to:t 5% instead of:t 10%. Power consumption is largely a function of operating frequency but can be reduced by making 
output loading as light as possible. The use of surface-mount components saves board and system box space but requires 
analyzing tradeoffs in power consumption, air flow, and operating temperature. High-performance, low-cost 
clock-driver components are now available that can help the designer with this performance jUggling. 
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Introduction 

Today, system clock frequencies continue to increase; we are now approaching the 50-l00-MHz range. The clock 
period with which systems designers must work is shrinking, as is the tolerance for high propagation delays (lpd) and 
high output skew (tsk(o), tsk(p)' and tsk(pr» in clock-distribution systems: 

tsk(o) is output-to-output skew in the same device. 

tsk(P) is the difference between the low-to-high and high-to-Iow transition for a given output terminal: 

tsk(P) = ItPHL - tpLHI 

tsk.<J?rytsk(pv) is process skew or part-to-part skew and is a measure of the difference between the minimum low-to-high 
or high-to -low transition and the maximum high-to-Iow or low-to-high transition on the same terminal of two different 
clock drivers under the same operating conditions: 

tsk(pv) = 1 min lpd UI (device 1) - max tpd HL(device 2)1 

Some manufacturers specify this parameter as: 

tsk(pv) = 1 min lpd UI (device 1) -max lp<! UI (device 2)1 

This is a less-stringent specification. 

Table 1. Clock·Drlver Timing Requirements 

SYSTEM CLOCK 

50 MHz 66 MHz 

Clock cycle time, tc t 20ns 15 ns 

Clock pulse duration, tw* 10 ns 7.5 ns 

t Clock cycle time .. 1/system clock frequency 
* Assumes a 50% duty cycle 

100 MHz 

10ns 

5ns 

These timing requirements imply that the tpLH and tpHL through the clock buffer and ihe maximum allowable output 
skews tsk(o) and tsk(pr) in a given system need to be less than or equal to the clock-pulse duration to not violate system 
timing specifications: 

ItPLH + tpHL + tsk(o) + tsk(pr) I 
Maximum allowable fsk(o) for a 50% duty-cycle clock system is 10% of the clock cycle time. This is an estimate. 

None of the very fastest gate- and buffer-based clock-distribution devices can meet this timing. A system designer must 
therefore turn to a PLL-based clock driver as shown in Figure 1. 

Reference -+-i:::::l--I 
Clock 

Oscillator 
Output 

Phase 
Frequency 
Detector 

Feedback Loop 

U 
I--'=-+-f Charge Pump 

Down and 
LoopFIHer 

'1 +2 '3 '4 
Figure 1. Block Diagram of a Clock Generator Based on a Charge.Pump PLL 

4-17 



The beauty of phase-lock loops is that they receive an input signal, compare this to the feedback of their internal clock 
generated by a voltage-controlled oscillator (VeO), and adjust the veo by way of the charge pump to match the new 
input frequency and synchronize the internal and external clocks. 

In Figure 1, the analog veo is either a ring-oscillator type or a multivibrator type. The veo can also be designed using 
a multistage tapped delay line that is calibrated to a precise delay per stage (a digital approach). The charge-pump design 
has various approaches using inverters, switches, and a passive Re low-pass filter. The phase detector is the second most 
important element (see Figure 2). The input from the external clock enters the phase detector, which is a set of balancing 
buffers and highly balanced D-type flip-flops. The phase detector must always be active. This clock input is compared 
to the feedback input D from the yeo. 

Reference Clock ---,..._ p-...... - Up _...L..._ 

Oscillator Output 
(Internal Clock) --IJ~~---*--1 

0-...... - Down 

Figure 2. Phase-Detector Block 

If the D inputto the flip-flop is high before the rising edge of the clock, then D is phase advanced, the voltage to the veo 
is reduced via the charge pump, and the internal clock is slowed. 

If the D input to the flip-flop is low before the rising edge of the clock, then D is phase retarded and the voltage to the 
veo is increased through the charge pump to speed up the yeo. 

This process is repeated with every external input-clock pulse so that the feedback clock and the external clock are 
synchronized; the circuit then locks onto itself within a narrow frequency band If the input clock slightly varies (within 
that frequency band), the PLL frequency does not vary. This narrow frequency band is known as the dead zone of the 
phase detector. Within this zone, the feedback clock and the external clock are so close in phase that there are no 
correction pulses out of the phase-detector circuit. Once the phase drifts out of this frequency band, the phase detector 
starts correcting again. 

4-18 



Circuit designers have tried to design nondead zone phase detectors such that the phase detector is always active and 
correcting. This, however, is very difficult to implement due to ~itte(> an important specification that results from the 
phase-detector circuit and noise in the VCO: 

tjitter of the phase detector = dead zone + correction pulse 

The phase detector must be very accurate and balanced to reduce the dead zone and keep the correction pulses small. 
The design result is a more analog than digital implementation. 

The phase-lock loop locks in a very short time (less than 50 ms). In fact, after lock, many PlL-based clock drivers are 
termed zero delay. The reality is that most have a tpd of :I: 1 ns from the input frequencies. Comparing this to the 3- to 
12-ns tpd of other gate-based or divider clock drivers, there is a great advantage to a high-performance system designer 
in using a PLL-based clock driver. 

Another feature of a PlL is the skew control of the device. Since the input signal is locked onto and regenerated at the 
output of the device, the variation of the signal from output to output is no longer a function of the chip layout and process 
as it is in gate- and f1ip-flop-based devices. PlL designs achieve maximum output skew [tsk(o)1 of 500 ps or less and 
process skew [tsk(pr)1 of < 1 ns; very important features from the designer's point of view. 

Two other aspects of a PLL design allow for additional functionality. One of these is external feedback (not all PlL 
devices have this). This allows a designer to use an external gate- or f1ip-flop-based clock driver to drive multiple loads 
off of one PlL output. The PLL output drives the input of the external clock driver and, by feeding one output of that 
external buffer back into the PLL-based clock driver through the feedback terminal, one can synchronize the remaining 
PLL outputs with the remaining external buffer outputs and the input clock to the PLL-based clock driver. The other 
aspect is output jitter (tUtter)' Jitter occurs when a signal deviates in phase or frequency from that of an ideal clock. This 
shows up as noise on the outputs of the device. When a PLL locks into the input frequency, there is a limited variation 
of that signal at the outputs. This provides for good, low ~itter specifications both on individual outputs and the entire 
device. 

Multiple-boardsysterns derive a huge benefit from this feature. A designer can use a master PlL based on a motherboard 
and synchronize the other boards in the system by driving the oscillator signal through the master PlL and out through 
the backplane, than recovering it on each of the boards via a PLL-based clock driver on each of the system boards. This 
works best because the master PlL has the lowest signal loss/output skew and can have high-drive outputs. Each system 
board is then synchronized to the master clock, and each board individually drives the clock via its own clock driver. 
This application also works best when the oscillator signal is divided down, driven across the backplane, and multiplied 
back up through the clock recovery PLLs to the system operating frequency desired across all of the boards. By reducing 
the clock frequency driven across the backplane, the level of extraneous noise in the signal is also reduced. 

The main drawback to the PLL-based clock driver is cost. Due to the complexity of the circuitry and speeds at which 
the VCO needs to rnn, PLLs are expensive. In general, a PLL-based clock diver costs two to five times the price of a 
gate-based clock driver. This price is based upon the value of the product. If the accuracy and speed of the PlL is not 
needed, other solutions can be used 

Other disadvantages of PLLs are: 

1. They are inherently very noise sensitive. 

2. They are untestable by the end user, but can have the veo bypassed in a system to allow examination of other 
parts of the device circuitry (mainly inputs) during debug stages of board-level design. 

3. Some PLLs can require expensive, high-qUality external components to implement the loop-filter design. 

4. The external loop filter may have to be modified from part to part due to processing variations in a vendor's 
PlL silicon. 

5. tjitter can also occur due to substrate conditions. Isolation of key components such as the veo and charge 
pump from the outputs and on-chip digital circuitry can reduce tjitter' tjitter is also increased if an external 
feedback terminal is implemented in the design along with the reference clock terminal. If the feedback 
terminals is tied to a separate Vee and ground from the analog circuitry, it can increase jitter via shifting rail 
and ground levels between the feedback and the analog VCO and reference input. This can be combatted by 
tying the feedback terminals/clock input! VCO/charge pump to the same V cc and ground 
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Texas Instruments has developed a group of three low-voltage, high-performance, PlL-based clock drivers. These 
devices are targeted at the high-performance (50 MHz-1OO MHz), 3.3-V power-supply markets for RISC processors, 
Intel Pentium TM microprocessors, and synchronous DRAMs. . 

Each of these markets require multiple outputs, twelve on each device, and a way to configure the device outputs to be 
one half the input frequency, two times the input frequency, and the same frequency at the input frequency. Some of the 
devices also incorporate dampening resistors on the outputs to reduce reflections caused by transmission-line effects 
and increase the integrity of the signal at the load. 

The 11 devices incorporate a five-stage ring oscillator veo, and internal loop filter, and an external feedback terminal 
(which allows for doubling the input-clock frequency at the outputs). The yeo, charge pump, reference-clock input, 
and feedback terminal are all tied to the same Vee and GND and fully isolated from the remaining on-chip logic and 
outputs of the device. 

This design is inherently stable and exhibits low ~itter on each of its outputs. Measured ~itter in spice simulation is 48 ps 
or less with a typical number of 23 ps. 

The CDC2582, CDC2586. and CDC586 are very competitive solutions for the telecommunications. workstation. and 
PC-equipment clock distribution requirements. 
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Introduction 

The purpose of this application report is to help designers use existing clock-driver products to drive large loads and 
maintain a minimum amount of skew between outputs of the device. The emphasis of this report will be on using parallel, 
or ganged, outputs to drive loads. 

Skew Definitions 

Output Skew - tsk(o) 
Output skew is defined as the difference in propagation delay of the fastest and slowest paths on a single device that 
originate at either a single input or multiple simultaneously switched inputs. This parameter is useful when considering 
the distribution of a clock signal to multiple targets. 

Pulse Skew - tsk(p) 
Pulse skew is defined as the difference between the propagation delay times tpLH and tpHL on the same pin at identical 
operating conditions. This parameter is useful when considering the output duty cycle characteristics of a device. 

Process Skew - tsk(pr) 
Process skew is defined as the difference between propagation delay times on any two samples of an integrated circuit 
at identical operating conditions. This parameter addresses the difference in propagation delay times due to process 
variations. 

Board Skew 

Board skew is introduced into the clock system by unequal trace lengths and loads. It is independent of the skew 
generated by the clock driver. It is important to keep line lengths equal to minimize board skew. 

When measuring propagation delays to determine the parameters tsk(o), lsk(p), and tsk(pr» the device(s) must be tested 
under identical operating conditions such as temperature, power supply voltage (V Cc), output loading, and input edge 
rates. 

Ganged Outputs 

As system frequencies increase, the need to minimize skews of clock drivers becomes critical to overall system 
performance. Existing non-PLL-based clock driver products deliver guaranteed output skews {tsk(oV in the 500-ps to 
1-ns range. It is possible to use these low-skew clock drivers in a way that eliminates the outputskew of the device. This 
can be achieved by using parallel, or ganged, outputs. TWo or more outputs ganged (connected to a single transmission 
line) create a single clock source for all the target devices. Output skew of the clock driver is eliminated, and the drive 
capability is increased. 

Performance Evaluation 

To evaluate the impact of connecting all the outputs of a device to a single transmission line, a test board with traces of 
equal length to and from the inputs and outputs of the devicewlis constructed. Using traCes of equal length prevents board 
skew from being introduced into the system. 

Various tests were performed on the CDC209 and CDC208 to evaluate their changes in performance when one output 
was used to drive a load versus four or eight ganged outputs. The dc-drive capability increases as more outputs are used 
to drive the load Figures 1 and 2 show VOH/IOH and VOrJIOL curves displaying the difference between one, four, and 
eight outputs. 

4-25 



4-26 

> 
I 
II 

I 
~ 
'S 
Q, 

'S 
0 

~ 
CII 
% 
I 
:z:: .p 

> 
I 

& 

I 
i 
] 
~ 
I 

CDC209 
HIGH-LEVEL OUTPUT VOLTAGE 

va 
HIGH-LEVEL OUTPUT CURRENT 

5 

"" i"'= -.:.: 
4.8 

4.6 

4.4 

4.2 

4 

3.8 

3.6 

3.4 

3.2 

3 

1 

0.9 

0.8 

0.7 

0.8 

0.5 

0.4 

0.3 

--=- -- --1'-0... -- --
" I- -r- --......... 

~ 

" .... i'-.. 

" " 
I- -- 1 Output 

I- - - 4 Ganged Outputs 
- - - - - 8 Ganged Outputs 

0-10 -20 -30 -40 -SO -60 -70 -80 -90 -100 

IOH - High-level Output Current '" mA 

Figure 1 

CDC209 
LOW-LEVEL OUTPUT VOLTAGE 

va 
LOW-LEVEL OUTPUT CURRENT 

I I I I I I 
--- 1 Output 
....,.- - 4 Ganged Outputs 

- - - - - 8 Ganged Outputs / 
/ 

V 
/ 

L V 
V" 

/ 

I ....... / -...I 0.2 .p 
0.1 / -.... f- ... . -

lL 1....-: ~ I" • • 

o 10 20 30 40 SO 60 70 80 90 100 

IOL - Low-Leve/ Output Current - mA 

Figure 2 



Figure 3 shows the difference in supply current versus operating frequency for four and eight ganged outputs. 
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Figures 4 and 5 show the difference in tpLH and tpHL versus capacitive loading for one, four, and eight ganged outputs. 
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Figure 6 shows the difference in output waveforms of a CDC209 for one, four, and eight ganged outputs driving a 
470-pF load in parallel with 500 Q. 
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Reliability 

A life test of 1000 hours was also performed on 52 devices using the circuit shown in Figure 7. No failures were observed. 

r-----------., 
1Y1 

1Y2 

1A 

1Y3 

1Y4 Vee 

250 

250 

2Y1 

2Y2 

2A 

2Y3 

2Y4 

L ___________ .J 

NOTES: A. Life test conditions: Vee = 7 V, TA = 150·e, input frequency = 10 MHz 
B. It is very important to keep all of the input and output transmission lines equal length to prevent skew from being introduced. 

Figure 7. Test Circuit 

Applications 

One application for ganged outputs is a backplane or bus on a motherboard. A backplane usually requires a single system 
clock capable of driving multiple plug-in boards. Ganged outputs are very effective at driving capacitive loads 
distributed along a single transmission line. 

Great care must be taken when connecting more than one output to a single transmission line. The length and impedance 
of the transmission lines from each output to the point of intersection must be matched. The same attention must be given 
to the input traces if the outputs are driven from multiple inputs. If the lengths and impedances are not matched, a shelf 
may be visible in the output waveform. 
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Introduction 

Although the importance of electromagnetic interference (EMI) has been recognized, most system designers have 
tended to handle the problem by shielding via metal cabinets or through RC networks to limit the rise and fall times of 
digital pulse waveforms. These design practices were motivated by 1) a lack of EMl-prevention design rules and by 
2) designers' tendencies to prioritize apparent system performance only to have that performance subsequently 
degraded through the later addition to the system of EMl-prevention devices such as metal chassis or RC networks. 

With the current trend towards lighter, more compact personal computers and engineering workstations, system 
designers can no longer rely upon after-the-fact EMl shielding techniques; rather, they must learn to build in EMl 
protection at the design stage. This application report discusses EMl protection for a clock distributor, an application 
characterized by multiple simultaneously switching bits and relatively long transmission lines. 

Higher-Harmonic Components of Digital Waveforms 

In general, the decay rate of a Fourier-spectrum envelope is greater for a waveform with slow rise and fall times than 
for a waveform with fast rise and fall times. Figures 1 and 2 show a triangular waveform and its spectrum envelope. The 
12 dB/octave decay rate shown in Figure 2 means that if two x-axis values of IX frequency and 2X frequency are 
considered, the corresponding y-axis values are IX and 1/4X amplitude, respectively. 

i 
E 
c( 

Time 

Figure 1. Triangle Wave 

Slope = 12 dB/Octave 

Log10 Frequency 

Figure 2. Spectrum Envelope for Triangle Wave of Figure 1 
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Figures 3 and 4 show an ideal square waveform (O-ns rise and fall times) and its spectrum envelope. Comparing 
IX frequency and 2X frequency x-axis values, the corresponding y-axis values are IX and 1/2X, respectively. 

nn 
Time 

Figure 3. Square Wave 

Log10 Frequency 

Figure 4. Spectrum Envelope for Square Wave Shown In Figure 3 

By comparing Figures I and 2 with Figures 3 and 4, it is evident that the ideal square wave, with its sharp discontinuities 
(O-ns rise and fall times), contains many more higher harmonics than does the triangle wave. Hence, an electronic circuit 
stimulated by an ideal square wave would require employment of more EMI -protection design techniques than a circuit 
stimulated by a triangle wave of the form shown in Figure 1. 

In real digital-circuit applications, square waves are not ideal but instead have finite rise and fall times. Although the 
decay rate of the spectrum envelope for a real square wave will be greater than the 6 dB/octave rate of the ideal 
square-wave spectrum envelope, its decay rate will still be small enough to cause EM! problems. The spectrum-envelope 
decay rate for a square wave is also dependent on its pulse duration, as shorter pulse durations equate to frequency spectra 
exhibiting higher amplitudes at higher frequencies. In comparing Figures 5 and 6 (time and frequency plots for a 
50% duty-cycle square wave) with Figures 7 and 8 (time and frequency plots for a less-than-50% duty-cycle square 
wave), the following may be observed: 

• 

• 
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The amplitude-vs-frequency plot remains flat up to a frequency equal to the inverse of the pulse duration, or 
l/fw. This first node in the frequency plot occurs at a higher frequency for the less-than-50% duty-cycle 
waveform than for the 50% duty-cycle waveform. 
Beyond this first node in the frequency plot, both frequency plots have spectrum envelopes that decay at the 
6 dB/octave rate. 
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Transmission Line and Radiated Emissions 

The transmission lines connected to clock drivers or bus drivers are often relatively long. When transient currents flow 
on such transmission lines, the transmission lines act as efficient antennae, radiating high-frequency electromagnetic 
waves. If such a transmission line is unterminated, its radiated spectrum shows maximum peak voltage. 

In the transmission line shown in Figure 9, the input impedance of the receiver is high (10 kg to 100 kg) relative to the 
transmission-line characteristic impedance (Zo). The transmission-line input impedance versus length can be 
represented by a cotangent function. For a particular signal frequency, the transmission-line input impedance is at a 
minimum when the transmission-line length is an odd multiple of 1/4 of the wavelength of the signal. When the 
frequency spectrum of the output waveform of the driver shown in Figure 9 contains such frequency components, 
current through the transmission line and radiated emissions from the transmission line are maximized. 

~-)--- ----ID ~.lOkQ-l"'kO 
Zi = - jZ.cot (~l) 

(8) MODEL OF TRANSMISSION UNE SHOWING HIGH INPUT IMPEDANCE OF RECEIVER 

a 
I 

i 
.§ 

Zo 
'-------'f----t---'f---+---~- Transmission-Line 

Length 

(b) PLOT OF TRANSMISSION-LINE INPUT IMPEDANCE VERSUS LENGTH 

Figure 9. Transmission Line With a Driver and a Receiver 

On the other hand, if the transmission line is terminated with less impedance than the transmission-line characteristic 
impedance (Zo) (see Figure 10), the transmission-line input impedance versus length can be represented by a tangent 
function. For a particular signal frequency, the transmission-line input impedance is minimized when the 
transmission-line length is an integer multiple of 1/2 of the wavelength of the signal. Radiated emissions are maximized 
at these frequencies. 
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(b) PLOT OF TRANSMISSION-lJNE INPUT IMPEDANCE VERSUS LENGTH 

Figure 10. Transmission Line With a Termination Resistor Value Less Than Zo 

In summary, impedance mismatching causes a maximum current flow on the transmission line, thus maximizing 
radiated emissions. It is obviously desirable to assure impedance matching to minimize radiated emissions. There are 
two basic methods of assuring impedance matching: 1) termination at a line end point, and 2) termination at a line start 
point. 
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Terminating the end of a transmission line can be done either by use of a pull down resistor (see Figure 11) or through 
parallel resistors (the so-called Thevenin's termination; see Figure 12). Termination at a transmission-line start point 
is done via a damping resistor (see Figure 13). 

Z. = R 

Figure 11. Impedance Matching Through a Pulldown Resistor 

Zo 

Figure 12. Impedance Matching Through Parallel Resistors (Thevenin's Termination) 

Z = RH + RL + R 
• 2 

Figure 13. Impedance Matching Through a Damping Resistor 

For a clock-distribution circuit, in which transmission is restricted to a single direction, termination at the 
transmission-line start point (i.e., through a damping resistor) is recommended as this approach minimizes power 
consumption (albeit at the cost of a slight increase in the clock signal rise and fall times). In contrast, a Thevenin 
(end-of-transmission-line) termination is recommended for bus interface circuits wherein bidirectional signal flow is 
assumed. 
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The Antenna Effect 

When relatively long transmission lines have a high characteristic impedance, they tend to mimic antennae, both 
receiving and radiating noise easily, so it is desirable to design transmission lines with as Iowa characteristic impedance 
as possible. When a multilayered printed-circuit board (PCB) is used, transmission lines can be laid out on an 
intermediate layer; the shielding effects of the Vee and GND planes of the PCB will then suppress vertically polarized 
waves. 

'--_______ --' vcc ..J'\.J'\./"v ----+ 

CJ CJ CJ ~ ----+ 
GND 

Figure 14. Antenna Effect of Transmission Lines 

Spectrum Analyzer Results 

Data from the test setup shown in Figure 15 was examined via a spectrum analyzer to determine which element of the 
test setup was most critical relative to radiated emissions (the oscillator, the shielded line, the driver, the transmission 
lines, ~r the receiver) and to observe the effects of line terminations. The data as plotted in Figure 16 showed that the 
oscillator exhibits a maximum value of 47dB1lV/m at 150 MHz and that the oscillator has high shielding capability. 
Table 1 gives the mean and maximum values for the four plots in Figure 16. It is clear from Figure 16 that the 
transmission line is the most significant contributor to radiated emissions. 
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Figure 15. Block Diagram of Test Setup for Measuring Radiated Emissions 
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Table 1. Comparison of Radiated Emissions 
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Effects of Impedance Matching 

Practically speaking, impedance matching is the easiest way to minimize radiated emissions. Figures 17 and 18 show 
test setups (transmitter = CDC208; receiver = CDC204) with unterminated transmission lines and with transmission 
lines terminated with 56-0 damping resistors, respectively. The oscilloscope display for the transmitted waveform from 
the test setup of Figure 17 showed significant overshoot and undershoot due to signal reflections, and a spectrum 
analyzer showed a maximum value of9O dBlt V /m. In contrast, the transmitted waveform from the test setup of Figure 18 
showed no overshoot and undershoot, and the amplitudes of higher-harmonic components were reduced. 

Zo=750 I .. SOem , 
r-

Shielded ~ 

Wire ~ 

Clock I-f .......... ..-
Oscillator 

~ 

SO MHz ..-
-

CDC208 CDC204 

Figure 17. Test Setup With Untermlnated Transmission Lines 
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..-
50 MHz ..-

- ' . 
CDC208 CDC204 

Figure 18. Test Setup With 56-0 Damplng-Reslator Terminations 

Similar analyses were made using CDC204/CDC204 andABT240/ABT240 transmitter/receiver pairs. The results for 
all three transmitter/receiver pairs for unterminated transmission lines are summarized in Table 2. 

Table 2 

INTERFACE MIN MAX 

CDC208-CDC204 8.8 17 

CDC204-CDC204 4.9 9.2 

ABT240-ABT240 7.3 13 

UnHs: dBILV/m 
NOTE: MIN and MAX values at higher 

harmonics 

In the case of transmission lines terminated with 56-0 damping resistors, the data values in Table 2 could be expected 
to improve by 5 to 9 dBltV/m (means) and 9 to 17 dBltV/m (maximums). 



Figures 19 through 22 show EMI evaluation results for CDC208, CDC204, ABT240, and CDC303 devices in both 
unterminated and damping-resistor-tenninated configurations. The x-axis (frequency) values in these figures are odd 
higher harmonics for the given transmission lines. The radiated emission values in these figures are relatively high for 
the folloWing reasons: 

• The transmission lines were up to SOO mm in length. 
• The transmission lines were laid out on a surface layer of the PCB. 
• The PCBs were not shielded by metal cabinets. 

Figures 19 through 22 clearly show that when signal reflections are controlled by impedance matching, the radiated 
emissions are reduced. 
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Figure 19. EMI Evaluation Results (Device Under Test = CDC208) 
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Figure 20. EMI Evaluation Results (Device Under Test = CDC204) 
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Figure 22. EMI Evaluation Results (Device Under Test = CDC303) 

Summary of Methods for EMI Prevention 

Characteristic Impedance of the Transmission Line 

A transmission line should be designed with as Iowa characteristic impedance as possible to reduce the antenna effect. 
Long transmission lines such as those in clock-driver or bus-interface circuits should be laid out in intermediate PCB 
layers rather than surface layers (the characteristic impedance of intermediate-layer lines is on the order of 50 Q, while 
surface-layer lines have 75-0 characteristic impedances). 

PCB Shielding Effects 

Laying out transmission lines between PCB Vee and GND planes both reduces their characteristic impedance and 
reduces horizontal polarization through shielding by PCB copper planes. The metal stiffeners at the PCB edges also 
shield against horizontal polarization. 

Impedance Matching 

Radiated emissions are high when transmitted signals exhibit overshoot, undershoot, and ringing. Careful impedance 
matching must be maintained between drivers and transmission lines and between transmission lines and receivers to 
minimize these effects. For clock-distribution circuits, use of 10-0 damping resistors between the drivers and 
transmission lines or pulldown resistors, Thevenin's terminations, or clamp diodes between the transmission lines and 
receiver inputs is recommended. 

Conclusion 

As the data in this application report shows, unsuitable transmission-line terminations both contribute to radiated 
emissions and cause signal distortion. The evaluations described in this report seek not to measure exact values of 
radiated emissions but rather to demonstrate the effectiveness of impedance matching for reducing both radiated 
emissions and signal distortion. 
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Analysis of Clock-Driver Circuit Output Drive Capability and Incident-Wave Switching 

The recommended IOH and IOL are -48 rnA and 48 rnA, respectively, for many CDC devices. However, these devices 
are capable of driving beyond these limits, an important factor when considering switching a low-impedance load on 
the incident wave. 

Incident-wave switching ensures that for a given transition (either high-to-low or 10 W-to-high) the output will reach a 
valid level on the initial wavefront (i.e., does not require reflections). Figure 1 shows the possible problems a designer 
can encounter when a device does not switch on the incident wave. A shelf below VIL(max) on signal A causeS the 
propagation delay of the signal to slow by the amount of time it takes for the signal to reach the end-of-line receiver and 
reflect back. This effect can increase the board skew of a clock tree (e.g., when loads on a given output switch on the 
incident wave and loads on a given output switch on the reflected wave). Signal B shows the case where there is a shelf 
in the threshold region. When this phenomenon occurs, the input to the receiver is in an unknown state which could cause 
several problems associated with slow input edges such as output oscillations. Signal C is an example of incident-wave 
switching. This signal will not cause problems or increase the propagation delay because the shelf occurs after the 
necessary VIH level has been attained 

v 

VIH(mln) 

A B c 

Figure 1. Reflected Wave Switching 

The IOH and IOL curves for typical CDC outputs are shown in Figures 2 through 23. The recommended operating IOH 
and IOL can be found on the individual CDC data sheets. 

Worst-case incident-wave switching analysis can be performed for the CDC341 using the data sheet specifications. For 
a low-to-high transition (VOH = 2 V @ IOH = -48 rnA), the CDC341 can meet a VIH(min) requirement of 
2 V @ IOH = -48 rnA, providing incident-wave switching for loads as heavy as 37.50 (Equation 1). 

ZUl = VOLq ~O:IH(min) = o.~~ ~ V = 37.5 Q (1) 

For a high-to-Iow transition (VOL = 0.5 V @ IOL = 48 rnA), the device can meet a VIL(min) requirement of 
0.8 V @ IOH = 48 rnA, providing incident-wave switching for loads as heavy as 60 0 (Equation 2). 

z - V OHq - VIL( .. ",) = 3.7 V - 0.8 V = 60 Q 
HL - lOL 48 rnA 

(2) 

Using typical VOH and VOL values along with data points from the curves, it can be shown that theCDC341 can be used 
to switch greater loads. From the CDC341 curves of Figures 16 and 17, an analysis can be performed to determine the 
load capability for the CDC341 (Equations 3 and 4). . 

For a low-to-high transition (VOH = 2.7 V @ IOH = -96 rnA): 

VOLq - VOH = 0.2 V - 2.7 V = 26 Q 
ZUl = lOH -96 rnA 

For a high-to-Iow transition (VOL = 0.4 V @ IOL = 96 rnA): 

3.7 V - 0.4 V = 34 Q 
96 rnA 

(3) 

(4) 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained in the 
following example. 

EXAMPLE: 

Prefix ----------------------------' 

MUST CONTAIN TWO TO FOUR LETTERS 

SN Standard prefix 
SNJ = MIL-STD-883 processed and 

screened per JEDEC Standard 101 

Unique Circuit Description __________________ -.J 

MUST CONTAIN SIX TO NINE CHARACTERS 

Examples: CDC204 
CDC329A 
CDC2582 

Package-------------------------J 
MUST CONTAIN ONE TO THREE LETTERS 

D, DW plastic small-outline package 
DB plastic shrink small-outline package 
FN plastic J-Ieaded chip carrier 
N, NT dual-in-line package 
PBG plastic quad flatpack 
PW plastic small-outline package 
(from pin-connection diagram on individual data sheet) 

'~1ExAs 
INSTRUMENTS 
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MECHANICAL DATA 

D/R-PDSO-G** 
16PINSHOWN 

PLASTIC NARROW-BODY SMALL-OUTLINE PACKAGE 

-.-t -r---+,..r B...wR ..... RI...I..I..I
A ...I.o..I.I..~·l 

0.244 (6,20) 
0.228 (5,80) 

0.157 (4,00) 

0.150 (3,81) 

~~----------~ 

8 

~ DIM 

A MAX 

A MIN 

8 14 16 

0.197 0.344 0.394 
(5.00) (8,75) (10,00) 

0.189 0.337 0.386 
(4,80) (8,55) (9,80) 

0.069 (1,75) SeBllng Plane l /4-- 0.020 (O,SO) ,,45· 

0'05tp3(1'35) 0. 0.004(0,10) I 0.010(0,25) 

Lhri86riB6Brl WE Il 
~:~~~:~ J III .... ..-, N· == -J L _0.1. --.l /.- 0.014 (0,356) 0.016 (0,40) 

0.050 (1,27) TYP 
(aeeNotee) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Leads are within 0.005 (0,127) radius of true postion at maximum material condition. 
D. Body dimensions do not include mold flash or protrusion. 
E. Mold protrusion shall not exceed 0.006 (0,15). 

~TEXAS 
INSTRUMENTS 
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MECHANICAL DATA 

DB/R·PDSO·G** 
16PINSHOWN 

2,00 MAX 

It-hririri6rmUrl 
0,05 Mlj LJ ~ ~:: 

O,65TYP 
(see Note C) 

NOTES: A. All linear dimensions are in millimeters. 

~INS"* 
14 

DIM 

A MAX 6,50 

A MIN 5,90 

Seating Plane 

1-=1 0,10 1 

B. This drawing is subject to change wHhout notice. 

16 

6,50 

5,90 

C. Leads are within 0,127 radius of true position at maximum material condition. 
D. Body dimensions do not include mold flash or protrusion. 
E. Mold protrusion shall not exceed 0.006 (0,15). 

~TEXAS 
INSTRUMENTS 

PLASTIC SMALL-OUTLINE PACKAGE 

20 24 28 30 38 

7,50 8,50 1 0,50 1 0,50 12,90 

6,90 7,90 9,90 9,90 12,30 

4040065/A-10/93 
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MECHANICAL DATA 

DW/R-PDSO-G** 
20 PIN SHOWN 

PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE 

0.419 (10,65) r 
Q.4oo (10,15) 

20 

0.299 (7,59) 

0.293 (7,45) 0 
L t-=-----------. 

10 

~ DIM 

A MIN 

A MAX 

16 20 24 

0.400 0.500 0.600 
(10,16) (12,70) (15,24) 

0.410 0.510 0.610 
(10,41) (12,95) (15,49) 

t 0.364 (9,24) ~ 0.104 (2,65) Seating Plane 0.338 (8,58) 
0.093 (2,36) ~ 0.004 (0,10) 

28 

0.700 
(17,78) 

0.710 
(18,03) 

i t-¥Vif#lIlIlI1IW L =i Il 
~::::::~J l·IL--> ~-a. ~:::~: -J L-"~ 0.014 (0,36) 0.016 (0,40) 

0.050 (1,27) 
(sea Note C) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Leads are within 0.005 (0,12n radius of true postion aI maximum malerlal condition. 
D. Body dimensions do not Include mold flash or protrusion. 
E. Mold protrusion shall not exceed 0.006 (0,15). 

~TEXAS 
INSTRUMENTS 
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MECHANICAL DATA 

FN/S-PQCC..J** 
2().PIN SHOWN 

E 

o -----~ 

PLASTIC J-LEADED CHIP CARRIER 

Seating Plane 

.Q I 0.004 (0,10) I 
+-0.180(4,57)-' 

MAX 

0.050 (1,27) TYP 

DIE D1IE1 
JEDEC NO. OF 

OUTLINE PINS*" 
MIN MAX MIN MAX 

MO-047AA 20 0.385 (9.78) 0.395 (10.03) 0.350 (8.89) 0.356 (9.04) 

MO-047AB 28 0.485 (12.32) 0.495 (12.57) 0.450 (11,43) 0.456 (11.58) 

MO-047AC 44 0.685 (17.40) 0.695 (17.65) 0.650 (16.51) 0.656 (16.66) 

MO-047AD 52 0.785 (19.94) 0.795 (20.19) 0.750 (19.05) 0.756 (19.20) 

M0-047AE 68 0.985 (25.02) 0.995 (25.27) 0.950 (24.13) 0.956 (24.28) 

MO-047AF 84 1.185 (30.10) 1.195 (30.35) 1.150 (29.21) 1.158 (29.41) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change wtthout notice. 
C. Falls within JEDEC MO-047. 

~TEXAS 
INSTRUMENTS 

D2IE2 D3lE3 

MIN MAX TYP 

0.290 (7.34) 0.330 (8.38) 0.200 (5.08) 

0.390 (9.91) 0.430 (10.92) 0.300 (7.62) 

0.590 (14.99) 0.630 (16.00) 0.500 (12.70) 

0.690 (17.53) 0.730 (18.54) 0.600 (15.24) 

0.890 (22.61) 0.930 (23.62) 0.800 (20.32) 

1.090 (27.69) 1.130 (26.70) 1.000 (25.40) 

4040005/A-10/93 
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N/R·PDIP· T** 
16PINSHOWN 

CA~ 
T 

0.260 (6,60) 
0.240 (6,10) 

~'i""'i=i"'~~""'i"""i"~--*-

0.035 (0,89) MAX 

8 

0.070 (1,778) MAX 

J l ---l I.- 0.100 (2,54) TYP 
(see Note C) 

0.014 (0,356) 
0.010 (0,254) 

0.125 (3,18) MIN 

(see Note C) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

MECHANICAL DATA 

PLASTIC DUAL·IN·LINE PACKAGE 

~ DIM 
14 16 20 

A MAX 
0.775 0.775 0.975 

(19,69) (19,69) (24,77) 

A MIN 
0.745 0.745 0.940 
(18,92) (18,92) (23,88) 

JII - ~ 0°-15° 

~6) 
0.010 (0,254) 
(see Note C) 

4040049/A-10/93 

C. Each lead centerline is located within 0.010 (0,254) of its true longitudinal position. 

~TEXAS 
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MECHANICAL DATA 

NT/R·PDIP· T** 
24 PIN SHOWN 

PLASTIC DUAL·IN·LINE PACKAGE 

r A ------+1'1 ~ DIM 

A MAX 

T A MIN 

0.280 (7,11) 

0.250 (6,35) 

~~~nn~rn~~~~~~ 
BMAX 

B MIN 

0.020 (0,51) MIN 

b:~~~=r~~~~:T-C~~~~~=r~~~~~ 1 OOOO~MAX 
Seating 
Plane 

24 28 

1.260 1.425 
(32,04) (36,20) 

1.230 1.385 
(31.24) (35,18) 

0.310 0.315 
(7,87) (8,00) 

0.290 0.295 
(7,37) (7,49) 

\.-- 0.100 (2,54) TYP 
(see Note C) 

0.021 (0,533) 

0.015 (0,381) 

0.125(3,18) MAX JL 0°-15° \.-

0.014 (0,356) 

0.010 (0,254) 
(S88 NoteD) 

(see Notes 0 and E) 

404OO5O/A-l0/93 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Each lead centerline is located within 0.010 (0,254) of its true longitudinal position. 
D. This dimension does not apply for solder-dipped leads. 
E. For solder-dipped leads, dipping area of the leads extends from the lead tip to at least 0.020 (0,51) above seating plane. 
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PBG/S·PQFP-G52 

40 

52 

39 

L O,65TVP 
14 

14----- 12,20 sa ----~ 
11,80 

'1MAX~ _A_ 
.J=~f----,-I~......Llo-,-'10--,1 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 

~1EXAs 
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MECHANICAL DATA 

PLASTIC QUAD FLATPACK 

4040165/A-10/93 
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MECHANICAL DATA 

PW/R-PDSO-G'"' 

B-PINSHOWN 

~ DIM 

4 

',':_~ 
gJIJl-~ 

~ O,65TYP 

NOTES: D. All linear dimensions are in millimeters. 
E. This drawing is subject to change without notice. 
F. Drawing source: SCJ Package Handbook, 1990 

A MAX 

A MIN 

BMAX 

8 

3,30 

2,90 

0,65 

I~TEXAS NSTRUMENTS 

PLASTIC SMALL-OUTLINE PACKAGE 

14 16 20 24 28 

5,30 5,30 6,80 8,10 10,00 

4,90 4,90 6,40 7,70 9,60 

0,70 0,38 0,48 0,48 0,78 

404OO64IA-07/93 
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