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Numerical Device Listing 

Device Function 

MCl648 Voltage Controlled Oscillator 

MC1658 Voltage Controlled Multivibrator 

MC12015 225MHz +32/33 Dual Modulus Prescaler 

MC12016 225M Hz +40/41 Dual Modulus Prescaler 

MC12017 225M Hz +64/65 Dual Modulus Prescaler 

MC12018 520MHz +128/129 Dual Modulus Prescaler 

iVil;12u19 225iviHz +20i2 i Duai ivioauius Pre:sciiitu' 

MC12022A 1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler 

MC12022B 1.1 GHz +64165, +1281129 Dual Modulus Prescaler 

MC12022LVA 1.1 GHz +64/65, +1281129 Low Voltage Dual Modulus Prescaler 

MC12022LVB 1.1 GHz +64165, +1281129 Low Voltage Dual Modulus Prescaler 

MC12022SLA 1.1 GHz +64/65, +128/129 Low Power Dual Modulus Prescaler 

MC12022SLB 1.1 GHz +64/65, +1281129 Low Power Dual Modulus Prescaler 

MC12022TSA 1.1 GHz +64/65, +128/129 Low Power Dual Modulus Prescaler With 
On-Chip Output Termination 

MC12022TSB 1.1GHz +64/65, +1281129 Low Power Dual Modulus PrescalerWith 
On-Chip Output Termination 

MC12022TVA 1.1 GHz +64/65, +1281129 Low Voltage, Low Power Dual Modulus 
Prescaler With On-Chip Output Termination 

MC12022TVB 1.1 GHz +64/65, + 1281129 Low Voltage, Low Power Dual Modulus 
Prescaler With On-Chip Output Termination 

MC12023 225MHz +64 Prescaler 

MC12025 520MHz +64/65 Dual Modulus Prescaler 

MC12026A 1.1 GHz +8/9, +16/17 Dual Modulus Prescaler 

MC12026B 1.1 GHz +8/9, + 16117 Dual Modulus Prescaler 

MC12028A 1.1 GHz +32133, +64/65 Dual Modulus Prescaler 

MC12028B 1.1 GHz +32/33, +64165 Dual Modulus Prescaler 

MC12031A 2.0GHz +64/65, +1281129 Low Voltage Dual Modulus Prescaler 

MC12031B 2.0GHz +64/65, +1281129 Low Voltage Dual Modulus Prescaler 

MC12032A 2.0GHz +64/65, +1281129 Dual Modulus Prescaler 

MC12032B 2.0GHz +64/65, +1281129 Dual Modulus Prescaler 

MC12033A 2.0GHz +32/33, +64165 Low Voltage Dual Modulus Prescaler 

MC12033B 2.0GHz +32/33, +64165 Low Voltage Dual Modulus Prescaler 

MC12034A 2.0GHz +32133, +64/65 Dual Modulus Prescaler 

MC12034B 2.0GHz +32133, +64165 Dual Modulus Prescaler 

MC12036A 1.1 GHz +64/65, +1281129 Dual Modulus Prescaler With Stand-By Mode 

MC12036B 1.1 GHz +64/65, +1281129 Dual Modulus Prescaler With Stand-By Mode 

MC12040 Phase-Frequency Detector 

MC12052A 1.1 GHz +64/65, +1281129 Super Low Power Dual Modulus Prescaler 

MC12053A 1.1 GHz +64/65, +1281129 Super Low Power Dual Modulus Prescaler 
With Stand-By Mode 

High Performance Frequency 
Control Products - BR1334 

Temperature 
Pins DIP, SM Range 

14 P,L D,FN -30 to+85°C 

16 P,L D,FN -30 to +85°C 

8 P,L D -40 to +85°C 

8 P,L D -40 to +85°C 

8 P,L D -40to+85°C 

8 P,L D -40 to +85°C 

n no D 40 tc : 85°C u , ,~ 

8 P D -40to+85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D o to +70°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40to+85°C 

8 P D -40 to +85°C 

8 P D -40 to +85°C 

8 P D -40to+85°C 

8 P D -40 to +85°C 

14 P,L Oto+75°C 

8 D,SD -40 to +85°C 

8 D,SD -40 to +85°C 
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Numerical Device Listing (continued) 

Device 

MC12054A 

MC12058 

MC12073 

MC12074 

MC12076 

MC12078 

MC12079 

MC12080 

MC12083 

MC12089 

MC12090 

MC12093 

MC12095 

MC12100 

MC12101 

MCHlK12140 

MC12148 

MC12149 

MC12179 

MC12202 

MC12206 

MC12210 

MOTOROLA 
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Function 

2.0GHz +64/65, +1281129 Super Low Power Dual Modulus Prescaler 

1.1 GHz +1261128. +254/256 Low Power Dual Modulus Prescaler 

1.1 GHz +64 Prescaler 

1.1 GHz +256 Low-Power Prescaler 

1.3GHz +256 Prescaler 

1.3GHz +256 Prescaler 

2.8GHz +64/1281256 Prescaler 

1 .1 GHz +10/20/40/80 Prescaler 

1.1 GHz +2 Low Power Prescaler With Stand-By Mode 

2.8GHz +64/128 Prescaler 

750MHz +2 UHF Prescaler 

1.1 GHz +214/8 Low Power Prescaler With Stand-By Mode 

2.5GHz +214 Low Power Prescaler With Stand-By Mode 

200MHz Voltage Controlled Multivibrator 

130MHz Voltage Controlled Multivibrator 

Phase-Frequency Detector 

Low Power Voltage Controlled Oscillator 

Ultra Low Power Voltage Controlled Oscillator 

PLL Frequency Synthesizer 

1.1 GHz Serial Input Synthesizer 

2.0GHz Serial Input Synthesizer 

2.5GHz Serial Input Synthesizer 

Pins 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

16 

8 

8 

20 

20 

8 

8 

8 

8 

16,20 

16,20 

16,20 

DIP 

P 

P 

P 

P 

P 

P 

P 

P 

P,L 

P 

P 

Temperature 
SM Range 

D,SD -40to+85°C 

D,SD -40 to +85°C 

D o to +70°C 

D Oto +70°C 

D Oto+85°C 

D o to +85°C 

D -40 to +85°C 

D -40 to +85°C 

D -40 to +85°C 

D --40 to +85°C 

o to +75°C 

D,SD -40 to +85°C 

D,SD -40to+85°C 

DW;M,FN Oto+75°C 

DW,M,FN o to +75°C 

D -40 to +70°C 

D,SD -40 to +85°C 

D,SD -40 to +85°C 

D -40to+85°C 

D,DT -40 to +85°C 

D,DT -40 to +85°C 

D,DT -40to+85°C 

High Performance Frequency 
Control Products - BR1334 
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Prescaler Selection Table 
Frequency 

(MHz) 

Device Min 

12015 35 

12016 35 

12017 35 

12018 75 

12019 20 

12022 100 

12022lV 100 

12022Sl 100 

12022TS 100 

12022TV 100 

12023 35 

12025 30 

12026 100 

12028 100 

12031 500 

12032 500 

12033 500 

12034 500 

12036 100 

12052 100 

12053 100 

12054 100 

12058 100 

12073 90 

12074 90 

12076 70 

12078 90 

12079 250 

12080 100 

12083 100 

12089 250 

12093 100 

12095 100 
.. 

• Specified as RMS 

MOTOROLA 
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Max 

225 

225 

225 

520 

225 

1100 

1100 

1100 

1100 

1100 

225 

520 

1100 

1100 

2000 

2000 

2000 

2000 

1100 

1100 

1100 

2000 

1100 

1100 

1100 

1300 

1300 

2800 

1100 

1100 

2800 

1000 

2500 

Modulus 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Single 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Dual 

Single 

Single 

Single 

Single 

Single 

Single 

Single 

Single 

Single 

Single 

Prescaler Ratlo(s) 

32133 

40/41 

64165 

1281129 

20/21 

64165 or 1281129 

64165 or 1281129 

64165 or 1281129 

64165 or 1281129 

64165 or 1281129 

64 

64165 

819 or 16/17 

32133 or 64165 

64165 or 1281129 

64165 or 1281129 

32133 or 64/65 

32133 or 64/65 

64/65 or 1281129 

64/65 or 1281129 

64165 or 1281129 

64165 or 1281129 

126/128 or 2541256 

64 

256 

256 

256 

6411281256 

10/20/40/80 

2 

64/128 

214/8 

214 

Output Supply Typical 
Edge Voltage ICC (mA) 

A 4.5-9.0 6.0 

A 4.5-9.0 6.0 

A 4.5-9.0 6.0 

A 4.5-9.0 8.0 

A 4.5-9.0 6.0 

AorB 4.5-5.5 7.5 

AorB 2.7-5.0 4.0 

AorB 4.5-5.5 4.0 

AorB 4.5-5.5 4.0 

AorB 2.7-5.0 4.0 

- 3.2-5.5 6.0 

A 4.75-5.25 9.5 

AorB 4.5-5.5 4.0 

AorB 4.5-5.5 4.0 

AorB 2.7-5.0 10.0 

AorB 4.5-5.5 8.5 

AorB 2.7-5.0 10.0 

AorB 4.5-5.5 8.5 

AorB 4.5-5.5 4.0 

A 4.5-5.5 1.0 

A 4.5-5.5 1.6 

A 2.7-5.5 2.0 

A 2.7-5.5 1.1 

- 4.5-5.5 23.0 

- 4.5-5.5 23.0 

- 4.5-5.5 36.0 

- 4.5-5.5 28.0 

- 4.5-5.5 9.0 

- 4.5-5.5 3.7 

- 2.7-5.5 4.4 

- 4.5-5.5 10.2 

- 2.7-5.5 3.0 

- 2.7-5.5 10.0 

Sensitivity 
(mVpp) 

Min Max 

200 800 

200 800 

200 800 

200 800 

200 800 

100 1500 

100 1500 

100 1500 

100 1500 

100 1500 

200 800 

100 800 

100 1000 

100 1500 

100. 1500 

100 1500 

100 1000 

100 1500 

100 1000 

100 1000 

100 1000 

100 1000 

100 1000 

20' 200' 

20' 200' 

4' 400' 

20' 400' 

100 400 

100 400 

100 1100 

100 1000 

100 1000 

100 1000 

Special Features 

TTL Output 

TTL Output 

TTL Output 

On-Chip Regulator for 5.5V 
to 9.5V Supply 

On-Chip Regulator for 5.5V 
to 9.5V Supply 

On-Chip Output Termination 

On-Chip Output Termination 

TTL Output 

Short Setup lime on Modu-
lus Control 

StandbylOn-Chip Output 
Termination 

Differential PECl Outputs 

Differential PECl Outputs 

Differential PEClOutputs 

Differential PECl Outputs 

Standby Power-Down 

Standby Power-Down 

High Performance Frequency 
Control Products - BR1334 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Two-Modulus Prescaler 
The MC12015, MC12016 and MC12017 are two-modulus prescalers 

which will drive divide by 32 and 33, 40 and 41, and 64 and 65, 
respectively. An internal regulator is provided to allow these devices to be 
used over a wide range of power-supply voltages. The devices may be 
operated by applying a supply voltage of 5.0Vdc ±10% at Pin 7, or by 
applying an unregulated voltage source from 5.5Vdc to 9.5Vdc to Pin 8. 

• 225M Hz Toggle Frequency 
_ I ....... r, .... oa ....... "7 1: ..... A ........ '0 ...... " ......... + a 0\1 
.. '-VYY~'-- VVYwl I • ..,1111'"\ IVlaAlillUll1 QL v • ...,,, 

• Control Input and Output Are Compatible With Standard CMOS 

• Connecting Pins 2 and 3 Allows Driving One TIL Load 

• Supply Voltage 4.5V to 9.5V 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vreg Regulated Voltage, Pin 7 8.0 Vdc 

VCC Power Supply Voltage, Pin 8 10.0 Vdc 

TA Operating Temperature Range --40 to +85 °C 

Tstg Storage Temperature Range -65 to +175 °C 

ELECTRICAL CHARACTERISTICS (VCC = 5.5 to 9.5V; Vreg = 4.5 to 
5.5V; TA = --40 to +85°C) 

Symbol Characteristic Min Typ Max Unit 

Imax Toggle Frequency 225 MHz 
Imin (Sine Wave Input) 35 

ICC Supply Current 6.0 7.8 rnA 

VIH Control Input HIGH 2.0 V 
(+32,40 or 64) 

VIL Control Input LOW 0.8 V 
(+33,41 or 65) 

VOH Output Voltage HIGHI 2.5 V 
(lsource = 501JA) 

VOL Output Voltage LOW1 0.5 V 
(Isink = 2mA) 

Vln Input Voltage Sensitivity mVpp 
35MHz 400 800 

50-225MHz 200 800 

tpLL PLL Response Time lour-70 ns 
(Notes 2 and 3) 

1 Pin 2 connected to Pin 3 
2 tpLL = the period 01 time the PLL has Irom the prescaler rising output tranistion 

(50%) to the modulus control input edge transition (50%) to ensure proper 
modulus selection 

3 lout = period 01 output waveform 

7/93 
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MC12015 
MC12016 
MC12017 

MECL PLL COMPONENTS 

TWO-MODULUS 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 
8.-

PRESCALER BLOCK DIAGRAM 

Control 
Input 

1 I 

Signal~OOIIiFI 
Input 5 I 

Signa~ 6 I 
GND '--1r-~r-' 

o.oOlliF I 
':' I 

Vr!l91 

7 I 
I O.1IiF I 

':' I r--'---'---, 
I 

I 
I 
I 
I 

Voltage I 
8 I Regulator I 

I O.IIiF L ________ J 

GND 

1. Vreg at Pin 7 is not guaranteed to be between 4.5 and 
5.5\1 when VCC is being applied to Pin 8 

2. Pin 7 is not to be used as a source of regulated output 
voltage 

REV 1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

520MHz Two-Modulus Prescaler 

The MC12018 is a two-modulus prescaler which divides by 128 and 
129. An internal regulator is provided to allow this device to be used over 
a wide range of power-supply voltages. The devices may be operated by 
applying a supply voltage of 5.0Vdc ±10% at Pin 7, or by applying an 
unregulated voltage source from 5.5Vdc to 9.5Vdc to Pin 8. 

• 520MHz Toggle Frequency 

• Low-Power 8.0mA Typical 

• . Control Input Is Compatible With Standard CMOS and TIL 

• Supply Voltage 4.5V to 9.5V 

• On-Chip 10Kn Resistor from Positive Edge to Ground 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vreg Regulated Voltage, Pin 7 B.O Vdc 

VCC Power Supply Voltage, Pin B 10.0 Vdc 

TA Operating Temperature Range -40 to +85 °C 

Tstg Storage Temperature Range -65 to +175 °C 

ELECTRICAL CHARACTERISTICS (VCC = 5.5 to 9.5V; Vreg = '4.5 to 
5.5V; TA = -40 to +B5°C) 

Symbol Characteristic Min Typ Max Unit 

fmax Toggle Frequency 520 MHz 
Imin (Sine Wave Input) 75 

ICC Supply Current B.O 10.7 rnA 

VIH Control Input HIGH 2.0 V 
(+12B) 

VIL Control Input LOW O.B V 
(+129) 

Vout Differntial Output Voltage O.B 1.0 V 
(lsink = 2001lA) 

Yin Input Voltage Sensitivity mVpp 
75MHz 400 BOO 

125-520MHz 200 BOO 

tpLL PLL Response Time lourSO ns 
(Notes 1 and 2) 

. . .. 
1 tpLL = the period of time the PLL has from the prescaler nSlng output tramstlon 

(50%) to the modulus control input edge transition (50%) to ensure proper 
modulus selection 

2 tout = period of output waveform 

7/93 
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MC12018 

MECL PLL COMPONENTS 

+1281129 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

PRESCALER BLOCK DIAGRAM 

Control 
Input r---------, 
o--+--. I 
1 I 

Signal~OOll1F I 
Input 5 I 

I 
I 
I 

GND ~~ __ ~ 
Signa~ 6 I 

O.OOlI1F I 
-= Vr~ I 

I 
I 

-= I 
I 

Voltage I 
8 I Regulator I 

I O.1I1F L ________ J 

GND 

1. Vreg at Pin 7 is not guaranteed to be between 4.5 and 
5.5V when VCC is being applied to Pin 8 

2. Pin 7 is not to be used as a source of regulated output 
voltage 

3. 10Ka pulldown recommended with negative edge 
output (Pin 2) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Two-Modulus Prescaler 
The MC12019 is a divide by 20 and 21 two-modulus prescaler. It will 

divide by 20 when the modulus control input is HIGH and divide by 21 
when the modulus control input is LOW. 

• 225M Hz Toggle Frequency 

• Low-Power 7.5mA Maximum at 5.5V 

• Control Input Is Compatible With Standard Motorola CMOS 
Synthesizers 

• Emitter Follower Outputs 

Pinout: 8-Lead Plastic (Top View) 

NC VCC SGND SIN 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage, Pin 7 8.0 Vdc 

TA Operating Temperature Range -40 to +85 °c 

Tstg Storage Temperature Range -{l5to +175 °c 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = -40 to 
+85°C) 

Symbol Characteristic Min Typ Max Unit 

fmax Toggle Frequency 225 MHz 
fmin (Sine Wave Input) 20 

ICC Supply Current 7.5 mA 

VIH Control Input HIGH 2.0 V 
(+20) 

VIL Control Input LOW 0.8 V 
(+21) 

Vout Output Swing Voltage 600 1200 mVpp 

Vin Input Voltage Sensitivity mVpp 
2Q-225MHz 200 800 

tpLL PLL Response Time tour70 ns 
(Notes 1 and 2) 

1 tPLL = the period of time the PLL has from the prescaler nsing output tranistion 
(50%) to the modulus control input edge transition (50%) to ensure proper 
modulus selection 

2 lout = period of output waveform 

7/93 
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MC12019 

MECL PLL COMPONENTS 

+20/21 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

PRESCALER BLOCK DIAGRAM 

Control 
Input r--------, 
0--+--, I 
1 I I 

I Signal O.OOI~F I r-'--"'" 
Input c8 5 I 

I 3 

Signal.....:l 6 I 
GND"7 .....,.-.....,....1 

O.OOI~F I 
L_ 

7 

~~FVCC 
GND 

Output 

REV 1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Two-Modulus 
Prescaler 

The MC12022A can be used with CMOS synthesizers reqUiring 
positive edges to trigger internal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC12022B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 1281129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage of 4.5 to 5.5V 

• Low-Power 7.5mA Typical 

• Operating Temperature Range of -40 to +85°C 

• Short Setup Time (tsetl16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL. Maximum Input Voltage Should Be Limited to 6.5Vdc 

Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H = VCC. L = Open 
MC: H =2.0VtoVCC. L=GNDtoO.8V 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage. Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input. Pin 6 

7/93 

© Motorola. Inc. 1994 

MC12022A 
MC12022B 

MECL PLL COMPONENTS 

REV 1 

+64/65, +1281129 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8~ 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Range 

-o.5to+ 7.0 

-40 to + 85 

455 to + 150 

-0.5 to +6.5 

Unit 

Vdc 

°c 

°C 

Vdc 

® MOTOROLA 



ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V ±1 0%; TA = -40'C to +85'C) 

Symbol Characteristic 

It 

ICC 

VIH1 

VIL1 

VIH2 

VIL2 

Vout 

tset 

Yin 

10 

In 
iii 

C OB 

Toggle Frequency (Sine Wave Input) 

Supply Current Output Unloaded (Pin 2) 

Modulus Control Input High (MC) 

Modulus Control Input low (MC) 

Divide Ratio Control Input High (SW) 

Divide Ratio Control Input low (SW) 

Output Voltage Swing (Cl = 12pF; Rl = 2.2k!l) 

Modulus Setup Time MC to Out 

Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

Output Current (Cl = 12pF; Rl = 2.2kQ) 

o OB 

C 0 C QB 

SW 

Figure 1. Logic Diagram (MC12022A) 

Min 

0.1 

2.0 

VCC-0.5V 

Open 

1.0 

100 
400 

Out 

MC12022A MC12022B 

Typ Max 

1.6 1.1 

7.5 10 

0.8 

VCC VCC+0.5V 

Open Open 

1.6 

11 16 

loUO 
1500 

0.2 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Unit 

GHz 

rnA 

V 

V 

Vdc 

-
Vp_p 

ns 

mVpp 

rnA 

Figure 2. Modulus Setup Time 

I 

(+64, SOOMHz Input Frequency, Vee = S.OV, TA = 2Soe, 
Output Loaded) 

(+128, 1.1GHz Input Frequency, Vee = S.OV, TA = 2Soe, 
Output Loaded) 

High Performance Frequency 
Control Products - BR1334 

Figure 3. Typical Output Waveforms 

MOTOROLA 

9 



MC12022A MC12022B 

VCC = 4.5 to 5.5 V 

,--
Sine Wave Generator I 
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MOTOROLA 
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Figure 4. AC Test Circuit 
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EXTERNALCOMPONETS 
C1 = C2 = 1000pF 
C3= O.1I1F 
CL = 12pF (Including Scope 

and jig capacitance) 
RL=2.2kn 

I 
~~ 

./ 
.,./ 

+12S7.40 

+707.11 

+397.64 

+223.61 

+12S.74 

+70.71 

+39.76 

+22.36 

+12.S7 

+7.07 

+3.98 

+2.24 

+1.26 

+0.71 
o 2S0 SOO 750 1000 1250 1500 1750 2000 2250 

FREQUENCY (Hz) 

Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 8; Vee = 5.0V; TA = 25°e 
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Control Products - BR1334 

'-- • GHz 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 

Figure 7. "TYpical Input Impedance versus Input Frequency 

MC12022A MC12022B 

• 

1.2 1.3 

MOTOROLA 
11 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Low-Voltage 
Two-Modulus Prescaler 

The MC12022LVA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MCl45XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC12022LVB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64165 or 1281129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage of 2.7 to 5.0V 

• Low-Power 4.0mA Typical at VCC = 2.7V 

• Operating Temperature Range of -40 to +85°C 

• Short Setup Time (tset) 16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level Is Compatible With Standard CMOS 
and TTL 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H = Vcc, L = Open 
MC: H =2.0 VtoVCC, L=GNDtoO.8 V 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Count' 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

, Equivalent to a two-input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

7193 

© Motorola, Inc. 1994 

MC12022LVA 
MC12022LVB 

MECL PLL COMPONENTS 

+64165, +128/129 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8~ 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

Range Unit 

-{l.5 to + 7.0 Vdc 

-40 to +85 °C 

-65 to + 150 °C 

-{l.5 to + 6.5 Vdc 

REV 1 
® MOTOROI.A 



ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V ±1 0%; TA = --40°C to +85°C) 

Symbol Characteristic Min 

It Toggle Frequency (Sine Wave Input) 0.1 

ICCl Supply Current Output Unloaded (Pin 2) at 2.7Vdc 

ICCH Supply Current Output Unloaded (Pin 2) at 5.0Vdc 

VIH1 Modulus Control Input High (MC) 2.0 

VIl1 Modulus Control Input low (MC) 

VIH2 Divide Ratio Control Input High (SW) VCC-0.5V 

VIL2 Divide Ratio Control Input low (SW) Open 

Vout Output Voltage Swing (Cl = 12pF; Rl = 1.1k.Q) at 2.7Vdc 0.8 

Vout Output Voltage Swing (Cl = 12pF; Rl = 2.2k.Q) at 5.0Vdc 1.0 

tset Modulus Setup lime MC to Out 

Vin(rnin) Input Voltage Sensitivity 250-1100 MHz 100 
100-250 MHz 400 

10 Output Current (Cl = 12pF; Rl = 2.2k.Q) 

Out 

Figure 1. Logic Diagram (MC12022LVA) 

MC12022LVA MC12022LVB 

TYP Max 

1.4 1.1 

4.0 6.5 

5.8 8.0 

0.8 

VCC VCC+ 0.5V 

Open Open 

1.0 

1.6 

11 16 

1500 
1500 

2.0 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Unit 

GHz 

mA 

mA 

V 

V 

Vdc 

-
Vp_p 

Vp_p 

ns 

rnVpp 

rnA 

In 

Out 

Me 

Figure 2. Modulus Setup Time 

(+Il4, 500MHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

(+128, 1.1 GHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

High Performance Frequency 
Control Products - BR1334 

Figure 3. Typical Output Waveforms 
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1 

,:,.0 C21 iN RL 

':' 1 MC GND 
1 

__ ...J 

MC Input 

Figure 4. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.lI1F 
CL = 12pF (Including Scope 

and jig capacitance) 
RL = 2.21<0 (at +S.OVdc) 
RL = 1.11<0 (at +2.7Vdc) 
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~ +710 
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Figure 5. Input Signal Amplitude versus Input Frequency 
~ Divide Ratio = 128; Vee = 5.0V; TA = 2Soe 
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Figure 6. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Low Power 
Two·Modulus Prescaler 

The MC12022SLA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. This device is a reduced current version of the 
MC12022A1B. 

The MC12022SLB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage of 4.5 to 5.5V 

• Low-Power 4.0mA Typical 

• Operating Temperature Range of -40 to +85°C 

• Short Setup Time (tset) 16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level Is Compatible With Standard CMOS 
and TTL 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H = V CC, L = Open 
MC: H = 2.0Vto VCC, L= GND to 0.8 V 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Count" 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

" EqUivalent to a two-Input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

7193 

© Motorola, Inc. 1994 

MC12022SLA 
MC12022SLB 

MECL PLL COMPONENTS 

+64165, +128/129 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8.-
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

Range Unit 

-{l.5 to + 7.0 Vdc 

-40 to +85 °C 

-65 to + 150 °C 

-{l.5 to + 6.5 Vdc 

REV 1 
® MOTOROLA 



MC12022SLA MC12022SLB 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V ±1 0%; TA = -40°C to +B5°C) 

Symbol Characteristic 

ft Toggle Frequency (Sine Wave Input) 

ICCl Supply Current Output Unloaded (Pin 2) at 2.7Vdc 

ICCH Supply Current Output Unloaded (Pin 2) at 5.0Vdc 

VIHl Modulus Control Input High (MC) 

Vll1 Modulus Control Input low (MC) 

VIH2 Divide Ratio Control Input High (SW) 

VIl2 Divide Ratio Control Input low (SW) 

Vout Output Voltage Swing (Cl = BpF; Rl = 4.4kQ) 

tset Modulus Setup Time MC to Out 

Vin(min) Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

10 Output Current (Cl = BpF; Rl = 4.4kQ) 

Figure 1. Logic Diagram (MC12022SLA) 

(+64, SOOMHz Input Frequency, Vee = S.OV, TA = 2Soe, 
Output Loaded) 

Out 

Min 

0.1 

2.0 

VCC-0.5V 

Open 

1.0 

100 
400 

Typ Max 

1.4 1.1 

4.0 6.5 

5.B B.O 

O.B 

VCC VCC+0.5V 

Open Open 

1.6 

11 16 

1500 
1500 

1.0 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Figure 2. Modulus Setup Time 

Unit 

GHz 

mA 

mA 

V 

V 

Vdc 

-
Vp_p 

ns 

mVpp 

mA 

(+128, 1.1GHz Input Frequency, Vee = S.OV, TA = 2Soe, 
Output Loaded) 

Figure 3. Typical Output Waveforms 

High Performance Frequency 
Control Products - BRl334 
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MC12022SLA MC12022SLB 

MOTOROLA 
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Figure 4. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.1I1F 
CL = 12pF (Including Scope 

and jig capacitance) 
RL = 2.2kn (at +5.0Vdc) 
RL = 1.1kn (at +2.7Vdc) 
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Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 128; Vee = 5.0V; TA = 25°e 
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Figure 6. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Low Power 
Two·Modulus Prescaler 
With On-Chip Output Termination 

The MC12022TSA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. This device is a reduced current drain version of the 
MC12022AIB with the addition of on-chip output termination. 

The MC12022TSB can be used with CMOS synthesizers requiring 
negative edges to trigger intemal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 1281129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage of 4.5 to 5.5V 

• Low-Power 4.0mA Typical 

• Operating Temperature Range of -40 to +85°C 

• Short Setup Time {tsetl16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level Is Compatible With Standard CMOS 
and TTL 

• Output Load Resistor on Die 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H = VCC, L = Open 
MC: H =2.0Vto VCC, L= GND to 0.8 V 

DESIGN GUIDE 

Criteria Value Unit 

Intemal Gate Count" 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

" Equivalent to a two-Input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

7/93 

© Motorola, Inc. 1994 

MC12022TSA 
MC12022TSB 

MECL PLL COMPONENTS 

+64/65, +1281129 
TWO-MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

. Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

Range Unit 

-{l.5 to + 7.0 Vdc 

-40 to + 85 °c 
~5to+150 °C 

REV 1 
® MOTOROLA 



MC12022TSA MC12022TSB 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V ±10%; TA '= -40°C to +S5°C) 

Symbol Characteristic 

It Toggle Frequency (Sine Wave Input) 

ICC Supply Current Output Unloaded (Pin 2) at 2.7Vdc 

VIH1 Modulus Control Input High (MC) 

VIL1 Modulus Control Input low (MC) 

VIH2 Divide Ratio Control Input High (SW) 

VIL2 Divide Ratio Control Input low (SW) 

Vout Output Voltage Swing (Cl = SpF; Rl = 4.4kO) 

tset Modulus Setup Time MC to Out 

Vin Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

Figure 1_ Logic Diagram (MC12022TSA) 

(+64, 500MHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

Out 

Min 

0.1 

2.0 

VCC-0.5V 

Open 

1.0 

100 
400 

Typ Max 

1.4 1.1 

4.0 6.5 

O.S 

VCC VCC-0.5V 

Open Open 

1.4 

11 16 

i500 
1500 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Figure 2. Modulus Setup Time 

Unit 

GHz 

mA 

V 

V 

Vdc 

-
Vp_p 

ns 

mVpp 

(+128, 1.1GHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

Figure 3. TYpical Output Waveforms 

High Performance Frequency 
Control Products - BR1334 
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MC12022TSA MC12022TSB 

r----...... --...... ---o vcc = 4.5 to 5.5Vdc 

Sine Wave Generator ,--V· - - - SW - -, T C3 

4, C11 CC l-

MOTOROLA 
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- I MC GND I 
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Figure 4. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.1I1F 
CL = 8pF (Including Scope 

and jig capacitance) 

High Performance Frequency 
Control Products - BR1334 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Low Voltage, Low Power 
Two·Modulus Prescaler 
With On-Chip Output Termination 

The MC12022TVA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's 
MC145XXX. This device is a low voltage version of the MC12022A1B with 
the addition of on--chip output termination. 

The MC12022TVB can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 1281129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage of 2.7 to 5.0V 

• Low-Power 4.0mA Typical @ VCC = 2.7V 

• Short Setup nme (tset) 16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 

• Output Load Resistor on Die 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H = VCC, L = Open 
MC: H =2.0Vto VCC, L= Gnd to 0.8 V 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage, Pin 8 -0.5 to + 7.0 Vdc 

TA Operating Temperature Range -40to+85 °C 

Tstg Storage Temperature Range -65 to + 150 °C 

MC Modulus Control Input, Pin 6 -0.5 to +6.5 Vdc 

7193 
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MC12022TVA 
MC12022TVB 

MECLPLLCOMPONENTS 

+64/65, +1281129 
LOW VOLTAGE 

TWO-MODULUS PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: a-Lead Plastic (Top View) 

iN NC MC GND 

VCC SW OUT 

REV 1 
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MC12022TVA MC12022TVB 

ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.0 Vdc. TA = -40°C to +85°C) 

Symbol 

It 

ICCL 

ICCH 

VIHI 

VIL1 

VIH2 

VIL2 

Vout(L) 

Vout(H) 

tset 

Vin 

In 
Tii 

Characteristic 

Toggle Frequency (Sine Wave Input) 

Supply Current (Pin 2 at 2.7 Vdc) 

Supply Current (Pin 2 at 5.0 Vdc) 

Modulus Control Input High (MC) 

Modulus Controllnpul Low (MC) 

Divide Ratio Control Input High (SW) 

Divide Ratio Control Input Low (SW) 

Output Voltage Swing @ 2.7V. CL = BpF 

Output Voltage Swing @ 5.0V. CL = BpF 

Modulus Setup Time MC to Out 

Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

SW 

Figure 1. Logic Diagram (MC12022TVA) 
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o 
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TIME (nS) 
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Out 

4.0 

3.0 

rn 
~ 2.0 
> 

1.0 

o 
o 

Min 

0.1 

-

-
2.0 

-

VCC-0.5V 

Open 

O.B 

1.0 

-
100 
400 

40 

Typ Max 

1.4 1.1 

4.0 6.5 

5.8 B.O 

- -
- O.B 

VCC VCC+ 0.5V 

Open Open 

1.0 -
1.4 -
11 16 

- 1500 
- 1500 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Unit 

GHz 

mA 

mA 

V 

V 

Vdc 

-
Vp_p 

Vp_p 

ns 

mVpp 

Figure 2. Modulus Setup Time 
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(+64, 500MHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

(+128, 1.1GHz Input Frequency, Vee = 5.0V, TA = 25°e, 
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MC12022TVA MC12022TVB 

...---_--_.---0 vcc = 2.7 to +5.0 Vdc 

r--
Sine Wave Generator I 

~C1; 

~'i rl C2I rn 
OUT 1-+--__.-0 

CL 

- I MC 
- I ~~--~~~ 

High Performance Frequency 
Control Products - BR1334 

Figure 5. AC Test Circuit 

EXTERNAL COMPONENTS 
Ct = C2 = tOOOpF 
C3 = 0.15pF 
CL = BpF (Including Scope 

and jig capacitance) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

225MHz Presealer 
The MC12023 is a prescaler which will divide by 64. This device may 

be operated over a supply voltage range of 3.2 to 5.5V. 

• 225MHz Toggle Frequency 

• Low-Power 4.8mA Maximum at 5.5V 

• Operating Supply Voltage of 3.2 to 5.5V 

• Connecting Pins 2 and 3 Allows Driving One TTL Load 

Pinout: 8-Lead Plastic (Top View) 

Ne Vee SGND SIN 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage Oto+8.0 Vdc 

TA Operating Temperature Range Oto+70 °C 

Tstg Storage Temperature Range -65 to +175 °C 

ELECTRICAL CHARACTERISTICS (VCC = 3.2 to 5.5V; TA = 0 to +70°C) 

Symbol Characteristic 

Imax Toggle Frequency 
Imin (Sine Wave Input) 

ICC Supply Current at 5.5V 

VOH Output Voltage HIGH1 
(VCC = 3.2V)2 

VOH Output Voltage HIGH1 
(VCC = 5.0V)2 

VOL Output Voltage LOW1 
(Isink = 2.0mA) 

Yin Input Vo~age Sensitivity 
35MHz 

5Q-225MHz 

1 Pin 2 connected to Pin 3 

2 lsource = 50).lA 
3 VCC=4.5V 

7193 
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Min Typ Max Unit 

225 MHz 
35 

3.53 4.S mA 

1.2 1.4 V 

2.5 V 

0.5 V 

mVpp 
400 SOO 
200 800 

MC12023 

MECL PLL COMPONENTS 

+64 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

PRESCALER BLOCK DIAGRAM 

r--

S· I O.OOIJ.lF I ,----'---, 
Igna o1 
Input 5 I 

Active 
Pull·Up 

1 .... ~+02 

Signa~ 6 I 
GND L....,---,-....I 

O.OOlJ.lF I 
L 

,....---+-03 
Output 

____ .J 

7 4 
Vee GND 

O.lJ.lF I 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

520MHz Two-Modulus Prescaler 

The MC12025 is a two-modulus prescaler which divides by 64 and 65. 
Supply voltages of 4.75 to 5.25V may be connected to Pin 8. 

• 520MHz Toggle Frequency 

• Low-Power g.5mA Typical 

• Control Input Is Compatible With Standard CMOS and TTL 

• Operating Supply Voltage of 5.0V ±O.25V 

• Propagation Delay 30ns Typical 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage, Pin B -0.5 to 7.0 Vdc 

TA Operating Temperature Range -40to+B5 °C 

Tstll Storage Temperature Range -65 to +175 °C 

ELECTRICAL CHARACTERISTICS (VCC = 4.75 to 5.25V; TA = -40 to 
+B5°C) 

Symbol Characteristic Min Typ Max Unit 

Imax Toggle Frequency 520 MHz 
Imin (Sine Wave Input) 30 

ICC Supply Current 9.5 11.5 rnA 

VIH Control Input HIGH (-oM) 2.0 V 

VIH Control Input LOW (-+05) O.B V 

Vout Output Voltage O.B 1.2 Vpp 

Vin Input Voltage Sensitivity mVpp 
30MHz 400 BOO 

100-520MHz 100 BOO 

tPLL PLL Response Time 1 lout-422 ns 
.. .. 

1 tpLL = The penod of time the PLL has from the nSlng output transition to the 
Modulus Control input edge transition to ensure proper modulus selection 

2 lout = Period of output waveform 

PRESCALER BLOCK DIAGRAM 

® 
VCC 

r----------------, 

7/93 

Modulus CD 
Control 0----1------. 

Input I 

O.OO1 I1F® I 
Signal o---j ® 

Input o---l t-5---T1-<l~_-I 
+N/N+1 

.b O.(X)1I1F L---.._....J 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I L _____ _ _________ .J 

GND 

MC12025 

MECL PLL COMPONENTS 

+64165 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

Pinout: 8-Lead Plastic (Top View) 

VCC NC Input 

Out GND 

OUtput 

© Motorola, Inc. t994 REV 1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Dual Modulus 
Prescaler 

The MC12026 is a high frequency, low voltage dual modulus prescaler 
used in phase-locked loop (PLL) applications. 

The MC12026A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MC145xxx 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC12026B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of an 8/9 or 16/17 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage 4.5V to 5.5V 

• Low Power 4.0mA Typical 

• Operating Temperature Range of -40°C to +85°C 

• The MC12026 is Pin Compatible With the MC12022 

• Short Setup lime (tset ) 6ns Typical @ 1.1 GHz 

• Modulus Control Input Level is Compatible With Standard CMOS 
and TTL 

Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

10 Maximum Output Current, Pin 4 

12194 

© Motorola, Inc. 1994 

MC12026A 
MC12026B 

MECL PLL COMPONENTS 

+8/9, +16117 
DUAL MODULUS PRESCALER 

SW 

H 

H 

L 

L 

1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 8. 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FUNCTION TABLE 

MC Divide Ratio 

H 8 

L 9 

H 16 

L 17 

Note: SW: H = VCC, L = OPEN 
MC: H = 2.0V to VCC; L = GND to 0.8V 

Range Unit 

-0.5 to +7.0 Vdc 

-40 to +85 °c 

-65 to +150 °C 

-0.5 to +6.5 Vdc 

10.0 mA 

REV 1 
® MOTOROLA 



ELECTRICAL CHARACTERISTICS (Vee = 4.510 5.5; TA = -40 10 +85°C) 

Symbol Characteristic Min 

It Toggle Frequency (Sin Wave) 0.1 

ICC Supply Current Output Unloaded (Pin 2) -
VIH1 Modulus Control Input High (MC) 2.0 

VIL1 Modulus Control Input Low (MC) GND 

VIH2 Divide Ratio Control Input High (SW) VCC-0.5V 

VIL2 Divide Ratio Control Input Low (SW) OPEN 

Vout Output Voltage Swing 1.0 
(RL = 5600; 10 = 5.5mA)1 
(RL = 1.1 kO; 10 = 2.9mA)2 

tSET Modulus Setup Time MC to Out3 '-

Vin I nput Voltage Sensitivity 
10D-250MHz 
250-1100MHz 

.. 
1 DIvide Ratio 01 +819 at 1.1 GHz, CL = 8pF 
2 Divide Ratio of +16/17 at 1.1GHz, CL = 8pF 
3 Assuming RL = 5600 at 1.1 GHz 

High Performance Frequency 
Control Products - BR1334 

In 
iii 

Me 

sw 

400 
100 

Figure 1. Logic Diagram (MC12026A) 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

In 

Out 

Me 

Figure 2. Modulus Setup TIme 

MC12026A MC12026B 

Typ 

1.4 

4.0 

-

-

VCC 
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1.6 

6 

-
-

Out 

Max 

1.1 

5.3 

VCC 

0.8 

VCC+0.5V 

OPEN 

-

9 

1000 
1000 

Unit 

GHz 

mA 

V 

V 

V 

-
Vp_p 

ns 

mVpp 
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MC12026A MC12026B 

....----.---..... ---0 VCC = 4.5 to 5.5V 

SINE WAVE GENERATOR 
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Figure 3. AC Test Circuit 
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EXTERNAL COMPONENTS 
Cl = C2 = 1000 pF 
C3 = O.1~F 
CL = 8pF (Including Scope and Jig Capacitance) 
RL = 560n (lor +819 at 1.IGHz) 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 8; Vee = 5.0V; TA = 25°e 
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Figure 5. Output Amplitude versus Input Frequency 
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5.88V 

880mV 
36.6ns 

Figure 6. Typical Output Waveform 

MC12026A MC12026B 

88.6ns 

HI, 1.1 GHz Input Frequency, Vee = 5.0, TA = 25°e, Output Loaded With 8pF) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Two-Modulus 
Prescaler 

The MC12028A can be used with CMOS synthesizers requIring 
positive edges to trigger internal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

The MC120288 can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 32133 or 64165 divide 
ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• MC12028A for Positive Edge Triggered Synthesizers 

• MC120288 for Negative Edge Triggered Synthesizers 

• 6.5mA Maximum, -40° to +85°C, VCC = 5.5Vdc 

• Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 

• Low-Power 4.0mA Typical 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 32 

H L 33 

L H 64 

L L 65 . 
Note: SW: H = VCC, L = Open 

MC: H = 2.0VtoVcC, L= GNDto 0.8 V 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Count' 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

, Equivalent to a two-input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic 

Vce Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

7/93 
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MC12028A 
MC12028B 

MECL PLL COMPONENTS 

+32133, +64/65 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8.-
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

jfij NC MC GND 

IN VCC SW 

Range Unit 

-{l.5 to + 7.0 Vdc 

-40 to +85 °e 

-65 to + 150 °C 

-{l.5 to +6.5 Vdc 

REV 1 
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ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V ±10%; TA = -40°C to +85°C) 

Symbol 

It 

ICC 

VIH1 

VIL1 

VIH2 

VIL2 

Vout 

tset 

Yin 

10 

In 
lii 

Characteristic 

Toggle Frequency (Sine Wave Input) 

Supply Current Output Unloaded (Pin 2) 

Modulus Control Input High (MC) 

Modulus Control Input Low (MC) 

Divide Ratio Control Input High (SW) 

Divide Ratio Control Input Low (SW) 

Output Voltage Swing (CL = 12pF; RL = 2.2k.Q) 

Modulus Setup Time MC to Out 

Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

Output Current (CL = 12pF; RL = 2.2k.Q) 

Figure 1. Logic Diagram (MC12028A) 

Min 

0.1 

2.0 

VCC-0.5V 

Open 

1.0 

lOU 
400 

Oul 

Figure 3. Typical Output Waveform 

High Performance Frequency 
Control Products - BR1334 

MC12028A MC120288 

Typ Max 

1.4 1.1 

4.0 6.5 

0.8 

VCC VCC+ 0.5V 

Open Open 

1.6 

11 16 

i50G 
1500 

0.2 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Unit 

GHz 

mA 

V 

V 

Vdc 

-
Vp_p 

ns 

IIIViJiJ 

mA 

Figure 2. Modulus Setup Time 
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MC12028A MC12028B 
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Figure 4. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.111F 
CL = 12pF (Including Scope 

and jig capacitance) 
RL = 2.2kn 

• 

1.0 1.1 1.2 1.3 

Figure 5. Typical Input Impedance versus Input Frequency 
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Figure 6. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 32 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.0GHz Low Voltage Dual 
Modulus Prescaler 

The MC12031 is a high frequency low voltage dual modulus prescaler 
used in phase-locked loop (Pll) applications. A high frequency input 
signal up to 2.0GHz is provided for cordless and cellular communication 
services such as DECT, PHP, and PCS. The MC12031 can be operated 
down to a minimum supply voltage of 2.7V required for battery operated 
portable systems. 

The MC12031 A can be used with CMOS synthesizer requiring positive 
edges to trigger internal counters such as Motorola's MC145XXX series 
in a Pll to provide tuning signal up to 1.1 GHz in programmable 
frequency steps. The MC12031B can be used with CMOS synthesizers 
requiring negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 2.0GHz Toggle Frequency 

• Supply Voltage 2.7V to 5.0Vdc 

• low Power 10.0mA Typical at VCC = 2.7V 

• Operating Temperature Range of -40 to +S5°C 

• The MC12031 is Pin and Functionally Compatible With the MC12022 

• Short Setup Time (tseU Sns Typical at 2.0GHz 

• Modulus Control Input level Is Compatible With Standard CMOS and 
TTL 

Pinout: 8·Lead Plastic (Top View) 

iN NC MC GND 

2 

VCC 
For positive edge triggered synthesizers, order the MC12031A 
For negative edge triggered synthesizers, order the MC12031 B 

MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC' Modulus Control Input, Pin 6 

10 Maximum Output Current, Pin 4 

7/93 
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MC12031A 
MC12031B 

MECL PLL COMPONENTS 

+64165, +128/129 
LOW VOLTAGE 

DUAL MODULUS PRESCALER 

sw 
H 
H 
L 
L 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FUNCTION TABLE 

Me Divide Ratio 

H 64 
L 65 
H 128 
L 129 

Note: SW: H = VCC, L = OPEN 
MC: H = 2.0V to VCC; L = GND to 0.8V 

Value Unit 

-0.5 to +7.0 Vdc 

-40 to +85 DC 

-65 to +150 DC 

-0.5 to +6.5 Vdc 

10.0 rnA 

REV 1 
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ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.0V; TA = -40 to +85°C) 

Symbol Parameter Min 

ft Toggle Frequency (Sine Wave) 0.5 

ICC Supply Current Output (Pin 2) VCC=2.7V 
VCC= 5.0V 

VIHI Modulus Control Input HIGH (MC) 2.0 

VILI Modulus Control Input LOW (MC) GND 

VIH2 Divide Ratio Control Input HIGH (SW) VCC-o·5V 

VIL2 Divide Ratio Control Input LOW (SW) OPEN 

VOUT Output Voltage Swing (Note 1) CL = 8pF; RL = 1.2kn 0.8 

iset iviodulus Setup TIiiie Me to CUT @ .2CCCMHz 

VIN Input Voltage Sensitivity 500-2000MHz 100 

10 Output Current (Note 2) VCC = 2.7V, CL = 8pF, RL = 1.2kn 

VCC = 5.0V, CL = 8pF, RL = 3.0kn 

1. Valid over voltage range 2.7 to 5.0V; RL = 1.2kn @ VCC = 2.7V; RL = 3.0kn @ VCC = 5.0V 
2. Divide ratio of -+M/65 @ 2.0GHz 

In 
lIi 

Figure 1. Logic Diagram (MC12031 A) 

Out 

MC12031A MC12031B 

Typ Max 

2.4 2.0 

10.0 12.5 
13.0 16.0 

VCC 

0.8 

VCC VCC+0.5V 

OPEN OPEN 

1.2 

8 1n 

1000 

1.2 4.0 
1.2 4.0 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Unit 

GHz 

rnA 

V 

V 

V 

-

Vpp 

ns 

rnVpp 

rnA 

Figure 2. Modulus Setup Time 

VCC = 2.7 to S.OV 

r--
Sine Wave Generator I 

~
Cll 

SOQ i 
':' r1 C2 I 
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OUT 1-+ ...... --.-0 

Figure 3. AC Test Circuit 

EXTERNAL COMPONENTS 
Cl = C2 = 1000pF 
C3 = O.lliF 
CL = BpF (Including Scope 

and jig capacitance) 
RL = 1.2kn @ VCC = 2.7V 
RL = 3.0kn @ VCC = S.OV 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 64; Vee = 5.0V; TA = 25°e 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.0GHz Two·Modulus 
Prescaler 

The MC12032A can be used with CMOS synthesizers requiring 
positive edges to trigger intemal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 2.0GHz in programmable 
frequency steps. 

The MC12032B can be used with CMOS synthesizers requiring 
negative edges to trigger intemal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 1281129 
divide ratio as deSired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 2.0 GHz Toggle Frequency 

• Supply Voltage 4.5 to 5.5V 

• MC12032A for Positive Edge Triggered Synthesizers 

• MC12032B for Negative Edge Triggered Synthesizers 

• 12mA Maximum, -40° to +85°C, VCC = 5.5Vdc 

• Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 

• Low-Power 8.5mA Typical 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H = VCC, L = Open 
MC: H = 2.0 VtoVCC, L= GND to 0.8 V 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Count" 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

" Equivalent to a two-input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

7/93 
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MC12032A 
MC12032B 

MECL PLL COMPONENTS 

+64165, +1281129 
TWO-MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8~ 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

IN NC MC GND 

Range Unit 

-O.5to+ 7.0 Vdc 

-40 to + 85 °C 

-65 to + 150 °c 
-O.5to+6.5 Vdc 

REV 1 
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MC12032A MC120328 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V ±10%; TA = -40°C to +85°C) 

Symbol Characteristic 

It 

ICC 

VIHl 

VILl 

VIH2 

VIL2 

Vout 

lset 

Vin(min) 

10 

In 
iii 

Me 

Toggle Frequency (Sine Wave Input) 

Supply Current Output Unloaded (Pin 2) 

Modulus Control Input High (MC) 

Modulus Control Input Low (MC) 

Divide Ratio Control Input High (SW) 

Divide Ratio Control Input Low (SW) 

Output Voltage Swing (CL = 12pF; RL = 2.21<0) 

Modulus Setup lime MC to Out 

Input Voltage Sensitivity 500-2000 MHz 

Output Current (CL = 12pF; RL = 2.21<0) 

D Q6 

sw 

Figure 1. Logic Diagram (MC12032A) 

(+64, 500MHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

Out 

Min 

0.5 

2.0 

VCC-0.5V 

Open 

1.0 

100 

Typ Max 

2.4 2.0 

8.5 12 

0.8 

VCC VCC+0.5V 

Open Open 

.1.6 

8.0 10 

1500 

2.0 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Figure 2. Modulus Setup Time 

Unit 

GHz 

mA 

V 

V 

Vdc 

-
Vp_p 

ns 

mVpp 

mA 

(+128, 1.1GHz Input Frequency, Vee = 5.0V, TA = 25°e, 
Output Loaded) 

Figure 3. Typical Output Waveforms 
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MC12032A MC12032B 

E 
'" ~ 
UJ 
0 
=> 
t:: 
....I 
Cl.. 
:::!! 
<C 

....----_--_._----0 vcc = 4.Sto S.SVdc 

Sine Wave Generator 1--VCC- - - SW - -I T C3 

~C111N I 

15 

10 

5 

-5 

-10 

-15 

-20 

-25 

-30 
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-40 

-45 

1 
\ 
\ 
\ 

son I OUT H-.----.-o 
I 

"" 

250 

-= r1 C2 I IN 

-= I MC GND 
EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 

"" 
500 

I 

Uf" Innllt ........ ,,., .... 

Figure 4. AC Test Circuit 

--..... ~ 
""'-

~A 
v rv.. 

C3 = 0.1~F 
CL = 12pF (Including Scope 

and jig capacitance) 
R!.. = 2.2kO 

1250.0 

710.0 

400.0 

225.0 

125.0 

71.0 

40.0 

22.5 

12.8 

pi 
r 

V 

7.10 

4.00 

2.25 

~ I' 
1.25 

0.71 
750 1000 1250 1500 1750 2000 2250 2500 

FREQUENCY (Hz) 

Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 128 
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Figure 6. Output Amplitude versus Input Frequency 
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MC12032A MC12032B 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.0GHz Low Voltage Dual 
Modulus Prescaler 

The MC12033 is a high frequency low voltage dual modulus prescaler 
used in phase-locked loop (PLL) applications. A high frequency input 
signal up to 2.0GHz is provided for cordless and cellular communication 
services such as DECT, PHP, and PCS. The MC12033 can be operated 
down to a minimum supply voltage of 2.7V required for battery operated 
portable systems. 

The MC12033A can be used with CMOS synthesizer requiring positive 
_ .... ___ .1._ .1._: ____ :_ ... ____ 1 __ •• _.1. ... _ ... _ •• _'"- __ .......... ___ 1 ... ' ...... " .. Ar:.VVV __ .. : __ 

t:IIuyt:fO LV lIlyyC'1 IllLt:I'lllQI ,",UUIILQI;:) OU ..... II 0.0:. IVIVLVIVIa.O IVIV ..... """''''' .;:U;;IIQO 

in a PLL to provide tuning signal up to 2.0GHz in programmable 
frequency steps. The MC12033B can be used with CMOS synthesizers 
requiring negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 32/33 or 64/65 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 2.0GHz Toggle Frequency 

• Supply Voltage 2.7V to 5.0Vdc 

• Low Power 10.0mA Typical at VCC = 2.7V 

• Operating Temperature Range of -40 to +S5°C 

• The MC12033 is Pin Compatible With the MC12022 

• Short Setup Time (tset) Sns Typical at 2.0GHz 

• Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 

Pinout: 8·Lead Plastic (Top View) 

TN NC MC GND 

For positive edge triggered synthesizers, order the MC12033A 
For negative edge triggered synthesizers, order the MC12033B 

MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

10 Maximum Output Current, Pin 4 

7193 

© Motorola, Inc. 1994 

MC12033A 
MC12033B 

MECL PLL COMPONENTS 

+32133, +64/65 
LOW VOLTAGE 

DUAL MODULUS PRESCALER 

sw 
H 
H 
L 
L 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FUNCTION TABLE 

Me Divide Ratio 

H 32 
L 33 
H 64 
L 65 

Note: SW: H = VCC, L = OPEN 
MC: H = 2.0V to Vcc; L = GND to 0.8V 

Value Unit 

-0.5 to +7.0 Vdc 

-40 to +85 °C 

-65 to +150 °C 

-0.5 to +6.5 Vdc 

10.0 rnA 

REV 1 
® MOTOROLA 



MC12033A MC12033B 

ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.0V; TA = -40 to +85°C) 

Symbol Parameter Min Typ Max Unit 

It Toggle Frequency (Sine Wave) 0.5 2.4 2.0 GHz 

ICC Supply Current Output (Pin 2) VCC=2.7V 10.0 12.5 rnA 
VCC=5.0V 13.0 16.0 

VIHl Modulus Control Input HIGH (MC) 2.0 VCC V 

VILl Modulus Control Input LOW (MC) GND 0.8 V 

VIH2 Divide Ratio Control Input HIGH (SW) VCC-n·5V VCC VCC+0.5V V 

VIL2 Divide Ratio Control Input LOW (SW) OPEN OPEN OPEN -

VOUT Output Voltage Swing (Note 1) CL = 8pF; RL = 600(1 0.8 

'set Modulus Setup lime MC to OUT @ 2000MHz 

VIN Input Voltage Sensitivity 500-2000MHz 100 

10 Output Current (Note 2) VCC = 2.7V, CL = 8pF, RL = 600(1 
VCC = 5.0V, CL = 8pF, RL = 1.5kn 

1. Valid over voltage range 2.7 to 5.0V; RL = 600(1 @ VCC = 2.7V; RL = 1.5kn @ VCC = 5.0V 
2. Divide ratio of +32133 @ 2.0GHz 

In 
lii 

Me 

SW 

Figure 1. Logic Diagram (MC12033A) 

Out 

1.2 

8 10 

1000 

2.4 4.0 
2.4 4.0 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Vpp 

ns 

mVpp 

rnA 

In 

Out 

Me 

Figure 2. Modulus Setup Time 

...---_--_---0 VCC = 2.7 to S.OV 

r--
Sine Wave Generator I 

~C1~ 

ow r r C2I '" Me 

OUT 1-+ __ -_-0 

1...---.-__ ..;.,----1 

MOTOROLA 
44 

Figure 3. AC Test Circuit 

EXTERNAL COMPONENTS 
Cl = C2 = 1000pF 
C3 = O.IIlF 
CL = 8pF (Including Scope 

and jig capacitance) 
RL = 600n@VCC=2.7V 
RL = I.Sk.Q @ VCC = S.OV 
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MC12033A MC12033B 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 64; Vee = 5.0V; TA = 25°e 
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Figure 5. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.0GHz Dual Modulus 
Prescaler 

The MC12034A can be used with CMOS synthesizers requIring 
positive edges to trigger internal counters such as Motorola's MC145xxx 
series in a PLL to provide tuning signals up to 2.0GHz in programmable 
frequency steps. 

The MC12034B can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu's MB87001. 

A Divide Ratio Control (SW) permits selection of a 32133 or 64/65 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 2.0GHz Toggle Frequency 

• Supply Voltage 4.5 to 5.5V 

• MC12034A for .Positive Edge Triggered Synthesizers 

• MC12034B for Negative Edge Triggered Synthesizers 

• 12mA Maximum, -40°C to +85°C, VCC = 5.5Vdc 

• Modulus Control Input is Compatible with Standard CMOS and TTL 

• Low-Power 8.5mA Typical 

Design Criteria Value Unit 

Internal Gate Count' 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 

· EqUivalent to a two-input NAND gate. 

Pinout: B-Lead Plastic (Top View) 

iN NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

TstQ Storage Temperature Range 

MC Modulus Control Input, Pin 6 

MC12034A 
MC12034B 

MECL PLL COMPONENTS 

+32133, +64165 
DUAL MODULUS PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8~ 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FUNCTION TABLE 

SW MC Divide Ratio 

H H 32 

H L 33 

L H 64 

L L 65 

Note: SW: H = VCC, L = OPEN 
MC: H = 2.0V to VCC, L = GND to 0.8V 

Range Unit 

-0.5 to +7.0 Vdc 

-40 to +85 °C 

-65 to +150 °C 

-0.5 to +6.5 Vdc 

This device contains protection CircUitry to guard against damage due to high static voltages or electric 
fields. However, precautions must be taken to avoid applications of any voltage higher than maximum 
rated voltages to this high impedance circuit. For proper operation, Vin and Vout should be constrained 
to the range GND s: (Vin or Voutl s: VCC. 

7/93 

REV 1 
® MOTOROLA 

© Motorola, Inc. 1994 



ELECTRICAL CHARACTERISTICS (VCC = 4.S to S.S Vdc, TA = -40°C to +8S°C) 

Symbol 

It 

ICC 

VIH1 

VIL1 

VIH2 

VIL2 

Vout 

tsET 
Yin 

i o 

In 
iii 

MC 

Characteristic MIn 

Toggle Frequency (Sine Wave) O.S 

Supply Current Output Unloaded (Pin 2) -
Modulus Control Input High (MC) 2.0 

Modulus Control Input Low (MC) -
Divide Ratio Control Input High (SW) VCC-O.SV 

Divide Ratio Control Input Low (SW) OPEN 

Output Voltage Swing (CL = 12 pF, RL = 1.1 kn) 1.0 

Modulus Setup Time MC to Out -
Input Voltage Sensitivity S00-2000 MHz 100 

o i ui-up '" urreni' =12 -F R 1', L 
J .. L,....,\ = 1.1 r\li,£ -

Out 

LOGIC DIAGRAM (MC12034A) 

Figure 2. Typical Output Waveform 

High Performance Frequency 
Control Products - BR1334 

MC12034A MC12034B 

Typ Max Unit 

2.4 2.0 GHz 

8.S 12 mA 

- - V 

- 0.8 V 

VCC VCC+O.SV Vdc 

OPEN OPEN -
1.6 - Vp_p 

8.0 10.0 ns 

- 1S00 mVpp 

- 3.5 m.4, 

IN 

OUT 

MC 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop. delay. 

Figure 1. Modulus Setup Time 
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MC12034A MC12034B 
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SINE WAVE GENERATOR 

~" 
=t 

15 

10 

5 

0 
1\ 

-5 

-10 

-15 

-20 

-25 

-30 

-35 

-40 

-45 

-50 o 

\ 
\ 
\.. 

'" ..... "'""-

260 520 

.----.---...... ---0 VCC = 4.5 Vdcto 5.5 Vdc 

Figure 3. AC Test Circuit 

EXTERNAL COMPONENTS 
Cl =C2= 1000pF 
C3=O.II-1F 
CL = 12 pF (INCLUDING SCOPE 

AND JIG CAPACITANCE) 
RL=I.1 kn 

1250.0 

710.0 

400.0 

225.0 .. 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 65 
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Figure 5. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Dual Modulus 
Prescaler With Stand·By Mode 

The MC12036 is a 1.1 GHz +64/65, +128/129 dual modulus prescaler 
used in phase-locked loop (PLL) applications. Stand-By mode is featured 
to reduce current drain to O.5mA typical when the standby pin (SB) is 
switched LOW, disabling the prescaler. On-chip output termination 
provides sufficient output current to drive a 12pF (typical) high impedance 
load. 

The MC12036A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MC145xxx 
series in a PLL to provide tUning signais up to 1.1 6Hz in programmabie 
frequency steps. The MC12036B can be used with CMOS synthesizers 
requiring negative edges to trigger internal counters. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Low Power 4.0mA Typical 

• Stand-By Mode 

• On-Chip Output Termination 

• Supply Voltage 4.5V to 5.5V 

• Operating Temperature Range of -40°C to +85°C 

• Short Setup TIme (tsetl16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level is Compatible With Standard CMOS and 
TTL 

IN SB Me GND 

Design Criteria Value Unit 

Internal Gate Count" 67 ea 

Internal Gate Propagation Delay 200 ps 

Internal Gate Power Dissipation 0.75 mW 

Speed Power Product 0.15 pJ 
"EqUivalent to a two-Input NAND gate. 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

7/93 
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MC12036A 
MC12036B 

MECL PLL COMPONENTS 

+64165, +1281129 
DUAL MODULUS PRESCALER 

WITH STANO-BY MODE 

SW 

H 

H 

L 

L 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FUNCTION TABLE 

MC Divide Ratio 

H 64 

L 65 

H 128 

L 129 

Note: SW: H = VCC, L = OPEN 
MC: H = 2.0V to VCC, L = GND to O.BV 

Range Unit 

-0.5 to +7.0 Vdc 

-40 to +85 °c 

-65 to +150 °e 

-0.5 to +6.5 Vdc 

REV 0 
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MC12036A MC12036B 

ELECTRICAL CHARACTERISTICS (VCC = 4 5 to 5 5 Vdc TA = --40°C to +85°C) 

Symbol 

It 

ICC 

VIHl 

VIL1 

VIH2 

VIL2 

Vout 

tSET 

Yin 

ISB 

In 
iii 

Me 

56 

Characteristic 
Toggle Frequency (Sine Wave Input) 

Supply Current (Pin 2) 

Modulus Control & Standby Input High (MC & SB) 

Modulus Control & Standby Input Low (MC & SB) 

Divide Ratio Control Input High (SW) 

Divide Ratio Control Input Low (SW) 

Output Voltage Swing, CL = 8pF 

Modulus Setup Time MC to Out 

Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

Standby Current 

LOGIC DIAGRAM (MC12036A) 

(+64, SOOMHz Input Frequency, Vee = S.OV, TA = 2Soe, 
Output Loaded) 

Out 

Min TYP Max 
0.1 1.4 1.1 

- 4.0 6.5 

2.0 - -
- - 0.8 

VCC-0.5V VCC VCC+0.5V 

OPEN OPEN OPEN 

1.0 1.4 -
- 11 16 

100 - 1000 
400 - 1000 

- 0.5 -

Modulus setup time Me to out is the Me 
setup or Me release plus the prop. delay. 

Figure 1. Modulus Setup Time 

Unit 
GHz 

mA 

V 

V 

Vdc 

-
Vp_p 

ns 

mVpp 

mA 

In 

Out 

Me 

(+128, 1.1GHz Input Frequency, Vee = S.OV, TA = 2Soe, 
Output Loaded) 

Figure 2. "TYPical Output Waveform 
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SineW~aVeGenerator Cl 

50n 

C2 
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MC12036A MC120368 

,---...... ----t---Q VCC = 4.5 to 5.5 V 

r--
I VCC 
I IN 

MC 

b 
MC Input 

t-i------o Standby Input 

r 
! 
1 

EXTERNAL COMPONENTS 
Cl = C2 = 1000pF 
C3=O.i~F 
CL = 8pF (Including Scope 

and jig capacitance) 

Figure 3. AC Test Circuit 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
1.1 GHz Super Low Power 
Dual Modulus Prescaler 

The MC12052A is a super low power dual modulus prescaler used in 
phase-locked loop applications. Motorola's advanced Bipolar MOSAIC"" 
V technology is utilized to achieve low power dissipation of 2.7mW at a 
minimum supply voltage of 2.7V. 

The MC12052A can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 1.1 GHz in programmable 
frequency steps. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 1281129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• The MC12052 is Pin and Functionally Compatible with the MC12022 

• Low Power 1.0mA Typical 

• 2.0mA Maximum, -40DC to +85DC, VCC = 2.7-5.5 Vdc 

• Short Setup Time (tset) 16ns Maximum @ 1.1 GHz 

• Modulus Control Input Level is Compatible with Standard CMOS and 
TTL 

• Maximum Input Voltage Should Be Limited to 6.5Vdc 

Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

MAXIMUM RATINGS 

Symbol Characterietlc 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

MOSAIC V is a trademark of Motorola 

MC12052A 

MECL PLL COMPONENTS 

+64/65, +128/129 
LOW POWER 

DUAL MODULUS PRESCALER 

SW 

H 
H 
L 

L 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SO SUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

FUNCTIONAL TABLE 

MC Divide Ratio 

H 64 
L 65 
H 128 
L 129 

Note: SW: H = VCC, L = Open 
MC: H = 2.0V to VCC, L = GND to 0.8V 

Range Unit 

-0.5 to +7.0 Vdc 

-40 to +85 DC 

-05 to +150 DC 

-0.5 to +6.5 Vdc 

This document contains information on a new product. Specifications and information herein are subject to 
change without notice. 
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ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5 VDC. TA = -4Q°C to +85°C) 

Symbol Characteristic Min 

It Toggle Frequency (Sine Wave Input) 0.1 

ICC Supply Current (Pin 2) -
VIH1 Modulus Control Input High (MC) 2.0 

VIL1 Modulus Control Input Low (MC) GND 

VIH2 Divide Ratio Control Input High (SW) VCC-0.5V 

VIL2 Divide Ratio Control Input Low (SW) Open 

Vout Output Voltage Swing 2 0.8 
(CL = 8pF. RL = 3.3k.Q) 

Iset Modulus Setup Time MC to Out -
@ 1100MHz 

Yin Input Voltage Sensitivity 250-1100MHz 100 
100-250MHz 400 

10 Output Current 1 
VCC = 2.7V. CL = 8pF. RL = 3.3k.Q -
VCC = 5.0V. CL = 8pF. RL = 7.2k.Q -

.. 
1. DIvide ratio 01 +64/65 @ 1.1 GHz 
2. Valid over voHage range 2.7-5.5V; RL = 3.3k.Q @ VCC = 2.7V; RL = 7.2k.Q @ VCC = 5.0V 

Out 

Figure 1. Logic Diagram (MC12052A) 

MC12052A 

1\'p Max 

1.4 1.1 

1.0 2.0 

- VCC 

- 0.8 

VCC VCC+ 0.5V 

Open Open 

1.1 -

11 16 

- 1000 
- 1000 

0.5 3.0 
0.5 3.0 

Modulus setup time Me to out is the Me 
setup or Me release pius the prop delay. 

Unit 

GHz 

rnA 

V 

V 

VDC 

-

Vpp 

ns 

mVpp 

rnA 

Figure 2. Modulus Setup Time 

,..---.---..... ---0 VCC = 2.7 to S.SV 

r--
Sine Wave Generator I 

~C1; 

., .. ! .r C2 I '" Me 
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OUT I 
I 
I 
I 
I 

__ -1 

Figure 3. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.1I-lF 
CL = 8pF (Including Scope 

and jig capacitance) 
RL = 3.3k.Q@VCC=2.7V 
RL = 7.2k.Q @ VCC = S.OV 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
1.1GHz Super Low Power 
Dual Modulus Prescaler With 
Stand.By Mode 

The MC12053A is a super low power +64/65, +1281129 dual modulus 
prescaler. Motorola's advanced Bipolar MOSAICTM V technology is 
utilized to achieve low power dissipation of 4.3mW at a minimum supply 
voltage of 2.7V. 

The Divide Ratio Control input, SW, permits selection of divide ratio as 
desired. A HIGH on SW selects +64/65; an OPEN on SW selects 
+1281129. The Modulus Control input, MC, selects the proper divide 
number after SW has been biased to select the desired divide ratio. 

Stand-by mode is featured to reduce current drain to 50/lA typical at 
2.7V when the stand-by pin, SB, is switched LOW, disabling the 
prescaler. On-chip output termination provides 500/lA (typical) output 
current, which is sufficient to drive a CMOS synthesizer input high 
impedance load (8pF typical). 

• 1.1 GHz Toggle Frequency 

• Supply Voltage of 2.7 to 5.5V 

• Low Power 1.5mA Typical at V CC = 2.7V 

• Operating Temperature Range of -40°C to +85°C 

• On-Chip Output Termination 

• The MC12053A Is Pin and Functionally Compatible With the MC12036 

• Modulus Control Input Level Is Compatible With Standard CMOS and 
TTL 

Pinout: 8-Lead Plastic (Top View) 

iN S8 Me GND 

IN Vee SW 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

10 Maximum Output Current, Pin 4 

MOSAIC V is a trademark of Motorola 

MC12053A 

MECL PLL COMPONENTS 

+64165, +1281129 
LOW POWER 

DUAL MODULUS PRESCALER 
WITH STAND-BY MODE 

SW 

H 

H 
L 
L 

8~ 
o SUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751-03 

SO SUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

FUNCTIONAL TABLE 

MC Divide Ratio 

H 64 
L 65 
H 128 
L 129 

Note: SW: H = VCC - 0.5 to VCC, L = Open 
MC & SB: H = 2.0Vto VCC, L= Gnd to 0.8 V 

Range Unit 

-o.5to+7.0 Vdc 

-40to+85 °C 

-65 to + 150 °C 

-o.5to+VCC Vdc 

4.0 mA 

This document contains information on a new product. Specifications and information herein are subject to 
change without notice. 
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MC12053A 

ELECTRICAL CHARACTERISTICS (Vee = 2.7V to 5.5V; TA = -40oe to +85°C) 

Symbol Characteristic Min Typ Max Unit 

It Toggle Frequency (Sine Wave Input) 0.1 1.4 1.1 GHz 

ICC Supply Current Output (Pin 2) VCC= 2.7V 1.60 2.5 rnA 
VCC= 5.0V 1.75 2.5 

ISB Stand-By Current VCC=2.7V 50 250 I1A 
VCC= 5.0V 100 250 

VIHl Modulus Control & Stand-By Input HIGH (MC & SB) 2.0 VCC V 

VILl Modulus Control & Stand-By Input LOW (MC & SB) GND O.S V 

VIH2 Divide Ratio Control Input HIGH (SW) VCC-0.5 VCC VCC+0.5 V 

\'",- Dh::dc R~tic Co~trc! !~p!...!t '-.O'N (SW) "IH£' 

Vout Output Voltage Swing 1 

tset Modulus Setup TIme MC to OUT at 11 OOMHz 

Vin Input Voltage Sensitivity 25G-ll00MHz 
10G-250MHz 

1 Assumes SpF high Impedance load. 

Out 

Figure 1. Logic Diagram (MC12053A) 

Sine Wave Generator 

High Performance Frequency 
Control Products - BR1334 

iN 
MC 

S81-+----0 

OUT 1-+----.-0 

GND 

Figure 3. AC Test Circuit 

Open Open Open 

O.S 1.1 

11 16 

100 1000 
400 1000 

Modulus setup time Me to out is the Me 
setup or Me release plus the prop delay. 

Vpp 

ns 

mVpp 

Figure 2. Modulus Setup Time 

VCC=2.7toS.SV 

EXTERNAL COMPONENTS 
Cl = C2 = 1000pF 
C3 = O.l!lF 
CL = 8pF (Including Scope 

and jig capacitance) 

MOTOROLA 
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MC12053A 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 64; Vee = 2.7V; TA = 25°e 

A 

/'\ 
/ ~r--i'-.. 

............ ~ _f"..... 

+1257.40 

+707.11 

+397.64 

+223.61 

+125.74 

+70.71 

'" +39.76 ~ 
> 

+22.36 :3 
:iii 

+12.57 

+7.07 

+3.98 

+2.24 

+1.26 

+0.71 
1800 

2000 

1600 

'" 1200 !:i 
§2 

800 :3 
:iii 

o 200 400 600 800 1000 

FREQUENCY (Hz) 

1200 1400 1600 

400 

o 
1800 

MOTOROLA 
56 

Figure 5. Output Amplitude versus Input Frequency 

High Performance Frequency 
Control Products - BR1334 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
2.0GHz Super Low Power 
Dual Modulus Prescaler 

The MC12054A is a super low power dual modulus prescaler used in 
phase-locked loop applications. Motorola's advanced Bipolar MOSAICTM 
V technology is utilized to achieve low power dissipation of 5.4mW at a 
minimum supply voltage of 2.7V. 

The MC12054A can be used with CMOS synthesizers requiring 
positive edges to trigg'3r in'ArnAl counters such as Motorola's MC145XXX 
series in a PLL to provide tuning signals up to 2.0GHz in programmable 
frequency steps. 

A Divide Ratio Control (SW) permits selection of a 64/65 or 128/129 
divide ratio as desired. 

The Modulus Control (MC) selects the proper divide number after SW 
has been biased to select the desired divide ratio. 

• 2.0GHz Toggle Frequency 

• The MC12054 is Pin and Functionally Compatible with the MC12031 

• Low Power 2.0mA Typical 

• 2.6mA Maximum, -40°C to +85°C, VCC = 2.7-5.5Vdc 

• Short Setup Time (tset) 10ns Maximum @ 2.0GHz 

• Modulus Control Input Level is Compatible with Standard CMOS and 
TTL 

• Maximum Input Voltage Should Be Limited to 6.5Vdc 

Pinout: 8·Lead Plastic (Top View) 

IN NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

MOSAIC V is a trademark of Motorola 

MC12054A 

MECL PLL COMPONENTS 

+64/65, +1281129 
LOW POWER 

DUAL MODULUS ?RESCALER 

8~ 
DSUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751-05 

SDSUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 
H L 65 
L H 128 

L L 129 

Note: SW: H = VCC, L = Open 

MC: H = 2.0V to Vce, L = GND to 0.8V 

Range Unit 

--C.5 to +7.0 VDC 

-40 to +85 °C 

-65 to +150 °C 

--C.5 to +6.5 VDC 

This document contains information on a new product. Specifications and information herein are subject to 
change without notice. 
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MC12054A 

ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5 VDC, TA = -40°C to +85°C) 

Symbol Characteristic Min 

It Toggle Frequency (Sine Wave Input) 0.1 

ICC Supply Current (Pin 2) -

VIH1 Modulus Control Input High (MC) 2.0 

VIL1 Modulus Control Input Low (MC) GND 

VIH2 Divide Ratio Control Input High (SW) VCC-0.5V 

VIL2 Divide Ratio Control Input Low (SW) Open 

Vout Output Voltage Swing 2 (CL = 8pF, RL = 1.65k.Q) 0.8 

Iset Modulus Setup Time MC to Out @ 2oo0MHz -
Vin Input Voltage Sensitivity 250-2000MHz 100 

100-250MHz 400 

10 Output Current 1 
VCC = 2.7V, CL = 8pF, RL = 1.65k.Q -
VCC = 5.0V, CL = 8pF, RL = 3.6k.Q -

.. 1. DIvide ratIO 01 +64165 @ 2.0GHz 
2. Valid over voltage range 2.7-5.5V; RL = 1.65k.Q @ VCC = 2.7V; RL = 3.6k.Q @ VCC = 5.0V 

Out 

Figure 1. Logic Diagram (MC12054A) 

Typ Max 

2.5 2.0 

2.0 2.6 

- VCC 

- 0.8 

VCC VCC+0.5V 

Open Open 

1.1 -
8 10 

- 1000 
- 1000 

1.0 4.0 
1.0 4.0 

Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 

Unit 

GHz 

mA 

V 

V 

VDC 

-
Vpp 

ns 

mVpp 

mA 

In 

Out 

MC 

Figure 2. Modulus Setup Time 

Vcc = 2.7 to 5.5V 

r--
Sine Wave Generator I VCC 

MOTOROLA 
58 

~Cl;. 

~" ! .r C2 I .. Me 

OUT 1-+ ...... --...-0 

Figure 3. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 =: O.1IlF 
CL = 8pF (Including Scope 

and jig capacitance) 
RL = 1.6511D @ VCC = 2.7V 
RL = 3.611D @ VCC = 5.0V 

High Performance Frequency 
Control Products - BR1334 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Low Power Dual 
Modulus Prescaler 

The MC12058 is a low power +126/128, +254/256 dual modulus 
prescaler. Motorola's advanced Bipolar MOSAICTM V technology is 
utilized to achieve low power dissipation of 3.0mW at a minimum supply 
voltage of 2.7V. The MC12058 can be operated down to a minimum 
supply voltage of 2.7V required for battery operated portable systems. 

On-Chip output termination provides 250~ (typical) output current to 
drive a 8pF (typical) high impedance load. The Divide Ratio Control input, 
SW, permits selection of divide r~tio ~s d .. sir .. cI A HIGH on SW selects 
+126/128; an OPEN on SW selects +254/256. The Modulus Control input, 
MC, selects the proper divide number after SW has been biased to select 
the desired divide ratio. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage 2.7V to 5.5V 

• Low Power 1.1 mA Typical at VCC = 3.0V 

• Operating Temperature Range of -40°C to +85°C 

• On-Chip Output Termination 

Pinout: II-Lead Plastic (Top View) 

ilii NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

10 Maximum Output Current, Pin 4 

MOSAIC V is a trademarks of Motorola. 
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SW 

H 
H 

L 
L 

MC12058 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SO SUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

FUNCTIONAL TABLE 

MC Divide Ratio 

H 126 

L 128 

H 254 
L 256 

Note: SW: H = VCC, L = Open 
MC: H =2.0 VtoVCC, L=Gnd to 0.8 V 

Range Unit 

-0.5 to + 7.0 Vdc 

-40 to + 85 °c 

-65 to + 150 °C 

-0.5 to + VCC Vdc 

4.0 mA 

REV 1 
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MC12058 

ELECTRICAL CHARACTERISTICS (VCC = 2.7V to 5.5V; TA = -40°C to +85°C) 

Symbol Characteristic 

It Toggle Frequency (Sine Wave Input) 

ICC Supply Current Output (Pin 2) 

VIH1 Modulus Control Input HIGH (MC) 

VIL1 Modulus Control Input LOW (MC) 

VIH2 Divide Ratio Control Input HIGH (SW) 

VIH2 Divide Ratio Control Input LOW (SW) 

Vout Output Voltage Swing 1 

Iset Modulus Setup Time MC to OUT at 1100MHz 

Vin Input Voltage Sensitivity 

1 Assumes 8pF high Impedance load. 

In 
In 

Me 

sw 

Min 

0.1 

2.0 

GND 

VCC-O.S 

Open 

0.8 

2SQ-1100MHz 100 
1OQ-250MHz 400 

Figure 1. Logic Diagram (MC12058) 
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Typ 

1.4 

1.1 

VCC 

Open 

1.1 

11 

Max Unit 

1.1 GHz 

2.0 mA 

VCC V 

0.8 V 

VCC+ O.S V 

Open 

VPP 

16 ns 

1000 mVpp 
1000 

High Performance Frequency 
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Sine Wave Generator 

High Performance Frequency 
Control Products - BR1334 

Modulus setup time Me to out is the Me 
sett!~ or Me r~l~as~ p!u~ ~13' prO!) ('I~lJIy. 

In 

Out 

Me 

Figure 2. Modulus Setup Time 

...---_--...._---0 VCC = 2.7 to 5.SV 

OUT 1-+--....... -0 

Figure 3. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.1I1F 
CL = BpF (Including Scope 

and jig capacitance) 

MC12058 
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MC12058 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio = 126; Vee = 5.5V; TA = 25°e 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Prescaler 

The MC12073 is a divide by 64 prescaler. Typical frequency synthesis 
applications include elctronically tuned TV/CATV and communication 
systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential ECl outputs are 
provided. 

_ .... _11_ "T" ___ I_ .... ___ •• ___ •• 

• ' .• unL Ivyyn:' rtcn."u'Olu ... y 

• Operating Supply Voltage of 4.5 to 5.5V 

• low-Power 23mA Typical at VCC = 5.0V 

• High Input Sensitivity, 20mVrms at VCC = 5.0 ± 10%, TA = O°C to +70°C 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential ECl Outputs 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto+70 °c 

Tst!! Storage Temperature Range -65 to +175 °c 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = 0 to +70°C) 

Symbol Characteristic 

'max1 Toggle Frequency 

'min (Sine Wave Input) 

ICC Supply Current at 5.5V 

Vout Output Voltage 
(Load =1 OpF) 

Vinmin Input Voltage Sensitivity 
150-1100MHz 

90MHz 

Vin max Input Overload 

• TYPical meausred at +25°C, 5.0V 
1 See Figure 1 

7193 
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Min Typ. Max Unit 

1.1 1.3 GHz 
90 MHz 

23 30 rnA 

0.8 1.2 Vpp 

mVrms 
10 20 

30 

200 400 mVrms 

MC12073 

MECL PLL COMPONENTS 

+64 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: a-Lead Plastic (Top View) 

OUtput 

Input 

REV 1 
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MC12073 
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Figure 1. Divide Ratio = 64 
(Maximum Toggle Frequency: Min = 1348, Mean = 1348, Max = 1348 
Temp = 25°C, VCC = 5.0V, Number of Devices = 1, ICC (mA) = 22.51) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Prescaler 

The MC12074 is a divide by 256 prescaler. Typical frequency 
synthesis applications include elctronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input Signal. Differential ECl outputs are 
provided. 

• 1.1 GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• low-Power 23mA Typical at VCC = 5.0V 

• High Input Sensitivity, 20mVrms at VCC = 5.0 ± 10%, TA = O°C to +70°C 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential ECl Outputs 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto+70 °C 

Tstg Storage Temperature Range -85 to +175 °C 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = 0 to +70°C) 

Symbol Characteristic 

Imax1 Toggle Frequency 
Imin (Sine Wave Input) 

ICC Supply Current at 5.5V 

Vout Output Voltage 
(Load =10pF) 

Vinmin Input Voltage Sensitivity 
15Q-ll00MHz 

90MHz 

Yin max Input Overload 

* Typical meausred at +25°C, 5.0V 
See Figure 1 
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Min Typ· Max Unit 

1.1 1.3 GHz 
90 MHz 

23 30 rnA 

0.8 1.2 Vpp 

mVrms 
10 20 

30 

200 400 mVrms 

MC12074 

MECL PLL COMPONENTS 

+256 
FRESCALEFi 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-04 

Pinout: 8-Lead Plastic (Top View) 

Output 

Input 
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MC12074 
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Figure 1. Divide Ratio = 256 
(Maximum Toggle Frequency: Min = 1357, Mean = 1357, Max = 1357 

Temp = 25°C, Vee = 5.0V, Number of Devices = 1) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.3GHz Prescaler 

The MC12076 is a divide by 256 prescaler. Typical frequency 
synthesis applications include elctronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential ECl outputs are 
provided. 

• 1.3GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• low-Power 36mA Typical at VCC = 5.0V 

• Operating Temperature Range of O°C to +85°C 

• High Input Sensitivity 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential ECl Outputs 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Count' 62 ea 

Internal Gate Propagation Delay 250 ps 

Internal Gate Power Dissipation 10 mW 

Speed Power Product 2.5 pJ 

, Equivalent to a two-input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto+85 °c 

Tstg Storage Temperature Range -65 to +175 °c 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = 0 to +65°C) 

Symbol Characteristic 

fmax1 Toggle Frequency 

'min (Sine Wave Input) 

ICC Supply Current at 5.5V 

Vout Output Voltage 
(Load =10pF) 

Vinmin Input Voltage 70MHz 
Sensitivity 150-1100MHz 

1.2GHz 
1.3GHz 

Yin max Input 70-1300MHz 
Overload 

, TYPical meausred at +25°C, 5.0V 
1 See Figure 1 

7193 

© Motorola, Inc. 1994 

Min Typ' Max Unit 

1.3 1.6 GHz 
70 MHz 

36 50 mA 

0.8 1.2 Vpp 

10 20 mVrms 
1.0 4.0 
1.5 15 
3.0 20 

400 mVrms 

MC12076 

MECL PLL COMPONENTS 

+256 
FRESCAL;;;A 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-04 
8.-

Pinout: 8-Lead Plastic (Top View) 

Output 

Input 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.3GHz Prescaler 

The MC12078 is a divide by 256 prescaler. Typical frequency 
synthesis applications include elctronically tuned TV/CATV and 
communication systems as well as instrumentation. 

An internal preamplifier is included which isolates the differential inputs 
and provides gain for the input signal. Differential ECl outputs are 
provided. 

• 1.3GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• low-Power 28mA Typical at VCC = 5.0V 

• Operating Temperature Range of O°C to +85°C 

• High Input Sensitivity 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential ECl Outputs 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Count' 62 ea 

Internal Gate Propagation Delay 250 ps 

Internal Gate Power Dissipation 10 mW 

Speed Power Product 2.5 pJ 

, Equivalent to a two-input NAND gate 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

VCC Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto+85 °C 

Tstg Storage Temperature Range -65 to +175 °C 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = 0 to +85°C) 

Symbol Characteristic 

Imax1 Toggle Frequency 
Imin (Sine Wave Input) 

ICC Supply Current at 5.5V 

Vout Output Voltage 
(Load =1 OpF) 

Vinmin Input Voltage 90MHz 
Sensitivity 150-11OOMHz 

1.3GHz 

Vinmax Input 90--500MHz 
Overload 500--1300MHz 

, Typical meausred at +25°C, 5.0V 
See Figure 1 
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Min Typ' Max Unit 

1.3 1.6 GHz 
90 MHz 

28 35 mA 

0.8 1.2 Vpp 

10 20 mVrms 
4.0 10 
7.0 20 

400 mVrms 
400 

MC12078 

MECL PLL COMPONENTS 

+256 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-04 

Pinout: 8-Lead Plastic (Top View) 

REV 1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.8GHz Prescaler 

The MC12079 is a single modulus divide by 64, 128, 256 prescaler for 
low power frequency division of a 2.8GHz (typical) high frequency input 
signal. Divide ratio control inputs SW1 and SW2 select the required divide 
ratio of +64, +128, or +256. 

An external load resistor is required to terminate the output. A 1.2kn 
resistor is recommended to achieve a 1.6Vpp output swing, when dividing 
a 1.1 GHz input signal by the minimum divide ratio of 64, assuming a 12pF 
load. Output current can be minimized dependent on conditions such as 
output frequency, capacitive load being driven, and output voltage swing 
requireu. Typicai values fur ioad resistors Ciie included iii the Vout 
specification for various divide ratios at 2.8GHz input frequency. 

• 2.8GHz Toggle Frequency 

• Supply Voltage 4.5V to 5.5V 

• Low Power 9mA Typical at VCC = 5.0V 

• Operating Temperature Range of -40°C to +85°C 

IN NC SW2 GND 

MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 4 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

It Toggle Frequency (Sine Wave) 

ICC Supply Current Output (Pin 2) 

Vin Input Voltage Sensitivity 250-500MHz 
500-2800MHz 

VIH Divide Ratio Control Input High (SW) 

Vil Divide Ratio Control Input low (SW) 

Vout Output Voltage Swing (Cl = 12pF; Rl = 1.2kn; 10 = 2.7mA)1 
(Cl = 12pF; Rl = 2.2kn; 10 = 1.5mA)2 

(Cl = 12pF; Rl = 3.9kQ; 10 = 0.85mA)3 
. . 

1 DIVide ratio of +64 at 2.8GHz . 
2 Divide ratio of +128 at 2.8GHz. 
3 Divide ratio of +256 at 2.8GHz. 
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MC12079 

MECL PLL COMPONENTS 

Min 

0.25 

-
400 
100 

+64/1281256 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Value 

-0.5 to +7.0 

-40 to +85 

-65 to +150 

4 

Typ Max 

3.4 2.8 

9.0 11.5 

- 1000 
- 1000 

8~ 

Unit 

VDC 

°c 

°c 

mA 

Unit 

GHz 

mA 

mVpp 

VCC-0.5 VCC VCC+0.5 V 

Open Open Open -

1.0 1.6 - Vpp 

REV 1 
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MC12079 

In 
In 

SW2 

SW1 

SINE WAVE GENERATOR 

~C1 

~f 

MOTOROLA 
72 

Figure 1. Logic Diagram (MC12079) 

FUNCTION TABLE 

SW1 SW2 Divide Ratio 

H H 64 

H L 128 

L H 128 

L L 256 

Note: SW1 & SW2: H = VCC; L = Open 

.------....... ----0 VCC =4.5to 5.5V 

1----- ----I r C3 

I I 
IN 

Figure 2. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 =C2=1000pF 
C3 =O.lI1F 
Cl = 12pF (Including Scope and Jig Capacitance) 
Rl = 1.2110 (for +64 at 2.8GHz) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Prescaler 
The MC12080 is a single modulus divide by 10,20,40,80 prescaler for 

low power frequency division of a 1.1 GHz high frequency input signal. 
Divide ratio control inputs SW1, SW2 and SW3 select the required divide 
ratio of +10, +20, +40, or +80. 

An external load resistor is required to terminate the output. A 8200 
resistor is recommended to achieve a 1.2V pp output swing, when dividing 
a 1.1 GHz input signal by the minimum divide by ratio of 10, assuming a 
8pF load. Output current can be minimized dependent on conditions such 
as output frequency, capacitive load being driven, and output voltage 
swing required. Typical values for load resistors are included in the Vout 
specification for various divide ratios at 1.1 GHz input frequency. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage 4.5V to 5.5V 

• Low Power 3.7mA Typical at VCC = 5.0V 

• Operating Temperature Range of -40°C to +85°C 

IN SW3 SW2 GND 

MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 4 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter Min 

It Toggle Frequency (Sine Wave) 0.1 

ICC Supply Current Output (Pin 2) -
Yin Input Voltage Sensitivity lDO-250MHz 400 

25D-ll00MHz 100 

VIH Divide Ratio Control Input High (SW1, SW2, SW3) VCC-0.5V 

VIL Divide Ratio Control Input Low (SWl , SW2, SW3) Open 

Vout Output Voltage Swing 1 RL = 8200, 10 = 4.0mA for +10 0.8 
RL = 1.61<0, 10 = 2.1 rnA for +20 
RL = 3.31<0, 10 = 1.1 mA for +40 

RL = 6.21<0, 10 = 0.57mA for +80 

1 Assumes 8pF load and 1.lGHz Input frequency (typical), 10 atVcc = 5.0Vand TA = 25°C 

12194 

MC12080 

MECLPLLCOMPONENTS 

+10/20/40/80 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Value 

-0.5 to +7.0 

-40 to +85 

-65 to +150 

10 

lYP Max 

1.4 1.1 

3.7 5.0 

- 1000 
- 1000 

VCC VCC+0.5V 

Open Open 

1.2 -

8~ 

Unit 

VDC 

°C 

°C 

rnA 

Unit 

GHz 

rnA 

mVpp 

V 

-

VPP 
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In 
iii 

SW1 

SW3 

SW2 

FUNCTION TABLE 

SW1 SW2 SW3 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

NOTE: For SW1, SW2 and SW3: H = VCC; L = Open 

Figure 1. Logic Diagram (MC12080) 

MC12080 

Divide Ratio 

80 
40 
40 
20 
40 
20 
20 
10 

Out 

.-----.... ----0 VCC = 4.5 to 5.5V 

SINE WAVE GENERATOR 

High Performance Frequency 
Control Products - BR1334 

L ___ _ 

----I rC3 

SW11-+-----o 

SW2H------o 

SW3H------o 

Figure 2. AC Test Circuit 

EXTERNAL COMPONENTS 
Cl =C2=1000pF 
C3=0.1~F 
CL = 8pF (Including Scope and Jig Capacitance) 
RL = 8200 for +10 at 1.1GHZ 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Prescaler With 
Stand-By Mode 

The MC12083 is a +2 prescaler for low power frequency division of a 
1.1 GHz high frequency input signal. On-chip output termination provides 
output current to drive a 2pF (typical) high impedance load. If additional 
drive is required for the prescaler output, an external resistor can be 
added parallel from the OUT Pin to GND to increase the output power. 
Care must be taken not to exceed the maximum allowable current 
through the output. 

Stand-By mode is featured to reduce current drain to 25011A typical 
when the stand-by pin SB is switched LOW disabling the prescaler. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage 2.7V to 5.5V 

• Low Power 4.5mA Typical at VCC = 2.7V 

• Operating Temperature -40 to +85°C 

• On-Chip Termination 

Pinout: B-Lead Plastic (Top View) 

iN SB NC GND 

2 

VCC NC 
A LOW on the Stand-By Pin 7 disables the device. 

MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 4 
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MC12083 

MECLPLLCOMPONENTS 

+2 
PRESCALER 

WITH STAND-BY MOOE 

REV 1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

8.-
DSUFFIX 

PLASTIC SOIC PACKAGE 
CASE 751-05 

Value 

--0.5 to +7.0 

-40 to +85 

-65 to +150 

10.0 

Unit 

VDC 

°c 

°c 

mA 
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MC12083 

ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter Min Typ Max Unit 

It Toggle Frequency (Sine Wave) 0.1 1.4 1.1 GHz 

ICC Supply Current Output (Pin 2) VCC=3.0V 4.4 6.S mA 
VCC=S.SV 4.8 6.S 

ISB Standby Current VCC=3.0V 250 3S0 lIA 
VCC= S.SV 500 600 

VIH Standby Input HIGH (SB) 2.0 VCC V 

VIL Standby Input LOW (SB) GND 0.8 V 

VOUT Output Voltage Swing (Note 1) 2pF Load @ SooMHz Input 700 800 mVpp 
2pF Load @ 750MHz Input 600 700 

2pF Load @ llOOMHz Input 400 450 

VIN Input Voltage Sensitivily lQO-2S0MHz 400 1000 mVpp 
2SQ-400MHz 200 1000 

400-1100MHz 100 1000 
. . .. 

1. Assume2pF load, VCC = 2.7V, VIN =mlnlmum specification for each frequency band, TA =8SoC 

Sine Wave Generator 

MOTOROLA 
76 

S81-+----o 

OUT 1-+---1-0 
I 
I 
I 

I GND I 
L ________ J 

Figure 1. AC Test Circuit 

2pF 

Vcc = 2.710 5.5V 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.1I1F 
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Figure 3. 12083 Output Peak-to-Peak at 2pF Load 

MOTOROLA 

79 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.8GHz Prescaler 
The MC12089 is a single modulus divide by 64 and 128 prescaler for 

low power frequency division of a 2.8GHz high frequency input signal. 
The low power (10.2mA typical at 5.0V) and high operating frequency 
features make this prescaler ideal in satellite TV receiver applications. 

Divide ratio control input SW selects the required divide ratio of +e4 or 
+128. 

On-chip output termination provides 2.5mA of output current to drive a 
12pF (typical) high impedance load. The output voltage swing under 
typical supply voltage and temperature conditions is 1.2V. If additional 
drive is required for the prescaler output, an external resistor can be 
added in parallel from the OUT pin to GND to increase the output power. 
Care must be taken not to exceed the maximum allowable current 
through the output. 

• 2.8GHz Toggle Frequency 

• Supply Voltage 4.5V to 5.5V 

• Low Power Dissipation 51 mW Typical 

• Operating Temperature Range of -40°C to +85°C 

Pinout: 8-Lead Plastic (Top View) 

NC OUT NC SW 

MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 4 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 7 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

It Toggle Frequency (Sine Wave) 

ICC Supply Current Output (Pin 2) 

Vin Input Voltage Sensitivity 250-500MHz 
500-2800MHz 

VIH Divide Ratio Control Input High (SW) 

VIL Divide Ratio Control Input Low (SW) 

Vout Output Voltage Swing 1 

1 Assumes CL = 12pF 
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MC12089 

MECL PLL COMPONENTS 

Min 

0.25 

-

400 
100 

VCC-0.5 

Open 

0.8 

REV 1 

+64/128 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Value 

-{l.5 to +7.0 

-40 to +85 

-65 to +150 

4 

Typ Max 

3.4 2.8 

10.2 14.5 

- 1000 
- 1000 

VCC VCC+0.5 

Open Open 

1.2 -

Unit 

VDC 

°c 

°C 

rnA 

Unit 

GHz 

rnA 

mVpp 

V 

-
Vpp 
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Iii 
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D QB 

C Q 

SW-{:>------------------------------~ 

Figure 1. Logic Diagram (MC12089) 

FUNCTION TABLE 

sw 
H 

L 

Note: H = VCC; L = Open 

Divide Ratio 

64 
128 

MC12089 

Out 

,........--------..... ------<> VCC = 4.5 to 5.5V 

SINE WAVE GENERATOR 

~~ 
=t 

High Performance Frequency 
Control Products - BR1334 

C3 
r----- ----, I 
I Vcc I -= 
I I 

IN SW 1-+---------0 

OUT I 
I GND I L_____ _ ___ .I 

Figure 2. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 =C2= 1000pF 
C3 = O.II1F 
CL = 12pF (Including Scope and Jig Capacitance) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Not Recommended for New Designs 
Consider MC 12083 or MC 10EL32 

UHF Prescaler 
The MC12090 is a high-speed D master-slave flip-flop capable of 

toggle rates of over 700MHz. It was designed primarily for high-speed 
prescaling applications in communications and instrumentation. This 
device employs two data inputs, two clock inputs as well as 
complementary Q and Q outputs. There are no SET or RESET inputs. 

Pinout: 16-Lead Plastic (Top View) 

VCC2 NC NC NC NC C2 

LOGIC DIAGRAM 

TRUTH TABLE 

VCC1 = Pin 1 
VCC2= Pin 16 
VEE = Pin 8 

Q 2 

3 

ELECTRICAL CHARACTERISTICS 

C 0 Qn + 1 

L X Qn 

H X Qn 

....r L L 

....r H H 

C = C1 + C2, X = Don't Care 
D=D1 +D2 

MC12090 

MECL PLL COMPONENTS 

HIGH-SPEED 
PRESCALER 

-
PSUFFIX 

PLASTIC PACKAGE 
CASE 648-{)8 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

DOC 25°C 75°C 

Symbol Characteristic Min Max Min Max Min Max Unit 

IE Power Supply Current 65 59 65 mA 

linH Input Current HIGH Pins 7,9 400 260 260 IJA 
Pins 11,12 435 280 280 

linL Input Current LOW 0.5 0.5 0.3 IlA 

VOH Output Voltage HIGH -1.02 -{I.84 -{I.98 -{I.81 -{I.92 -{I.735 Vdc 

VOL Output Voltage LOW -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH Input Voltage HIGH -1.17 -{I.B4 -1.13 -{I.81 -1.70 -{I.735 Vdc 

VIL Input Voltage LOW -1.87 -1.495 -1.85 -1.48 -1.83 -1.45 Vdc 
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MC12090 

ELECTRICAL CHARACTERISTICS 

-30°C O°C 25°C 75°C 85°C 

Symbol Characteristic Min I Max Min I Max Min I Max Min I Max Min I Max Unit 

ftog Toggle Frequency 500 I 700 I 750 I 700 I 500 I MHz 

Typical (25°C) 

Ipd Propagation Delay (Clock to OUtput Pins 7,9,12) 1.3 ns 

ts Setup Time tsetup H 0.3 ns 

Isetup L 0.3 

th Hold Time thold H 0.3 ns 

thold L 0.3 

tr Rise Time 0.9 ns 

tf Fall Time 0.9 ns 
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10 2008 

5 1131 1000 

0 636 
500 

-5 354 
l-
=> -10 Il.. 
~ 

201 
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e. 

113 1 
w -20 
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E -25 -' Il.. 
:::;: 
< -30 
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Il.. 
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" ~ 354 
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Figure 1. Guaranteed Range of Operation 
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(Temp = 75°e, 5 Devices, Vee = 2.0V, VEE = -3.2V, VBias = O.710V) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

+2, +4, +8 1.1 GHz Low Power 
Prescaler with Stand-By Mode 

The MC12093 is a single modulus prescaler for low power frequency 
division of a 1.1 GHz high frequency input signal. Motorola's advanced 
MOSAICTM V technology is utilized to acheive low power dissipation of 
6.75mW at a minimum supply voltage of 2.7V. 

On-chip output termination provides output current to drive a 2pF 
(typical) high impedance load. If additional drive is required for the 
prescaler output, an external resistor can be added parallel from the OUT 
pin to GND to increase the output power. Care must be taken not to 
exceed the maximum allowable current through the output. 

Divide ratio control inputs SW1 and SW2 select the required divide 
ratio of +2, +4, or +8. 

Stand-By mode is featured to reduce current drain to 501lA typical 
when the standby pin SB is switched LOW disabling the prescaler. 

• 1.1 GHz Toggle Frequency 

• Supply Voltage 2.7V to 5.5VDC 

• Low Power 3.0mA Typical 

• Operating Temperature -40°C to +85°C 

• Divide by 2, 4 or 8 Selected by SW1 and SW2 Pins 

• On-Chip Termination 

IN SB SW1 GND 

2 

IN VCC 
A LOW on the Stand·By Pin 7 disables the device. 

AC TEST CIRCUIT 

12194 

© Motorola, Inc. 1994 

EXTERNAL 
COMPONENTS 
C1 = C2 = 1000pF 
C3 = O.1I1F 
C4=2pF Load 

MC12093 

MECL PLL COMPONENTS 

·+2, +4, +8 
LOW POWER PRESCALER 

WITH STAND-BY MODE 

SW1 

L 
H 
L 
H 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SDSUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

FUNCTION TABLE 

SW2 Divide Ratio 

L 8 
L 4 
H 4 
H 2 

Note: SW1 & SW2: H = (VCC-Q.5V) to VCC; 
L=OPEN 

S8: H = 2.0V to VCC; L = GND to 0.8V 

FUNCTION CHART 

IN 

+2 

REV 1 
® MOTOROLA 



MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperatura Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 4 

ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

It Toggle Frequency (Sine Wave) 

ICC Supply Current 

ISB Stand-By Current 

V,Hl Stand-By Input HIGH (SB) 

V,L1 Stand-By Input LOW (SB) 

V,H2 Divide Ratio Control Input HIGH (SWl & SW2) 

V,L2 Divide Ratio Control Input LOW (SWl & SW2) 

Output Voltage Swing (2pF Load) VOUT 
Output Frequency 12.5-350MHz1 
Output Frequency 350-400MHz2 
Output Frequency 400-450MHz3 
Output Frequency 450-550MHz4 

Y,N Input Voltage Sensitivity 250-1100MHz 
1OG-250MHz 

1 Input frequency 1.1 GHz, +6, minimum output frequency of 12.5MHz. 
2 Input frequency 70o-eOOMHz, +2. 
3 Input frequency 8OG-900MHz, +2. 
4 Input frequency 900-11 OOMHz, +2. 

High Performance Frequency 
Control Products - BR1334 

Min 

0.1 

2.0 

GND 

VCC-0.5 

OPEN 

0.6 
0.5 
0.4 
0.3 

100 
400 

Value 

-0.5 to +6.0 

-40 to +85 

-65 to +150 

4.0 

Typ Max 

1.4 1.1 

3.0 4.5 

120 200 

VCC 

0.8 

VCC VCC + 0.5 

OPEN OPEN 

0.80 
0.70 
0.55 
0.45 

1000 
1000 

MC12093 

Unit 

VDC 

°c 

°c 
rnA 

Unit 

GHz 

rnA 

I1A 
V 

V 

V 

Vpp 

mVpp 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
2.5GHz Low Power Prescaler 
With Stand·By Mode 

The MC12095 is a single modulus prescaler for low power frequency 
division of a 2.5GHz high frequency input signal. Motorola's advanced 
MOSAICTM V technology is utilized to acheive low power dissipation of 
27mW at a minimum supply voltage of 2.7V. 

On-chip output termination provides output current to drive a 2pF 
(typical) high impedance load. If additional drive is required for the 
prescaler output, an external resistor can be added in parallel from the 
OUT pin to GND to increase the output power. Care must be taken not to 
exceed the maximum allowable current through the output. 

Divide ratio control input (SW) selects the required divide ratio of +2 or 
+4. Stand-By mode is available to reduce current drain to 1001lA typical 
when the standby pin SB is switched LOW disabling the prescaler. 

• 2.5GHz Toggle Frequency 

• Supply Voltage 2.7V to 5.5VDC 

• Low Power 10mA Typical 

• Operating Temperature -40°C to +85°C 

• Divide by 2 or 4 Selected by the SW Pin 

FUNCTIONAL TABLE 

sw Divide Ratio 

H 2 

L 4 

Note: SW: H = (VCC - O.4V) to Vcc; L = OPEN 
SB: H = 2.0V to Vcc; L = GND to O.BV 

AC TEST CIRCUIT 

----, C3 

Cl VCC i ~ 1-DI-":"-C2--+L~:_: ___ =r_---,H----'-O 

MOSAIC V is a trademark of Motorola. 

VCC = 2.7 to S.SV 

EXTERNAL 
COMPONENTS 
Cl = C2 = 1000pF 
C3=O.II1F 
C4=2pF 

MC12095 

MECL PLL COMPONENTS 

+2, +4 LOW POWER 
PRESCALER WITH 
STAND-BY MODE 

8~ 
1 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SO SUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

Pinout: 8-Lead Plastic SOIC (Top View) 

This document contains information on a product under development. Motorola reserves the right to change or 
discontinue this product without notice. 

10194 
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MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 4 

ELECTRICAL CHARACTERISTICS (Vee = 2.7 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

It Toggle Frequency (Sine Wave) 

ICC Supply Current 

ISB Stand-By Current 

VIH1 Stand-By Input HIGH (SB) 

VIL1 Stand-By Input LOW (SB) 

VIH2 Divide Ratio Control Input HIGH (SW) 

VIL2 Divide Ratio Control Input LOW (SW) 

Output Voltage Swing (2pF Load) VOUT 
Output Frequency 1.25GHz 1 

VIN I nput Voltage Sensitivity 

1 Input frequency 2.5GHz, +2. 
2 Input frequency 3.0GHz, +2. 

High Performance Frequency 
Control Products - BR1334 

Output Frequency 1.5GHz2 

50o-2500MHz 
10O-S00MHz 

Min 

0.1 

2.0 

GND 

VCC-0.4 

OPEN 

TBD 
TBD 

100 
400 

Value 

-0.5 to +6.0 

-40 to +85 

-65 to +150 

8.0 

Typ Max 

3.0 2.5 

8.7 TBD 

100 TBD 

VCC 

0.8 

VCC VCC 

OPEN OPEN 

450 
250 

1000 
1000 

MC12095 

Unit 

VDC 

°C 

°C 

rnA 

Unit 

GHz 

rnA 

ItA 
V 

V 

V 

mVpp 

mVpp 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Voltage Controlled Oscillator 
Consider MC12148 for New Designs 

The MC1648 requires an external parallel tank circuit consisting of the 
inductor (L) and capacitor (C). For Maximum Performance QL ~ 100 at 
Frequency of Operation. 

A varactor diode may be incorporated into the tank circuit to provide a 
voltage variable input for the oscillator (VCO). The MC1648 was 
designed for use in the Motorola Phase-Locked Loop shown in Figure 9. 
This device may also be used in many other applications requiring a fixed 
or variable frequency clock source of high spectral purity. (See Figure 2) 

The MC1648 may be operated from a +5.0Vdc supply or a -5.2Vdc 
supply, depending upon system requirements. 

NOTE: The MC1648 is NOT useable as a crystal oscillator. 

Pinout: 14-Lead Package (Top View) 

VCC NC TANK NC BIAS NC VEE 

VCC NC OUT AGC NC VEE 

Supply Voltage GNDPlna Supply Pins 

+S.OVdc 7,8 1,14 

-5.2Vdc 1,14 7,8 

MC1648 NON-STANDARD PIN CONVERSION DATA 

Package TANK Vee Vee OUT AGe VEE VEE BIAS 

80 1 2 3 4 5 6 7 8 

14 L,P 12 14 1 3 5 7 8 10 

20FN 18 20 2 4 8 10 12 14 . NOTE - All unused pins are not connected . 

LOGIC DIAGRAM 

MC1648 

VOLTAGE 
CONTROLLED 
OSCILLATOR 

• 3 4 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632-08 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FNSUFFIX 
PLCC PACKAGE 

CASE 775-02 

r------, • Input Capacttance = 6.OpF (TYP) 

BIASPOINT10~1 3 
TANK 12 I OUTPUT 

L _____ .J 

11194 

© Motorola, Inc. 1994 

5 
AGC 

• Maximum Series Resistance for L (External Inductance) = 500 (TYP) 

• Power Dissipation = 150mW (TYP)/Pkg (+5.0Vdc Supply) 

• Maximum Output Frequency = 225MHz (TYP) 

VCCf= Pin 1 
VCC2 = Pin 14 
VEE =Pin7 

REV 1 
® MOTOROLA 



.... --+-----L 09 

10 12 
BIAS TANK 

POINT 

VCC2 
14 

5 
AGC 

Figure 1. Circuit Schematic 

TEST VOLTAGE/CURRENT VALUES 

@ Test I (Volts) mAdc 

Tempermu~ ~==V=I=H=m=a=x======~V=IL=m=l~n========V=c=c====~=====IL=====~ 
MC1648 

+2.0 +1.5 5.0 -5.0 

+1.85 +1.35 5.0 -5.0 

+1.7 +1.2 5.0 -5.0 

Note: SOIC "0" package guaranteed -30°C to +70°C only 

ELECTRICAL CHARACTERISTICS (Supply Voltage = +5.0V) 

-30°C +25°C +85°C 

Symbol Characteristic Min Max Min Max Min Max 

IE Power Supply Drain Current - - - 41 - -
VOH Logic "1" Output Voltage 3.955 4.185 4.04 4.25 4.11 4.36 

VOL Logic "0" Output Voltage 3.16 3.4 3.2 3.43 3.22 3.475 

VBIAS' 
Bias Voltage 1.6 1.9 1.45 1.75 1.3 1.6 

Min Typ Max Min Typ Max Min Typ 

Vp_p Peak-ta-Peak Tank Voltage - - - - 400 - - -
Vdc Output Duty Cycle - - - - 50 - - -

fmax2 Oscillation Frequency - 225 - 200 225 - - 225 

Unit 

mAde 

Vdc 

Vdc 

Vdc 

Max 

-
-
-

VCC1 
1 

3 

MC1648 

OUTPUT 

Condition 

Inputs and outputs open 

VILmin to Pin 12, IL @ Pin 3 

VIHmax to Pin 12, IL @ Pin 3 

VILmin to Pin 12 

Unit Condition 

mV See Figure 3 

% 

MHz 

1 This measurement guarantees the dc potenllal at the bias point for purposes of Incorporating a varactor tuning diode at this point. 
2 Frequency variation over temperature is a direct function of the I!.CII!. Temperature and I!.LlI!. Temperature. 

High Performance Frequency 
Control Products - BR1334 

MOTOROLA 
93 



MC1648 

B.W. = 10kHz 
Center Frequency = 100 MHz 
Scan Width = 50 kHz/div 
Vertical Scale = 10 dB/div 

L: Micro Metal torroid #T20-22, 8 turns #30 Enameled Copper wire. 
C=3.Q-35pF 

l=4OnH 
C=10pF .... -I~:t....---:te-... +5.0Vdc 

~ 1: O.lIlF 1: 10llF 
10 14 1 _ _ 

r-..... -o--. r- --,- -
I I 

12 5 

1200' 

3 SIGNAL 
UNDER 
TEST 

• The 1200 ohm resistor and the scope termination impedance constitute a 25:1 
atlenuator probe. Coax shall be CT ~75-50 or equivalent. 

Figure 2. Spectral Purity of Signal Output for 200MHz Testing 

TEST VOLTAGE/CURRENT VALUES 

Tempe~eJ:':~I==V=I=H=m=a=x======~~IL=om=Hs~I~========VC=C====~I~===m=~=d=c==~ 
MC1648 

-3.2 -3.7 -5.2 -5.0 

-3.35 -3.85 -5.2 -5.0 

-3.5 -4.0 -5.2 -5.0 

Note: SOIC "0" package guaranteed -30°C to +70°C only 

ELECTRICAL CHARACTERISTICS (Supply Voltage = -5.2V) 

-30°C +25°C +85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IE Power Supply Drain Current - - - 41 - - mAde Inputs and outputs open 

VOH Logic "1" Ou1put Voltage -1.045 -0.815 -0.96 -0.75 -0.89 -0.64 Vdc VILmin to Pin 12, IL @ Pin 3 

VOL Logic "0" Output Voltage -1.89 -1.65 -1.85 -1.62 -1.63 -1.575 Vdc VIHmax to Pin 12, IL @ Pin 3 

VBIAS1 Bias Voltage -3.6 -3.3 -3.75 -3.45 -3.9 -3.6 Vdc VILmin to Pin 12 

Min Typ Max Min Typ Max Min Typ Max Unit Condition 

Vp_p Peak-ta-Peak Tank Voltage - - - - 400 - - - - mV See Figure 3 

Vdc Output Duty Cycle - - - - 50 - - - - % 

fm~ OSCillation Frequency - 225 - 200 225 - - 225 - MHz 

1 ThiS measurement guarantees the dc potential at the bias point for purposes of Incorporating a varactor tumng diode at this point. 
2 Frequency variation over temperature is a direct function of the !;.Ct!;. Temperature and !;.LI!;. Temperature. 
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VCC 

~I i I!~ 
1 14 

.--.... -0 ....... r- -- , 
I I 

I 

12 

1200 

"::" 

QL<:100 

MC1648 

• Use high impedance probe (> 1.0 Megohm musl be used). 
.. The 1200 ohm resistor and the scope termination impedance constitute 

a 25:1 attenuator probe. Coax shall be CT -070-50 or equivalent. 
... Bypass only that supply opposite ground . 

Figure 3. Test Circuit and Waveforms 

OPERATING CHARACTERISTICS 

Figure 1 illustrates the circuit schematic for the MC1648. 
The oscillator incorporates positive feedback by coupling the 
base of transistor 06 to the collector of 07. An automatic gain 
control (AGC) is incorporated to limit the current through the 
emitter-coupled pair of transistors (07 and 06) and allow 
optimum frequency response of the oscillator. 

In order to maintain the high 0 of the oscillator, and 
provide high spectral purity at the output, transistor 04 is 
used to translate the oscillator signal to the output differential 
pair 02 and 03. 02 and 03, in conjunction with output 
transistor 01, provides a highly buffered output which 
produces a square wave. Transistors 09 and 011 provide 
the bias drive for the oscillator and output buffer. Figure 2 
indicates the high spectral purity of the oscillator output 
(pin 3). 

When operating the oscillator in the voltage controlled 
mode (Figure 4), it should be noted that the cathode of the 
varactor diode (D) should be biased at least "2" VSE above 

1= ~CC=5Vd 
~ ,.... 

j..--' 

<l 
1 

1 10 100 
f, OPERATING FREQUENCY (MHz) 

VEE (=1.4V for positive supply operation). 

When the MC1648 is used with a constant dc voltage to 
the varactor diode, the output frequency will vary slightly 
because of internal noise. This variation is plotted versus 
operating frequency in Figure 5. 

"::" 

10 

12 

QL<:100 

5 

I C2 

"::" 

Figure 4. The MC1648 Operating in the 
Voltage Controlled Mode 

Oscillator Tank Components 
(Circuit of Figure 4) 

f 
MHz 

1.D-l0 

10-60 

60-100 

Signal Generator 
HP608 or Equiv 

0 

MV2115 

MV2116 

MV21 06 

BW= I.OkHz Frequency 
Meter HP5210A or Equiv 

l 
j.lH 

100 

2.3 

0.15 

Voltmeter RMS 
HP3400A or Equiv 

F D " (HP5210A output voltage) (Full Scale Frequency) 
requency eVlatlon = 1.0Volt 
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Figure 5. Noise Deviation Test Circuit and Waveform 
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10 

Figure 7 

./ 
./ 

10 

FigureS 

1.0k 

L: Micro Metal Toroidal Core #T 44-10, 
4 turns of No. 22 copper wire. 

L=O.13I1H 
QL~I00 

MV1401 12 

5.0I1FI " 
VCCI = VCC2 = +5.0Vdc 

::- VEEf = VEE2 = GND 

1200' 

• The 1200 ohm resistor and the scope termination impedance consti· 
tute a 25:1 attenuatar probe. Coax shall be CT -{)70-50 or equivalent. 
NOT used in normal operation. 

" Input resistor and cap are for test only. They are NOT necessary for 
normal operation. 

1.0k 

L: Micro Metal Toroidal Core #T 44-10, 
20 tums of No. 22 copper wire. 

QL~I00 
C=500pF 
L = 1.58!1H 

MVI401 12 

1200' 

5.0I1FI " 
VCCI = VCC2 = +5.0Vdc 

::- VEEI = VEE2 = GND 

• The 1200 ohm resistor and the scope termination impedance consti· 
tute a 25:1 attenuator probe. Coax shall be CT -{)70-50 or equivalent. 
NOT used in normal operation. 

" Input resistor and cap are for test only. They are NOT necessary for 
normal operation. 

L: Micro Metal Toroidal Core #T3()-12, 
6 turns of No. 22 copper wire. 

12 

VCCI = VCC2 = +5.0Vdc 
VEEI = VEE2 = GND 

1200' 

• The 1200 ohm resistor and the scope termination impedance consti· 
tute a 25:1 attenuatar probe. Coax shall be CT -{)7()-5Q or equivalent. 
NOT used in normal operation. 

.. Input resistar and cap are for test only. They are NOT necessary for 
normal operation. 
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Typical transfer characteristics for the oscillator in the 
voltage controlled mode are shown in Figure 6, Figure 7 and 
Figure 8. Figure 6 and Figure 8 show transfer characteristics 
employing only the capacitance of the varactor diode (plus 
the input capacitance of the OSCillator, 6.0pF typical). 
Figure 7 illustrates the oscillator operating in a voltage 
controlled mode with the output frequency range limited. This 
is achieved by adding a capacitor in parallel with the tank 
circuit as shown. The 1.0kQ resistor in Figure 6 and Figure 7 
is used to protect the varactor diode during testing. It is not 
necessary as long as the dc input voltage does not cause the 
diode to become forward biased. The larger-valued resistor 
(51kQ) in Figure 8 is required to provide isolation for the 
high-impedance junctions of the two varactor diodes. 

The tuning range of the oscillator in the voltage controlled 
mode may be calculated as: 

f max ..;r:c=-o--:(-m-:-in-:-) -+-=Cc-S 

f min = j CO(min) + Cs 

fmin = 1 
2;1; j L(CO(max) + CS) 

where 

CS = shunt capacitance (input plus external capacitance) 
CO = varactor capacitance as a function of bias voltage 

Good RF and low-frequency bypassing is necessary on 
the power supply pins. (See Figure 2) 

MC1648 

Capacitors (C1 and C2 of Figure 4) should be used to 
bypass the AGC point and the VCO input (varactor diode), 
guaranteeing only dc levels at these points. 

For output frequency operation between 1.0MHz and 
50MHz a 0.1iJ.F capacitor is sufficient for C1 and C2. At 
higher frequencies, smaller values of capacitance should be 
used; at lower frequencies, larger values of capacitance. At 
high frequencies the value of bypass capacitors depends 
directly upon the physical layout of the system. All bypassing 
should be as close to the package pins as possible to 
minimize unwanted lead inductance. 

The peak-ta-peak swing of the tank circuit is set internally 
by the AGC circuitry. Since voltage swing of the tank circuit 
provides the drive for the output buffer, the AGC potential 
directly affects the output waveform. If it is desired to have a 
sine wave at the output of the MC1648, a series resistor is 
tied from the AGC point to the most negative power potential 
(ground if +5.0 volt supply is used, -5.2 volts if a negative 
supply is used) as shown in Figure 10. 

At frequencies above 100 MHz typ, it may be desirable to 
increase the tank circuit peak-to-peak voltage in order to 
shape the signal at the output of the MC1648. This is 
accomplished by tying a series resistor (1.0kQ minimum) 
from the AGC to the most positive power potential (+5.0 volts 
if a +5.0 volt supply is used, ground if a -5.2 volt supply is 
used). Figure 11 illustrates this principle. 

APPLICATIONS INFORMATION 

The phase locked loop shown in Figure 9 illustrates the 
use of the MC1648 as a voltage controlled oscillator. The 
figure illustrates a frequency synthesizer useful in tuners for 
FM broadcast, general aviation, maritime and landmobile 
communications, amateur and CB receivers. The system 
operates from a single +5.0Vdc supply, and requires no 
internal translations, since all components are compatible. 

Frequency generation of this type offers the advantages of 
Single crystal operation, simple channel selection, and 
elimination of special circuitry to prevent harmonic lockup. 
Additional features include dc digital switching (preferable 
over RF switching with a multiple crystal system), and a 
broad range of tuning (up to 150MHz, the range being set by 
the varactor diode). 

The output frequency of the synthesizer loop is 
determined by the reference frequency and the number 
programmed at the programmable counter; fout = Nfref. The 
channel spacing is equal to frequency (fref). 

For additional information on applications and designs for 
phase locked-loops and digital frequency synthesizers, see 

High Performance Frequency 
Control Products - BR1334 

Motorola Brochure BR504/0, Electronic Tuning Address 
Systems, (ETAS). 

Figure 10 shows the MC1648 in the variable frequency 
mode operating from a +5.0Vdc supply. To obtain a sine wave 
at the output, a resistor is added from the AGC circuit (pin 5) 
to VEE. 

Figure 11 shows the MC1648 in the variable frequency 
mode operating from a +5.0Vdc supply. To extend the useful 
range of the device (maintain a square wave output above 
175Mhz), a resistor is added to the AGC circuit at pin 5 (1.0 
kohm minimum). 

Figure 12 shows the MC1648 operating from +5.0Vdc and 
+9.0Vdc power supplies. This permits a higher voltage swing 
and higher output power than is possible from the MECL 
output (pin 3). Plots of output power versus total collector 
load resistance at pin 1 are given in Figure 13 and Figure 14 
for 100MHz and 10MHz operation. The total collector load 
includes R in parallel with Rp of L 1 and C1 at resonance. The 
optimum value for R at 100MHz is approximately 850 ohms. 
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MC1648 

Ire!-
Phase 

Detector 
MC4044 

lout 

Voltage Controlled 
Oscillator 
MCI648 

I--T"""-'- lout 

lout = Nlre! where 
N=Np.P+A 

Figure 9. Typical Frequency Synthesizer Application 

+5.0Vdc 

~ 
0:-

10 
Output 

5 

<>-I 
I 

Figure 10. Method of Obtaining a Sin&-Wave Output 
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<>-I 
I 

+5.0Vdc 

5 

\--+-0 Output 

1.0kmin 

I 
Figure 11. Method of Extending the Useful Range 

of the MC1648 (Square Wave Output) 

High Perfonmance Frequency 
Control Products - BR1334 



7 

II: 

~ 2 

a 
10 

Output 

R 

+5.0V 

I Ll 

v~~i~ ____ ~ V;Cl 

Bias Point ~ ~ 

I L2' Tank ri-V' ~ 

~ 1.2k 

~ "TE~-;f;';;- ~ ~C3 
I1.OIlF ..... --............... 'Vv- +5.0V 

V 
/ 

II 

I O.IIlF I 1.0ILF 
'QL,,100 

Figure 12. Circuit Used for Collector Output Operation 

14 

12 
fif 

~ , 
~ 

\ ;"~ 

~ 10 

l 
~ 8 

~ 
[\ 1/ 

II: 

~ 4 

2 

100 1000 10,000 100 

~ 

\ 
~ 

1000 

TOTAL COLLECTOR LOAD (OHMS) TOTAL COLLECTOR LOAD (OHMS) 

See test circuit, Figure 12, f = l00MHz 
C3 = 3.0-35pF 
Collector Tank 

L1 = 0.221lH Cl = 1.0-7.0pF 
R=500-10kn 

See test circuit, Figure 12, f = 10MHz 
C3=470pF 
Collector Tank 

L 1 = 2.71lH C1 = 24-200pF 
R=500-10kn 

MC1648 

" r\ 

10,000 

Rp of L1 and C1 = 11kQ @ 100MHz Resonance 
Oscillator Tank 

Rp of L 1 and C1 = 6.SkO @ 10MHz Resonance 
Oscillator Tank 

L2 = 4 tums #20 AWG 3116"10 
C2 = 1.0-7.0pF 

Figure 13. Power Output versus Collector Load 

High Performance Frequency 
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L2 = 2.71LH 
C2=16-150pF 

Figure 14. Power Output versus Collector Load 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Voltage Controlled 
Multivibrator 

The MC1658 is a voltage--controlled multivibrator which provides 
appropriate level shifting to produce an output compatible with MECL III 
and MECL 10,000 logic levels. Frequency control is accomplished 
through the use of voltage-variable current sources which control the 
slew rate of a single external capacitor. 

The bias filter may be used to help eliminate ripple on the output 
voltage levels at high frequencies and the input filter may be used to 
decouple noise from the analog input signal. 

Pinout: 16-Lead Package (Top View) 

NC NC CX2 INF BIAS CXI NC NC 

CXIII -~f- CX214 

VCX2 

Q 6 

Bias Filler 

Q 4 

Inpul FiRer 

VCC= Pin I 
VCC2=Pin 5 
VEE = PinS 

7193 

© Motorola, Inc. 1994 

MC1658 

VOLTAGE 
CONTROLLED· 

MULTIVIBRATOR 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648-08 

16# o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518-05 

• FN SUFFIX 
PLCC PACKAGE 

CASE 775-02 
3 4 

REV 0 
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VCC2 VCCI 
5 1 

04 60 

VCX2 1000 

CXll1 o----t-~I---..... .... - .... ---+--o14CX2 

Input Filter 13 o---.... -+4~-+--+------1r----t--L 

@Test 
Temperature 

-30°C 

+25°C 

+85°C 

High Performance Frequency 
Control Products - BR1334 

Figure 1. Circuit Schematic 

TEST VOLTAGE VALUES 

Vdc±l% 

VIH VIL V3 

0 -2.0 -1.0 

0 -2.0 -1.0 

0 -2.0 -1.0 

Note: SOIC "0" package guaranteed -30°C to +70°C only 

250 

250 

IIHA 

+2.0 

+2.0 

+2.0 

MC1658 
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MC1658 

ELECTRICAL CHARACTERISTICS (VEE = -5.2V. Vee = OV [GND] ) 

-30°C +25°C +85°C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IE Power Supply Drain Current - - - 32 - - mAdc VIH to VCX Limit Applies for 
10r2 

linH Input Current - - - 350 - - !lAdc VIH to VCX1 

VOH Output Voltage "0" HIGH -1.045 -0.875 -0.96 -0.81 -0.89 -0.7 Vdc V3 to VCX. Limits Apply for 1 

VOL Output Voltage "a" LOW -1.89 -1.65 -1.85 -1.62 -1.83 -1.575 Vdc 
or2 

AC CHARACTERISTICS (VEE = -3.2V. Vee = +2.0V ) 

-30°C +25°C +85°C Condition 

Symbol Characteristic Min Max Min Typ 

t+ Rise Time (10% to 90%) - 2.7 - 1.6 

r- Fall Time (10% to 90%) - 2.7 - 1.4 

fosc1 Oscillator Frequency 130 - 130 155 

fosc2 - - 78 100 

TR3 Tuning Ratio Test - - 3.1 4.5 

1 Germanium diode (0.4 drop) forward biased from 11 to 14 (11-+1-14). 
2 Germanium diode (0.4 drop) forward biased from 14to 11 (11-1+-14). 

Output frequency at VCX = GND 
3 TR = -=---::---'---'--::-..::::.:'----::--::-: 

Output frequency at VCX = - 2.0V 

4 CX1 = 5.0pF connected from pin 11 to pin 14. 
5 CX2 = 10pF connected from pin 11 to pin 14. 

VCC 
+2.0Vdc 

5 VCC2 IO.1I1F 

Q 

-= 
6 Coax 

Channel "A" 
Input 2 

Coaxial Cables 
(Equallenglhs, typ 2 places) 

To Scope 

4 Coax 
Q Channel'B" 

"'co:..Ic........,..-v Input 2 

IO. tI1F 

-3.2Vdc -= 
VEE 

Max Min Max Unit (See Figure 2) 

2.7 - 3.0 ns VIHA to Vcx. CX1 4 from Pin 

2.7 3.0 
11 to Pin 14 - ns 

175 110 - MHz 

120 - - VIHA to Vcx. c~ from 
Pin 11 to Pin 14 

- - - - CX25 from Pin 11 to Pin 14 

Q 

50 ohm lermination to ground located in each scope channel input. 
All inpul and outpul cables to the scope are equal lengths of 50 ohm 
coaxial cable. Wire lenglh should be < 114 inch from TPin 10 input pin 
and TP out to output pin. 
Note: All power supply and logic levels are shown shifted 2.0V positive. 

Figure 2. AC Test Circuit and Waveforms 
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10,000 

ex (pF) 

10,000 

<I 

10 
U.1 

MC1658 

VCC = +5.2 Vdc 
VEE =OVdc 

~ 

A 

D~ C~~i~~~ INP1Ui = 41 V~C 1 

1U lOU 

f, OPERATING FREQUENCY (MHz) 

Figure 3. Output Frequency versus Capacitance 
tor Various Values of Input Voltage 

Figure 4. RMS Noise Deviation versus 
Operating Frequency 

;1600 
~ 1500 
b 1400 
5 1300 

~ 1200 
UJ 1100 
~ 1000 
;5 
(3 900 
Cf: 800 
(§ 700 >-ffi 600 
:::> 500 
@ 
if 

400 
300 

Cx (pF) = FREQUENCY-CAPACITANCE PRODUCT AT -

~ DESIRED VCx DESIRED FREQUENCY (MHz) -

./ 
./ 

./ 
/ 

", 

/' 
./ .... ~ 

c5 20~2 -1.8 -1.6 -1.4 -1.2 -1 • -0.8 -0.6 -0.4 -0.2 o 
..P Vcx, INPUT VOLTAGE (Vdc) 

Figure 5. Frequency Capacitance Product versus Control Voltage (VCX> 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

200MHz Voltage Controlled 
Multivibrator 
• High Frequency VCM Ideal lor PLL Applications 

• Single External Resistor Determines Center Frequency; Additional 
Resistor Determines IN Sensitivity 

• Internal Ripple Counter (1/2, 114, 1/8) For Low Frequency Applications 
- TTUECL Outputs 

• VCO Output Enable Pins (TTUECL Level) 

• +5.0V Single Supply Voltage 

• Packages: DIP, PLCC 

Pinout: 2o-Lead Plastic Package (Top View) 

EST ESE VCC2 FOE FOE FSE FSE VCC3 FST VEE3 

VCC1 NC RF RS Ve es VEE1 FS OE VEE2 

Pinout: 2o-Lead PLCC Package (Top View) 

VeC2 FOE FOE FSE FSE 

ESE VCC3 

EST FST 

Vce VEE3 

NC VEE2 

RF OE 

RS Vc Cs VEE1 FS 

7193 

© Motorola, Inc. 1994 

MC12100 

200MHz VOLTAGE 
CONTROLLED 

MULTIVIBRATOR 

PSUFFIX 
PLASTIC DIP PACKAGE 

CASE 738-03 

• 3 4 

FN SUFFIX 
PlCC PACKAGE 

CASE 775-02 

PIN NAMES 

Pin Function 

RF,RS Center Frequency Inpuls 
Vc Frequency Control Input 
CB Bias Filter Input 
FS Frequency Selecllnput 
OE TTL Output Enable 
FST TTL +2, +4, +8 Output 
FSE, FSE Dill ECl +2, +4, +8 Outputs 
FOE, FOE Dill ECl +1 Outputs 
EBE VCO Disable, ECl level Input 
EBT VCO Disable, TTL level Input 

REV 0 
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CENTER 
FREQUENCY 

"'" 
RX 

Ry 

VCC 

RF 3 

RS 4 

(ECL) 

FOE FOE 

13 18 17 

VCO 

5 6 7 

Vc CB 

CB ~ BIAS FILTER 

FREQUENCY 
CONTROL 

INPUT 

FSE FSE 

(TTL) 

FST 

MC12100 

,-----¢ OE 

10K 

I--...... --¢ FS 

RIPPLE 
COUNTER 

10K FREQUENCY SELECT 
FUNCTION TABLE 

FS Divide 
Level Ratio 

H 1/2 
OPEN 1/4 

L 1/8 

VCO DISABLE FUNCTION TABLE 

EBE EBT FOE, FSE, FST FOE,FSE 
H HorOPEN L H 

LorOPEN H OSCILLATION 

H L OSCILLATION 

Figure 1. Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCCI Power Supply Voltage 
VCC2 
VCC3 

VIN (TTl) Input Voltage 

VIN (ECl) Input Voltage 

lOUT (ECl) Output Source Current - Surge 

Output Source Current - Continuous 

TJ Junction Operating Temperature 

TSTG Storage Temperature 

OPERATING CONDITIONS 

Symbol 

TA Ambient Temperature 

Vce Supply Voltage 

IOH (TTl) TTL High Output Current 

IOl(TTl) TTL low Output Current 

High Performance Frequency 
Control Products - BRI334 

Parameter 

Value 

-0.5 to +8.0 

-0.5 to VCC 

-0.5 to Vec 

100 

50 

+140 

-55 to +150 

Value 

Oto +75 

+4.75 to +5.25 

-1.0 

20 

Unit 

V 

V 

V 

mA 

mA 

°c 

°c 

Unit 

°c 

V 

mA 

mA 
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MC12100 

DC CHARACTERISTICS (Vee = 5.0V ±5%; RX = 2.4kQ; Ry = 1.5kQ; CB = O.001I1F) 

O°C 25°C 75°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit 

ICC Supply Current 75 120 65 90 110 80 135 rnA 

VOLT Output low Voltage, TTL 0.5 V 

VOHT Output High Voltage, TTL 2.4 V 

VOLE Output low Voltage, ECl 3.0 3.4 V 

VOHE Output High Voltage, ECl 3.9 4.19 V 

lilT EBT Input low Current 400 IlA 
IIHT EBT Input High Current 20 IlA 

100 IlA 
IINHE EBE Input High Current 250 IlA 
IINlE EBE Input low Current 1.0 IlA 
VllS FS Input, Max "l" level 1.2 V 

VIMS FS Input, "Medium" level 2.0 3.0 V 

VIHS FS Input, Min "H" level 3.8 V 

VllT EBT Input low Voltage 0.8 0.8 0.8 V 

VIHT EBT Input High Voltage 2.0 2.0 2.0 V 

VIHE EBE Input High Voltage 3.87 4.19 V 

VilE EBE Input low Voltage 3.05 3.52 V 

VlM Vc Input Voltage, ±1.1 ±1.3 ±1.5 V 
VC=VCC+2 

VCB CB Output Voltage 2.35 2.50 2.65 V 

AC CHARACTERISTICS (Vee = 5.0V; RX = 2.4kO; Ry = 1.5kQ; CB = O.001I1F; VT = 3.0V) 

O"C 25°C 75°C 

Symbol Characteristic 

FO Center Frequency (VVC - VCB = OV) 

FMAX- Frequency Range 
FMIN (VC = 112 VCC ±1.5V, VCC = 5.0V) 

trE FOElFOElFSElFSE Rise Time 

tIE FOElFOElFSElFSE Fall Time 

TTT Reset Time 

TTO Reset Time 

TTS Reset Time 

TET Reset Time 

TEO Reset Time 

TES Reset Time 

loading: ECl = 50(1 to V,-; TTL = 500(1, 50pF 

MOTOROLA 
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Min Max Min Typ Max Min Max 

180 200 220 

85 100 115 

0.5 2.4 

0.5 2.4 

35 

25 

30 

37 

12 

25 

Condition 

EBT = EBE = VCC 
(ECl, TTL) 

FS=GND 

FS=GND 

VCC = 5.0V, Rl = 50(1, 
VT=3.0V 

VCC = 5.0V, Rl = 50(1, 
VT=3.0V 

VIN =0.4V 

VIN =2.7V 

VIN=7.0V 

VIN=4.19V 

VIN=3.05V 

VCC=5.0V 

VCC=5.0V 

VCC=5.0V 

VCC=5.0V 

VCC=5.0V 

VCC=5.0V 

VCC= 5.0V 

Unit Condition 

MHz VCC=+2.0V 
VEE=-3·0V 

MHz 

ns 

ns 

ns EBT-FST 

ns EBT - FOE/FOE 

ns EBT - FSE/FSE 

ns EBE-FST 

ns EBE-FOEIFOE 

ns EBE - FSE/FSE 

High Performance Frequency 
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Notes: 

VCCI 

112 
Vee 

±O.75Y 
Limit 

Vc 

Figure 2. VCO Detail 

MC12100 

OUTPUT FREQUENCY FORMULA 

1) CENTER FREQUENCY: IOSC = RX 6!0 1.0 (MHz) 

RX in kQ Units: 2.0kQ" RX " 2.7kQ 

2) GAIN: AI = ~ (MHz/V) 
VCC· Ry 

Ry in kQ Unils: 1.0kQ" Ry" 2.0kQ 

VCCI 

Cs = O.OOlIJ.F 
CF = O.lIJ.F 

• For optimum VCO linearity (MHzIV), the following resistor ranges are recommended: 
2.0kn S RX S 2.7kn (Ry = 1.5kn) 
1.0kn S Ry S 2.0kn (RX = 2.4kn) 

• TTL output maximum frequency = 50MHz 

• Simultaneous use of both ECl and TTL outputs are not recommended due to excessive power consumption for the EIAJ Type II 
SO package 

VCC = +2.0VDC 

-= 
16 

17 
4 

O.lIJ.F I 14 

5 

15 

6 

O.OOl IJ.F I 

O.lIJ.F I 
-= VEE = -3.0VDC 

Figure 3. AC Test Circuit (FOltrEltfE Measurement) 
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VCC = +5.0VDC 

-= 
16 

3 
17 

4 50Q 

O.lIJ.F I 14 

5 15 

+3.0V 

50Q 

-= VIE 
19 12 

VIT 
20 

O.lIJ.F I 
-= VEE=GND 

Figure 4. AC Test Circuit (Other Measurements) 
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MC12100 
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EBT 

EBE 

FOE 

FSE 

FST 

Figure 5. Switching Waveforms 

VCO DISABLE FUNCTION TABLE 

EBE EBT FOE, FSE, FST I FOE,FSE 
H HorOPEN L I H 

Lor OPEN H OSCILLATION 
H L OSCILLATION 
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¥ 

300r--,----r--,-----r---;;----, 
AX = 2.0kQ 

2501--_+--t---_+-\--I-:::........-""+----::::;;;;;;01 

~I I 
1.5 2.0 2.5 

VC(V) 

I I I 
3.0 3.5 4.0 

Figure 6. Ve versus Output Frequency 
Varying RX @ Vee = 5.0Vj TA = 25°ej Ry = 1.5kn 

300..----r--..,.---r----,----r-----, 

2501---+-

6 2001---+--+---:o~S"""+-
[) 
z 
LU § 1501-~~~~+--~-_+--+--_1 
a: u-

S 
~ 1001---+--+---~--_r--+--_; 
=> o 

50~-_+--t__-_+--t__-_+-~ 

1.5 2.0 2.5 3.0 3.5 4.0 
Vc(V) 

Figure 8. Ve versus Output Frequency 
Varying TA @ Vee = 5.0Vj RX = 2.4knj Ry = 1.5kn 
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MC12100 

300r--,...---;----,--,...---,---....., 
Ay= 1.0kQ 

2501--_+--t---_+-~~~_"'F----:::;;;;;001 

¥ 
6 20QI---+--+------!boIII""""_+_ 
[) 
z 
LU @ 150~~~~~9---~-_+--+_-_1 
a: 
u
fo-
=> 
~ 1001---+--+---1---+--+--_; 

is 

¥ 

~I I I I I I I 
1.5 2.0 2.5 3.0 3.5 4.0 

Vc(V) 

Figure 7. Ve versus Output Frequency 
Varying Ry @ Vee = 5.0Vj TA = 25°ej RX = 2.4kn 

300..----r---r--~---r---r---, 

2501--_+ 

6 2001---+--+-~._.=.j~"S"'F-
[) 
z 
LU § 1~1-~~~-+_-_1--_+--+_-_1 
a: u-

S 
~ 100 
o 

50~-_+--t__-_+--t__-_+_-~ 

1.5 2.0 2.5 3.0 3.5 4.0 
Vc(V) 

Figure 9. Ve versus Output Frequency 
Varying Vee @ RX = 2.4knj Ry = 1.5knj TA = 25°e 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

130MHz Voltage Controlled 
Multivibrator 
• High Frequency VCM Ideal lor PLL Applications 

• Single External Resistor Determines Center Frequency; Additional 
Resistor Determines IN Sensitivity 

• Internal Ripple Counter (1/2,1/4,1/8) lor Low Frequency Applications, 
TTUECL Outputs 

• VCO Output Enable Pins (TTUECL Level) 

• +5.0V Single Supply Voltage 

• Packages: DIP, PLCC 

Pinout: 20-Lead Plastic Package (Top View) 

EST ESE VCC2 FOE FOE FSE FSE VCC3 FST VEE3 

VCC1 NC RF RS Vc Cs VEE1 FS OE VEE2 

Pinout: 2a-Lead PLCC Package (Top View) 

VCC2 FOE FOE FSE FSE 

18 17 16 15 14 

ESE 13 VCC3 

EST 12 FST 

VCC 11 VEE3 

NC 10 VEE2 

RF 3 9 OE 

4 

RS Vc Cs VEE1 FS 

7193 
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MC12101 

130MHz VOLTAGE 
CONTROLLED 

MULTIVIBRATOR 

-
PSUFFIX 

PLASTIC DIP PACKAGE 
CASE 738-03 

• 3 4 

FN SUFFIX 
PlCC PACKAGE 

CASE 775-02 

PIN NAMES 

Pin Function 

RF, RS Center Frequency Inputs 
Vc Frequency Control Input 
CB Bias Filter Input 
FS Frequency Select Input 
OE TTL Output Enable 
FST TTL +2, +4, +8 Output 
FSE, FSE Dill ECl +2, +4, +8 Outputs 
FOE, FOE Dill ECl +1 Outputs 
EBE VCO Disable, ECl level Input 
EBT VCO Disable, TTL level Input 

REV 0 
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MC12101 

(ECl) (ffi) 

FOE FOE FSE FSE FST 

13 18 17 
r-----QOE 

10K 
VCC 

1--...... ---0 FS 
CENTER 

FREQUENCY 
SET 

RX 

Ry 

RF 

RS 4 

5 

VCO 

Vc CB 

RIPPLE 
COUNTER 

10K FREQUENCY SELECT 
FUNCTION TABLE 

-
FS Divide 

Level Ratio 

H 112 
OPEN 1/4 

l 118 

EBT EBE 
(ffi) (ECl) 

VCO DISABLE FUNCTION TABLE 
CB ::;!; BIAS FilTER 

FREQUENCY 
CONTROL 

INPUT 

H 
LorOPEN 

H 

Figure 1. Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCC1 Power Supply Voltage 

VCC2 
VCC3 

VIN (TTL) Input Voltage 

VIN (ECL) Input Voltage 

lOUT (ECL) Output Source Current - Surge 

Output Source Current - Continuous 

TJ Junction Operating Temperature 

TSTG Storage Temperature 

OPERATING CONDITIONS 

Symbol 

TA Ambient Temperature 

VCC Supply VoHage 

IOH(TTL) TTL High Output Current 

IOL (TTL) TTL Low Output Current 

High Performance Frequency 
Control Products - BR1334 

Parameter 

FOE, FSE, FST FOE, FSE 

H or OPEN 

H 

l 

Velue 

-0.5 to +8.0 

-0.5 to VCC 

-O.5toVCC 

100 

50 

+140 

-55 to +150 

Value 

Oto+75 

+4.75 to +5.25 

-1.0 

20 

L H 

OSCilLATION 

OSCILLATION 

Unit 

V 

V 

V 

mA 

rnA 

°c 

°C 

Unit 

°C 

V 

rnA 

rnA 
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MC12101 

DC CHARACTERISTICS (VCC = 5.0V ±5%; RX = 2.4k.O; Ry = 1.5k.O; CB = 0.001 IlF) 

DOC 25°C 75°C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit 

ICC Supply Current 80 135 70 100 120 85 150 rnA 

VOLT Output low Voltage, TTL 0.5 V 

VOHT Output High Voltage, TTL 2.4 V 

VOLE Output low Voltage, ECl 3.0 3.4 V 

VOHE Output High Voltage, ECl 3.9 4.19 V 

lilT EBT Input low Current 400 !1A 
IIHT EBT Input High Current 20 !1A 

100 !1A 
IINHE EBE Input High Current 250 !1A 
IINlE EBE Input low Current 1.0 !1A 
VllS FS Input, Max "l" level 1.2 V 

VIMS FS Input, "Medium" level 2.0 3.0 V 

VIHS FS Input, Min "H" level 3.8 V 

VllT EBT Input low Voltage 0.8 0.8 0.8 V 

VIHT EBT Input High Voltage 2.0 2.0 2.0 V 

VIHE EBE Input High Voltage 3.87 4.19 V 

VilE EBE Input low Voltage 3.05 3.52 V 

VlM Vc Input Voltage, ±1.1 ±1.3 ±1.5 V 
VC=VCC+2 

VCB CB Output Voltage 2.35 2.50 2.65 V 

AC CHARACTERISTICS (V CC = 5.0V; RX = 2.4k.O; Ry = 1.5k.O; CB = 0.001 IlF; VT = 3.0V) 

DOC 25°C 75°C 

Symbol Characteristic 

FO Center Frequency (VVC - VCB = OV) 

FMAX- Frequency Range 
FMIN (VC = 112 VCC ±1.5V, VCC = 5.0V) 

trE FOElFOElFSElFSE Rise 'Time 

tfE FOElFOElFSElFSE Fall 'Time 

TTT Reset 'Time 

TTO Reset 'Time 

TTS Reset 'Time 

TET Reset 'Time 

TEO Reset Time 

TES Reset 'Time 

loading: ECl = 50n to Vr, TTL = 500n, 50pF 

MOTOROLA 
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Min Max Min Typ Max Min Max 

117 130 143 

68 80 92 

0.5 2.4 

0.5 2.4 

40 

25 

35 

32 

12 

30 

Condition 

EBT = EBE = VCC 
(ECl, TTL) 

FS=GND 

FS=GND 

VCC = 5.0V, Rl = 50n, 
VT=3.0V 

VCC = 5.0V, Rl = 50n, 
VT=3.0V 

VIN=0.4V 

VIN=2.7V 

VIN = 7.0V 

VIN=4.19V 

VIN=3.05V 

VCC= 5.0V 

VCC=5.0V 

VCC=5.0V 

VCC=5.0V 

VCC= 5.0V 

VCC=5.0V 

VCC= 5.0V 

Unit Condition 

MHz VCC= +2.0V 
VEE=-3·0V 

MHz 

ns 

ns 

ns EBT-FST 

ns EBT -FOEIFOE 

ns EBT - FSEIFSE 

ns EBE-FST 

ns EBE - FOEIFOE 

ns EBE - FSEIFSE 

High Performance Frequency 
Control Products - BR1334 



Notes: 

VCC1 

1/2 
VCC 

±O.75V 
Limit 

Vc 

Figure 2. VCO Detail 

MC12101 

OUTPUT FREQUENCY FORMULA 

1) CENTER FREQUENCY: tosc = RX ~O 1.0 (MHz) 

RX in kf.l Units: 2.7kn:s; RX :s; 3.6kf.l 

2) GAIN: At = ~ (MHz/V) 
VCC' Ry 

Ry in kf.l Unijs: 1.5kn:s; Ry:s; 2.4kn 

VCC1 

CB = o.o011lF 
CF = 0.11lF 

• For optimum VCO linearity (MHzN), the following resistor ranges are recommended: 
3.6kn ;5; RX ;5; 4.6kn (Ry = 2.0kQ) 
1.Skn ;5; Ry ;5; 2.4kn (RX = 3.3kn) 

• TTL output maximum frequency = 50MHz 

• Simultaneous use of both ECl and TTL outputs are not recommended due to excessive power consumption for the EIAJ 
Type II SO package 

VCC = +2.0VDC 

-= 
16 

17 
4 

14 

5 

15 

6 

0.OO1 1lF I 

0.11lF I 
-= VEE = -3.0VDC 

Figure 3. AC Test Circuit (FOltrEltfE Measurement) 
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VCC = +5.0VDC 

-= 
16 

3 
17 

4 50n 

0.11lF I 14 

5 15 

6 
50n 

-= VIE 
19 12 

VIT 
20 

0.11lF I 
-= VEE =GND 

Figure 4. AC Test Circuit (Other Measurements) 
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MC12101 
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FOE 

FSE 

FST 

Figure 5. Switching Waveforms 

VCO DISABLE FUNCTION TABLE 

EBE EBT FOE, FSE, FST I FOE, FSE 

H HorOPEN L I H 

LorOPEN H OSCILLATION 

H L OSCILLATION 
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200 l J Rx=3.0 k \ ~ RX=3.3k\ ,.....,.. ~ ~ ~ 
~ ~ V 

150 
¥ 
~ 
>-

~ ~ ~ ~ V P 
V,.... \Rx = 3.6 k 

~100 
UJ 
:::> 
@ 
a: 
u. 

N 
:I: 
~ 
>-

~ 
~ 

50 

o 
1.0 

::::: 

i.5 

VC(VOLTS) 

"0 u.v 4.0 

Figure 6. Ve versus Output Frequency 
Varying Rx @ Vee = 5.0 V; TA = 25°e; Ry = 2.0 kQ 

200 

Jc ~ ~ '\ ..... 
25°C, 

----
,.....,.. 

~ 

150 

~100 ~ k 
UJ 

§ 
e: f= 

50 

o 
1.0 

-:::? 
", 

1.5 

O°C 

2.0 2.5 3.0 3.5 4.0 

VC(VOLTS) 

Figure 8. Ve versus Output Frequency 
Varying TA @ Vee = 5.0 V; Rx = 3.3 kn; Ry = 2.0 kQ 
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N 
:I: 
~ 
>-

200 

150 

MC12101 

,I J Ry=2.0k" 

~ 
,,-

Ry=1.5k,-- .....-:::: ::::: 
~.....-:: 

~ 
~ ~ 

"\ Ry=2.4k 

--~ ~ 'l V-
~ 100 
UJ 

§ 
e: 

¥ 
~ 
>-

50 

o 
1.0 

'" ~ ;::::;.-- /" -

L5 2.0 30 4.0 

Vc (VOLTS) 

Figure 7. Ve versus Output Frequency 
Varying Ry @ Vee = 5.0 V; TA = 25°e; Ry = 3.3 kn 

200 

J 
~ po 5.25 V '\ k:::; 

5.00 V, ~ ~ 
150 

~ ~ ..-~ 
~ ? 1'\ 4.75 V 

~ 100 
UJ 

§ 
e: ~ 

50 

o 
1.0 

~ :::::-? 

1.5 2.0 2.5 3.0 3.5 4.0 

VC(VOLTS) 

Figure 9. Ve versus Output Frequency 
Varying Vee @ Rx = 3.3 kQ; Ry = 2.0 kn; TA = 25°e 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
Low-Power Voltage 
Controlled Oscillator 

The MC12148 requires an external parallel tank circuit consisting of 
the inductor (L) and capacitor (C). A varactor diode may be incorporated 
into the tank circuit to provide a voltage variable input for the oscillator 
(VCO). This device may also be used in many other applications requiring 
a fixed frequency clock. 

The MC12148 is ideal in applications requiring a local oscillator. 
Systems include electronic test equipment and digital high-speed 
telecommunications. 

The MC12148 is based on the VCO circuit topology of the MC1648. 
The MC12148 has been realized utilizing Motorola's MOSAIC III 
advanced bipolar process technology which results in a design which can 
operate at a much higher frequency than the MC1648 while utilizing half 
the current. Please consult with the MC1648 data sheet for additional 
background information. 

The ECL output circuitry of the MC12148 is not a traditional open 
emitter output structure and instead has an on-chip termination resistor 
with a nominal value of 500 ohms. This facilitates direct AC-coupling of 
the output signal into a transmission line. Because of this output 
configuration, an external pull-down resistor is not required to provide the 
output with a DC current path. This output is intended to drive one ECL 
load. If the user needs to fanout the signal, an ECL buffer such as the 
MC1 OEL 16 Line Receiver/Driver should be used. 

NOTE: The MC12148 is NOT useable as a crystal oscillator. 

• Typical Operating Frequency Up to 1100MHz 

• Low-Power 20mA at 5.0Vdc Power Supply 

• 8-Pin SOIC Package 

• Phase Noise -90dBclHz at 25KHz Typical 

BLOCK DIAGRAM 
(Typical Test Circuit) 

12000' 

veeo Out GND 
, The 12000 resistor and the scope 
termination impedance constitute a25:1 
attenuator probe. 

MC12148 

LOW-POWER VOLTAGE 
CONTROLLED OSCILLATOR 

6~ o SUFFIX 
SOIC PACKAGE 

CASE 751·05 .1 

SO SUFFIX 
SSOP PACKAGE 

CASE 940·02 

Pinout: 8-Lead SOIC (Top View) 

GND veeo Out GND 

Vee AGe TANK Vre! 

This document contains information on a new product. Specifications and information herein are subject to 
change w"hout notice. 

12194 
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MAXIMUM RATINGS 

Symbol Parameter 

VCC Power Supply Voltage, Pin 1 

TA Operating Temperature Range 

Tsta Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (Vee = 5.0V; TA = -40oe to +85°C) 

Symbol 

ICC 

VOH 
\1 ...... 
·UL. 

1,(1) 

1,(1) 

SNR 

Fsts 

Fslt 

H2 

Characteristic 

Supply Current 

Output Level HIGH (lMO Impedance) 

Outp~t Leve! LO\ft.1 (1 MQ !mp'?t::Iance) 

eSR @ 25KHz Offset, 1 Hz BW 

CSR @ lMHz Offset, 1Hz BW 

SNR (Signal to Noise Ratio lrom Carrier) 

Frequency Stability I Supply Drift 

I Thermal Drift 

Second Harmonic (Irom Carrier) 

.-----r---------L~ 

8 
GND 

4 
Vrel 

3 
TANK 

Vee 
1 

Min 

3.95 

3.04 

5 2 
GND AGe 

Figure 1. Circuit Schematic 

High Performance Frequency 
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Value 

-0.5 to +7.0 

-40 to +85 

-65 to +150 

Typ Max 

19 25 

4.17 4.61 

3.41 3.60 

-90 

-120 

40 

3.6 

0.1 

-25 

MC12148 

Unit 

Vdc 

°c 
°c 

Unit 

rnA 

V 

V 

dBC/Hz 

dBc/Hz 

dB 

KHz/mV 

KHZ/oC 

Veea 
7 

dBc 

6 
OUT 

5100 
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MC12148 

-20 

-40 

~ 
-60 

CD 
"0 

-60 

-100 

-120 

~ -r"'-r-. 
r-...... r-. -... ----r-r--.. 

-140 
lK 10K lOOK 1M 10M 100M 

L (f) [dBclHz] versus f [Hz] 

Figure 2. TYpical Evaluation Results 
(CSR MC12148 5.0Vdc; VCC @ 25°C; 930MHz CW) 

Tank Component Suppliers 
Below are suppliers who manufacture tuning varactors and inductors which can be used to build an external tank circuil. 

Motorola has used these varactors and inductors for evaluation purposes, however, there are other vendors who manufacture 
similar products. 

Coilcraft Inductors AOn thru A05T 
Coilcraft-Coilcraft, Inc. 
1102 Silver Lake Rd. 
Gary, Illinois 60013 
708-639-6400 

Loral Tuning Varactors GC1500 Series 
Loral 
16 Maple Road 
Chelmsford, Massachusetts 01824 
508-256-8101 or 508-256-4113 

Alpha Tuning Diodes DVH6730 Series 
Alpha Semiconductor Devices Division 
20 Sylvan Road 
Woburn, MA 01801 
617-935-5150 

• At 1.1 GHz, use a Coilcraft AOIT Springair coil at 2.5nH and a Loral Varactor 3-8pF at VIN = 1 to 5V. 

MOTOROLA 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
Low Power 
Voltage Controlled Oscillator 

The MC12149 VCO is ideal in applications requiring high frequency 
signal generation at low power. The MC12149 series is specifically 
designed for ISM band applications at 902-928MHz. Low voltage 
operation at 3V and low current drain of 14mA typical makes the 
MC12149 ideal for battery operated handheld systems. 

nOTc; Tr-.~ iviC,2149 IS NOT useable as Ci crystal G5ci::CitOi. 

• Operates Up to 1.3GHz Center Frequency 

• Low Power 14mA Typical @ 3.0V Power Supply 

• Tuning Voltage Sensitivity 10MHzN Typical 

• Space Efficient B-Pin SOIC or SSOP Package 

• Phase Noise -101 dBC/Hz @ 100kHz Offset Typical 

• Supply Voltage of 2.7 to S.SV 

Three VCO outputs are provided on chip. Two open collector outputs 
at a typical -6dBm output power is available for servicing the receiver IF 
and transmitter up-converter single endedly or to feed the receiver IF 
differentially. son output termination is required for both open collector 
outputs even if only one side is utilized. A low power VCO output at 
-11 dBm typical output power is also provided for the VCO output required 
to feedback to the prescaler input of the PLL. Current is minimized in this 
emitter follower output leg. If additional drive is required for the Q2 output 
an external resistor can be added parallel from the Q2 pin to ground to 
increase the output power. Care must be taken not to exceed the 
maximum allowable current throughout the Q2 output leg; an external 
resistor should be limited to 3S0n for 3V or 1 K.Q for SV supply voltage. 
For typical applications where the Q2 VCO Signal is sent to the prescaler 
of the PLL, no external resistor is required. 

MC12149 

LOW POWER VOLTAGE 
CONTROLLED OSCILLATOR 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-03 

B 

I#-
SDSUFFIX 

PLASTIC SSOP PACKAGE 
CASE 940-02 

The VCO is designed for an operating voltage range from a minimum of 2.7V, ideal when minimizing power consumption for 
battery operated portable applications, up to a maximum supply voltage of S.SV. 

External components required for the MC12149 are: (1) tank circuit (LC network); (2) son output termination resistor to VCC 
on each open collector output; and (3) adequate supply voltage bypassing. The tank circuit consists of a high-Q inductor and 
varactor components. An inductor with a Q of at least 200 at 1 GHz is suggested. VCO performance such as center frequency, 
tuning voltage sensitivity and noise characteristics are dependent on the particular components and configuration of the VCO 
tank circuit. 

MAXIMUM RATINGS· 

Symbol Parameter Value Unit 

VCC Power Supply Volatge, Pin 1 -0.5 to +7.0 V 

TA Operating Temperature Range -40 to +85 °C 

TSTG Storage Temperature Range -65 to +150 °C 

10 Maximum Output Current, Pin 8 7.5 mA 

• Maximum Ratmgs are those values beyond which damage to the device may occur. FuncliOnal operaliOn should be restncted to the 
Recommended Operating Conditions. 

This document contains information on a new product. Specifications and information herein are subject to 
change without notice. 

10194 
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MC12149 

ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5 vee, TA = -40°C to +85°C) 

Symbol Characteristic Min Typ Max Unit 

ICC Supply Current VCC= 3.0V 14 mA 
VCC=5.0V 19 

Po Output Power (500 Load), Pins 5 & 7 -10 -6 dBm 

Po Output Power (High Impedance Load), Pin 8 -16 -11 dBm 

Tstg Tuning Voltage Sensitivity 10 MHzN 

FC Center Frequency at Tf = 2.5V TBD MHz 

£'(f) CSR at 25KHz Offset, 1 Hz BW -90 dBclHz 

£'(f) CSR at 100KHz Offset, 1 Hz BW -101 dBclHz 

SNR SNR (Signal-to-Noise .Ratio)1 45 dB 

TR Tuning Volatge Range 0 5 V 

Fsts Frequency Stability Supply Drift TBD KHz/mV 
fstt Thermal Drift TBD KHZ/oC 

1 SNR Without vibration. 

PIN NAMES 

Pin 

VCC 
AGC 
TANK 

VREF 
OB 
GND 
0 
02 

MOTOROLA 
120 

Function 

Power Supply 
Automatic Gain Control 
Tank Circuit Input 
Bias Voltage Output 
Open Collector Output 
Ground 
Open Collector Output 
Low Power Output 

Tank 
Circuit 

o GND OB 

TANK 

Pinout: a-Lead Plastic Package (Top View) 

1------1 .. -16dBm to Prescaier 

500 

1--_--1... __ -6dBm to RCVR 

500 

1-----'---1 .. -6dBm to XMTR 

Note: Tank circuit consists of a Hi-O inductor and varactor components. An inductor with a 0 of 
200 at 1GHz is suggested. 

Figure 1. Block Diagram and Typical Test Circuit 
(MC12149 Shown) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Phase-Frequency Detector 
The MC12040 is a phase-frequency detector intended for use in 

systems requiring zero phase and frequency difference at lock. In 
combination with a voltage controlled oscillator (such as the MC1648, 
MC12147, MC12148 or MC12149), it is useful in a broad range of 
phase-locked loop applications. Operation of this device is identical to 
that of Phase Detector #1 of the MC4044. A discussion of the theory of 
operation and applications information is given on the MC4344/4044 data 
sheet. 

• Operating Frequency = 80MHz Typical 

Pinout: 14-Lead Package (Top View) 

VCC NC TANK NC BIAS NC 

AGC NC VEE 

NC = No Connect 

LOGIC DIAGRAM 

V 9 n--"'-Q:-"' __ ~::t====~[=~~;~12 0 (fV>iR) 
'- 11 D (tv>iR) 

7193 

TRUTH TABLE 

VCC1 = Pin 1 
VCC2= Pin 14 
VEE = Pin 7 

This is not strictly a functional truth table; i.e., it does not cover all possible 
modes of operation. However, it gives a sufficient number of tests to 
ensure that the device will function properly in all modes of operation. 

© Motorola, Inc. 1994 

R 

0 
0 
1 
0 

1 
0 
1 
1 

1 
1 
1 
1 

1 
0 
1 

MC12040 

PHASE-FREQUENCY 
DETECTOR 

• 3 4 

Inputs 

V U 

0 X 
1 X 
1 X 
1 X 

1 1 
1 1 
1 1 
0 1 

1 0 
0 0 
1 0 
0 0 

1 0 
1 0 
1 0 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632-oa 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

FNSUFFIX 
PLCC PACKAGE 

CASE 775-02 

Outputs 

D U 

X X 
X X 
X X 
X X 

0 0 
0 0 
0 0 
0 0 

0 1 
0 1 
1 1 
1 1 

1 1 
1 1 
0 1 

X = Don't Care 

D 

X 
X 
X 
X 

1 
1 
1 
1 

1 
1 
0 
0 

0 
0 
1 

REV 0 
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ELECTRICAL CHARACTERISTICS 
The MC12040 has been designed to meet the dc 

specifications shown in the test table after thermal 
equilibrium has been established. Outputs are terminated 
through a 50 ohm resistor to +3.0V for +5.0V tests and 
through a 50 ohm resistor to -2.0V for -5.2V tests. 

Supply VoHage = -S.2V 

Pin 
Under 

Symbol Characteristics Test 

IE Power Supply Drain 7 

IINH Input Current 6 
9 

VOH1 Logic "1" 3 
Output Voltage 4 

11 
12 

VOl1 Logic "0" 3 
Output Voltage 4 

11 
12 

VOHA2 Logic "1" 3 
Input Voltage 4 

11 
12 

VOLA2 Logic "0" 3 
Input Voltage 4 

11 
12 

Supply Voltaga = +Ii.OV 

Pin 
Under 

Symbol Characteristics Teat 

IE Power Supply Drain 7 

IINH Input Current 6 
9 

VOH1 Logic "1" 3 
Output Voltage 4 

11 
12 

VOl1 Logic "on 3 
Output Voltage 4 

11 
12 

VOHA2 Logic"1n 3 
Input Voltage 4 

11 
12 

VOLA2 Logic "on 3 
Input Voltage 4 

11 
12 

High Petiormance Frequency 
Control Products - BR1334 

MC12040 

O°C 25°C 

Min Max Min Max 

-120 -eo 
350 
350 

-1.000 -0.840 -0.960 -0.810 

-1.870 -1.635 -1.850 -1.820 

-1.020 -0.980 

-1.615 -1.600 

MC12040 

O°C 25°C 

Min Max Min Max 

-115 -60 

350 
350 

4.000 4.160 4.040 4.190 

3.190 3.430 3.210 3.440 

3.980 4.020 

3.450 3.460 

o Test Temperature 

O°C 

25°C 

7500 

75°C 

Min Max Unit 

mAde 

f'Adc 

Vdc 

-0.900 -0.720 

Vde 

-1.830 -1.595 

Vdc 

-0.920 

Vdc 

-1.575 

@ Test Temperature 

O°C 

25°C 

75°C 

75°C 

Min Max Unit 

mAde 

f'Adc 

Vdc 

4.100 4.280 

Vdc 

3.230 3.470 

Vde 

4.080 

Vdc 

3.490 

MC12040 

6UU 4 D 3 

o 11 
9 V jj 12 

TEST VOLTAGE VALUES 

(Volts) 

VIHmax VILmin VIHAmin VILAmax VEE 

-0.840 -1.870 -1.145 -1.490 -5.2 

-0.810 -1.850 -1.105 -1.475 -5.2 

-0.720 -1.830 -1.045 -1.450 -5.2 
.. .. ~~ 

TEST VOLTAGE APPLIED TO PINS BELOW 

VIHmax VILmin VIHAmin VILAmax VEE 
(~~5) 

7 1,14 

6 7 1,14 
9 7 1,14 

7 1,14 

7 1,14 

6.9 7 1,14 

9 6 
6 9 

7 1,14 
9 6 
6 9 

TEST VOLTAGE VALUES 

(Volts) 

VIHmax VILmln VIHAmln VILAmax VEE 

+4.160 +3.130 +3.855 +3.510 +5.0 

+4.190 +3.150 +3.895 +3.525 +5.0 

+4.280 +3.170 +3.955 +3.550 +5.0 

TEST VOLTAGE APPLIED TO PINS BELOW 

VIHmax VILmin VIHAmin VILAmax 

6 
9 

6.9 

9 6 
6 9 
9 6 
6 9 

VEE 
~~5) 

1,14 7 

1,14 7 
1,14 7 

1,14 7 

1,14 7 

1,14 7 

1,14 7 
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MC12040 

To Scope Channel A 

Duty Cycle = 50% -= PRF = S.OMHz [~~~s~ 
t+ = t- = 1.Sns iO.2ns Pulse 

Gen 2 Olr----.... -O 

Pulse 
Gen 1 

Pulse 
Gen2 

Output 
Waveform A 

Output 
WaveformS 

-= 

+O.3V 

-e---+1.1V 

Figure 1. AC Tests 

VEE = -3.2 or -3.0V 

NOTES: 
1 All input and output cables to the scope are equal lengths of SOQ 

coaxial cable. 
2 Unused input and outputs are connected to a SOQ resistor to 

ground. 
The device under test must be preconditioned before performing 
the ac tests. Preconditioning may be accomplished by applying 
pulse generator 1 for a minimum of two pulses priorto pulse gen· 
erator 2. The device must be preconditioned again when inputs to 
pins 6 and 9 are interchanged. The same technique applies. 

MC12040 TEST VOLTAGESIWAVEFORMS 

Symbol Characteristic 

ts+4+ Propagation Delay 

ts+12+ 
t6+3-
t6+11-
t9+11+ 
t9+3+ 
t9+12-
t9+4-

t3+ Output Rise Time 

t4+ 
t11+ 
t14+ 

13- Output Fall Time 

4-
t11-
114-

MOTOROLA 
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Pin 
Under 
Test 

6,4 
6,12 
6,3 
6,11 
9,11 
9,3 

9,12 
9,4 

3 
4 
11 
14 

3 
4 
11 
14 

O°C 

Output 
Waveform Max 

B 4.6 
A 6.0 
A 4.5 
B 6.4 
B 4.6 
A 6.0 
A 4.5 
B 6.4 

A 3.4 
B 
B 
A 

A 3.4 
B 
B 
A 

25°C 85°C 

Max Max Unit 

4.6 5.0 ns 
6.0 6.6 
4.5 4.9 
6.4 7.0 
4.6 5.0 
6.0 6.6 
4.5 4.9 
6.4 7.0 

3.4 3.8 ns 

3.4 3.8 ns 

APPLIED TO PINS LISTED 

Pulse 
Gen 1 

6 
9 
6 
9 
9 
6 
9 
6 

6 
6 
9 
9 

6 
6 
9 
9 

VEE 
Pulse -3.0 or VCC 
Gen2 -3.2V +2.0V 

9 7 1,14 
6 
9 
6 
6 
9 
6 
9 

9 7 1,14 
9 
6 
6 

9 7 1,14 
9 
6 
6 

High Performance Frequency 
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MC12040 

APPLICATIONS INFORMATION 

The MC12040 is a logic network designed for use as a 
phase comparator for MECl-compatible input signals. It 
determines the "lead" or "lag" phase relationship and the time 
difference between the leading edges of the waveforms. 
Since these edges occur only once per cycle, the detector 
has a range of +27t radians. 

Operation of the device may be illustrated by assuming 
two waveforms, R and V (Figure 2), of the same frequency 
but differing in phase. If the logic had established by past 
history that R was leading V, the U output of the detector (pin 
4) would produce a positive pulse width equal to the phase 
difference and the 0 output (pin 11 ) would simply remain low. 

On the other hand, it is also possible that V was leading R 
(Figure 2), giving rise to a positive pulse on the 0 output and 
a constant low level on the U output pin. Both outputs for the 
sample condition are valid since the determination of lead or 
lag is dependent on past edge crossing and initial conditions 
at start-up. A stable phase-locked loop will result from either 
condition. 

Phase error information is contained in the output duty 
cycle-that is, the ratio of the output pulse width to total period. 
By integrating or low-pass filtering the outputs of the detector 
and shifting the level to accommodate ECl swings, usable 
analog information for the voltage controlled oscillator can be 
developed. A circuit useful for this function is shown in 
Figure 3. 

-I t-- Lead 
RLeadsV Jl n n 

(OOutput="O') ___ ----' '-___ ..JI L 

R Leads V 1.J:= U 
(OOutput="()") Lag -

Figure 2. Timing Diagram 

High Performance Frequency 
Control Products - BR1334 

Lf 

Proper level shifting is accomplished by differentially 
driving the operational amplifier from the normally high 
outputs of the phase detector (U and 0). Using this technique 
the quiescent differential voltage to the operational amplifier 
is zero (assuming matched "1" levels from the phase 
detector). The U and 0 outputs are then used to pass along 
phase information to the operational amplifier. Phase error 
summing is accomplished through resistors R1 connected to 
the inputs of the operational amplifier. Some R-C filtering 
imbedded within the input network (Figure 3) may be very 
beneficial since the very narrow correctional pulses of the 
MC12040 would not normally be integrated by the amplifier. 
Generai design yuides for ca.icuiatliiQ Ri, R2, a.iid C ai6 

included in the MC4044 data sheet. Phase detector gain for 
this configuration is approximately 0.16 volts/radian. 

System phase error stems from input offset voltage in the 
operational amplifier, mismatching of nominally equal 
resistors, and mismatching of phase detector "high" states 
between the outputs used for threshold setting and phase 
measuring. All these effects are reflected in the gain 
constant. For example, a 16mV offset voltage in the amplifier 
would cause an error of 0.016/ 0.16 = 0.1 radian or 5.7 
degrees of error. Phase error can be trimmed to zero initially 
by trimming either input offset or one of the threshold 
resistors (R1 in Figure 3). Phase error over temperature 
depends on how much the offending parameters drift. 

MCl2040 To 
>~~VCO 

Figure 3. Typical Filter and Summing Network 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Phase-Frequency Detector 

The MCH/K12140 is a phase frequency-detector intended for 
phase-locked loop applications which require a minimum amount of 
phase and frequency difference at lock. When used in conjunction with 
the MC12147, MC12148 or MC12149 VCO, a high bandwidth Pllcan be 
realized. The device is functionally compatible with the MC12040 
phase-frequency detector, however the MOSAICTM III process is used to 
push the maximum frequency to 800MHz and significantly reduce the 
dead zone of the detector. When the Reference (R) and VCO (V) inputs 
are unequal in frequency and/or phase, the differential UP (U) and DOWN 
(D) outputs will provide pulse streams which when subtracted and 
integrated provide an error voltage for control of a VCO. 

The device is packaged in a small outline, surface mount 8-lead SOIC 
package. There are two versions of the device to provide 1/0 compatibility 
to the two existing ECl standards. The MCH12140 is compatible with 
MECl10HTM logic levels while the MCK12140 is compatible to 100K ECl 
logic levels. 

• 800MHz Typical Bandwidth 

• Small Outline 8-lead SOIC Package 

• 75kQ Internal Input Pulldown Resistors 

• >1000V ESD Protection 

Pinout: 8·Lead sOle (Top View) 

o 

TRUTH TABLE" 

Input Output 

R V U D U D R 

0 0 X X X X 1 
0 1 X X X X 1 
1 1 X X X X 1 
0 1 X X X X 1 

1 1 1 0 0 1 1 
0 1 1 0 0 1 0 1 1 1 0 0 1 1 1 0 1 0 0 1 

Input 

V 

1 
0 
1 
0 

1 
1 
1 

MCH12140 
MCK12140 

PHASE-FREQUENCY 
DETECTOR 

6~ 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Output 

U D U 

0 0 1 
0 0 1 
0 1 1 
0 1 1 

0 1 1 
0 1 1 
0 0 1 

D 

1 
1 
0 
0 

0 
0 
1 

• This is not strictly a functional table; i.e., it does not cover all possible modes of operation. However, it gives a sufficient number oltests to ensure 
that the device will function property. 

MOSAIC III and MECL 10H are trademarks of Motorola 
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MCH12140 MCK12140 

LOGIC DIAGRAM 

X}-,------r-----~-_"O ........... - U (fR > fV) 
R-~_-, 

rl...._-"'-- U (fR >N) 

~-........ -- O(N)fR) 
V -.....:.-~-... L-t-----; 

X}...L.-----L-----l~./o_""'T'"- D (fV > fR) 

10EL SERIES DC CHARACTERISTICS (VEE = VEE(min) - VEE(max); Vee = GN01) 

-4Q°C O°C 25°C 70°C 

Symbol Characteristic Min Max Min Max Min Max Min Max Unit 

VOH Output HIGH Voltage -1080 --890 -1020 --840 -980 --810 -910 -720 mV 

VOL Output LOW Voltage -1950 -1650 -1950 -1630 -1950 -1630 -1950 -1595 mV 

VIH Input HIGH Voltage -1230 --890 -1170 -840 -1130 --810 -1060 -720 mV 

VIL Input LOW Voltge -1950 -1500 -1950 -1480 -1950 -1480 -1950 -1445 mV 

IlL Input LOW Current 0.5 - 0.5 - 0.5 - 0.3 - ItA .. .. . . 
1 OEL CircUits are designed to meet the DC. specifications shown In the table after thermal eqUllibnum has been established. The CircUit IS In a 
test socket or mounted on a printed circuit board and transverse airflow greater than 500lfpm is maintained. Outputs are terminated through a 
50n resistor to -2.0V except where otherwise specified on the individual data sheets. 

100EL SERIES DC CHARACTERISTICS (VEE = VEE(min) - VEE(max); Vee = GN01) 

-40°C O°C to 70°C 

Symbol Characteristic Min Typ Max Min Typ Max Unit Condition 

VOH Output HIGH Voltage -1085 -1005 --880 -1025 -955 -880 mV VIN = VIH(max) 

VOL Output LOW Voltage -1830 -1695 -1555 -1810 -1705 -1620 mV orVIL(min) 

VOHA Output HIGH Voltage -1095 - - -1035 - - mV VIN = VIH(max) 

VOLA Output LOW Voltage - - -1555 - - -1610 mV orVIL!min) 

VIH Input HIGH Voltage -1165 - --880 -1165 - -880 mV 

VIL Input LOW VOltge -1810 - -1475 -1810 - -1475 mV 

IlL Input LOW Current 0.5 - - 0.5 - - f.1A VIN = VIL!max) 
.. 

This table replaces the three tables traditionally seen In ECL lOOK data books. The same DC parameter values at VEE = -4.5V now apply across 
the full VEE range of -4.2V to -5.5V. Outputs are terminated through a 50n resistor to -2.0V except where otherwise specified on the individual 
data sheets. 

ABSOLUTE MAXIMUM RATINGS1 

Characteristic Symbol Rating 

Power Supply (VCC = OV) VEE --8.0 to 0 

Input Voltage (VCC = OV) VI Oto--6.0 

Output Current Continuous lout 50 
Surge 100 

Operating Temperature Range TA -40 to +70 

Operating Range 1,2 VEE -5.7to-4.2 
.. .. 

1 Absolute maximum rallng, beyond WhiCh, deVice life may be Impaired, unless otherwise specified on an individual data sheet. 
2 Parametric values specified at: 1 OOEL Series: -4.20V to -5.50V 

High Performance Frequency 
Control Products - BR1334 

10EL Series: -4.94V to -5.50V 

Unit 

VDC 

VDC 

rnA 

°c 

V 
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DC CHARACTERISTICS (VEE = VEE(min) - VEE(max); Vee = GND) 

-40°C O°C 25°C 70°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit 

lEE Power Supply Current 10EL 45 38 45 52 38 45 52 38 45 52 mA 
100EL 45 38 45 52 38 45 52 42 50 58 

VEE Power Supply Voltage 10EL -4.75 -5.2 -5.5 -4.75 -5.2 -5.5 -4.75 -5.2 -5.5 -4.75 -5.2 -5.5 V 
100EL -4.20 -4.5 -5.5 -4.20 -4.5 -5.5 -4.20 -4.5 -5.5 -4.20 -4.5 -5.5 

IIH Input HIGH Current 150 150 150 150 !1A 

AC CHARACTERISTICS (VEE = VEE(min) - VEE(max); Vee = GND) 

-40°C O°C 25°C 70°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit 

FMAX Maximum Toggle Frequency 800 650 800 650 800 650 800 

tpLH Propagation Delay to Output ps 
tpHL RtoD 440 320 440 580 320 440 580 360 480 620 

RtoU 330 210 330 470 210 330 470 240 360 500 
VtoD 330 210 330 470 210 330 470 240 360 500 
VtoU 440 320 440 580 320 440 580 360 480 620 

tr Output Rise/Fall Times ps 
tf Q (20 to 80%) 225 100 225 350 100 225 350 100 225 350 

APPLICATIONS INFORMATION 

The 12140 is a high speed digital circuit used as a phase 
comparator in an analog phase-locked loop. The device 
determines the "lead" or "lag" phase relationship and time 
difference between the leading edges of a veo (V) signal 
and a Reference (R) input. Since these edges occur only 
once per cycle, the detector has a range of ±21t radians. 

The operation of the 12140 can best be described using 
the plots of Figure 1. Figure 1 plots the average value of D, 0 
and the difference between D and 0 versus the phase 
difference between the V and R inputs. 

There are four potential relationships between V and R: R 
lags or leads V and the frequency of R is less than or greater 
than the frequency of V. Under these four conditions the 
12140 will function as follows: 

Fv> Fr Rlags V 0 I _~I~d~ __ F~<~ VOH 

.. I ~I. VOH-VOL 

-It -rrJ2 7tl2 It 2 

D 

-~~;>""i---,-----~ :~:-VOL 
7tl2 It 2 -It -rrJ2 

Figure 1. Average Output Voltage versus 
Phase Difference 
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R lags V In phase 
When the R and V inputs are equal in frequency and the 

phase of R lags that of V the D output will stay HIGH while the 
o output will pulse from HIGH to LOW. The magnitude of the 
pulse will be proportional to the phase difference between the 
V and R inputs reaching a minimum 50% duty cycle under a 
1800 out of phase condition. The signal on 0 indicates to the 
veo to decrease in frequency to bring the loop into lock. 

V frequency> R frequency 
When the frequency of V is greater than that of R the 

12140 behaves in a simlar fashion as above. Again the signal 
on 0 indicates that the veo frequency must be decreased to 
bring the loop into lock. 

R leads V in phase 
When the R and V inputs are equal in frequency and the 

phase of R leads that of V the 0 output will stay HIGH while 
the D output pulses from HIGH to LOW. The magnitude of the 
pulse will be proportional to the phase difference between the 
V and R inputs reaching a minimum 50% duty cycle under a 
1800 out of phase condition. The signal on D indicates to the 
veo to increase in frequency to bring the loop into lock. 

V frequency < R frequency 
When the frequency of V is less than that of R the 12140 

behaves in a simlar fashion as above. Again the signal on D 
indicates that the veo frequency must be decreased to bring 
the loop into lock. 

From Figure 1 when V and R are at the same frequency 
and in phase the value of D - 0 is zero thus providing a zero 
error voltage to the yeo. This situation indicates the loop is 
in lock and the 12140 action will maintain the loop in its 
locked state. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Serial Input PLL Frequency 
Synthesizer 

The MC12202 is a 1.1 GHz Bipolar monolithic serial input phase locked 
loop (PLL) synthesizer with pulse-swallow function. It is designed to 
provide the high frequency local oscillator signal of an RF transceiver in 
handheld communication applications. 

Motorola's advanced Bipolar MOSAICTM V technology is utilized for 
low power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over 2.7 to 5.5V supply range for input frequencies 
up to 1.1 GHz with a typical current drain of 6.5mA. The low power 
consumption makes the MC12202 ideal for handheld battery operated 
applications such as cellular or cordless telephones, wireless LAN or 
personal communication services. A dual modulus prescaler is integrated 
to provide either a 64/65 or 128/129 divide ratio. 

For additional applications information, order Motorola Application 
Note number AN1533/D. 

• Low Power Supply Current of 5.8mA Typical for ICC and O.7mA Typical 
for Ip 

• Supply Voltage of 2.7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 64/65 or 
128/129 

• On-Chip Reference Oscillator/Buffer 

• Programmable Reference Divider Consisting of a Binary 14-Bit 
Programmable Reference Counter 

• Programmable Divider Consisting of a Binary 7-Bit Swallow Counter 
and an 11-Bit Programmable Counter 

• Phase/Frequency Detector With Phase Conversion Function 

• Balanced Charge Pump Outputs 

• Dual Internal Charge Pumps for Bypassing the First Stage of the Loop 
Filter to Decrease Lock Time . 

• Outputs for External Charge Pump 

• Operating Temperature Range of -40°C to +85°C 

• Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 

• The MC12202 Is Pin Compatible With the Fujitsu MB1502 or MB1511 

MAXIMUM RATINGS· 

Symbol Parameter 

VCC Power Supply Voltage, Pin 4 (Pin 5 in 20-Iead package) 

Vp Power Supply Voltage, Pin 3 (Pin 4 in 20-Iead package) 

Tstg Storage Temperature Range 

MC12202 

MECL PLL COMPONENTS 

Serial Input PLL 
Frequency Synthesizer 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518-05 

MSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 966-01 

DTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-02 

Value 

-0.5 to +6.0 

VCC to +6.0 

--65 to +150 

Unit 

VDC 

VDC 

°c 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 

MOSAIC V is a trademark of Motorola 
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(PP fOUT BISW FC lE DATA ClK 

Pinout: 16-Lead Packages (Top View) 

o 
OSCin OSCout Vp Do GND lD 

<l>R NC <l>P fOUT BISW FC lE DATA NC ClK 

Pinout: 2D-Lead Package (Top View) 

o 
OSCin NC OSCout Vp VCC Do GND lD NC 

PIN NAMES 

Pin 110 Function 

OSCin I Oscillator input. A crystal is connected between OSCin and OSCout. An external 
source can be AC coupled into this input 

OSCout 0 Oscillator output. Pin should be left open if external source is used 

Vp - Power supply for charge pumps (Vp should be greater than or equal to VCC) Vp 
provides power to the Do, BISW and <l>P outputs 

VCC - Power supply voltage input. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 

Do 0 Internal charge pump output. Do remains on at all times 

GND - Ground 

lD 0 lock detect, phase comparator output 

fiN I Prescaler input. The VCO signal is A~upled into this pin 

ClK I Clock input. Rising edge of the clock shifts data into the shift registers 

DATA I Binary serial data input 

LE I load enable input (with internal pull up resistor). When lE is HIGH or OPEN, data 
stored in the shift register is transferred into the appropriate latch (depending on 
the level of control bit). Also, when LE is HIGH or OPEN, the output of the second 
internal charge pump is connected to the BISW pin 

FC I Phase control select (with internal pull up resistor). When FC is LOW, the 
characteristics of the phase comparator and charge pump are reversed. FC also 
selects fp or fr on the fOUT pin 

BISW 0 Analog switch output. When lE is HIGH or OPEN ("analog switch is ON") the 
output olthe second charge pump is connected to the BISW pin. When LE is lOW, 
BISW is high impedance 

fOUT 0 Phase comparator input signal. When FC is HIGH, fOUl-fr, programmable 
reference divider output; when FC is lOW, fOUT=fp, programmable divider output 

<l>P 0 Output for external charge pump. Standard CMOS output level 

<l>R 0 Output for external charge pump. Standard CMOS output level 

NC - No connect 

High Performance Frequency 
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CASE 751B 
ACTUAL SIZE 

o 
CASE 966 

ACTUAL SIZE 

CASE948E 
ACTUAL SIZE 

16-lead Pkg 
Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

-

MC12202 

2Q-lead Pkg 
Pin No. 

1 

3 

4 

5 

6 

7 

8 

10 

11 

13 

14 

15 

16 

17 

18 

20 

2,9,12,19 
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CRYSTAL I OSCin 

OSCout OSCILLATOR I 

FC 

-LE 
CONTROL 

DATA -

CLK 

fiN 

MOTOROLA 
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BIT 

LE 

DATA 

PRESCALER 
64165 or 1281129 

I 
I 

15-BIT SHIFT REGISTER I 
1t 

15-BIT LATCH I 
1t 

1 

PROGRAMMASL£FIEI'SIENCe DlVlOI!A 

I 14-BIT REFERENCE COUNTER 

I 18-BIT SHIFT REGISTER 

t 1t 

Y 7-BIT II 11-BIT LATCH 
LATCH 

l 1t 

PROGIWIIWiLE DIVIDER 

7-BIT 11-BIT 
SWALLOW PROGRAMMABLE 

A-COUNTER N-COUNTER 

I 

I I 
CONTROL LOGIC 

Figure 1. MC12202 Block Diagram 

fr 

Ip 

I 
LD 

r;=t PHASE/FREQUENCY 
DETECTOR 

'-

H CHARGE 
PUMP 1 Do 

I Y CHARGE 
PUMP2 BISW 

~ DIVIDER I 
OUTPUTMUX I lOUT 
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DATA ENTRY FORMAT 

The three wire interface of DATA pin, ClK (clock) pin and lE (load enable) pin controls the serial data input of the 14-bit 
programmable reference divider plus the prescaler setting bit, and the 18--bit programmable divider. A rising edge of the clock 
shifts one bit of serial data into the internal shift registers. Depending upon the level of the control bit, stored data is transferred 
into the latch when load enable pin is HIGH or OPEN. 

Control bit: "H" = data is transferred into 15-bit latch of programmable reference divider 

"l" = data is transferred into 18-bit latch of programmable divider 

PROGRAMMABLE REFERENCE DIVIDER 

16-bit serial data format for the programmable reference counter, "R--counter", and prescaler select bit (SW) is shown below. If 
the control bit is HIGH, data is transferred from the 15-bit shift register into the 15-bit latch which specifies the R divide ratio (8 to 
16383) and the prescaler divide ratio (SW=O for +128/129, SW=1 for +64/65). An R divide ratio less than 8 is prohibited. 

For Control bit (C) = HIGH: 

SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 

! 1SB r ! 
S R R R R R R R R R R R R R ~ I C W 14 13 12 11 10 9 8 7 6 5 4 3 2 

I_ SETTING BITS FOR DIVIDE RATIO OF PROGRAMMABLE -------1-1 14------ REFERENCE COUNTER (R-COUNTER) 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R 
RatioR 14 13 

8 0 0 

9 0 0 . . . 
16383 1 1 

High Performance Frequency 
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R 
12 

0 

0 . 
1 

R R R R 
11 10 9 8 

0 0 0 0 

0 0 0 0 . . . . 
1 1 1 1 

PRESCAlER SELECT BIT 

Prescaler Divide Ratio P 

128/129 

64/65 

R R R R R 
7 6 5 4 3 

0 0 0 1 0 

0 0 0 1 0 . . . . . 
1 1 1 1 1 

SW 

0 

1 

R 
2 

0 

0 . 
1 

R 
1 

0 

1 . 
1 
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PROGRAMMABLE DIVIDER 
19-bit serial data format for the programmable divider is shown below. If the control bit is LOW, data is transferred from the 18-bit 
shift register into the 18-bit latch which specifies the swallow A-counter divide ratio (0 to 127) and the programmable N--counter 
divide ratio (16 to 2047). An N--counterdivide ratio less than 16 is prohibited. 
For Control bit (C) = LOW: 

MSB (FIRST BIT) 

! 
N N N 

18 17 16 

I-

N N N N N 

15 14 13 12 11 

SEniNG BITS FOR 
DIVIDE RATIO OF 

PROGRAMMABlEN-COUNTER 

N 

10 

N N A A 

9 8 7 6 

+ 

CONTROL BIT (LAST BIT) 

r ! 
A A A A A 

5 4 3 2 1 

SEniNG BITS FOR ---1 
DIVIDE RATIO OF 

SWAllOW A-COUNTER 

C 

DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 

Divide N N N N N N N N N N N Divide A A A A A A 
RatioN 18 17 16 15 14 13 12 11 10 9 8 Ratio A 7 6 5 4 3 2 

16 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 

• . . . . . . . . . . . . . . . . • . 
2047 1 1 1 1 1 1 1 1 1 1 1 127 1 1 1 1 1 1 

DIVIDE RATIO SETTING 
!vco = [(P-N)+Aj-fosc + R with A<N 

!vco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bit swallow counter (0 to 127, A<N) 
fosc: Output frequency of the external frequency oscillator 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (64 or 128) 

N18:MSB~17 N8~7 A1~ = CONTROL BIT (LAST BIT) 

(SW:MSB) : (R14) (R7) : (R6) (R1) (C = CONTROL BIT (LAST BIT)) 

DATA 

ClK ~ - -fl---+-rL - -fl ~~ 
I I I I I I 
I I I I II I n-
: I I: I I I 
I I I I I I t(C-4lE) c::;J 
I I I I I I s I I I 

-, 1s(D) ~ -, 1h(D) ~ tcw -, ~ -, ~ tEW 

lE 

NOTES:Programmable reference divider data shown in parenthesis. Data shifted into register on rising edge of ClK. 
ts(D) = Setup Time DATA to ClK ts(D) '" 10ns 
th(D) = Hold lime DATA to ClK th(D) '" 20ns 
tcw = ClK Pulse Width tcw '" 30ns 
tEW = lE Pulse Width tEW '" 20ns 

ts(C-4lE) = Setup lime ClK to lE ts(C-4lE) '" 30ns 

Figure 2. Serial Data Input Timing 

A 
1 

0 

1 . 
1 
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PHASE CHARACTERISTICSNCO CHARACTERISTICS 

The phase comparator in the MC12202 is a high speed digital phase frequency detector circuit. The circuit determines the "lead" 
or "lag" phase relationship and time difference between the leading edges of the VCO (fp) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of ±21t radians. The phase comparator outputs are 
standard CMOS rail-to-raillevels (Vp to GND for cpP and VCC to GND for <l>R), designed for up to 20M Hz operation into a 15pF 
load. These phase comparator outputs can be used along with an external charge pump to enhance the PLL characteristics. 

The operation of the phase comparator is shown in Figures 3 and 5. The phase characteristics of the phase comparator are 
controlled by the FC pin. The polarity of the phase comparator outputs, cpR and cpP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 

II 
Ir ____ ----'1 .... 1 ____ --' 

IP ________________ --'r--l~ __________ ~ 
LD u 

Do (FC = H) __________ --'n'--________ --' 
BISW (LE = H or Open) 

tj>R (FC =H) 

tj>P (FC = H) u 
Do (FC = L) 
BISW (LE = H or Open) LJ 

tj>R(FC=L) n 
----' '-------' 

tj>P (FC = L) 

NOTES: Do and BISW are current outputs. 
Phase difference detection range: -21t to +21t 

11 
'----__ ---'I L 

H 

'---_ILH 
r--------------.r----- H 

Source 

r---------------;------- Z 
Sink 

H 

H 

Source 

'---------------;------ Z 
Sink 

H 

H 

L 

Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When Ir > fp or Ir < Ip, spike might not appear depending upon charge pump characteristics. 

I + I' k 4 A 
Internal Charge Pump Gain = I sourc~1t Sin I = :;: 

Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 
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For FC = HIGH: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the <IlP output will remain in a HIGH state while the <IlR 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on <IlR indicates to the veo to decrease in frequency to bring the loop into lock. 

fr leads fp in phase OR fpdr in frequency 
When the phase of fr leads that of fp or the frequency of fp is less than fr, the <IlR output will remain in a LOW state while the <IlP 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on <IlP indicates to the veo to increase in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and fp are equal, the output <IlP will remain in a HIGH state and <IlR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 

When Fe = LOW, the operation of the phase comparator is reversed from the above explanation. 

For FC= LOW: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the <IlR output will remain in a LOW state while the <IlP 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on <IlP indicates to the veo to increase in frequency to bring the loop into lock. 

fr leads fp in phase OR fpdr in frequency 
When the phase of fr leads that of fp or the frequency of fp is less than fr, the <IlP output will remain in a HIGH state while the <IlR 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on <IlR indicates to the veo to decrease in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and fp are equal, the output <IlP will remain in a HIGH state and <IlR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 

The Fe pin controls not only the phase characteristics, but also controls the fOUT test pin. The Fe pin permits the user to monitor 
either of the phase comparator input Signals, fr or fp, at the fOUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When Fe is HIGH, fOUT = fr, the programmable reference divider output. 
When Fe is LOW, fOUT = fp, the programmable divider output. 

Hence, 

If veo characteristics are like (1), Fe should be set HIGH or OPEN. 

If veo characteristics are like (2), Fe should be set LOW. 
-tOUT = fr 
fOUT = fp 
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(1) 

(2) 

veo INPUT VOLTAGE 

Figure 4. VCO Characteristics 

FC = HIGH or OPEN FC=LOW 

Do q,R q,P 'OUT Do q,R q,P 'OUT 

Ip<fr H L L Ir L H H Ip 

Ip>lr L H H Ir H L L Ip 

Ip=lr Z L H Ir Z L H Ip 

NOTE: Z = High Impedance 
When LE is HIGH or Open, BISW has the same characteristics 
as Do. 

Figure 5. Phase Comparator, Internal Charge Pump, and 
fOUT Characteristics 
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Ir UP 
R cpP 

PHASE 
FREQUENCY 
DETECTOR 

DOWN Ip 

V cpR 

LD 
PHASE COMPARATOR 

FC Do 

BISW 

LE 

Figure 6. Detailed Phase Comparator Block Diagram 

LOCK DETECT 
The Lock Detect (LD) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LD is designed to be the logical NORing of the phase frequency detector's outputs UP and DOWN. See Figure 6. In typical 
applications the output signal drives external circuitry which provides a steady LOW signal when the loop is locked. See Figure 9. 

OSCILLATOR INPUT 
The device incorporates an on-chip reference oscillator/buffer so that an external parallel-resonant fundamental crystal can be 
connected between OSCin and OSCout. External capacitor C1 and C2 as shown in Figure 10 are required to set the proper 
crystal load capacitance and oscillator frequency. The values of the capaCitors are dependent on the crystal chosen (up to a 
maximum of 30 pF each including parasitic and stray capacitance). 

If an external reference oscillator is available, the signal should be AC-coupled to the OSCin pin through a coupling capacitor. In 
this case, no connection to OSCout is required. The magnitude of the AC-coupled signal must be between 500 and 2200 mV 
peak-to-peak. 

DUAL INTERNAL CHARGE PUMPS ("ANALOG SWITCH") 
Due to the pure Bipolar nature of the MC12202 deSign, the "analog switch" function is implemented with dual internal charge 
pumps. The loop filter time constant can be decreased by bypassing the first stage of the loop filter with the charge pump output 
BISW as shown in Figure 7 below. This enables the VCO to lock in a shorter amount of time. 

When LE is HIGH or OPEN ("analog switch is ON"), the output of the second internal charge pump is connected to the BISW pin, 
and the Do output is ON. The charge pump 2 output on BISW is essentially equal to the charge pump 1 output on Do. When LE is 
LOW, BISW is in a high impedance state and Do output is active. 

-------------------, 
I 
I 
I 

I 
I 
I BISW 

~. I 
-------------------~ 
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Figure 7. "Analog Switch" Block Diagram 
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ELECTRICAL CHARACTERISTICS (VCC = 2.7 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

ICC Supply Current for VCC 

Ip Supply Current for Vp 

FiN Operating Frequency flNmax 
flNmin 

FOSC Operating Frequency (OSCin) 

VIN I nput Sensitivity fiN 

VOSC OSCin 

VIH Input HIGH Voltage ClK, DATA, lE, FC 

Vil Input lOW Voltage ClK, DATA, lE, FC 

IIH Input HIGH Current (DATA and ClK) 

III Input lOW Current (DATA and ClK) 

IOSC Input Current (OSCin) 

IIH Input HIGH Current (lE and FC) 

III Input lOW Current (lE and FC) 

ISource6 Charge Pump Output Current 

ISink6 Do and BISW 

IHi-Z 

VOH Output HIGH Voltage (lD, <pR, <pP, fOUT) 

VOL Output lOW Voltage (lD, <pR, <pP, fOUT) 

IOH Output HIGH Current (lD, <pR, <pP, fOUT) 

IOl Output lOW Current (lD, <pR, <pP, fOUT) 

1. V CC = 3.3V, all outputs open. 
2. VCC = 5.5V, all outputs open. 
3. Vp = 3.3V, all outputs open. 

Vp 

12k.Q 
.w o-W\r--4~---r 

..... --0 EXTERNAL CHARGE 
PUMP OUTPUT 

<\>R 
12k.Q 

Figure 8. Typical External Charge Pump Circuit 
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Min 

1100 

200 

500 

0.7VCC 

-10 

-75 

-2.6 

+1.4 

-15 

4.4 

2.4 

-1.0 

1.0 

Typ Max Unit Condition 

5.8 9.0 rnA Note 1 

7.2 10.5 Note 2 

0.7 1.1 rnA Note 3 

0.8 1.3 Note 4 

MHz Note 5 
100 

12 20 MHz Crystal Mode 

40 MHz External Reference Mode 

1000 mVp_p 

2200 mVp_p 

V 

0.3VCC V VCC = 5.5V 

1.0 2.0 IlA VCC=5.5V 

-5.0 IlA VCC= 5.5V 

130 IlA OSCin= VCC 
-310 OSCin = VCC - 2.2V 

1.0 2.0 IlA 
-60 IlA 
-2.0 -1.4 rnA VDo = Vp/2; Vp = 2.7V 

+2.0 +2.6 VBISW = Vp/2; Vp = 2.7V 

+15 nA O<VDO<Vp 
O<VBISW<Vp 

V VCC= 5.0V 

V VCC= 3.0V 

0.4 V VCC=5.0V 

0.4 V VCC=3.0V 

rnA 

rnA 

4. Vp = 6.0V, all outputs open. 
5. AC coupling, FIN measured with a 1000pF capacitor. 
6. Source currentflows out olthe pin and sink currentflows into the pin. 

33k.Q 
LD o--¥oi'V-...... - .... --i... 

t---o LOCK DETECT 
OUTPUT 

10k.Q 

Figure 9. TYpical Lock Detect Circuit 
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C1 

n: cpR 
16 

OSCin 
EXTERNAL 

CHARGE PUMP 

15 (SEE FIGURE 8) 
OSCout cpP 

C2 CHARGE PUMP SELECTION 
Vp (INTERNAL OR EXTERNAL) 

Vp FOUT 
14 

lOOpF ~. 
Vcc I 1: O.iI!F 

4 13 
VCC BISW 

I O.1I!F MC12202 
0:- 0:- 5 12 

Do FC 

GND LE 
11 

0:-

LOCK LOCK DETECT 10 
DETECT CIRCUIT LD DATA FROM 

(SEE FIGURE 9) 47kn CONTROLLER 

8 9 0:-
fin CLK 

1000pF 47kn 

C1, C2: Dependent on Crystal Oscillator 

Figure 10. Typical Applications Example (16-Pin Package) 

BISW 0 

Do OR EXTERNAL 0.....----1...----r .... ---o VCO CHARGE PUMP 
R 

I C I 
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Figure 11. Typical Loop Filter 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Serial Input PLL Frequency 
Synthesizer 

The MC12206 is a 2.0GHz Bipolar monolithic serial input phase locked 
loop (PLL) synthesizer with pulse-swallow function. It is designed to 
provide the high frequency local oscillator signal of an RF transceiver in 
handheld communication applications. 

Motorola's advanced Bipolar MOSAICTM V technology is utilized for 
low power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over 2.7 to 5.5V supply range for input frequencies 
up to 2.0GHz with a typical current drain of 7.4mA. The low power 
consumption makes the MC12206 ideal for handheld battery operated 
applications such as cellular or cordless telephones, wireless LAN or 
personal communication services. A dual modulus prescaler is integrated 
to provide either a 64/65 or 128/129 divide ratio. 

For additional applications information, order Motorola Application 
Note number AN1533/D. 

• Low Power Supply Current of 6.7mA Typical for ICC and O.7mA Typical 
for Ip 

• Supply Voltage of 2.7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 64/65 or 
128/129 

• On-Chip Reference Oscillator/Buffer 

• Programmable Reference Divider Consisting of a Binary 14-Bit 
Programmable Reference Counter 

• Programmable Divider Consisting of a Binary 7-Bit Swallow Counter 
and an 11-Bit Programmable Counter 

• Phase/Frequency Detector With Phase Conversion Function 

• Balanced Charge Pump Outputs 

• Dual Internal Charge Pumps for Bypassing the First Stage of the Loop 
Filter to Decrease Lock Time 

• Outputs for External Charge Pump 

• Operating Temperature Range of -40°C to +85°C 

• Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 

MAXIMUM RATINGS· 

Symbol Parameter 

VCC Power Supply Voltage, Pin 4 (Pin 5 in 20-Iead package) 

Vp Power Supply Voltage, Pin 3 (Pin 4 in 20-1ead package) 

Tstg Storage Temperature Range 

MC12206 

MECL PLL COMPONENTS 

Serial Input PLL 
Frequency Synthesizer 

o SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518-05 

2~ 
OTSUFFIX 

PLASTIC TSSOP PACKAGE 
CASE 948E-03 

Value 

-0.5 to +6.0 

VCCto+6.0 

-65 to +150 

Unit 

VDC 

VDC 

°C 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 

MOSAIC V is a trademark of Motorola 

11/94 

REV2 
® MOTOROLA 

© Motorola, Inc. 1994 



cpR cjlP fOUT BISW FC lE DATA ClK 

Pinout: 16-Lead Package (Top View) 

OSCin OSCoul Vp Do GND fiN 

cjlR NC cjlP fOUT BISW FC lE DATA NC ClK 

f20l Ii9l f18l f171f16l I15l r14l f13l [12l [111_ 

Pinout: 2G-Lead Package (Top View) 

0 

OSCin NC OSCoul VCC Do NC fiN 

PIN NAMES 

Pin I/O Function 

OSCin I Oscillator input. A crystal is connected between OSCin and OSCout. An external 
source can be AC coupled into this input 

OSCout 0 Oscillator output. Pin should be left open if external source is used 

Vp - Power supply for charge pumps (Vp should be greater than or equal to VCC) Vp 
provides power to the Do. BISW and cpP outputs 

VCC - Power supply voltage input. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 

Do 0 Internal charge pump output. Do remains on at all times 

GND - Ground 

lD 0 lock detect, phase comparator output 

fiN I Prescaler input. The VCO signal is AC-coupled into this pin 

ClK I Clock input. Rising edge of the clock shifts data into the shift registers 

DATA I Binary serial data input 

LE I Load enable input (with internal pull up resistor). When LE is HIGH orOPEN, data 
stored in the shift register is transferred into the appropriate latch (depending on 
the level of control bit). Also, when lE is HIGH or OPEN, the output of the second 
internal charge pump is connected to the BISW pin 

FC I Phase control select (with internal pull up resistor). When FC is LOW, the 
characteristics of the phase comparator and charge pump are reversed. FC also 
selects fp or fr on the fOUT pin 

BISW 0 Analog switch output. When lE is HIGH or OPEN ("analog switch is ON") the 
output of the second charge pump is connected to the BISW pin. When lE is lOW, 
BISW is high impedance 

fOUT 0 Phase comparator input signal. When FC is HIGH, fOUr-fr, programmable 
reference divider output; when FC is LOW, fOUT=fp, programmable divider output 

cjlP 0 Output for external charge pump. Standard CMOS output level 

cjlR 0 Output for external charge pump. Standard CMOS output level 

NC - No connect 

High Performance Frequency 
Control Products - BR1334 

CASE 751B 
ACTUAL SIZE 

CASE948E 
ACTUAL SIZE 

16-lead Pkg 
Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

-

MC12206 

2D-leadPkg 
Pin No. 

1 

3 

4 

5 

6 

7 

8 

10 

11 

13 

14 

15 

16 

17 

18 

20 

2,9,12,19 
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OSCin 

OSCout 

FC 
LE 

LE 
CONTROL 

BIT DATA 
DATA 

CLK __ .... ___ -+_--1 
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PRESCALER 
64/65 or 1281129 

15-BIT SHIFT REGISTER 

fp 

Figure 1. MC12206 Block Diagram 

LD 

eIlP 

eIlR 

Do 

BISW 

1---- fOUT 
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MC12206 

DATA ENTRY FORMAT 

The three wire interface of DATA pin, ClK (clock) pin and lE (load enable) pin controls the serial data input of the t4-bit 
programmable reference divider plus the prescaler setting bit, and the 18-bit programmable divider. A rising edge of the clock 
shifts one bit of serial data into the internal shift registers. Depending upon the level of the control bit, stored data is transferred 
into the latch when load enable pin is HIGH or OPEN. 

Control bit: "H" = data is transferred into 15-bit latch of programmable reference divider 

"l" = data is transferred into 18-bit latch of programmable divider 

PROGRAMMABLE REFERENCE DIVIDER 

16-bit serial data format for the programmable reference counter, "R--counter", and prescaler select bit (SW) is shown below. If 
the control bit is HIGH, data is transferred from the 15-bit shift register into the 15-bit latch which specifies the R divide ratio (8 to 
16383) and the prescaler divide ratio (SW=O for +128/129, SW=1 for +64/65). An R divide ratio less than 8 is prohibited. 

SETIING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 

! rB r ! 
S R R R R R R R R R R R R R R C 

W 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I• SETIING BITS FOR DIVIDE RATIO OF PROGRAMMABLE .. I t------ REFERENCE COUNTER (R-COUNTER) -------.j 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R 
RatioR 14 13 

8 0 0 

9 0 0 . . . 
16383 1 1 

High Performance Frequency 
Control Products - BR1334 

R 
12 

0 

0 . 
1 

R R R R 
11 10 9 8 

0 0 0 0 

0 0 0 0 . . . . 
1 1 1 1 

PRESCAlER SELECT BIT 

Prescaler Divide Ratio P 

128/129 

64165 

R R R R R 
7 6 5 4 3 

0 0 0 1 0 

0 0 0 1 0 . . . . . 
1 1 1 1 1 

SW 

0 

1 

R 
2 

0 

0 . 
1 

R 
1 

0 

1 . 
1 
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PROGRAMMABLE DIVIDER 
19-bit serial data format for the programmable divider is shown below. If the control bit is LOW, data is transferred from the 18-bit 
shift register into the 18-bit latch which specifies the swallow A--<:ounter divide ratio (0 to 127) and the programmable N--<:ounter 
divide ratio (16 to 2047). An N--<:ounter divide ratio less than 16 is prohibited. 
For Control bit (C) = LOW: 

MSB (FIRST BIT) 

! 
N N N 

18 17 16 

I-

N N N N N 

15 14 13 12 11 

SETIING BITS FOR 
DIVIDE RATIO OF 

PROGRAMMABlEN-COUNTER 

N 

10 

N N A A 

9 8 7 6 

+ 

CONTROL BIT (LAST BIT) 

r ! 
A A A A A 

5 4 3 2 1 

SETIING BITS FOR --1 
DIVIDE RATIO OF 

SWAllOW A-COUNTER 

C 

DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 

Divide N N N N N N N N N N N Divide A A A A A A 
RatioN 18 17 16 15 14 13 12 11 10 9 8 Ratio A 7 6 5 4 3 2 

16 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 . . . . . . • • . . . . . . . . . . . 
2047 1 1 . 1 1 1 1 1 1 1 1 1 127 1 1 1 1 1 1 

DIVIDE RATIO SETTING 
fvco = [(P.N)+Aj.fosc + R with A<N 

fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bit swallow counter (0 to 127, A<N) 
fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (64 or 128) 

NI8:MSB~17 N8~7 AI~ = CONTROL BIT (LAST BIT) 

(SW:MSB) : (RI4) (R7) : (RS) (RI) (C = CONTROL BIT (LAST BIT)) 

DATA 

-J4-fL - --R-Wl- - --fl ~~ 
I I I I I I 
I I I I II I n-
: I I: I I I 

ClK 

lE 

I I I I I I Is(C-4lE) I;O:::J 
I I I I I I I I I 

-, Is(D) r- -, Ih(D) r- ICW -, r- -, r- lEW 

NOTES:Programmable reference divider data shown in parenthesis. Data shifted into regisler on rising edge of ClK. 
Is(D) = Setup Time DATA 10 ClK Is(D) ~ IOns 
'h(D) = Hold Time DATA 10 ClK Ih(D) ~ 20ns 
ICW = CLK Pulse Width lew ~ 30ns 
lEW = lE Pulse Width lEW ~ 20ns 

ts(C-4lE) = Setup Time ClK to lE Is(C-4lE) ~ 30ns 

Figure 2. Serial Data Input Timing 

A 
1 

0 

1 . 
1 
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MC12206 

PHASE CHARACTERISTICSNCO CHARACTERISTICS 

The phase comparator in the MC12206 is a high speed digital phase frequency detector circuit. The circuit determines the "lead" 
or "lag" phase relationship and time difference between the leading edges of the VCO (fp) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of ±21t radians. The phase comparator outputs are 
standard CMOS raiHo-raillevels (Vp to GND for cpP and VCC to GND for cpR), designed for up to 20M Hz operation into a 15pF 
load. These phase comparator outputs can be used along with an external charge pump to enhance the PLL characteristics. 

The operation of the phase comparator is shown in Figures 3 and 5. The phase characteristics of the phase comparator are 
controlled by the FC pin. The polarity of the phase comparator outputs, cpR and cpP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 

r-. r--l ,--, 

I I I I I I Ir 

Ip n n n ~------------~~ : 
u u ,--------------.----- H U LD 

n Do (FC= H) _____ ....J n 
BISW (LE = H or Open) LJ 

n 

Source 
Z 
Sink 

H 

L 

U ,------r--------r---- H U cpP (FC =H) 
L 

Source 
Do (FC=L) LJ LJ 

n ~------~--- Z 
BISW (LE = H or Open) 

cpR (Fe =L) 

cpP (FC =L) 

n n 
u 

NOTES: Do and BISW are ClJrrent outputs. 
Phase difference detection range: -2lt to +27t 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When II > fp or II < fp, spike might not appear depending upon charge pump characteristics. 

I + I· k 4 A 
Intemal Charge Pump Gain'" I sourc~ sin I = : 

Figure 3. PhaseIFrequency Detector, Internal Charge Pump and Lock Detect Waveforms 
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H 

H 

L 
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For FC = HIGH: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the IilP output will remain in a HIGH state while the IilR 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on IilR indicates to the veo to decrease in frequency to bring the loop into lock. 

fr leads fp in phase OR fp<fr in frequency 
When the phase of fr leads that of fp or the frequency of fp is less than fr, the IilR output will remain in a LOW state while the IilP 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on IilP indicates to the veo to increase in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and fp are equal, the output IilP will remain in a HIGH state and IilR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 

When Fe = LOW, the operation of the phase comparator is reversed from the above explanation. 

For FC= LOW: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the IilR output will remain in a LOW state while the IilP 
output will pulse from HIGH to Law. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on IilP indicates to the veo to increase in frequency to bring the loop into lock. 

fr leads fp in phase OR fp<fr in frequency 
When the phase of fr leads that of fp or the frequency of fp is less than fr, the IilP output will remain in a HIGH state while the IilR 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on IilR indicates to the veo to decrease in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and fp are equal, the output IilP will remain in a HIGH state and IilR will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 

The Fe pin controls not only the phase characteristics, but also controls the fOUT test pin. The Fe pin permits the user to monitor 
either of the phase comparator input signals, fr or fp, at the fOUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When Fe is HIGH, fOUT = fr, the programmable reference divider output. 
When Fe is LOW, fOUT = fp, the programmable divider output. 

Hence, 

If veo characteristics are like (1), Fe should be set HIGH or OPEN. 

If veo characteristics are like (2), Fe should be set LOW. 

fOUT = fr 
fOUT = fp 
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(1) 

veo INPUT VOLTAGE 

Figure 4. VCO Characteristics 

FC = HIGH or OPEN FC = LOW 

Do tl>R tl>P lOUT Do tl>R tl>P lOUT 

Ipdr H L L Ir L H H Ip 

Ip>lr L H H Ir H L L Ip 

Ip=lr Z L H Ir Z L H Ip 

NOTES:Z = High Impedance 
When LE is HIGH or Open, BISW has the same 
characteristics as Do. 

Figure 5. Phase Comparator, Internal Charge Pump, and 
fOUT Characteristics 
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Ir 

Ip 

Fe 

LE 

LOCK DETECT 

PHASE 
FREQUENCY 
DETECTOR 

" .. , ' 

PIWIE COMPARAToR ' 

>---cpP 

>---cI>R 

>----LD 

tl"l~~--DO 
_ 1------- BISW 

-----.::=~ 
Figure 6. Detailed Phase Comparator Block Diagram 

MC12206 

The Lock Detect (LD) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LD is designed to be the logical NORing of the phase frequency detector's outputs UP and DOWN. See Figure 6. In typical 
applications the output signal drives external circuitry which provides a steady LOW signal when the loop is locked. See Figure 9. 

OSCILLATOR INPUT 
The device incorporates an orH:hip reference oscillator/buffer so that an external parallel-resonant fundamental crystal can be 
connected between OSCin and OSCout. External capaCitor C1 and C2 as shown in Figure 10 are required to set the proper 
crystal load capacitance and oscillator frequency. The values of the capacitors are dependent on the crystal chosen (up to a 
maximum of 30 pF each including parasitic and stray capacitance). 

If an external reference oscillator is available, the signal should be AC-coupled to the OSCin pin through a coupling capaCitor. In 
this case, no connection to OSCout is required. The magnitude of the AC-coupled signal must be between 500 and 2200 mV 
peak-to-peak. 

DUAL INTERNAL CHARGE PUMPS ("ANALOG SWITCH") 
Due to the pure Bipolar nature of the MC12206 design, the "analog switch" function is implemented with dual internal charge 
pumps. The loop filter time constant can be decreased by bypassing the first stage of the loop filter with the charge pump output 
BISW as shown in Figure 7 below. This enables the VCO to lock in a shorter amount of time. 

When LE is HIGH or OPEN ("analog switch is ON"), the output of the second internal charge pump is connected to the BISW pin, 
and the Do output is ON. The charge pump 2 output on BISW is essentially equal to the charge pump 1 output on Do. When LE is 
LOW, BISW is in a high impedance state and Do output is active. 

High Performance Frequency 
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Figure 7. "Analog Switch" Block Diagram 
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ELECTRICAL CHARACTERI8nCS (Vee = 2.7 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

ICC Supply Current for VCC 

Ip Supply Current for Vp 

FIN Operating Frequency flNmax 
flNmin 

FOSC Operating Frequency (OSCin) 

VIN Input Sensitivity fiN 

VOSC OSCin 

VIH Input HIGH Voltage CLK, DATA, LE, FC 

VIL Input LOW Voltage CLK, DATA, LE, FC 

IIH Input HIGH Current (DATA and CLK) 

IlL Input LOW Current (DATA and CLK) 

10SC Input Current (OSCin) 

IIH Input HIGH Current (LE and FC) 

IlL Input LOW Current (LE and FC) 

ISource6 Charge Pump Output Current 

ISink6 DoandBISW 

IHi-Z 

VOH Output HIGH Voltage (LD, cpR, cpP, fOUT) 

VOL Output LOW Voltage (LD, cpR, cpP, lOUT) 

10H Output HIGH Current (LD, cpR, cpP, lOUT) 

10L Output LOW Current (LD, cpR, cpP, lOUT) 

1. VCC = 3.3V, ali outputs open. . 
2. VCC = 5.5V, ali outputs open. 
3. Vp = 3.3V, ali outputs open. 

12kO 

..... --0 EXTERNAL CHARGE 
PUMP OUTPUT 

cpR 
12kO 

10k0 

Figure 8. Typical External Charge Pump Circuit 
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Min 

2000 

200 

500 

O·7VCC 

-10 

-75 

-2.6 

+1.4 

-15 

4.4 

2.4 

-1.0 

1.0 

Typ Max Unit Condition 

6.7 10.5 mA Note 1 

8.1 12.5 Note 2 

0.7 1.j mA Note 3 

0.8 1.3 Note 4 

MHz Note 5 
500 

12 20 MHz Crystal Mode 

40 MHz External Reference Mode 

1000 mVp_p 

2200 mVp_p 

V 

0.3VCC V VCC=5.5V 

1.0 2.0 IIA VCC= 5.5V 

-5.0 IIA VCC=5.5V 

130 IIA OSCin=Vcc 
-310 OSCin = VCC - 2.2V 

1.0 2.0 IIA 
-60 IIA 
-2.0 -1.4 mA VOo = Vpf2; Vp = 2.7V 

+2.0 +2.6 VBISW = Vp/2; Vp = 2.7V 

+15 nA 0.5 < VOO < Vp-0.5 
0.5 < VBISW < Vp - 0.5 

V VCC=5.0V 

V VCC= 3.0V 

0.4 V VCC=5.0V 

0.4 V VCC=3.0V 

mA 

mA 

4. Vp = 6.0V, ali outputs open. 
5. AC coupling, FIN measured with a 1000pF capacitor. 
6. Sourca current flows out of the pin and sink current flows into the pin. 

33kO 

t---o LOCK DETECT 
OUTPUT 

10kO 

Figure 9. Typical Lock Detect Circuit 

High Performance Frequency 
Control Products - BRl334 



C1 

~ 
OSCin IjlR 

16 

EXTERNAL 
CHARGE PUMP 

15 (SEE FIGURE 8) 
OSCout clIP 

C2 CHARGE PUMP SELECTION 
Vp (INTERNAL OR EXTERNAL) 

3 14 
Vp FOUT 

100PFI ..J... 

VCC 
IO.1J!F 

4 13 
VCC BISW 

IO.1J!F MC12206 

-=- "::" 5 12 
Do FC 

GND LE 
11 

-=-
LOCK LOCK DETECT 7 10 

DETECT CIRCUIT LD DATA FROM 
(SEE FIGURE 9) 47kn CONTROLLER 

~n ClK 
9 -=-

1000pF 47kn 

C1, C2: Dependent on Crystal Oscilla1or 

Figure 10. Typical Applications Example (16-Pin Package) 

BISW 0 

DoOR EXTERNAL o ....... ---i------1I~---O VCO CHARGE PUMP 
R 

I C I 
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Figure 11. Typical Loop Filter 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Serial Input PLL Frequency 
Synthesizer 

The MC1221 0 is a 2.5GHz Bipolar monolithic serial input phase locked 
loop (PLL) synthesizer with pulse-swallow function. It is designed to 
provide the high frequency local oscillator signal of an RF transceiver in 
handheld communication applications. 

Motorola's advanced Bipolar MOSAICTM V technology is utilized for 
low power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over 2.7 to 5.5V supply range for input frequencies 
up to 2.5GHz with a typical current drain of 9.5mA. The low power 
consumption makes the MC12210 ideal for handheld battery operated 
applications such as cellular or cordless telephones, wireless LAN or 
personal communication services. A dual modulus prescaler is integrated 
to provide either a 32133 or 64/65 divide ratio. 

For additional applications information, order Motorola Application 
Note number AN15331D. 

• Low Power Supply Current of S.SmA Typical for ICC and O.7mA Typical 
for Ip 

• Supply Voltage of 2.7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 32133 or 64/65 

• On-Chip Reference Oscillator/Buffer 

• Programmable Reference Divider ConSisting of a Binary 14-Bit 
Programmable Reference Counter 

• Programmable Divider Consisting of a Binary 7-Bit Swallow Counter 
and an 11-Bit Programmable Counter 

• Phase/Frequency Detector With Phase Conversion Function 

• Balanced Charge Pump Outputs 

• Dual Internal Charge Pumps for Bypassing the First Stage of the Loop 
Filter to Decrease Lock TIme 

• Outputs for External Charge Pump 

• Operating Temperature Range of -40°C to +S5°C 

• Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 

MAXIMUM RATINGS· 

Symbol Parameter 

VCC Power Supply Voltage, Pin 4 (Pin 5 in 2o-1ead package) 

Vp Power Supply Voltage, Pin 3 (Pin 4 in 2Q-lead package) 

Tstg Storage Temperature Range 

MC12210 

MECL PLL COMPONENTS 

Serial Input PLL 
Frequency SyntheSizer 

1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7516-05 

DTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-<l2 

Value 

-<l.5 to +6.0 

VCC to +6.0 

-65 to +150 

Unit 

VDC 

VDC 

°C 

• Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 

MOSAIC V is a trademark of Motorola 
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cj>P laUT BISW FC LE DATA ClK 

Pinout: 16-Lead Package (Top View) 

0 

aSCin aSCout Vp VCC Do GND LD fiN 

cj>R NC cj>P faUT BISW FC LE DATA NC CLK 

Gel ~ r::3l r;7l r::3l f15l r;1 G3l G2l r;1 

Pinout: 2D-Lead Package (Top View) 

o 
aSCin NC aSCout VCC Do 

PIN NAMES 

Pin I/O Function 

OSCin I Oscillator input. A crystal is connected between OSCin and OSCout. An external 
source can be AC coupled into this input 

OSCout 0 Oscillator output. Pin should be left open if external source is used 

Vp - Power supply for charge pumps (Vp should be greater than or equal to VCC) Vp 
provides power to the Do, BISW and cpP outputs 

VCC - Power supply voltage input. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 

Do 0 Internal charge pump output. Do remains on at all times 

GND - Ground 

LD 0 Lock detect, phase comparator output 

fiN I Prescaler input. The VCO Signal is A~oupled into this pin 

ClK I Clock input. Rising edge of the clock shifts data into the shift registers 

DATA I Binary serial data input 

lE I Load enable input (with internal pull up resistor). When LE is HIGH or OPEN, data 
stored in the shift register is transferred into the appropriate latch (depending on 
the level of control bit). Also, when LE is HIGH or OPEN, the output of the second 
internal charge pump is connected to the BISW pin 

FC I Phase control select (with internal pull up resistor). When FC is LOW, the 
characteristics of the phase comparator and charge pump are reversed. FC also 
selects fp or fr on the fOUT pin 

BISW 0 Analog switch output. When LE is HIGH or OPEN ("analog switch is ON") the 
output ofthe second charge pump is connected to the BISW pin. When LE is LOW, 
BISW is high impedance 

fOUT 0 Phase comparator input signal. When FC is HIGH, fOUr-fr, programmable 
reference divider output; when FC is LOW, fOUpfp, programmable divider output 

cj>P 0 Output for external charge pump. Standard CMOS output level 

cj>R 0 Output for external charge pump. Standard CMOS output level 

NC - No connect 

High Performance Frequency 
Control Products - BR1334 

CASE7S1B 
ACTUAL SIZE 

D 
CASE948E 

ACTUAL SIZE 

16-Lead Pkg 
Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

-

MC12210 

2o-Lead Pkg 
Pin No. 

1 

3 

4 

5 

6 

7 

8 

10 

11 

13 

14 

15 

16 

17 

18 

20 

2,9,12,19 
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OSCin 
OSCout 

FC 
lE 

lE 
CONTROL 

BIT DATA 
DATA 

ClK --.... ---+----' 
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PRESCAlER 
32/33 or 64/65 

fr 

fp 

Figure 1. MC12210 Block Diagram 

lD 

cpP 
cpR 

Do 

BISW 

t----fOUT 
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MC12210 

DATA ENTRY FORMAT 

The three wire interface of DATA pin, ClK (clock) pin and lE (load enable) pin controls the serial data input of the 14-bit 
programmable reference divider plus the prescaler setting bit, and the 18-bit programmable divider. A rising edge of the clock 
shifts one bit of serial data into the internal shift registers. Depending upon the level of the control bit, stored data is transferred 
into the latch when load enable pin is HIGH or OPEN. 

Control bit: "H" = data is transferred into 15-bit latch of programmable reference divider 

"l" = data is transferred into 18-bit latch of programmable divider 

PROGRAMMABLE REFERENCE DIVIDER 

16-bit serial data format for the programmable reference counter, "R--counter", and prescaler select bit (SW) is shown below. If 
the control bit is HIGH, data is transferred from the 15-bit shift register into the 15-bit latch which specifies the R divide ratio (8 to 
16383) and the prescaler divide ratio (SW=O for +64/65, SW=l for +32133). An R divide ratio less than 8 is prohibited. 
I='nr f"':nntrnl hit Ir.\ ~ 1-41~1-I' . _. -- .... _. -.. ,-, _ .. -- ... 

SElTlNG BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST Bin 

! iSB r ! 
S R R R R R R R R R R R R R R C 

W 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I_ SElTlNG BITS FOR DIVIDE RATIO OF PROGRAMMABLE .1 14------ REFERENCE COUNTER (R-COUNTER) ------1 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R 
RalioR 14 13 

8 0 0 

9 0 0 . . . 
16383 1 1 

High Performance Frequency 
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R 
12 

0 

0 . 
1 

R R R R 
11 10 9 8 

0 0 0 0 

0 0 0 0 . . . . 
1 1 1 1 

PRESCAlER SELECT BIT 

Prescaler Divide Ralio P 

64/65 

32133 

R R R R R 
7 6 5 4 3 

0 0 0 1 0 

0 0 0 1 0 

• . . . . 
1 1 1 1 1 

SW 

0 

1 

R 
2 

0 

0 . 
1 

R 
1 

0 

1 . 
1 
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PROGRAMMABLE DIVIDER 
19-bit serial data format for the programmable divider is shown below. If the control bit is LOW, data is transferred from the 18-bit 
shift register into the 18-bit latch which specifies the swallow A--counter divide ratio (0 to 127) and the programmable N--counter 
divide ratio (16 to 2047). An N--counter divide ratio less than 16 is prohibited. 
For Control bit (C) = LOW: 

MSB (FIRST BIT) 

1 

I· SETTING BITS FOR 
DIVIDE RATIO OF 

PROGRAMMABLEN-COUNTER + 

CONTROL BIT (LAST BIT) 

r 1 
A C 

SETIING BITS FOR -4 
DIVIDE RATIO OF 

SWALLOW A-COUNTER 

DIVIDE RATIO OF PROGRAMMABLE N-COUNTER DIVIDE RATIO OF SWALLOW A-COUNTER 

Divide N N N N N N N N N N N Divide A A A A A A 
RatioN 18 17 16 15 14 13 12 11 10 9 8 Ratio A 7 6 5 4 3 2 

16 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 . • . . . . . . • . . . . . . . • . . 
2047 1 1 1 1 1 1 1 1 1 1 1 127 1 1 1 1 1 1 

DIVIDE RATIO SETTING 
fvco = [(P.N)+Al.fosc + R with A<N 

fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bit swallow counter (0 to 127, A<N) 
fosc: Output frequency of the external frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 
P: Preset mode of dual modulus prescaler (32 or 64) 

Nt8:MSB~t7 N8~7 A1~=CONTROLBIT(LASTBIT) 
(SW:MSB) : (R14) (R7) : (RS) (Rt) (C = CONTROL BIT (LAST BIT)) 

DATA 

~ - -fW-JL - -fl ~'---
I I I I I I 
II I I II I ~ 
: I I: I I I 

CLK 

LE 

I I I I I I I (C ..... lE) c::::J 
I I I I I I s I I I 
~ ts(D) r- ~ Ih(D) r- ICW ~ r- ~ r- lEW 

NOTES:Programmable reference divider data shown in parenthesis. Data shifted into regisler on rising edge of ClK. 
ts(D) = Setup lime DATA to CLK ts(D) <: tOns 
Ih(D) = Hold lime DATA to CLK Ih(D) <: 20ns 
tcw = CLK Pulse Width tcw <: 30ns 
tEW = LE Pulse Width tEW <: 20ns 

ts(C ..... LE) = Setup Time CLK to lE Is(C ..... lE) <: 30ns 

Figure 2. Serial Data Input Timing 

A 
1 

0 

1 . 
1 

MOTOROLA 
154 

High Performance Frequency 
Control Products - BRl334 



MC12210 

PHASE CHARACTERISTICSNCO CHARACTERISTICS 

The phase comparator in the MC1221 0 is a high speed digital phase frequency detector circuit. The circuit determines the "lead" 
or "lag" phase relationship and time difference between the leading edges of the VCO (fp) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of ±21t radians. The phase comparator outputs are 
standard CMOS rail-to-raillevels (Vp to GND for IjIP and VCC to GND for IjIR), designed for up to 20MHz operation into a 15pF 
load. These phase comparator outputs can be used along with an external charge pump to enhance the PLL characteristics. 

The operation of the phase comparator is shown in Figures 3 and 5. The phase characteristics of the phase comparator are 
controlled by the FC pin. The polarity of the phase comparator outputs, IjIR and IjIP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 

....----. ..----, ,.--, 

I I I I I I Ir 

!p n n n 
LD u u U 

n n 
LJ 

Do(FC=H) _____ ---1 

BISW (LE = H or Open) 

cpR (FC = H) n 
cpP (FC =H) U U 
Do (FC = L) n 
BISW (LE = H or Open) LJ LJ 

cpR (FC =L) n n 
cpP (FC = L) U 

NOTES: Do and BISW are current outputs. 
Phase difference detection range: -211; to +21t 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When Ir > !p or fr < !p, spike might not appear depending upon charge pump characteristics. 

I + I· k 4 A 
Internal Charge Pump Gain = I sourc~ Sin I = :;: 

Figure 3. PhaseIFrequency Detector, Internal Charge Pump an~ Lock Detect Waveforms 
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Z 
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H 

H 
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MC12210 

For FC = HIGH: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the ~P output will remain in a HIGH state while the ~R 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on ~R indicates to the veo to decrease in frequency to bring the loop into lock. 

fr leads fp in phase OR fp<fr in frequency 
When the phase of fr leads that of fp or the frequency of fp is less than fr, the ~R output will remain in a LOW state while the ~P 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on ~P indicates to the veo to increase in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and fp are equal, the output ~P will remain in a HIGH state and ~R will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 

When Fe = LOW, the operation of the phase comparator is reversed from the above explanation. 

ForFC= LOW: 
fr lags fp in phase OR fp>fr in frequency 
When the phase of fr lags that of fp or the frequency of fp is greater than fr, the ~R output will remain in a LOW state while the ~P 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on ~P indicates to the veo to increase in frequency to bring the loop into lock. 

fr leads fp in phase OR fp<fr in frequency 
When the phase of fr leads that of fp or the frequency of fp is less than fr, the ~P output will remain in a HIGH state while the ~R 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 1800 out of phase condition. 
The signal on ~R Indicates to the veo to decrease in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and fp are equal, the output ~P will remain in a HIGH state and ~R will remain in a LOW state 
except for voltage spikes when signals are in phase. This situation indicates that the loop is in lock and the phase comparator will 
maintain the loop in its locked state. 

The Fe pin controls not only the phase characteristics, but also controls the fOUT test pin. The Fe pin permits the user to monitor 
either of the phase comparator input Signals, fr or fp, at the fOUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When Fe is HIGH, fOUT = fr, the programmable reference divider output. 
When Fe is LOW, fOUT = fp, the programmable divider output. 

Hence, 

If veo characteristics are like (1), Fe should be set HIGH or OPEN. 

If veo characteristics are like (2), Fe should be set LOW. 
fOUT = fr 
fOUT = fp 

MOTOROLA 
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(1) 

(2) 

veo INPUT VOLTAGE 

Figure 4. VCO Characteristics 

FC = HIGH or OPEN FC=LOW 

Do cl>R cl>P fOUT Do cl>R cl>P fOUT 

Ipdr H L L Ir L H H Ip 

fp >Ir L H H Ir H L L Ip 

Ip=lr Z L H Ir Z L H Ip 

NOTES:Z = High Impedance 
When LE is HIGH or Open, BISW has the same 
characteristics as Do. 

Figure 5. Phase Comparator, Internal Charge Pump, and 
fOUT Characteristics 
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Ir 

fp 

FC 

LE 

LOCK DETECT 

PHASE 
FREQUENCY 
DETECTOR 

>---'IlP 

>---'IlR 

>----LD 

1------00 
tI~~ 

\------ BISW 

-----~~ 
Figure 6. Detailed Phase Comparator Block Diagram 

MC12210 

The Lock Detect (LD) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LD is designed to be the logical NORing of the phase frequency detector's outputs UP and DOWN. See Figure 6. In typical 
applications the output Signal drives external circuitry which provides a steady LOW signal when the loop is locked. See Figure 9. 

OSCILLATOR INPUT 
The device incorporates an on--chip reference oscillatorlbuffer so that an external parallel-resonant fundamental crystal can be 
connected between OSCin and OSCout. External capaCitor C1 and C2 as shown in Figure 10 are required to set the proper 
crystal load capacitance and oscillator frequency. The values of the capacitors are dependent on the crystal chosen (up to a 
maximum of 30 pF each including parasitic and stray capacitance). 

If an external reference oscillator is available, the signal should be AC--coupled to the OSCin pin through a coupling capacitor. In 
this case, no connection to OSCout is required. The magnitude of the AC--coupled signal must be between 500 and 2200 mV 
peak-to-peak. 

DUAL INTERNAL CHARGE PUMPS ("ANALOG SWITCH") 
Due to the pure Bipolar nature of the MC12210 design, the "analog switch" function is implemented with dual internal charge 
pumps. The loop filter time constant can be decreased by bypassing the first stage of the loop filter with the charge pump output 
BISW as shown in Figure 7 below. This enables the VCO to lock in a shorter amount of time. 

When LE is HIGH or OPEN ("analog switch is ON"), the output of the second internal charge pump is connected to the BISW pin, 
and the Do output is ON. The charge pump 2 output on BISW is essentially equal to the charge pump 1 output on Do. When LE is 
LOW, BISW is in a high impedance state and Do output is active. 

High Performance Frequency 
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Figure 7. "Analog Switch" Block Diagram 
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MC12210 

ELECTRICAL CHARACTERISTICS (Vee = 2.7 to 5.5V; TA = -40 to +85°C) 

Symbol Parameter 

ICC Supply Current for VCC 

Ip Supply Current for Vp 

FIN Operating Frequency flNmax 
flNmin 

FOSC Operating Frequency (OSCin) 

VIN Input Sensitivity fiN 

VOSC OSCin 

VIH Input HIGH Voltage ClK, DATA, lE, FC 

Vil Input lOW Voltage ClK, DATA, lE, FC 

IIH Input HIGH Current (DATA and ClK) 

III Input lOW Current (DATA and ClK) 

IOSC Input Current (OSCin) 

IIH Input HIGH Current (lE and FC) 

III Input lOW Current (lE and FC) 

ISource6 Charge Pump Output Current 

ISink6 DoandBISW 

IHI-Z 

VOH Output HIGH Voltage (lD, <l>R, <l>P, fOUT) 

VOL Output lOW Voltage (lD, <l>R, <l>P, fOUT) 

IOH Output HIGH Current (lD, <l>R, <l>P, fOUT) 

IOl Output lOW Current (lD, <l>R, <l>P, fOUT) 
1. VCC = 3.3V, all outputs open. 
2. VCC = 5.5V, all outputs open. 
3. Vp = 3.3V, all outputs open. 

Vp 

12kn 

.... --0 EXTERNAL CHARGE 
PUMP OUTPUT 

<ilR 
12kn 

Figure 8. Typical External Charge Pump Circuit 
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Min 

2500 

200 

500 

0.7VCC 

-10 

-75 

-2.6 

+1.4 

-15 

4.4 

2.4 

-1.0 

1.0 

Typ Max Unit Condition 

8.8 13.0 mA Note 1 

10.2 16.0 Note 2 

0.7 1.1 mA Note 3 

0.8 1.3 Note 4 

MHz Note 5 
500 

12 20 MHz Crystal Mode 

40 MHz Extemal Reference Mode 

1000 mVp_p 

2200 mVp_p 

V 

0.3VCC V VCC=5.5V 

1.0 2.0 I1A VCC = 5.5V 

-5.0 I1A VCC = 5.5V 

130 I1A OSCin=Vcc 
-310 OSCin = VCC - 2.2V 

1.0 2.0 I1A 
-60 I1A 
-2.0 -1.4 mA VDo = Vp/2; Vp = 2.7V 

+2.0 +2.6 VBISW = Vpl2; Vp = 2.7V 

+15 nA 0.5< Voo < Vp - 0.5 
0.5 < VBISW < Vp - 0.5 

V VCC=5.0V 

V VCC=3.0V 

0.4 V VCC= 5.0V 

0.4 V VCC= 3.0V 

mA 

mA 

4. Vp = 6.0V, all outputs open. 
5. AC coupling, FIN measured with a 1000pF capacitor. 
6. Source current flows out of the pin and sink currentflows into the pin. 

33kn 
LDo-~~~-~--f 

.... --0 LOCK DETECT 
OUTPUT 

10kn 

Figure 9. 1}tplcal Lock Detect Circuit 

High Performance Frequency 
Control Products - BR1334 



Cl 

~ 
OSCin cpR 

16 

EXTERNAL 
CHARGE PUMP 

15 (SEE FIGURE 8) 
OSCoul cpP 

C2 CHARGE PUMP SELECTION 
(INTERNAL OR EXTERNAL) 

3 14 
Vp FOUT 

n1 .. 1= 

Vcc I··· .. · 
4 13 

VCC BISW 

IO.1I1F MC12210 
-::- -::- 5 12 

Do FC 

6 
GND LE 

11 

-::-

LOCK LOCK DETECT 7 10 
DETECT CIRCUIT LD DATA FROM 

(SEE FIGURE 9) 47kll CONTROLLER 

8 9 -::-
fin CLK 

l000pF 47kll 

Cl, C2: Dependent on Crystal Oscillator 

Figure 10.lYpical Applications Example (16-Pin Package) 

BISW 0 

DoOR EXTERNAL 0----1'""'""---1 .... ---0 VCO CHARGE PUMP 
R 

I C I 
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Figure 11. lYpical Loop Filter 

MC12210 

MOTOROLA 
159 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
PLL Frequency Synthesizer 

The MC12179 is a monolithic Bipolar synthesizer integrating the high 
frequency prescaler, phase/frequency detector, charge pump, and 
reference oscillator/buffer functions. When combined with an. external 
loop filter and VCO, the MC12179 serves as a wide bandwidth PLL. 
Motorola's advanced Bipolar MOSAICTM V technology is utilized for low 
power operation at a 5V supply voltage. The device is designed for 
operation up to 2.8GHz for wide bandwidth applications such as CATV 
down converters and satellite receiver tuners. 

• 2.8GHz Maximum Operating Frequency 

• Low Power Supply Current of 3.5mA Typical, Including ICC and Ip 
Currents 

• Supply Voltage of 5.0V Typical 

• Integrated Divide by 256 Prescaler 

• On-Chip Reference Oscillator/Buffer 

• Digital Phase/Frequency Detector with Linear Transfer Function 

• Balanced Charge Pump Output 

• Space Efficient 8-Lead SOIC 

• Operating Temperature Range of -40°C to +85°C 

• Synthesizer With Phase Inverted Charge Pump Output Available -
Please Consult a Motorola Representative 

BLOCK DIAGRAM 

PDoul 

MAXIMUM RATINGS· 

Symbol Parameter 

VCC Power Supply Voltage, Pin 2 

Vp Power Supply Voltage, Pin 7 

Tstg Storage Temperature Range 

MC12179 

MECL PLL COMPONENTS 

PLL Frequency 
Synthesizer 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: a-Lead SOIC (Top View) 

OSCin 
0 

OSCoul 

VCC Vp 

GND PDoul 

Fin GNDP 

Value Unit 

-0.510+6.0 VDC 

VCC 10 +6.0 VDC 

-e510+150 °c 
• Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 

Recommended Operating Conditions. 

MOSAIC V is a trademark of Motorola, Inc. 
This document contains information on a new product. Specifications and information herein are subject to 
change without notica. 
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MC12179 

ELECTRICAL CHARACTERISTICS (VCC = 4.5 to 5.5V; Vp = VCC to 5.5V; TA = -40 to +85°C) 

Symbol Characteristic Min Typ Max Unit Condition 

ICC Supply Current for VCC 3.1 rnA Note 1 

Ip Supply Current for Vp 0.4 rnA Note 1 

FIN Operating Frequency flNmax 2800 MHz Note 2 
flNmin 500 

FOSC Operating Frequency Crystal Mode 11 MHz Note 3 
External Oscillator OSCin 11 Note 4 

VIN Input Sensitivity Fin 100 1000 mVp_p Note 2 

VOSC I nput Sensitivity External Oscillator OSCin 500 2200 mVp_p Note 4 

:OSC 1 ......... +(", ............ + 1::10 ~ OSCin = Vr.r. 1111'''''''' ..., ... " ..... ~ 

-310 OSCin = VCC-2.2V 

VIH Input HIGH Voltage (OSCin) VCC-0.85 VCC V 

VIL Input LOW Voltage (OSCin) VCC-2.20 VCC-l.35 V 

VOH Output HIGH Voltage (PDout) Vp-0.5 V IOH =-2.0mA 

VOL Output LOW Voltage (PDout) 0.5 V IOL=2mA 

IOH Output Source Current (PDout) -1.5 -2.0 -2.5 rnA Vp=5.0V, VpDout= 
Vp/2 

IOL Output Sink Current (PDout) 1.5 2.0 2.5 rnA Vp=5.0V, VpDout= 
Vp/2 

IOZ Output Leakage Current (PDout) TBD nA 

1. VCC or Vp = 5.0V; FIN = 2.56GHz; FOSC = 10MHz crystal; PDout open. 
2. AC coupling, FIN measured with a 1000pF capacitor. 
3. Assumes Cl and C2 (Figure 1) limited to ::;30pF each including stray and parasitic capacitances for a maximum 11 MHz crystal. 
4. AC coupling to OSCin. 

PIN NAMES 

Pin I/O Function 

OSCin I Oscillator Input - An external parallel-resonant, fundamental crystal is connected between 
OSCin and OSCout to form an internal reference oscillator (crystal mode). External 
capacitors Cl and C2, as shown in Figure 1, are required to set the proper crystal load 
capacitance and oscillator frequency. The values of the capacitors are dependent on the 
crystal chosen (up to a maximum of 30pF each including parasitic and stray capacitances). 
For an external reference OSCillator, an external signal is AC-coupled to the OSCin pin with 
a 1000pF coupling capacitor, with no connection to OSCout. The AC-coupled signal must 
be at least 500mVp_p and less than 2200mVp_p. DC-coupling can be applied directly to the 
OSCin pin for large amplitude signals limited to the VIL and VIH levels as specified in the 
Electrical Characteristics table, with no connection to OSCout. 

VCC - Positive Power Supply. 

GND - Ground. 

Fin I Prescaler Input - This input is typically the loop VCO signal AC coupled into the Fin pin. 

GNDP - Ground - For charge pump circuitry. 

PDout 0 Single ended phase/frequency detector output (charge pump output). Three-state current 
sink/source output for use as a loop error signal when combined with an external low pass 
filter. The phase/frequency detector is characterized by a linear transfer function. 

Vp - Positive power supply for charge pump. 

OSCout 0 Oscillator output, for use with an external cystal as shown in Figure 1. 
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MC12179 

+5.0V 
2 VCC 

Ci-1 -'-!~~~-r~~ 

~ ~19-----,...-I 
NOTE: External resistor across the 
crystal inputs may be necessary in 
some applications. 4 

Fin--~~--I 

GNDP 
5 

+5.0V 
Vp 7 

6 
t--f--'--- PDout 

Figure 1. MC12179 Expanded Block Diagram 

PHASE CHARACTERISTICS 
The phase comparator in the MC12179 is a high speed 

digital phase/frequency detector circuit. The circuit 
determines the "lead" or "lag" phase relationship and time 
difference between the leading edges of the VCO (tv) signal 
and the reference (fr) input. The detector can cover a range 
of ±27t radian of tv/fr phase difference. The operation of the 
charge pump output is shown in Figure 2. 

tv leads fr in phase OR tv > fr In frequency 
When the phase of tv leads that of fr or the frequency of tv 

is greater than fr, the PDout output will pulse LOW from a 
high impedance (HIGH-Z) state (current sinking pulse). The 
signal on PDout indicates to the VCO to decrease in 
frequency to bring the loop into lock. 

I I I 

t1 m Ir 
(OSCin) ------1 

I I I I 
I I I I 
I h !h I 
I 
I I I 

Iv 
(Fin +256) ------1-..1 

I I I 

H PDout -------1 H 
I I 
I I 

fv lags fr in phase OR tv < fr in frequency 

When the phase of tv lags that of fr or the frequency of tv is 
less than fr, the PDout output will pulse HIGH from a HIGH-Z 
state (current sourcing pulse). The signal on PDout indicates 
to the veo to increase in frequency to bring the loop to lock. 

fr = fp in phase and frequency 

When the phase and frequency of tv and fr are equal, the 
output PDout remains in the HIGH-Z state, except for the 
narrow source and sink self-canceling current pulses to 
eliminate the dead band. This situation indicates that the loop 
is in lock. The phase/frequency detector will cause either a 
wider sink or source current pulse to occur as necessary to 
maintain the loop in its locked state. 

I I I I 
I h r-L: I 
I 
I I I 
I I I 

t1 r-L: 
I I I 
I I I 
I 

I 
I Sourcing Current Pulse 

I I I 

H I z 
I 

Sinking Current Pulse 

I I I 

H = High voltage level; L = Low voltage level; Z = High impedance 
NOTES: Phase difference detection range: -211: to 2n: 
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Synthesizer with PDout charge pump output phase inversion available, please consult a 
Motorola representative. 

Figure 2. PhaseJFrequency Detector and Charge Pump Waveforms 
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Phase-Locked Loop Design Fundamentals 

Introduction 

The purpose of this application note is to provide the 
electronic system designer with the necessary tools to design 
~nd "VAlUAte Phase-Locked Loops (PLL) configured with 
integrated circuits. The majority of all PLL design problems 
can be approached using the Laplace Transform technique. 
Therefore, a brief review of Laplace is included to establish a 
common reference with the reader. Since the scope of this 
article is practical in nature all theoretical derivations have 
been omitted, hoping to simplify and clarify the content. A 
bibliography is included for those who desire to pursue the 
theoretical aspect. 

Parameter Definition 

The Laplace Transform permits the representation of the 
time response f(t) of a system in the complex domain F(s). 
This response is twofold in nature in that it contains both 
transient and steady state solutions. Thus, all operating 
conditions are considered and evaluated. The Laplace 
transform is valid only for positive real time linear parameters; 
thus, its use must be justified for the PLL which includes both 
linear and nonlinear functions. This justification is presented in 
Chapter Three of Phase Lock Techniques by Gardner. 1 

The parameters in Figure 1 are defined and will be used 
throughout the text. 

9i(5) 
cl Phase Detector : 

ge(s) I 
fi 

I 
Filter 

~ h-9i(S) -1 :"--__ G_(S_) __ : I 90 (s) 

I I H(s) ~ 

9i(S) Phase Input 
ge(s) Phase Error 
90 (s) Output Phase 
G(s) Product of the Individual Feed 

Forward Transfer Functions 
H(s) Product of the Individual Feedback 

Transfer Functions 

Figure 1. Feedback System 

Using servo theory, the following relationships can be 
obtained.2 

8e(s) = 1 + G~) H(s) 8j(s) 

G(s) 
80(s) = 1 + G(s) H(s) 8i(S) 

( 1 ) 

(2) 

These parameters relate to the functions of a PLL as shown 
in Figure 2. 

I I I 90 (s) 

I I 
VCONCM 

I 
fo 

fo 90 (s)/N I Programmable I N 
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I Counter (+N) I 

Figure 2. Phase Locked Loop 
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The phase detector produces a voltage proportional to the 
phase difference between the signals 9i and 9o/N. This voltage 
upon filtering is used as the control signal for the VCONCM 
(VCM - Voltage Controlled Multivibrator). 

Since the VCONCM produces a frequency proportional to 
its input voltage, any time variant signal appearing on the 
control signal will frequency modulate the VCONCM. The 
output frequency is 

fo = N fi (3) 

during phase lock. The phase detector, filter, and VCONCM 
compose the feed forward path with the feedback path 
containing the programmable divider. Removal of the 
programmable counter produces unity gain in the feedback 
path (N = 1). As a result, the output frequency is then equal to 
that of the input. 

Various types and orders of loops can be constructed 
depending upon the configuration of the overall loop transfer 
function. Identification and examples of these loops are 
contained in the following two sections. 

"TYpe-Order 
These two terms are used somewhat indiscriminately in 

published literature, and to date there has not been an 
established standard. However, the most common usage will 
be identified and used in this article. 

The type of a system refers to the number of poles of the 
loop transfer function G(s) H(s) located atlhe origin. Example: 

let 10 
G(s) H(s) = s(s + 10) (4) 

This is a type one system since there is only one pole at the 
origin. 

The order of a system refers to the highest degree of the 
polynomial expression 

1 + G(s) H(s) = 0 ~ C.E. (5 ) 

which is termed the Characteristic Equation (C.E.). The 
roots of the characteristic equation become the closed loop 
poles of the overall transfer function. 

Example: 

then 

10 
G(s) H(s) = s(s + 10) 

1 + G(s) H(s) = 1 + s(s ~O 10) = 0 

therefore 

C.E. = s(s +10) +10 

C.E. =s2+ 10s+ 10 

(6) 

(7) 

(8) 

(9) 

which is a second order polynomial. Thus, for the given G(s) 
H(s), we obtain a type 1 second order system. 
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Error Constants 
Various inputs can be applied to a system. Typically, these 

include step position, velocity, and acceleration. The response 
of type 1, 2, and 3 systems will be examined with the various 
inputs. 

ge(s) represents the phase error that exists in the phase 
detector between the incoming reference signal 9i(S) and the 
feedback 90 (s)/N. In evaluating a system, ge(s) must be 
examined in order to determine if the steady state and 
transient characteristics are optimum ancJ/or satisfactory. The 
transient response is a function of loop stability and is covered 
in the next section. The steady state evaluation can be 
simplified with the use of the final value theorem associated 
with Laplace. This theorem permits finding the steady state 
system error ge(s) resulting from the input 9i(S) without 
transforming back to the time domain.3 

Simply stated 

Lim [9(t)] = Lim [sge(s)1 

t~ 00 s~o 
(10) 

Where 

ge(s) = 1 + G~) H(s) 9i(S) ( 11 ) 

The input signal 9i(S) is characterized as follows: 

Step position: 9i(t) = Cp t ~ 0 (12) 

Or, in Laplace notation: 9i(S) = ~ (13 ) 

where Cp is the magnitude of the phase step in radians. This 
corresponds to shifting the phase of the incoming reference 
signal by Cp radians: 

Step velocity: 9i(t) = Cvt t ~ 0 ( 14 ) 

Or, in Laplace notation: 9i(S) = ~ (15) 

where Cv is the magnitude of the rate of change of phase in 
radians per second. This corresponds to inputting a frequency 
that is different than the feedback portion of the VCO 
frequency. Thus, Cv is the frequency difference in radians per 
second seen at the phase detector. 

Step acceleration: 9i(t) = Cat2 t ~ 0 (16 ) 

Or, in Laplace notation: 9i(S) = 2 s;a (17) 

Ca is the magnitude of the frequency rate of change in radians 
per second per second. This is characterized by a time variant 
frequency input. 

Typical loop G(s) H(s) transfer functions for types 1,2, and 3 
are: 

Type 1 G(s) H(s) = s(s ~ a) (18 ) 
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Type 2 

Type 3 

G(s) H(s) = K(s + a) 
s2 

G(s) H(s) = K(s + a)(s + b) 
s3 

(19 ) 

(20) 

The final value of the phase error for a type 1 system with a 
step phase input is found by using Equations 11 and 13. 

Be(s) = ( 1 K ) (~) 
1 + s(s+a) S 

(s + a)Cp (21 ) 

(s2 + as + K) 

Be(t = 00) = Lim[s( s + a ) cp] = 0 ( 22 ) 
s~o s2+as+K 

Thus, the final value of the phase error is zero when a step 
position (phase) is applied. 

Similarly, applying the three inputs into type 1, 2, and 3 
systems and utilizing the final value theorem, the following 
table can be constructed showing the respective steady state 
phase errors. 

Table 1. Steady State Phase Errors for Various System 
Types 

Type 1 Type 2 Type 3 

Step Position Zero Zero Zero 

Step Velocity Constant Zero Zero 

Step Continually Constant Zero Acceleration Increasing 

A zero phase error identifies phase coherence between the 
two input signals at the phase detector. 

A constant phase error identifies a phase differential 
between the two input signals at the phase detector. The 
magnitude of this differential phase error is proportional to the 
loop gain and the magnitude of the input step. 

A continually increasing phase error identifies a time rate 
change of phase. This is an unlocked condition for the phase 
loop. 

Using Table 1, the system type can be determined for 
specific inputs. For instance, if it is desired for a PLL to track a 
reference frequency (step velocity) with zero phase error, a 
minimum of type 2 is required. 

Stability 
The root locus technique of determining the position of 

system poles and zeroes in the s-plane is often used to 
graphically visualize the system stability. The graph or plot 
illustrates how the closed loop poles (roots of the 
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characteristic equation) vary with loop gain. For stability, all 
poles must lie in the left half of the s-plane. The relationship of 
the system poles and zeroes then determine the degree of 
stability. The root locus contour can be determined by using 
the following guidelines.2 

Rule 1 - The root locus begins at the poles of G(s) H(s) 
(K = 0) and ends at the zeroes of G(s) H(s) 
(K = co), where K is loop gain. 

Rule 2 - The number of root loci branches is equal to the 
number of poles or number of ieroes, whichever 
is greater. The number of zeroes at infinity is the 
difference between the number of finite poles and 
finite zeroes OT G(s) H(s). 

Rule 3 - The root locus contour is bounded by asymptotes 
whose angular position is given by: 

(2n + 1) . _ ( 23 ) 
#P _ #Z It, n - 0, 1, 2, ... 

Where #P (#Z) is the number of poles (zeroes). 

Rule 4 - The intersection of the asymptotes is positioned 
at the center of gravity C.G.: 

1:P - l:Z 
C.G. = #P _ #Z (24) 

Where l:P (l:Z) denotes the summation of the 
poles (zeroes). 

Rule 5 - On a given section of the real axis, root loci may 
be found in the section only if the #P + #Z to the 
right is odd. 

Rule 6 - Breakaway points from negative real axis is 
given by: 

dK = 0 
ds 

(25 ) 

Again, where K is the loop gain variable factored from the 
characteristic equation. 

Example: 

The root locus for a typical loop transfer function is 
found as follows: 

K 
G(s) H(s) = S(5 + 4) (26) 

The root locus has two branches (Rule 2) which begin at 
s = 0 and s = -4 and ends at the two zeroes located at infinity 
(Rule 1). The asymptotes can be found according to Rule 3. 
Since there are two poles and no zeroes, the equation 
becomes: 

2n+1 lt = 
2 

{ 
~ forn = 0 

3lt forn = 1 
2 

( 27) 
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The position of the intersection according to the Rule 4 is: 

s = l:P - l:Z = (- 4 - 0) - (0) 
#P - #Z 2 - 0 

s =-2 (28 ) 

The breakaway point, as defined by Rule 6, can be found by 
first writing the characteristic equation. 

C.E. = 1 + G(s) H(s) = 0 

= 1 + __ K_=s2+4s+K=0 
s(s + 4) 

Now solving for K yields 

K=-s2 -4s 

(29) 

(30 ) 

Taking the derivative with respect to s and setting it equal to 
zero, then determines the breakaway point. 

or 

dK = JL(_ s2 - 4s) 
ds ds 

dK = _ 2s - 4 = 0 
ds 

s=-2 

(31 ) 

(32 ) 

(33) 

is the point of departure. Using this information, the root locus 
can be plotted as in Figure 3. 

The second order characteristic equation, given by 
Equation 29, has be normalized to a standard form2 

(34) 

where the damping ratio ~ = COS cI> (0° $ cI> $ 90°) and ron is the 
natural frequency as shown in Figure 3. 

ASYMPTOTE = 1112 

CENTER OF GRAVITY 
K=O 

-4 

BREAKAWAY POINT 

ASYMPTOTE = 31112 

K-->oo jro 

K-->oo 

Figure 3. Type 1 Second Order Root Locus Contour 
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The response of this type 1 , second order system to a step 
input, is shown in Figure 4. These curves represent the phase 
response to a step position (phase) input for various damping 
ratios. The output frequency response as a function of time to 
a step velocity (frequency) input is also characterized by the 
same set of figures. 

1.9 

1.B 

1.7 

1.6 

1.5 

~ 1.4 
z 
~ 1.3 

~ 1.2 
I-

~ 1.1 

01.0 
c 
~ 0.9 

~ O.B 

z 0.7 

~0.6 
'" 

1/, 
'I 

~~.1 

/ \ 
l If). 
II~ - 0.6 
1/,0 j 0.7 

1// ~ lV/,o.B 
lit ~ C~ 
VII /' V1 '\ ....-~ 
~// /1.0 K - "If-
'(II V 

/~ ~I 

II ./2.0 \ 

/ V 'J 
'L 

h 
/ 1\ 

!/ ........ .\ 
r/ -~ 

>-- '::::'Ic:-: 

f-"" \ 
I'-' 

1l 
)' 

0.5 

0.4 

0.3 

0.2 

O. 

00 1.0 2.0 3.0 4.0 5.0 6.0 7.0 B.O 9.0 10 11 12 13 
ron! 

Figure 4. Type 1 Second Order Step Response 

The overshoot and stability as a function of the damping 
ratio ~ is illustrated by the various plots. Each response is 
plotted as a function of the normalized time ront. For a given ~ 
and a lock-up time t, the ron required to achieve the desired 
results can be determined. Example: 

Assume ~=O.S 
error < 10% 
fort>1ms 

From ~ = O.S curve error is less than 10% of final value for all 
time greater than ront = 4.S. The required ron can then be found 
by: 

or 

ront = 4.S (35) 

OJn = 4tS = 0~~1 = 4.Skrad/s (36 ) 
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~ is typically selected between 0.5 and 1 to yield optimum 
overshoot and noise performance. 

Example: 

Another common loop transfer function takes the form: 

G(s) H(s) = (s + a)k 
s2 

(37) 

This is a type 2 second order system. A zero is added to 
provide stability. (Without the zero, the poles would move 
along the jro axis as a function of gain and the system would at 
all times be oscillatory in nature.) The root locus shown in 
Figure 5 has two branches beginning at the origin with one 
asymptote ioeated at 180 degiees. The ceiitei of giavity is 
s = a; however, with only one asymptote, there is no 
intersection at this point. The root locus lies on a circle 
centered at s = -a and continues on all portions of the 
negative real axis to left of the zero. The breakaway point is 
s =-2a. 

jro 

K-+oo 

Figure 5. Type 2 Second Order Root Locus Contour 

The respective phase or output frequency response of this 
type 2 second order system to a step position (phase) or 
velocity (frequency) input is shown in Figure 6. As illustrated in 
the previous example, the required ron can be determined by 
the use of the graph when ~ and the lock-up time are given. 

Bandwidth 
The -3dB bandwidth of the PLL is given by: 

ro _ 3dB = ron(1 - 2~2 + j2 - 4~2 + 4~4)1/2 (38) 

for a type 1 second order4 system, and by: 

W-3dB = ron( 1 + 2~2 + j2 + 4~2 + 4~4)1/2 (39) 

for a type 2 second order 1 system. 

Phase-Locked Loop Design Example 
The design of a PLL typically involves determining the type 

of loop required, selecting the proper bandwidth, and 
establishing the desired stability. A fundamental approach to 
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Figure 6. Type 2 Second Order Step Response 

these design constraints is now illustrated. It is desired for the 
system to have the following specifications: 

Output Frequency 

Frequency Steps 

Phase Coherent Frequency Output 

Lock-Up Time Between Channels 

Overshoot 

2.0MHz to 3.0MHz 

100KHz 

lms 

<20% 

NOTE: These specifications characterize a system function 

similar to a variable time base generator or a frequency 

synthesizer 

From the given specifications, the circuit parameters shown 
in Figure 7 can now be determined. 

The devices used to configure the PLL are: 

Frequency-Phase Detector 

Voltage Controlled Multivibrator (VCM) 

Programmable Counter 

MC4044/4344 

MC402414324 

MC401614316 

The forward and feedback transfer functions are given by: 

G(s) = Kp Kf Ko H(s) = Kn (40 ) 

where Kn = 1/N (41 ) 

The programmable counter divide ratio Kn can be found 
from Equation 3. 
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fi 
__ .-II Phase Detector �1-__ --1� 

I Kp I I 
Filter 

Kf 
I I 
I I 

VCM 

Ko 
11---....-- fo 
I 

L-_____ ~I Programmable 11-___________ ---' 
I Counter Kn I 

Figure 7. Phase-Locked Loop Circuit Parameters 

N . - fomin _ fomin _ 2M Hz - 20 
min - -fi- - fstep - 100KHz -

N - fomax - 3M Hz - 30 
max - fstep - 100KHz -

(42 ) 

(43) 

(44 ) 

A type 2 system is required to produce a phase coherent 
output relative to the input (See Table 1). The root locus 
contour is shown in Figure 5 and the system step response is 
illustrated by Figure 6. 

The operating range of the MC4024/4324 VCM must cover 
2MHz to 3M Hz. Selecting the VCM control capacitor 
according to the rules contained on the data sheet yields 
C = 100pF. The desired operating range is then centered 
within the total range of the device. The input voltage versus 
output frequency is shown in Figure 8. 

5.5 

5.0 

~4.0 

~ 
UJ 

~ 3.0 

~ 
5 
~ 2.0 

1.0 

VCC=5.0Vdc +125°C-V ldfl 
~ ~ r -55°C 

I'-.. + 25°C 

~ ~ 
-55°C ....... 
~ ~ 
ff( ....... +125°C 

+ 25°C 

1.0 2.0 3.0 4.0 5.0 

fout, OUTPUT FREQUENCY (MHz) 

Figure 8. MC4324 Input Voltage versus Output 
Frequency (100pF Feedback Capacitor) 

The transfer function of the VCM is given by: 

r--

6.0 

Ko = ~v (45 ) 
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Where Kv is the sensitivity in radians per second per volt. 
From the curve in Figure 8, Kv is found by taking the reciprocal 
of the slope. 

Kv = 4M~~ =: ~:~~HZ 2n rad/s/V 

Kv = 11.2 x 106 rad/s/V (46) 

Thus 

Ko = 11.2 sX1 06 rad/s/V ( 47) 

The s in the denominator converts the frequency 
characteristics of the VCM to phase, i.e .• phase is the integral 
of frequency. 

The gain constant for the MC4044/4344 phase detector is 
found by5 

K = DFHigh - UFLow = 2.3V - 0.9V = 0111V! d 
p 2(211:) 41t . ra 

(48) 

Since a type 2 system is required (phase coherent output) 
the loop transfer function must take the form of Equation 19. 
The parameters thus far determined include Kp. Ko, Kn leaving 
only Kf as the variable for design. Writing the loop transfer 
function and relating it to Equation 19 

G(s)H(s) = Kp Kv Kn Kf = K(s + a) 
s s2 

(49) 

Thus, Kf must take the form 

Kf=s~a (50) 

in order to provide all of the necessary poles and zeroes for the 
required G(s) H(s). The circuit shown in Figure 9 yields the 
desired results. 

Figure 9. Active Filter Design 
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Kf is expressed by 

R2CS + 1 
Kf = R1 CS forlargeA (51 ) 

where A is voltage gain of the amplifier. 

R1, R2, and C are then the variables used to establish the 
overall loop characteristics. 

The MC4044/4344 provides the active circuitry required to 
configure the filter Kf. An additional low current high ~ buffering 
device or FET can be used to boost the input impedance, thus 
minimizing the leakage current from the capacitor C between 
sample updates. As a result, longer sample periods are 
achievable. 

Since the gain of the active filter circuitry in the 
MC404414344 is not infinite, a gain correction factor Kc must 
be applied to Kf in order to properly characterize the function. 
Kc is found experimentally to be Kc = 0.5. 

( R2CS+1) 
Kfc = Kf Kc = 0.5 R1CS (52 ) 

(For large gain, Equation 51 applies.) 

The PLL circuit diagram is shown in Figure 11 and its 
Laplace representation in Figure 10. 

The loop transfer function is 

G(s) H(s) = Kp Kfc Ko Kn (53 ) 

G(s)H(s) = Kp(0.5) (R2~SC: 1) (~v) (M (54) 

The characteristic equation takes the form 

C.E. = 1 + G(s) H(s) = 0 

0.5 Kp Kv R2 0.5 Kp Kv 
= s2 + R1N s + R1 CN (55) 

Relating Equation 55 to the standard form given by 
Equation 34 

= s2 + 2~rons + ron2 

Equating like coefficients yields 

(56 ) 

0.5 Kp Kv _ 2 
R1CN - ron (57) 

0.5 Kp Kv R2_ 
and R1N - 2~ron (58) 

With the use of an active filter whose open loop gain (A) is 
large (Kc = 1), Equations 57 and 58 become 

(59 ) 

Kp Kv R2 = 2tllln 
H1N - .. 

(60) 

The percent overshoot and settling time are now used to 
determine ron. From Figure 6, it is seen that a damping ratio ~ = 
0.8 will produce a peak overshoot less than 20% and will settle 
within 5% at ront = 4.5. The required lock-up time is 1 ms. 

I 'Gin ... 4.5';' ~..; 4·5krad/s 
.......... To.OO1 . 

Rewriting Equation 57 

(0.5) (0.111) (11.2 x 106) 
(4500)2 (30) 

(Maximum overshoot occurs at Nmax which is minimum loop 
gain) 

Let C = 0.51lF 

Then 

Use 

R1 = 0.00102 = 2.04kQ 
0.5 x 10-6 

°i(S) 1----1 K _ R2CS + 1 
Kp = O.111V1rad f - 2R1CS Ko = 11.2 *106 rad/5/V 1--........ ,....- 00 (5) 
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1 1 I-________________________ ~ 
Kn=20 t0 30 

Figure 10. Laplace Representation of Diagram in Figure 11 
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v c 

1k 

13, 4 C = 100pF 

3 2 11 

• Denotes parts extemal to the MC4344 

+ + 

3 

~------------~--~ 12 
4 

PO P1 P2 P3 PO P1 P2 P3 

Figure 11. Circuit Diagram of 'TYpe 2 Phase-Locked Loop 

R1 is typically selected greater than 1 kn. 

Solving for R2 in Equation 58 

2(0.8) 

(0.5 x 10-6)(4.5k) 

= 71U1 

Use R2 = 680(1 

All circuit parameters have now been determined and the 
PLL can be properly configured. 

Since the loop gain is a function of the divide ratio 1<0, the 
closed loop poles will vary its position as Kn varies. The root 
locus shown in Figure 12 illustrates the closed loop pole 
variation. 

The loop was designed for the programmable counter 
N = 30. The system response for N = 20 exhibits a wider 
bandwidth and larger damping factor, thus reducing both 
lock-up time and percent overshoot (see Figure 14). 
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N=20 

N=30 
COn = 4.61 kradls 
~ = 0.785 

COn = 5.64kradls 
~=0.961 \ 
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\ 
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\ 
\ / 

~ ___ ..... //I 

Figure 12. Root Locus Variation 

NOTE: The type 2 second order loop was illustrated as a 
design sample because it provides excellent performance for 
both type 1 and 2 applications. Even in systems that do not 
require phase coherency, a type 2 loop still offers an optimum 
design. 
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Experimental Results 
Figure 13 shows the theoretical transient frequency 

response of the previously designed system. The curve 
N = 30 illustrates the frequency response when the 
programmable counter is stepped from 29 to 30, thus 
producing a change in the output frequency from 2.9MHz to 
3.0MHz. An overshoot of 18% is obtained and the output 
frequency is within 5kHz of the final value one millisecond after 
the applied step. The curve N = 20 illustrates the output 
frequency change as the programmable counter is stepped 
from 21 to 20. 

Since the frequency is proportional to the VCM control 
voltage, the PLL frequency response can be observed with an 
oscilloscope Dy mOnitoring pin 2 of the VCM. The average 
frequency response as calculated by the Laplace method is 
found experimentally by smoothing this voltage at pin 2 with a 
simple RC filter whose time constant is long compared to the 
phase detector sampling rate, but short compared to the PLL 
response time. With the programmable counter set at 29 the 
quiescent control voltage at pin 2 is approximately 4.37 volts. 
Upon changing the counter divide ratio to 30, the control 
voltage increases to 4.43 volts as shown in Figure 14. A similar 
transient occurs when stepping the programmable counter 
from 21 to 20. Figure 14 illustrated that the experimental 
results obtained from the configured system follows the 
predicted results shown in Figure 13. Linearity is maintained 
for phase errors less than 21t, i.e. there is no cycle slippage at 
the phase detector. 

.0 

.9 
"" 

.1 

2 .0 

7...J1 
v 

L30l 

/ N STEPPED FROM 19 TO 30 

~Steplnput 

~ 
0.5 

N STEPPED FROM 21 TO 20 

1.0 

TIME (ms) 

I 

~=20~ 
I 

1.5 2.0 

Figure 13. Frequency-Time Response 
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4.37 V 

3.89 V 

v = 0.05V/cm 
H= 0.5 ms/cm 

Figure 14. VCM Control Voltage (Frequency) Transient 

Figure 15 is a theoretical plot of the VCM control voltage 
transient as calculated by a computer program. The computer 
program is written with the parameters of Equations 58 and 59 
(type 2) as the input variables and is valid for all damping ratios 
of ~:,; 1.0. The program prints or plots control voltage transient 
versus time for desired settings of the programmable counter. 
The lock-up time can then be readily determined as the 
various parameters are varied. (If stepping from a higher 
divide ratio to a lower one, the transient will be negative.) 
Figures 14 and 15 also exhibit a close correlation between 
experimental and analytical results. 

Summary 
This application note describes the basic control system 

techniques required for phase·locked loop deSign. Criteria for 
the selection of the optimum type of loop and methods for 
establishing the desired performance characteristics are 
presented. A design example is illustrated in a step-by-step 
approach along with the comparison of the experimental and 
analytical results. 
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Analyze, don't estimate, phase-lock-loop 
performance of type-2, third-order systems. You can do the 
job with a programmable-calculator in 48 steps, or less. 

Phase-lock loops certainly have many uses, especially in 
frequency synthesizers, but exact mathematical calculation of 
their transfer functions is difficult. This is particularly true for 
type-2, third-order systems (Figure 1), which don't produce 
steady-state phase errors for step-position or velocity signal 
Inputs. Howey-ai', a sOia:: piogiCiiiimabl6 cal\:;u:atoi, th~ 
HP-25, easily - and exactly - determines the complete loop 
transfer function in 48 steps. In addition, the program data 
reveals the noise reduction you can expect for the loop's 
voltage- controlled oscillator (veo) , as well as the loop's 
stability. 

Most other design approaches must resort to second-order 
loop approximations to simplify calculations; a more exact 
method manually would take too long. 

Unlike a type-1 loop, a type-2100p has two true integrators 
within the loop - a veo and an integratorlfilter after the 
phase detector. Replacing the integratorltilter with a 
passive-Re, low-pass filter results in the more common 
type-1 response, which doesn't have the phase coherence for 
step and velocity inputs between the two signal inputs to the 
phase comparator that the type-2 has. 

Moreover, a third-order loop - the order is usually 
determined by the transfer function of the integrator/filter (FS) 
- can reduce veo noise substantially, without increasing 
reference-frequency sidebands in the output signal. These 
sidebands hamper simpler loop-circuit performance. 

The transfer function of a generalized phase-lock loop can 
be represented as follows (Figure 2): 

60 (s) G{s) 

8i (s) = 1 + G{s)H{s) 

where, from Figure 

G(s) = (Kp) (F(s» (Kv/s) 
and H{s) = 1/N 

( 1 ) 

(2) 
(3) 

The phase comparator transfer function is Kp and N is a digital 
counter/divider factor. 

A typical integratorltilter built around an op amp (Figure 3) 
has a transfer function determined by the amplifier-<:ircuit's 
closed-
loop gain, 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, eo 80301. 

Frl)f!1 Grys!al 
Reference 
Oscillator in 
Synthesizers 

Divider ~. _____ ....I 

+N . 

Figure 1. A type-2 phase-lock loop has two true integrators -
the integratorlfilter (F(s» and the VCO (Kv). Replacing the 
integratorlfilter with a passive-RC network converts the circuit to 
a type-1 system. 

"" 1 .... __ ---1.----:-::-: -.....,~ ~,,' 
Figure 2. The phase-lock loop's generalized open
loop trensfer function, G(s) H(s), has a third-order denominator 
- from which the circuit's name is derived. 

C2 

Figure 3. An integretorlfilter clrcuil can be built with a wideband 
op amp and RC feedback network. 

Reprinted with permission from Electronic Design, May 10,1978 (Vol. 26, No. 10). Copyright ©1978, Hayden Publishing Co., Inc. 
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Table 1. Third order type-2 PLL 

Di$JIIaY . KeY ,> ",'" 
~g.tt: 

JJne COde Etitry, .,.," ,RUiarl«' ' 
00 RO 
01 1573 (9)1< 
02 61 x 
03 02 2 R1 T1 
04 61 x 
05 2307 ST07 

06 2403 RCL3 R2T2 
07 61 x 
08 01 1 
09 1509 (g)---+P R3 T3 
10 2304 ST04 

11 22 R-1 
12 2402 RCL2 R4 
13 2407 RCL7 
14 61 x 
15 32 CHS 

R KpKv 
16 01 1 5 N 

17 32 CHS 
18 1509 (g)---+P R6 
19 2404 RCL4 
20 71 + 

21 2405 RCL5 R7 
22 61 x 
23 2401 RCL1 
24 71 + 

25 2407 RCL7 

26 1502 (g) x2 
27 71 + 

28 2304 ST04 
29 1408 (I) log 
30 02 2 

31 00 0 
32 61 x IGjOlHjOlI 
33 74 R/S 
34 22 R-1 
35 21 x~y 

36 41 - La 
37 74 R/S 
38 2404 RCL4 
39 1409 (I)---+R 
40 01 1 

41 51 + 
42 1509 (g)---+P 
43 1522 (g) l/x 
44 1408 (I) log 
45 02 2 

46 00 0 e/en 
47 61 x 
48 1300 GTOOO 
49 

where Z1=R1 (4) 
Zf = impedance of feedback network 

The transform of the feedback network is 
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S(C1 + C2) + ~ 
Zf(s) = , 

SC1(SC2 +~) 
(5 ) 

and the integrator/filter transfer function is then 

S(C1 + C2) + ~ 
F(s) = - , 

C1 R1(SC2 +~) 
(6 ) 

Multiply Equation 6 by R2/R2, then 

or 

where 

S(C1 R2 + C2R2) + 1 

F(s) = - SC1R1(SC2R2 + 1) , 

sT2 + 1 
F(s) = - sT1(sT3 + 1)' 

T1 = R1C1 
T2 = R2(C1 + C2) 
T3= R2C2 

(7) 

(8 ) 

The open-loop transfer function of Figure 2 is G(s) H(s); 
therefore, from Equations 2, 3 and 8 

s(T2)(KvKp) + KvKp 

G(s)H(s) = s3NT 1T3 + s2NT 1 (9) 

Note the third-order denominator, from which the circuits 
name - third-order-Ioop - is derived. Note also the deletion 
of the minus sign: the circuit configuration (a phase inverter) 
provides the negative feedback. Both Kp and Kv are positive. 

If you substitute jro for s in Equation 9, you can get the 
equation for plotting the magnitude and phase of the circuit's 
open-loop gain as a function of frequency: 

Enter program 

2 Store T1 Rl 

C, 

T2 Cl 

C2 

R2 

T3 R2 

C2 

(KpKv)/N Kp 

Kv 

N 

3 Calculate F 

4 Repeat step 3 

for other values 

of frequency, F 

ENTER 

X STO 

ENTER 

+ 

X STO 2 

ENTER 

X STO 3 

ENTER 

X 

STO 5 

(f) PRGM RlS GJroHJro 

RlS La 
RlS (elen) 
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Table 2. Third order type-2 Pll 

100 116.01 -179.94 -116.01 
1000 76.01 -179.44 -76.01 

10,000 36.06 -174.44 -35.92 
94,650 o· -139.85 3.27 
100,000 -{).71 -138.58 3.30·· 

1,000,000 -26.25 -139.59 0.32 
10,000,000 -e3.21 -174.68 0.01 

• Unity-gain point •• Maximum overshoot 

A ... ,.. .... · .. _1 .... ,.... .... ...4 ... __ ; ........ ",... .......... 1-.",+ ""P\"""~ ; ... I"tu.o.r .. " .. ", ..... .. 
1""'\ ,",vi vv IVVI-' .... g,III .... III~ IU.."VI ".""" 1lAt't'VU,1 ~ II I 'v ...... , ..... '-I ..... . 

loops is not defined in third-order loops. Instead you 
determine stability by the phase margin between -180° and 
the phase at a frequency where the gain is unity in the 
open-loop gain function, GjOlHjro- The larger the phase margin, 
the more stable the system. A phase margin of about 45° 
produces an adequately damped loop. More than 45° means 
greater stability and, of course, the system may oscillate when 
the margin approaches zero. 

Feedback also reduces noise 
Not only does feedback determine the system's stability, but 

it also delineates its noise--output characteristics. When 
running free, the VCO is considerably more "noisy" than is the 
circuit's reference crystal oscillator. But the circuit's feedback 
loop substantially reduces the VCO's output-noise spectrum, 
especially, at low frequencies. This particular reduction is 
fortunate, because the VCO's noise output has 111 
characteristics: high-frequency noise tends to fall off without 
outside help, but the low frequency needs help. 

An approximate expression for the loop's output phase 
noise is 

j [ (I e/enl )(ev) ]2 + [ (N)(ex) ]2, ( 11 ) 

where ex = crystal oscillator noise 
ev = VCO noise 
(e/en) = loop's response to VCO noise. 

And the loop's response to the VCO noise is 

(e/e)= 1 
n 1 + G(s)H(s) . (12 ) 

Although G(s)H(s) determined from Equation 9 is complex, 
only the magnitude of (e/en) from Equation 12 is used in 
Equation 11. Note: The greater the open-loop transfer 
function, G(s)H(s), the smaller the (e/en), and the lower the 
loop's output noise. However, note also that the reference 
crystal oscillator's noise contribution is multiplied by the 
divider constant, N, though, hopefully, the crystal-oscillator 
noise is low. 

In addition, you can get a check on the system's stability by 
plotting the loop's response to the VCO noise (e/en), obtained 
from Equation 12, versus frequency. You'll find that the curve 
has a high-pass response with a 12dB/octave slope. For best 
stability, any overshoot at the cutoff frequency should be less 
than 6dB. Of course, lower overshoot represents higher 
stability. 

Hi9h Performance Frequency 
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Clearly, the loop's mathematical analysis depends mainly 
upon calculation of GOOl) HOOl) in Equation 10. 

Now comes the program 

To make the calculator program simpler, rewrite Equation 
10 as follows: 

KvKp [-jOlT2 - 1] 
GOOl)HOOl) = NT10l2 jOlT3 + 1 ( 13) 

Table 1 contains the program that solves Equation 13. It 
provides both the magnitude and phase angle, La, of the 
open-loop response, GOOl) HOOl),givenT 1, T2, T3,KpKv/N and 
frequency, f(m=21tf). The open-loop response magnitude is 
given in dB and its phase in degrees. Also, the magnitude of 
the loop's VCO noise response (Equation 12) is given in dB. If 
answers in dB aren't required, however, seven steps can be 
eliminated. 

To see how the program works, consider a 960 MHz 
transmitter recently proposed for a Navy application. It calls for 
a phase-lock loop with the following characteristics to 
generate the 960 MHz: 

N= 64 
R1 = 10,0000 

C1 = 4700 x 10-12F 
R2= 3300 
C2 = 470 x 10-12F 
Kp = 0.25V1rad 
Kv = 3 x 109 (rad/s)N 

The stable crystal-oscillator reference frequency used is 
15M Hz. The frequency divider and phase comparator are built 
with ECl logic. From the circuit component values and 
transfer constants we obtain: 

T1 = 4.7 x 10-5s 
T2= 1.706x10-6s 
T3 = 1.551 x 10-7s 

(KvKp)/N = 11.72 x 106/s 

The calculator program provided the results in Table 2. Note 
thatthe phase margin at unity gain corresponding to 94,650Hz 
is 40.15°; thus, the loop is fairly stable. Further, the loop's 
response to VCO noise shows a maximum overshoot of 
3.3OdB a11 OO,OOOHz, which confirms the loop's stability (less 
than 6dB overshoot). If the phase margin is too small or you 
want overdamped loop operation, the program allows you to 
check the effects of parameter changes and get the 
performance you want, quickly. However, keep all additional 
circuit poles above the area of interest, since they reduce 
phase margin and stability. In addition, don't ignore the effects 
of stray capacitances. And use a high-gain op amp with a wide 
frequency response and a VCO with a wide modulation 
bandwidth .•• 
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Optimize phase-lock loops to meet 
your needs - or determine why you can't 

The time constants of a PLL's integratorlfilter are the keys to 
controlling a loop's performance. In the integratorlfilter, you 
can trade off circuit parameters most easily to meet your 
needs. The other loop components (Figure 1) have simple, 
real-valued transfer functions (Kv, Kp, N) that can't be 
changed as easily. But the integrator/filter's transfer function 
(Fs), detailed in Figure 1c is the source of the high-order 
complex function in the following equation for open-loop gain: 

where 

[ 'iOJT2 - 1] 
jOJT3 + 1 

( 1 ) 

T 1, T 2, T 3 = time constants defined in Figure 1 c, 
seconds 

Kp = phase-detector gain constant, volts/ 
radian 

Kv = voltaglH:ontrolled-oscillator (VeO) 
sensitivity, radians/second/volt 

N = frequency divisor 

OJ = (2m) frequency, radians 

Usually, Kp, Kv and N are given, but you can choose T 1 , T 2 
and T 3 to give you the loop performance you want. Generally, 
of course, you want the loop to be stable, to attenuate the 
reference frequency and to reduce veo noise. But stability, 
being an absolute necessity, gets priority. The other two 
requirements, unfortunately, are inversely dependent and 
must be traded off against each other. 

A damping factor to control stability as in simpler second
order loops can't be readily defined in the third-order loop of 
Figure 1. Instead, the phase margin - the difference between 

. 1800 and the phase of the open-loop transfer function, where 
the gain is one - becomes the criterion for stability. Figure 2 
is a typical open-loop response curve showing both amplitude 
and phase response, and the phase margin. 

In ED No. 10, May 10, 1978, p. 120, A. B. przedpelski advised: 
"Analyze, don't estimate, phase-lock-loop peiformance." He 
showed how to calculate the peiformance of a given type-2, 
third-order PIL system with a 48--step program for an HP-25 
programmable calculator. This article will show you how to opti· 
mize such a PIL to your requirements. But you will discover that 
you may not be able to get all requirements simultaneously. Com
promises may be necessary. 

Andrzej B. Przedpelskl, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, eo 80301. 

~,) 1L--~·: r---:-:: ----,~ ~(,( 
80 (s) G(s) 

81 (s) 1 + G(s)H(s) 

From Crystal 
Reference 
Oscillator in 
Synthesizers 
(fr) 

® 

fo=Nfr 

® 

C2 

Cl R2 

Integrator Filter 

@ 

Figure 1. A phase-lock loop (a) with two integrators (b) is 
classified type 2. And the order - third, in this cass - is 
established by the characteristics of the integratorlfilter (c). Time 
constants T 1, T 2, and T 3 determine the integratorl filter's detailed 
performance. 

Reprinted with permission from Electronic Design, September 13, 1978 (Vol. 26, No. 19). Copyright ©1978, Hayden Publishing Co., Inc. 
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OPEN-LOOP RESPONSE - [G(s) H(s)] 
__ --,-18o° 

L-----------~------~--~~~oo 

FREQuENCY 

Figure 2. This open-loop gain/phase plot shows a typical phase 
displacement from -180°. When the frequency, fo, which 
corresponds to OdB gain, is made to align with the maximum phase 
displacement, calculating T 1, T 2 and T 3 is simplified. 

OdB 

OVERSHOOT 

ete = --_1_-
n I + G(s) H(s) 

FREQUENCY 

Figure 3. Increase fa and you increase the noise-reduction 
region - the shaded area bounded by the OdB line and the 
noise-attenuation curve. 

The asymptotic slope of the amplitude curve is fixed at 40dB 
per octave by the loop's integratorlfilter and veo. The phase 
delay would be constant at -180°, except for the phase lead 
introduced at the middle frequencies by the transfer function 
F(s). This phase lead provides the phase margin that ensures 
loop stability. 

45° - a good compromise 
The phase margin should be between 30° and 70° for most 

applications. The larger the phase margin, the more stable the 
loop. But a large phase margin not only slows the response, it 
also increases output sidebands and reduces the loop's 
VeO-noise suppression capability. Thus, a phase margin of 
about 45° is a good compromise between desired stability and 
the other generally undesired effects. 

High Performance Frequency 
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Ideally, a phase comparator provides an error signal that is 
proportional to the phase difference between its two inputs, 
and nothing else. But in practice, some of the reference 
frequency, fr, always leak through the comparator, which 
frequency modulates the output signal to produce undesirable 
sideband frequencies. Shifting the open-loop gain-amplitude 
curve of G(jro) H(jro) Figure 2 to the left would attenuate fr and 
the sidebands. But such a shift also would weaken the circuit's 
VeO-noise suppression capability. 

A typical veo noise-reduction plot is shown in Figure 3. 
Noise attenuates in the region that lies to the left of the curve 
and below the OdB line (shown cross-hatched). The 
unity-gain frequency, fo, defines the noise reduction: It's 

~~~~'rt~~~!~i~tn~~ t~~~~~~~~~t~~'I1~:~ft:~~r~:'~~~~ ~~~ 
noise-reduction region - which is opposite the requirement 
for reducing the sidebands. Thus, as so often happens, you 
must compromise. Locate the point of minimum phase shift 
(inflection point of the phase response, Figure 2) exactly at fo, 
the unity-gain value. 

The Inflection point is strategic 
Locating fo at the phase inflection point is strategically 

valuable, because it will help solve for the value of T 1. But first 
you must determine T3. Accordingly, from Equation 1 the 
phase margin, ell, is 

ell = tan-1 roT2-tan-1 roT3+180°. (2) 

Differentiate ell with respect to ro and set the result equal to zero 
to locate COo, and the result is 

dcj> = T2 _ T3 = 0 (3) 
dro 1 + (roT2)2 1 + (roT3)2 

Solving Equation 3 then gives you 

roo = __ 1 __ . 
jT2 T3 

( 4) 

And substituting Equation 4 into Equation 2 gives you 

tancj> = T2 - T3. 
2jT2 T3 

(5) 

Finally, plug Equation 4 into Equation 5 and re-arrange to get 

T3 = seccj> - tancj>. 
roo 

Then re-arrange Equation 5 to get 

T2 = __ 1_ 
ro02T3 

(6) 

(7) 

Since you want the gain to be one at the phase-inflection 
point, solve forT 1 in Equation 1 with G(jro) H(jro) = 1; as a result, 

_ KpKv [-jc.oT2 - 1] 
T1---

Nro2 jc.oT3 + 1 
(8) 
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10 100 1000 10,000 

FREQUENCY (Hz) .. 

Figure 4. This plot of a PLL's open-loop transfer function confirms the design-parameter choices - a 45° phase margin at an fo of 100Hz 
and unity gain. The loop is stable, but some adjustments may be desirable. 

The 41 steps 
The program in the table solves Equations 6, 7 and 8 in 41 

steps with an HP-25 programmable calculator. 01 course, the 
program can be adapted to other programmable calculators. 

To illustrate the program's procedure, consider a PLL that 
must produce an output of 16.95MHz from a 5kHz reference, 
fro The phase comparator, VCO and divider transfer fuctions 
are as follows: 

Kp = 0.19V/rad 
Kv = 10.6 x 106 radls/V 
N= 3390 

For stability, start with a phase margin of 45° and an fo of 
about 1/50 of fro Thus, with 

and 

$= 45° 

fo= 5000/50 
= 100Hz, 

calculate T 1, T 2 and T 3 with the program: You get 
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T 1 = 3.63 x 10-3s 
T2 = 3.84 x 10-3s 
T3 = 6.59 x 10-4s 

But with those time constants you would need components 
with nonstandard values. However, if you select standard 
capacitors and resistors as follows: 

C1 = 0.3311F, 
C2 = 0.06811F, 

you get the following time constants: 

T 1 = 3.96 x 10-3s 
T2 = 3.98 x 10-3s 
T3 = 6.8 x 10-4s 

which are close enough for a first try. 

Verfying the results 

A1 = 12kn 
A2= 10kQ 

To verify the results, the open-loop transfer function, GOw) 
HOw), and noise response, elen, were calculated with the 
program provided in the previous article and plotted in 
Figure 4 and Figure 5. The curves confirm that the design is 
stable with a maximum phase margin of 45° at a frequency 
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DI8pIay Key Rernarka RegI$ter8 
Une Code Entry 

00 RO 
01 2407 RCL7 
02 1406 (f)tan 
03 32 CHS R1 
04 2407 RCL7 
05 1405 (f) cos 

06 1522 (g) 1/x R2 
07 51 + 
08 2406 RCL6 
09 1573 (g) It R3 
.n e1 :: 'v 

11 02 2 
12 61 x R4 
13 2304 ST04 
14 71 + 

15 2303 ST03 3 R KpKv 
5 N 

16 74 RlS 
17 2404 RCL4 
18 1502 (g) x2 R6 fo 
19 61 x 
20 1522 (g) 1/x 

21 2302 ST02 T2 R71\> 
22 74 RIS 
23 2404 RCL4 
24 61 x 
25 01 1 

26 1509 (g)~P 

27 2403 RCL3 
28 2404 RCL4 
29 61 x 
30 01 1 

31 1509 (g)~P 

32 21 x~y 

33 22 Ri 
34 71 + 
35 2404 RCL4 

36 1502 (g)x2 
37 71 + 

38 2405 RCL5 
39 61 x 
40 2301 ST01 T1 
41 1300 GTOOO 

where the open-loop gain is about unity. And the VCO noise
reduction curve shows a moderate 3.2dB overshoot with 
noise frequencies below about 70Hz in the attenuation region. 

Still, adjustments may be desired. For instance, if you want 
more reference-frequency (fr) attenuation, the GOw) HOw) 
curve can be shifted to the left. Move fo one decade (to about 
10Hz) and you'll increase the fr attenuation by 40dB. Or, if 
noise frequencies above 70Hz are bothersome, you can shift 
the GOw) HOw) curve to the right by increasing fo. 

If you still aren't satisfied, you can change the phase margin. 
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-60 
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~ KiIye . hW 

UftItt UnIlll· 

Enter program 

Store fo STO 6 

$ STO 7 

Kp ENTER 

Kv X 

N : STO 6 

Calculate (f) PRGM RlS T3 

RlS T2 

RlS T1 

Recall RCL 1 T1 

(if desired) RCL 2 T2 

RCL 3 T3 

RCL 4 0 

----/ 
1/ 

/ 
/. 

1/ 

/ 
/ 

1/ 

/ 
/ 

10 100 1000 

FREQUENCY (Hz) .. 
Figure 5. The noIse response calculation corresponding to 
Figure 4 shows that VCO noise is attenuated below about 70Hz. 

Reduce the margin and you improve both fr and VCO-noise 
attenuation - but then you loose some stability. __ 
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Suppress phase-lock-loop sidebands 
without introducing instability 

Phase-lock-loops: Part Three 

The first two parts of this series showed how to analyze and then 
optimize type-2, third-order PIL systems and provided simple 
calculator programs for an HP-25 to do the otherwise tedious 
computations. 1 ,2 This article takes you a step further and shows how 
to suppress sidebands, especially undesired when the P IL is used in 
frequency-synthesis systems. 

Frequency synthesis, a major application of the phase-lock 
loop (PLL), always involves PLL-performance compromise: 
keeping loop bandwidth as wide as possible to reduce 
acquisition time and voltage-controlled oscillator noise, and at 
the same time suppressing reference-frequency sidebands 
that can pass through wide bandwidths (Figure 1). 

Fortunately, reference frequency is considerably above the 
required loop bandwidth in most cases, which alleviates the 
sideband problem to some extent. But for heavy suppression 
of undesired sideban"ds, extra filtering is necessary. However, 
it must be done carefully so as not to introduce loop instability. 
Three filtering circuits, none of which reduce bandwidth or 
VCO-noise attenuation can help solve the problem. In fact, an 
active LP-filtering technique, the most versatile and efficient 
of the three, is programmed on an HP-25 to speed the design. 

All methods assume the the PLL, a type-2 thircklrder 
100p,1 meets all requirements2 except adequate reference
frequency sideband suppression. The three approaches 
include RC, active-notch and active-LP filtering. The PLL's 
phase margin serves as a measure of loop stability, since the 
damping-factor concept isn't applicable to third-order 100ps:2 
phase margins between 30° and 45° are minimum criteria for 
stable operation. And the filter's action in reducing the 
feedforward gain, GUco), at the sideband frequencies is the 
criterion for the suppression effectiveness. 

Since HCico) is equal to 1/N, a constant, then the open-loop 
gain, GUco) HUco) in Equation 1 ,can be used as a measure ofthis 
sideband-suppression effectiveness: 

[ -jCOT2 - 1] 
jcoT3 + 1 ,( 1 ) 

Kp = gain constant of the phase detector, 
Kv = VCO sensitivity, 
N = counter divide ratio, 

T 1, T 2, T 3 = integrator/filter time constants. 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

Reference ,---, 
Frequency 

FR 
(5kHz) 

Integrator/Fitter 

R1 

C1 

G Oro) 

HOm) 

C2 

0.0471lF 

R2 

10K 

Output 
Frequency VCO 

. [Kvl fo=Nfr 
(16.95MHz) 

Kp = 0.19V1rad 
Kv= 10.6x 106radsN 
N=3390 

Sideband 
Suppression 

Filter 

T1 = R1oC1 = 2.2 x 10-3s 
T2=R2(C1 +C2) 2.67x10-3s 
T3 = R2oC2 = 0.47 x 10-3s 

NOTE: Similar to example in Phase-lock Loops: 
Part Two (ED 19. Sept. 13, 1978, pi 134) 
only time constants T 1. T 2 and T 3 have been 
changed, to improve margin and over-alf performance. 

Figure 1. A phase--lock loop frequency synthesizer 
(a) generates 16.95MHz from a crys1al-oscillator reference fre
quency of 5kHz. To help suppress sidebands, a sideband-sup
pression filter is added in tandem with the output of the loop's Origi
nal integratorlfilter circuit (b). 

Table 1. Filter suppression/phase margin tradeoffs 

Phase 
Margin First Second 

Phase Deterlo- Sideband Sideband 
Circuit Margin ration Reduction Reduction 

Original 44° - - -
RClow-pass 32 12° 20dB 26dB 
RC=3x 
10-4 

Notch filter 
0= 10 44 0 ~* 0 
0=1 43 1 ~* 1.5 
0=0.1 31 13 ~* 16.5 

Second-
order active 
d =0.707 34 10 28 40 
d= 0.1 42 2 28 40 

*Theoretlcal- actual value about 40dB 

Reprinted with pennission from Electronic Design, September 13,1979 (Vol. 27, No. 18). Copyright ©1979, Hayden Publishing Co., Inc. 
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Table 2. Third order type-2 PLL with two-pole low-pass filter 

DI.spIay Key Remarks RegI$teta 
Line Code Entry 

00 RO roO 
01 2400 RCLO 
02 1502 (g)X2 
03 2407 RCL7 R1 T1 
04 1502 (g) x2 
05 41 -
06 2304 ST04 R2 T2 
07 2403 RCL3 
08 61 x 
09 2406 RCL6 R3 T3 
10 2400 RCLO 

11 61 x 
12 51 + R4 
13 2407 RCL7 
14 61 x 
15 2404 RCL4 R5 KpKv 
16 2406 RCL6 N 

17 2403 RCL3 
18 61 x R6 2d 
19 2400 RCLO 
20 61 x 

21 2407 RCL7 R7 ro 
22 1502 (g)x2 
23 61 x 
24 41 -
25 32 CHS 

26 1509 (g) --> P 
27 21 x±:fY 
28 2407 RCL7 
29 2402 RCl2 
30 61 x 

31 32 CHS 
32 01 1 
33 32 CHS 
34 1500 (g) --> P 
35 22 Rt 

36 51 + L' Phase-margin 
37 74 RlS 
38 22 Rt 
39 71 + 
40 2405 RCL5 

41 61 x 
42 2401 RCl1 
43 71 + 
44 2407 RCL7 
45 1502 (g)x2 

46 71 + 
47 2400 RCLO 
48 1502 (g) x2 
49 61 x I GsHsl 

Simple but limited 
The simplest approach adds in series with the 

Integrator/Filter an RC low-pass section (Figure 2a), whose 
cutoff frquency is larger than the upper end of the loop's 
bandwidth. For illustration, let the value of RC be 3 x 10-4s for 
the frequency-synthesizer example outlined in Figure 1. (A 
larger value would reduce the sidebands more, but would also 
decrease the phase margin too much.) With a value of 3 x 
10-4s, the phase margin remains within a "safe" 300 -t0-45°. 

High Performance Frequency 
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Step InaIructIons =: Keys = UIIIte \.kI1t$ 

1 Enter program 

2 Store "'0 STO 0 

Tl STO 1 

T2 STO 2 

T3 STO 3 

Kv ENTER 

Kp x 

N + STO 5 

d ENTER 2 x 

STO 6 

3 Enter STO 7 

4 Calculate (I) PRGM RlS L'Phase 

RlS margin 

5 Repeat step 3 IG(s)H(s)1 

for other values 

of iraquency. F 

The open-loop transfer function then becomes: 

where T 4 is the additional RC time constant. 

Solving Equation 1 at frequencies of 5 and 10kHz shows 
thatthe first sideband (at 5kHz) is reduced a respectable 20dB 
and the second sideband (at 10kHz) even more to 26dB. But 
the phase margin is also reduced to a marginal 32° (Table 1). 

However, an active RC notch filter3 (Figure 2) gives much 
more attenuation at the first sideband (5kHz) and is more 
flexible in some applications. Its gain is 

where 

AOw) = ---'---
jw[_wo>_] + 1 

0(0)2-0>02) 

Wo = the notch frequency (2ltio), 
Q = the circuit Q. 

(3) 

The open-loop transfer function, the product of Equations 1 
and 3, is 

KvKp 
GOw)HOw) = --2 x 

NT1W 

[ 
- jwT2 - 1 1 (4) 

jw ( T3 - _0>0_) + w2T3 ( _0>0_) + 1 ' 
0(r02 - 0>02) 0(r02 - roo2) 

Although the notch frequency COo must be fixed at the 
reference frequency, the value of Q can vary. Theoretically, the 
reference frequency receives infinite attenuation. Actually, 
only about 40dB can be realized, even under ideal conditions. 
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RCLOW-PASS SECOND-<>RDER ACTIVE LOW-PASS FILTER 
CI 

>-....... --0 

C2 
R 

C2 = 19... 
"'oR 

CI = I 
(2!tIoR)2 C2 

fo = Reference Frequency 

R 

R 

d = I9i VC1 
ron = __ 1_ 

RJ CIC2 

o 
Figure 2. Many filter configurations can be used to supress sidebands. The simplest is a low-pass RC circuit (a). Somewhat more flexible 
is an active RC notch filter (b). But of all filters, a second-order active low-pass filter (c) is most versatile, since two of its parameters are 
independently adjustable. 

Evaluation of Equation 4 for a's of 10, 1 and 0.1 shows that 
high a values produce negligible phasEHTlargin deterioration, 
but attenuation of the second harmonic of the reference 
frequency is small or zero (Table 1). At a a of 0.1, however, the 
second harmonic is reduced 16.5dB, but then the phase 
margin suffers. 

Most versatile, however, is a second-<>rder, active, low
pass filter with variable damping (Figure 2c). Its gain (with Us" 
functions of its more familiar form replaced by jco) is:3 

where COn = the filter's natural pole frequency, 
d = the filter's damping factor. 

This time, multiplying Equations 1 and 5, the overall open
loop transfer function bcomes 

If con is chosen to be 6283 (27t x 1000) at damping factors of 
0.707 (Butterworth response) and 0.1 (16dB peak 
Chebyshev), Equation 6 gives the same sideband attenuation 
for both damping factors, but the high-ripple Chebyshev 
deteriorates the phase margin least (Table 1 and Figure 3). 

Since both the pole frequency and the damping factor can 
be varied in Equation 5, the circuit it represents is most 
versatile. Therefore, Equation 6 is programmed for easy 
solution on an HP-25 (Table 2) in 49 steps. However, for 
easier stability evaluation, the program solves directly for the 
phase margin - the difference between 1800 and the 
open-loop transfer-function angle - rather than the phase 

MOTOROLA 
186 

angle itself. 

40 
30 
20 
10 

~--...JO !g 

-10 :;J;: 
-20 :;: 
-30~ 
-40 Cl 

-50 
-60 
-70 
-80 

Figure 3. A plot of open-loop gain and phase response of the 
system in Figure 1 compares sideband suppression at 5 and 10kHz 
without and extra filter with that of a simple RC and an active, 
second-<>rder filter. 

Clearly, the simple RC circuit is least effecient. It gives the 
least sideband attenuation andthe largest phasEHTlargin 
deterioration. The notch filter, although theoretically capable 
of very high attenuation of the sidebands only with very small 
phase-margin deterioration, generally requires component 
tolerances too critcal for other than some special applications. 
The more complex, active, second-order low-pass filter, 
however, can be tailored to most applications - illustrating an 
often observed design phenomenon: the more complex the 
circuit the better the performance. Of course, then, more 
complex filter circuits than those used in the examples may 
offer even better solutions to sideband reduction. __ 
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Calculate the noise spectral density and short-term frequency stability in a 
PLL with a programmable calculator, and vary the parameters to trade off 
the noise/functional performance requirements. 

Programmable calculator 
. computes PLL noise, stability 

This article is the fourth by the author on phase locked loops, 
starting with "Analyze, Don't Estimate, Phase-Lock-Loop 
Performance" (May 10, 1978, p. 120); then "Optimize 
Phase-Lock-Loops to Meet Your Needs" (Sept. 13, 1978, p. 134); 
followed by "Suppress Phase-Lock-Loop Sidebands without 
Introducing Instability" (Sept. 13, 1979, p. 142). 

- The circuit constants of a phase-lock loop can be optimized 
not only for performance requirements (acquisition time, 
sideband levels, step response, and stability, among others), 
but also for noise output and the resulting short-term (or 
"instantaneous") frequency stability. Because most other 
frequency generation methods lack this versatile performance 
and noise and stability control, phase-lock loops (PLLs) are 
preferable for frequency synthesis. Moreover, a 
programmable HP-19C (or 21C) calculator with the proper 
program makes the design tradeoffs between noise effects 
and functional performance requirements relatively easy to 
determine. 

A properly designed frequency synthesizer derived from a 
PLL (Figure 1, top) will offer a high degree of flexibility and 
long-term frequency stability. In a PLL, the frequency of the 
stable reference oscillator (say, a quartz-crystal circuit) can 
be multiplied by a preCisely controlled factor over a very wide 
range. Although the PLL may seem more complicated than 
the conventional so-called frequency-multiplier circuit 
(Figure 1, bottom), in practice, the PLL is more efficient, more 
compact, and considerably wider in bandwidth. All the 
advantages increase as the multiplication factor increases. 

In most PLL frequency synthesizers, the primary concern is 
the functional performance-a problem that has been treated 
extensively.l Even the theoretical aspects of phase noise in 
low-noise signal sources have been extensivelycovered.2,3,4 
However, specific methods for calculating the noise and short 
term frequency stability and details of the tradeoffs are 
generally not available, except for some recent work by the 
National Bureau of Standards on low noise signal 
sources. 5,6, 7 

Andrzej B. Przedpelskl, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

XTAL 
asc 

Ivco 

PLL and conventional frequency muttiplier 

Figure 1. Although the PLL frequency multiplier (lOp) looks 
more complex than the conventional multiplier (bottom), it is in fact 
more compact and more flexible, and can handle a much wider 
frequency range. 

AVERAGE FREQUENCY, Vo 

TIME (ms) 

Figure 2. Short-term frequency stability can be far worse 
(bottom) than the long-term average of a PLL system (top). 

Reprinted with permission from Electronic Design, March 31, 1981 (Vol. 29, No.7). Copyright ©1981, Hayden Publishing Co., Inc. 
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Short-term (or "instantaneously" sampled) frequency 
stability, in the millisecond range, is particularly important for 
accuracy in position-finding applications, as in LORAN 
navigation and various radar and sonar Doppler systems. 
Even though frequency drift over a short time generally is less 
than the average long-term frequency drift, instantaneously 
measured samples show much wider variations in the 
frequency swings caused by phase noise in the signal source 
(Figure 2). 

The overall phase-noise, or spectral-<.lensity output, 
S<I>(oo)O, of a PLL8 is found by 

S<I>(w)O = S<I>(oo)vcoI1 + G~)H(OO) 12 + 

1 
G(w) 12 

S<I>(oo)REF 1 + G(oo)H(oo) , 

where S<I>(oo)VCO is the open-loop spectral density of phase 
fluctuations in the PLL's voltage-controlled oscillator (VCO) 
and S<I>(oo)REF is the equivalent spectral density offluctuations 
in the reference oscillator. These phase fluctuations are 
measured in rad2/Hz, but generally plotted in dBc, which is 10 
1091O S<I>(oo)' More commonly, however, vendor-supplied 
phase-noise data, deSignated £(00), and also measured in 
dBc, are for single-sideband noise. (The dBc designation is 
defined as 10 10910 of the ratio between the output from a 
spectrum analyzer with a 1-Hz bandwidth and the signal's 
carrier level.) 

C2 

R1 

TO = 1/2ltfo T2 = R2(C1 + C2) 
T1 = R1C1 T3 = R2C2 

Phase 
Computation 

[K~ 

Ao = op amp dc gain; fo = frequency at -3dB gain 

Integratorlfilter 
[To, T1, T2, T3, Aol 

,--------, 300MHz 
300MHz VCO Output 

[Ky, Tv, L(f)VCOJ 

L-__ -I Frequency Divider 1+--------' 
[N=20J 

Figure 3. For a fiflh-order PLL, four of the time constants are 
determined by the integrator/lilter circuit, and the fifth is determined 
by the VCO. 

Accordingly, 
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£(00) = 10 1091O (1/2)S<I>(oo) (per rad2), 

assuming that 

£(-00) = £(00). 

Therefore, to convert L(oo) data to "straight" S<I>(ro), data, add 
3dB to the L(oo) data and take the antilog. 

An HP-19C program (see "Noise in a 5th-order PLL") 
calculates this single-sideband nOise, where G(ro)H(ro) is the 
open-loop gain of the PLL 1. The feedback path, H(ro), is 
simply 11N; and G(oo) equals 

Optimized for functional performance, the following circuit 
constants are used for a typical PLL (Figure 3): 

Ao =320,000 
To = 7.96 x 10-4s 
Tv = 1.59 x 1O-7s 
T1 = 2.408 x 10-5s 
T2 = 2.491 x 10-6s 
T3 = 4.700 x 10-7s 
Kp = 314 x 106 V/rad 
Kv = 0.16 radN 
N =20 

The single-sideband phase noise, when calculated by the 
program for a range of so-called Fourier frequencies (offsets 
from a carrier, f = roI21t), can be plotted as in Figure 4 (dotted 
line). Although this output phase noise can be reduced by 
varying circuit constants to increase the loop's bandwidth, 
proceed with caution, because other desirable operating 
characteristics (such as circuit stability or speed of response) 
could be compromised. The program, however, offers an easy 
way to determine how systematic changes in the parameters 
affect noise. 

Oscillator noise should be low 

In addition to the calculated PLL noise, Figure 4 shows a 
plot of the SSB-noise characteristics of the circuit's VCO and 
crystal-reference oscillator. The oscillators are the main 
source of phase noise in a PLL. The information for plotting 
their noise can be obtained from the manufacturers of the 
oscillators, or from measurements made by the user. 

Where noise reduction is of prime importance select 
oscillators that generate minimum noise and have noise 
spectral densities that complement each other (as in 
Figure 5). The pOint at which the two curves cross is called the 
crossover frequency (fc) This frequency is an important 
parameter for optimizing a PLL's noise characteristics. 

In Figure 5, the VCO noise-<.listribution plot is divided into 
three characteristic regions. High-quality oscillators generally 
exhibit this spectral-<.lensity relationship. In region I, Sw) is 
typically proportional to 1/13, so-called flicker-frequency 
noise; in region II, S<I>(f) is proportional to 1/12, so-called 
white-frequency noise; and in region III, S<I>(c) is constant, 
so-called white-phase noise. Beyond region III, the 
bandwidth limitation of the circuit attenuates the noise to 
negligible levels. 
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Noise In 5th order PLL 

2 

3 

Enter program 

Store 

Calculate 

4 Repeat step 3 for 
other Fourier frequencies 

NOTE: Enter 84>ref and SMo in dB. 84>0 answer is in dB. 

001 (g) LBLO 
002 PRx 
003 (g)OEG 
004 (g)" 
005 x 
006 2 
007 x 
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024 x 

025· RCU 
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Figure 4. A PLL Is optimized for performance characteristics, such 
as stability, response time, and sideband levels; but the noise 
characteristics generally fall where they may, as exemplified in this 
plot of a fifth-order PLl. 
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Figure 5. The "optimum" PLL output-noise characteristic is the 
one that coincides with the PLL's intersecting reference crystal 
oscillator and VCQ-Qscillator noise characteristics (heavy lines). A 
high damping-factor value (such as d=10) makes the best 
correspondence with this criterion. 

Region I noise stems from fluctuations in oscillator-circuit 
frequency-control components; region II, from thermal noise 
in the oscillator's gain element; and region III, from additive 
thermal noise from other elements of the circuit (including the 
gain element). 

A plot of the optimum phase-noise characteristic of a PLL 
would coincide with the lower parts of the two oscillator curves 
(heavy lines in Figure 5). 

The type-2, second-order PLL circuit in Figure 6 helps to 
illustrate how closely this condition can be approached. This 
circuit can be generalized by relating the integrator's time 
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constants (T 1 and T 2) and the veo's and phase comparator's 
transfer coefficients (Kv and Kp) with a damping factor (d), and 
with the reference and veo crossover frequency (fc = roc/27t), 
as follows: 

d = (T/2) VKpKvlT 1; d » 1 
T2 = 4d2/0Jc 
Tl = T2KpKv/0Jc· 

When these circuit parameters are considered together 
with the circuit's open-loop gain (note: H(oo) = 1), 

and substituted in the phase-noise equation for S<\I(OO)O the 
PLL's spectral density becomes 

S<I>(oo)O = S<I>(oo)veo[ (1 _ -;J;;; 1) + ( ~ ) ] + 

The "Optimizing PLL Phase Noise" program, with its 
subroutine 0, solves this equation for any Fourier frequency (f 
= ml27t). In Figure 5, solutions are shown for damping-factor 
values (d) of 0.5, 1.0, and 10. 

The largest damping factor (d = 10) causes the noise curve 
to approach the "optimum" noise characteristic most 
closely-when it lies completely between the VeO/reference
oscillator lines and as closely as possible to the lower lines. To 
satisfy this criterion, the curve generally passes through the 
frequency crossover point previously mentioned. Larger 
damping values than 10 will provide little further improvement. 
In fact, a larger damping value would slow response more than 
it would lower the noise output. Special cases may require low 
damping factors - a value of 1 or even 0.5 - to get a faster 
response or the special noise-distribution shapes that these 
lower damping factors produce. 

After the phase-noise characteristics (based on the fc olthe 
oscillators and a selected damping factor) have been 
calculated, a second part of the optimizing program 
(subroutine 1) can then be used to calculate the time 
constants T 1 and T 2 for the given Kp and Kv of a type-2 
second-order PLL. 

Determining a PLL's short-term frequency stability requires 
integration of the spectral density of the phase fluctuations to 
obtain the so-called Allan variance (a dimensionless measure 
of stability, where crl is Lf,f in a short sample period). Thus 
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Optimizing PLL phase noise 

Enter program 

2 Store 

3 CalCUlate phase noise 

4 Repeat step 3 for 
other values of Fourier 
frequency 

5 G!!'~!..!!~~'=' tj!",,!~ 
constants 

fc 
d 

~ v 

output DatalUnits 

Tl 
T2 

NOTE: Slivco. S~ref and S~o in dB. Subroutine 0 must be performed before the time constants can be calculated with subroutine 1 

Step Key Entry 

001 (g) LBLO 
002 PAx 
003 (g)" 
004 x 
005 2 
006 x 
007 (g) lIx 
008 RCL2 

009 (g)1I 
010 ~ 011 
012 )( 

013 ST01 
014 xx2 015 ~4 018 

017 RCL~ 
018 (g) x 
019 .. 
020 4 
021 + 
022 ST06 
023 CHS 
024 1 

025 

i xa 028 
027 '. 4 
025 ... 
029 S'm5 
030 ~Ix 031 
032 1 

033 0 
034 + 
035 (g) lOX 
036 x 
037 RCL6 

High Performance Frequency 
Control Products - BR1334 

Key Code 
251400 

65 
2563 

51 
02 
51 

2564 
5502 

. 
2553 

51 
02 
51 

4601 
51 

2553 
4604 

5503 
2553 

61 
04 
61 

4506 
22 
01 

41 
2553 
5504 .. 

41 
<1&05 
2584 

64 
01 

00 
61 

2533 
51 

5506 

Step Key Entry Key Code 
038 (g)x2 2553 
039 RCL4 5504 
040 + 41 
041 RCL5 5505 
042 + 61 
043 RIS 64 
044 1 01 
045 0 00 

046 .. 81 
047 . (g)1QX 2533 
046 " 51 
049 + 41 
050 (I)ro 1833 
051 01 
062 0 00 
053 x 51 

054 PRx 65 
055 (g)SPC 2565 
056 (g)RTN 2513 
057 (g) LBL 1 251401 
058 RCL~ 5503 
059 (g) x 2553 
060 4 04 
061 x 51 

052 FlCL 1 5501 
053 + 81 
084 PAx 85 
085 FlCL7 . 5507 
050 " 51 
087 FlCL8 5508 
050 " 51 
050 FlCL 1 5501 

070 + 61 
071 PRx 65 
072 (g)SPC 2565 
073 (g)RTN 2513 

REGISTERS 

16 
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where 1: is the sampling time (in seconds), u is the long-term 
average frequency (in Hz), and fh is the bandwidth, or 
maximum excursion of the offset from the carrier (the 
maximum Fourier frequency). 

Figure 7 (top) shows the relationship between frequency or 
phase and the frequency spectral-noise densities, along with 
the resultant short-term frequency stabilities, for several 
distinct types of phase or frequency noise. A typical complex 
Signal source such as a PLL) could have a combined 
short-term frequency stability as in Figure 7 (bottom). But 
such noise types generally do not obey simple integer-power 
curves and, therefore, pose a problem: The Allan equation 
does not have a closed-form solution for fractional powers, so 
it cannot be used directly. Nevertheless, very accurate 
answers can be obtained with Simpson's Rule and a 
programmable calculator. 

Although the Allan equation requires integration over the 
Fourier frequency range of 0 to fh' the low-frequency limit of 
OHz cannot be used in a log-log Simpson's Rule integration. 
Fortunately, frequencies below (2It'th)-1, where 1:h is the 
longest sampling time, do not contribute appreciably to the 
value of the Allan variance. The longest sampling time for 
short-term effects is generally 1 s; therefore, for a 
measuring-system bandwidth of 1000Hz, just the Fourier 
frequencies between about 0.16 and an fh of 1000Hz need be 
considered. (Since the manufacturer did not supply data 
below 2Hz for the reference oscillator and veo used in 
Figure 5; a new oscillator with data to 0.1 Hz was substituted in 
Figure 8, top.) 

5MHz crystal 
reference 
[S~(Ol)xOl 

R1 

KpKv . 
G(w) = -- (-jwT-l) 

Tlw2 

T2 = 4d2/0Jc, Tl = T2KpKv/0Jc 

Figure 6. The phase-output noise in this type-2 second- order 
PLL can be optimized by adjusting the damping factor (d) in relation 
to the oscillator-noise crossover frequency (fd. 
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~~l=- ~rol ~ ph~e [to] I~l nOise _ 

S~f) ClY(1:) 
1 1 1: 

-~ ~I ® 
lreque~cy '\.2] I~ noise 

S~(f) Cly('C) 
1 1 1: 

-IT Ireque~cy ~l I-Q 1= noise 

S~f) Sy(f) ClY(1:) 
1 1 1: 

Frequency I Time 
domain I domain 

(log) 

1 

Figure 7. The distribution of the different types of frequency and 
phase noise can be expressed as line segments that represent 
powers of frequency or time (top), and the overall distribution 01 a 
system can be shown by combining appropriate segments (bottom). 

As shown in Figure 7 (bottom) and Figure 8, (top), the 
phase-noise curves can be approximated with straight-line 
segments. The segments are plotted on semilog paper with 
SCil(f) measured in dBc on the vertical axis. Therefore, the 
segments, 

y= axb, 

can be established from the end points on their phasenoise 
curves - where S<I>(f1) and SW2) correspond to the 
low-frequency (fl) and the high-frequency (f2) end points, as 
follows: 

and 

( S<I>(fl) - ~~ b log 11 ) . 

a= 10 
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Allan variance calculations 

Step Instructions 
Key in the program 

2 Store 

:3 Enter and start 
program 

Step Key Entry 

001 (g) LBL 7 
002 RCL4 
003 x 
004 x±+y 
005 ... 
006 GT02 
007 (g) LBL6 
008 ENTi 

009 + 
010 510+0 
011 
012 3 
013 FHa 014 
015 ~2 016 

017 STOI 
018 GSBO 
019 STOO 
020 RCL2 
021 GSBO 
022 STO ... O 
023 RCL2 
024 RCLI 

Q25 5105 
@l -027 ACL3 
028 .. 
0li!9 ST04 
630 0 
031 5109 
032 {g)LBL8 

033 GSB4 
034 STO ... O 
035 2 
036 STO+9 
037 RCL3 
038 RCL9 

039 <a~l 040 
041· G$$4 
042 :roe 
043 .LBL4 

v a 
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Key Code 

251407 
5504 

51 
11 
61 

1402 
251406 

21 

41 
464100 

2513 
25-1403 

4603 
12 

4602 
12 

4501 
1300 
4500 
5502 
1300 

454100 
5502 
5501 

4606 
$'I 

5503 
"81 

4604 
00 

4603 
25.1406 

1304 
454100 

02 
454109 

5503 
5509 

'leGl. 
1405 
1304 
14Q/1 

251404 

Input DatalUnits Keys 

b T 
a STO 
v STO 

STO 

11 
I:! 
n 

Step Key Entry 

044 RCL4 
045 STO ... 5 
046 RCL5 
047 GSBO 
048 GSB6 
049 (g)RTN 
050 (g) LBL5 
051 3 

052 ACLO 
063 GT07 
054 

\o~ 055 
O!i$ 
CST (gilt 
055 " 0511 RCLIl 

060 x 
061 (I)si~ 
062 (g) x 
063 (g)x2 
064 RCL6 
065 RCL7 
066 (l)yX 
067 x 

. 0/l8 .~~ 069 
070 {g l.,BL2 
071 ~1I8 072 
013 " .074 FlCL.O 
075 x 
076 (g) x2 
077 (g) llx 
078 x 
079 2 
080 x 
081 RCL.l 

052· )( 

063 PAX 
0114 .~~ Q55 

REGISTERS 

7 
.1 

8 

OutputOatalUnlts 

Key Code 
5504 

4541 05 
5505 
1300 
1306 
2513 

251405 
03 

5500 
1407 

251400 
2523 
4606 
2563 

51 
5508 

51 
1642 
2553 
2553 
5506 
5507 
1654 

51 

31>24 
2513 

251402 
1a583 
5506 

51 
55.0 

51 

2553 
2564 

51 
02 
51 

55.1 

51 
115 

2585 
2513 
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With coefficients a and b established for each line segment 
the contributions of each segment to the overall Allan 
variance cry;. can be calculated with the approximate Allan 
equation, 

by a modified Simpson's Rule program supplied by 
Hewlett-Packard (HP-19C/29C Applications' Book, 1977). 
The Simpson's Rule is incorporated into the complete 
program for an HP-19C calculator - "Allan Variance 
Calculations." With a, b, U, and t estahlished, the only decision 

C8lculatedshort-term _IDty 
Device Segment I 

Relerence 11 =0.1Hz, 12= 10Hz 
oscillator 

a = 1.26x10-12, b =-1.40 

Tin JO.001/10 10.01110 j 0.1120 J 11100 

<5'/2 11.10X10-2711.0Sx10-2514.aOx10-2SI1.76x10-26 

Voltage- 11 = 0.1Hz, 12 = 10Hz 
controlled 

a = S.01x1 0-1 0, b =-3.90 
oscillator 

Tin 1 0.001110 10.01/10 10.1/20 111100 

~ J 4.49x10-27 14.39x10-2S 11.34x10-23 la.1Ox10-23 

PLL 11 = 0.1Hz, 12 = 100Hz 
output 

a = 4.64x10-12, b =-1.83 

Tin 1 0.001/10 10.01120 10.1/100 1111000 

<5'/2 12.43X10-2411.46X10-2311.19x10-24Ia.21X10-26 

Device Segment II 

Relerence 11 = 10Hz, 12 = 100Hz 
oscillator 

a= 1.26x1 0-13, b=-<l.40 

Tin 10.001/10 10.01120 10.1/100 1111000 

<5'/2 1 3.27x1 0-23 la.22x10-23 1 7.56x1 0-25 17.56X10-27 

Voltage- 11 = 10Hz, '2 = 100Hz 
controlled 

a = 6.31x10-12, b =-2.00 oscillator 
Tin JO.001/10 10.01120 jO.1/100 11/1000 

<5'/2 I1.S9x10-2411.06X10-2311.63x10-2511.27X10-27 

PLL 11 = 100Hz, 12 = 1000Hz 
output 

a = 2.S1x10-14, b = -<l.70 

Tin 1 0.001120 1 0.Q11100 10.1/1000 11110,000 

~ 11.04X10-21 11.00X10-23j 1.01x10-2S I1.01X10-27 

Device Segment III 

Relerence 11 = 100Hz, 12 = 1000Hz 
oscillator 

a = 2.0Ox10-14, b = -<l.00 

Tin 1 0.001120 10.01/100 10.1/1000 11110,000 

<5'/2 16.0ax10-20 IS.47x10-22 IS.47x10-24 IS.47x10-26 

Voltage- 11 = 100Hz, 12 = 1000Hz 
controlled 

a = 6.31x10-15, b = -<l.50 oscillator 
Tin 1 0.001120 10.01/100 10.1/1000 11110,000 

<5'/2 IS.88x10-27 IS.27X10-24 IS.2Sx10-26 1 -
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N 

~ 
~ 
w 
2: 

S w a:: 
IX! 
:Eo 
!E 
$ 

I 
en z 
Q 
!;;: 

~ 
:::> 
...I 
LL. 
W 

~ 
:J: 
Q.. 

LL. 
0 

~ z w 
C 
...I 

~ 
l-
e..> w 
Q.. 
en 

i 

10-9 

1.0 10 100 1000 
FOURIER FREQUENCY (Hz) 

VCO 

............... 

/ .................... 
OUTPUT .............. '" 

10-13L-------------------------------~ 
0.001 0.01 0.1 1.0 

SAMPLING TIME, 1 (5) ---------~ 

SHORT·TERM FREQUENCY STABILITY 

Figure 8. The phase-noise characteristics of the reference 
oscillator and the veo can be expressed with three straight-line 
segments (I, II, and III); and the PLL output by two (top). The 
short-term stability in the terms of the Allan variance can then be 
calculated by keying the required coeffiCients as determined from 
the coordinates of these line--segement ends into the calculator (see 
Table) and plotting the results (bottom). 
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remaining, is the number of intervals, n, into which the 
segments must be divided. The more intervals chosen, the 
more accurate the calculation, but the longer the calculation 
takes. A good choice for a minimum n value (which must be an 
even number) is 

n 2! 10 [t(f2 - fl)]' 

The calculation time, then, is 0.056n + 0.15min. 

To illustrate an application of the Allan variance 
calculations, the (a and b) program coefficients for the 
straight-line segments making up the vce, reference 
oscillator, and overall output noise were determined from 
Figure 8 (top). The coefficients are listed in the "Calculated 
Short-ten .. StabHlti" tabla. Samp:s t::ncs of 1, 10, 1 CC, e!1d 
1000ms and end frequencies of 0.1, 10, and 1000Hz were 
employed. 

With these inputs, Uy2 was determined with the Allan 
variance program. The frequency stability 

Uy(t) = ..J'£.cJ-j (t, fh) , 

was calculated, after summing the individual ul-contributions 
of each segment. A plot of Uy vs sampling time for the vce, 
reference, and output is shown in Figure 8 (bottom). __ 
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Case Outlines 

1.10.25 (0.010) ® 1 TI A ® 1 

NOTE 2 

4 
h 

LSUFFIX 
CERAMIC PACKAGE 

CASE 62D-10 
ISSUE V 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 
ISSUEK 

LSUFFIX 
CERAMIC PACKAGE 

CASE632-oB 
ISSUEY 
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NOTES: 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M. 1982. 
2. CONIROLUNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION F MAY NARROW TO 0.76 (0.030) 

WHERE THE LEAD ENTERS THE CERAMIC 
BODY. 

IILL1IIETERS 
liN MAX 

19. 1 .93 
6.10 7.49 

.06 
o 0.50 
1.278SC 

1.40 1.65 
2.54BSC 

0.21 0.38 
18 4 
7.628SC 

0" 15· 
0.51 1.01 

1. DIMENSIoN L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

2. PACKAGE CONTOUR OPTIONAL (ROUND OR 
SQUARE CORNERS). 

3. DIMENSIONING AND TOlERANCING PER ANSI 
Y14.SM. 1982. 

IILUIIETERS INCHES 
DIM IIIN MAX MIN MAX 

9.40 10.16 0.370 0.400 
B 6.10 6.60 0.240 0.260 
C 3.94 4.45 0.155 0.175 
D 0.38 0.51 0.015 0.020 
F 1.02 1. 8 0.040 0.00 
G 2.54BSC O.l00BSC 
H 0.78 1.27 0.030 0.050 
J 0.20 0.30 0.008 0.012 
K 2.92 .43 0.115 0.1 
L 7.62BSC O.300BSC 
M - 10" 10" 
N 0.76 1.01 0.030 0.040 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARAllEL 
4. DIMESNION F MAY NARROW TO 0.76 (0.030) 

WHERE THE LEAD ENTERS THE CERAMIC 
BODY. 
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~. 
SEATING 
PLANE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646-06 
A A A A A A A ISSUE L 

V4 
8 -r 

(7 7 ~ 
I .. 'If 'If 'If ~ 'If 'If 'If J 

fi 0 DI~D 0 d---1. ~ ;:L~. 
Jl¥J.P~·' .~~ 

I'" ~ -I 

f~:::::::]] 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648-08 
ISSUER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 738-03 
ISSUEE 

.-C 

A. 
JLJ~Y 

Case Outlines 

NOTES: 
1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B ODES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL 

INCHES MILLIMETERS 
IlIM MIN MAX MIN MAX 
A 0.715 o.no 18.16 19.56 
B 0.240 0.260 6.10 6.60 
C 0.145 0.185 3.69 4.69 
D 0.Q15 0.021 0.38 0.53 
F 0.040 0.070 1.02 1.78 
G 0.100 BSC 2.54BSC 

o 52 o 5 13~ ?41 

J 0.008 0.Q15 0.20 0.38 
K 0.115 0.3 2.92 3.43 
L O.300BSC 7.62 BSC 

10" O· 111" 
N O. 1 O. 0.39 1.01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.1982. 
2. CONTROLLING DIMENSION: INCH. 
a. DIMENSION L TO CENTER Of LEADS WHEN 

FORMEO PARALLEL 
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 
5. ROUNDED CORNERS OPTIONAL. 

MILL ET 
DIM MIN MAX MIN MAX 

A 0.740 O.no 18.80 19.55 
B 0.250 0270 6.35 6.85 
C 0.145 0.175 3.69 4.44 
D 0.015 0.021 •. " 0.53 

O. .070 1.02 l.n 
" 0.100BSC 2.54BSC 
H 0.050 BSC 1.27 BSC 
J o.oOB 0.D15 0.21 0.'. 
K 0.11. 0.1'0 2."" , .• n 
L 7. 7.74 
M II" 111" o· 111" 
S 0.020 0.040 0.51 1.01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,I982. 
2. CONTROLUNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION B DOES NOT INCLUDE MOLD 

FLASH. 

INCHES MlLUIiETERS 
. DIll MIN MAX MIN MAX 

A 1.010 1.070 25.66 27.17 
B 0.240 0.260 6.10 6.60 
C 0.150 0.160 3.81 4.57 
D 0.Q15 0.022 0.39 0.55 
E O.05OBSC 1.27 esc 
F 0.050 0.070 1.27 1. 
G 0.100BSC 2.54 BSC 
J I 0.008 0.015 0.21 0.38 
K 0.110 0.140 2.80 3.55 

I~I 0.25 (0.010) ® 111 B ® I L 0.300 BSC 7.62BSC 
M 15 15· 
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N 0.020 0.040 0.51 1.0 
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Case Outlines 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-Q5 iol±l=il-lT ~SUE M 
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NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M. 1962. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCWDE 

MOLD PROTRUSION. 
4. MAXIMUM MOlD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

IILU ETERS IN HES 
0111 liN !lAX loiN !lAX 
A 4.80 5.00 0.189 0.196 
B 3.80 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.016 0.049 
G 127BSC 0.050 BSC 
J 0.18 .007 O. 
K 0.10 CL25 0,004_ 0.009 
II Jlo 7" D" 7" 
P 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.1962. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B 00 NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE 0 DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

DIU 
A 
B 
C 
0 
F 
G 
J 
K 
II 
P 
R 

IIIU ETERS N HES 
IIIN !lAX IIIN !lAX 
9.80 10.00 0.386 0.393 
3.80 4.00 0.150 0.157 
1.35 1.75 0.054 0.068 
0.35 0.49 0.014 0.019 
0.40 1.25 0.016 0.049 

1.27 SC 0.050BSC 
0.1 0.25 0.008 0.009 
0.10 0.25 0.004 0.009 

0° 7" 0° 7" 
5.80 6.20 0.229 0.244 
•. 25 0.50 0.01. 0.019 
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Case Outlines 

FNSUFFIX 
PLASTIC PLCC PACKAGE 

CASE775-Q2 
ISSUEC 

1 roo YBRK r-B 1.1 0.007 (0.180l®1 rl L-M® IN®I 

~~~~~ f--D -U 1.1 0.007 (0.180l®1 rl L-M® I N® I 

e~ p 1 

\ ~ 
r-=~ t [W 

Z Ff 
[ R: I , - ~ 20Y-j Lv T r--'" t J~ ~~ G11.1 0.010(0.250)@lrIL-M® IN®I 

VIEWD-D 

AI~I 0.007 (0.180)®1 rl L-M® I N® I 
,..., I-z 

R 1.1 0.007 (0.180l®1 rl L-M® I N® I 

6 0 + _. 

~ ~JlI' + E 

-~~~~ t' \0.10.004 (O.100j 

~ J L.:I:J ~~G 
VIEWS 

I--G1 -

1.1 0.010 (0.250)®1 rl L-M® I N® I 

High Performance Frequency 
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NOTES: 
1. DATUMS ·L·. ·M·. AND ·N· DETERMINED WHERE 

TOP OF LEAD SHOULDER EXITS PLASTIC BODY 
AT MOLD PARTING LINE. 

2. DIM Gl. TRUE POSITION TO BE MEASURED AT 
DATUM ·T·. SEATING PLANE. 

3. DIM RAND U DO NOT INCLUDE MOLD FLASH. 
ALLOWABLE MOLD FLASH IS 0.010 (0.250) PER 
SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

5. CONTROLLING DIMENSION: INCH. 
6. THE PACKAGE TOP MAY BE SMALLER THAN THE 

PACKAGE BOTTOM BY UP TO 0.012 (0.300). 
DIMENSIONS RAND U ARE DETERMINED AT THE 
OUTERMOST EXTREMES OF THE PLASTIC BODY 
EXCWSIVE OF MOLD FLASH. TIE BAR BURRS. 
GATE BURRS AND INTERLEAD FLASH. BUT 
INCLUDING ANY MISMATCH BETWEEN THE TOP 
AND BOTTOM OF THE PLASTIC BODY. 

7. DIMENSION H DOES NOT INCLUDE DAMBAR 
PROTRUSION OR INTRUSION. THE DAMBAR 
PROTRUSIONIS) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.03710.940). 
THE DAMBAR INTRUSIONIS) SHALL NOT CAUSE 
THE H DIMENSION TO BE SMALLER THAN 0.025 
10.835). 

~ H 1$1 O"7~,oo"'ITI L-M@ I N@ I 
+ 

K1 

K 

~ !-FI.I 0.007(0.180)@lrIL-M® IN®I 

DIM 
A 
B 
C 
E 
F 
G 
H 
J 
K 
R 
U 
V 
W 
X 
Y 
Z 
1 
1 

VIEWS 

IN( HES MILLIMETERS 
MIN MAX IIIN MAX 
0.385 0.395 9.78 10.03 
0.385 0.395 9.78 10.03 
0.185 0.180 4.20 4.57 
0.090 0.110 2.29 2.79 
0.013 0.019 0.33 0.48 

O.050BSC 1.27SSC 
0.026 0.032 0.66 0.81 
0.020 0.51 
0.025 0.64 
0.350 0.356 8.BB 9.04 
0.350 0.356 8.89 9.04 
0.042 0.048 1.07 1.21 
0.042 0.048 1.07 1.21 
0.042 0.056 1.07 1.42 

0.020 0.50 
2° 10' 2° 10° 

0310 0.330 7.88 8.38 
0.040 1.02 

MOTOROLA 
199 



Case Outlines 

SDSUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 
ISSUE A 

KREF8PL r-1iJ--j rO~(M1.®[T[ '®[ 

~D~~~ mlt 
r-il.-'-I 0-.2-5 (-0.0-10-) ®=-r-I R-'®:-1M I 

___ ...L DETAILAJ -1 t 

~ ~ -T- Sfp'~~ 

~Jr~ L~i~ DETAJLB 
-U- ~ , I~ ~ J NOTES: 

DETAIL A 

L- B " ....... --/ JB 1. DIMENSIONING ANDTOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 
M 3. DIMENSION A DOES NOT INCLUDE MOLD FLASH, 
I PROTRUSIONS OR GATE BURRS. MOLD FLASH 

J REF + OR GATE BURRS SHALL NOTEXCEED 0.15 

\+- K -+I 4. DIMENSION B DOES NOT INCLUDE INTERLEAD ~ 
(0.006) PER SIDE. _ 

I I ~ l- FLASH OR PROTRUSION. INTERLEAD FLASH OR 
I PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 

r- ~----1 F PER SIDE. 
T ~ 5. DIMENSION K DOES NOT INCLUDE DAM8AR 
J J1 PROTRUSION. ALLOWABLE DAMBAR 

L f DETAIL B PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 

MOTOROLA 
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I I MATERIAL CONDITION. 
~ K1 I-- 6. TERMINAL NUMBERS ARE SHOWN FOR 

SECTION B-B 
REFERENCE ONLY. 

7. DATUMS .p. AND ·R· ARE TO BE DETERMINED AT 
DATUM PLANE ·U·. 

8. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE ·U·. 

9. CROSS SECTION B-B TO BE DETERMINED AT 
0.10 (0.004) TO 0.25 (0.010) FROM THE LEADTIP. 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
Jl 
K 
Kl 
L 
II 

MlWMETERS INCHES 
MIN MAX MIN MAX 
2.87 3.13 0.113 0.123 
5.20 5.38 0.205 0.212 
1.73 1.99 0.068 0.078 
0.06 0.21 0.002 0.008 
0.55 0.95 0.022 0.037 
O.85BSC 0.026BSC 

0.50 0.020 
0.09 0.20 0.004 0.008 
0.09 0.16 0.004 0.006 
0.22 0.38 0.009 0.015 
0.22 0.33 0.009 0.013 
7.85 7. 0.301 0.311 
00 8" 0" 80 

High Performance Frequency 
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DTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-02 
ISSUE A 

-II--:: 20X K REF 

1".$"'1-0.-1S-(0-.00-S)rIT'-u-®=-s 1 II I$-:::-rl 0""'.1"""0 ("""O.O-04"-;)@:::1Ir::Trl U""'®:::::-S rl v"""®""1 

5i:CiiQNN-n 

1 RRRRRRRRRR 
12)( U21 120 11 l 
1 B 

[1J - - I-u-I 
I PIN 1-., 

IDENT It> 10 J 
1$10."_1' U®I HHHHH.H~ 

DETAILE 

MSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 966--01 
ISSUE 0 

1$1 0.13(0.00S) @ 1 

High Performance Frequency 
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DETAILP 

VIEWP 

Case Outlines 

NOTES: 
6. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
7. CONTROLLING DIMENSION: MILLIMETER. 
8. DIMENSION A DOES NOT INCLUDE MOLD FLASH, 

PROTRUSIONS OR GATE BURAS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

9. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 
PER SIDE. 

10. DIMENSION K OOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE OAMBAH 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OFTHE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

11. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

12. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -VI-. 

IIILLIMETERS INCHES 
0111 liN MAX MIN IIAX 
A 6.40 6.60 0.252 0.260 
B 4.30 4.60 0.169 0.177 
C 1.20 - 0.047 
D 0.05 0.15 0.002 0.006 
F 0.50 0.75 0.020 0.030 
G 0.6585C 0.026 BSC 
H 0.27 0.37 0.011 0.D15 
J 0.09 0.20 0.004 0.008 
Jl 0.09 0.16 0.004 0.006 
K 0.19 0.30 0.007 0.012 

Kl 0.19 0.25 0.007 0.010 
L 6.4085C 0.252BSC 
M 0' 8' 0' 8' 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS 0 AND E 00 NOT INCLUDE MOLD 

FLASH OR PROTRUSIONS AND ARE MEASURED 
AT THE PARTING LINE. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006) 
PER SIDE. 

4. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

5. THE LEAD WIDTH DIMENSION (b) OOES NOT 
INCLUDE DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.08 (0.003) 
TOTAL IN EXCESS OF THE LEAD WIDTH 
DIMENSION AT MAXIMUM MATERIAL CONDITION. 
DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT. MINIMUM SPACE 
BETWEEN PROTRUSIONS AND ADJACENT LEAD 
TO BE 0.46 (0.018). 

MlLLlIlETERS 
Dill MIN MAX 
A -. 2.05 
A, 0.05 0.20 
b 0.36 0.50 

• 0.18 0.27 
0 9.90 10.50 
E 5.10 5.45 

• 1.27 BSC 
7.40 8.20 

L 0.50 0.85 
Lo 1.10 1.50 
II 0' 10° 
Q 0.70 0.90 
Z 0.78 

INCHES 
MIN IIAX 
- 0.081 

0.002 0.008 
0.014 O. 0 
0.007 0.011 
0.360 0.413 
0.201 0.215 

0.050 BSC 
0.291 0.323 
0.020 0.033 
0.043 0.059 

0° 10° 
0.028 0.036 _. 0.031 
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MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 
AUTHORIZED NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 
ALABAMA 

Huntsville 
Arrow/Schweber Electronics .... (205}837-6955 
Future Electronics . . . . . . . . . . .. (205}830-2322 
Hamilton Hallmark ............ (205}837 -8700 
Newark ..................... (205}B37-9091 
Time Electronics ........... 1-800-789-TIME 
Wyle Laboratories ............ (205}830-1119 

ARIZONA 
Phoenix 

Future Electronics ............ (602}968-7140 
Hamilton Hallmark ............. (602}437-1200 
Newark Electronics . . . . . . . . . .. (602}864-9905 
Wyle Laboratories . . . . . . . . . . .. (602}437 -2088 

Tempe 
Arrow/Schweber Electronics .... (602}431-oo30 
Time Electronics ........... 1-800-789-TIME 

CALIFORNIA 
Agoura Hills 

lime Eleclronics Corporate ... l-BOO-789-TIME 
Belmont 

Richardson Electronics ....... (415}592-9225 
Calabassas 

ArrowlSchweber Electronics .... (818}860-9686 
Wyle Laboratories ............ (818}860-90oo 

Chatsworth 
Future Electronics ............ (BI8}865-0040 
Time Electronics ........... l-BOO-789-TIME 

Costa Mesa 
Hamilton Hallmark ............ (714}641-4100 

Culver City 
Hamilton Hallmark ............ (213}558-20oo 

Irvine 
Arrow/Schweber Electronics ... (714}587-0404 
Future Electronics ............ (714}250-4141 
Wyte Laboratories Corporate .... (714}753-9953 
Wyle Laboratories ............ (714}B63-9953 

Los Angeles 
Wyle Laboratories ............ (B1 B}880-90oo 

Mountain View 
Richardson Electronics ....... (415}980-69oo 

Orange 
Newark ..................... (714}634-8224 

Rocklin 
Hamilton Hallmark ........... (916}624-9781 

Sacramento 
Newark ..................... (916}721-1633 
Wyle Laboratories . . . . . . . . . . . . (916}638-5282 

San Diego 
Arrow/Schweber Electronics ... (619}565-4800 
Future Electronics ............ (619}625-2800 
Hamilton Hallmark ............ (619}571-7540 
Newark ..................... (619}569-9Bn 
Wyle Laboratories ............ (619}585-9171 

San Francisco 
Newark ..................... (415}571-5300 

San Jose 
Arrow/Schweber Electronics .... (408}441-9700 
Arrow/Schweber Electronics .... (408}428-6400 
Future Electronics ........•... (408}434-1122 

Santa Clara 
Wyle Laboratories ............ (408}727-2500 

Sunnyvale 
Hamilton Hallmark ............ (408}435-3500 
Time Electronics ........... l-BOD-789-TIME 

Torrance 
Time Electronics ........... 1-8oo-789-TIME 

Tustin 
Time Electronics ........... 1-80D-789-TIME 

West Hills 
Newark ..................... (818}8B8-371B 
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Woodland Hills 
Hamilton Hallmark ............ (B1B}594-0404 
Richardson Electronics ....... (615}594-56oo 

COLORADO 
Lakewood 

Future Electronics ............ (303}232-200B 
Colorado Springs 

Newark .. .. .. .. .. .. .. .. .. ... (719}592-9494 

Denver 
Newark ..................... (303}757-3351 

Englewood 
Arrow/Schweber Electronics .... (303}799-025B 
Hamilton Hallmark ........... (303}790-1682 
Time Electronics ........... 1-80D-789-TIME 

Thornton 
Wyle Laboratories ............ (303}457-9953 

CONNECTICUT 
Chesire 

Future Electronics . . . . . . • . . . .. (203}25D-0083 
Hamilton Hallmark ........... (203}271-2844 

Southbury 
Time Electronics ........•.. 1-800-789-TIME 

Wallingfort 
Arrow/Schweber Electronics .... (203}265-77 41 

Windsor 
Newark .... .. .. .. .. .. .. .. ... (203}683-8860 

FLORIDA 
Altamonte Springs 

Future Electronics ............ (407}767-8414 
Clearwater 

Future Electronics ..•......... (BI3}530-1222 
Deerfield Beach 

Arrow/Schweber Electronics .... (305}429-8200 
Wyle Laboratories . . . . . . . . • . .. (305}420-05oo 

Ft. Lauderdale 
Future Electronics ............ (305}436-4043 
Hamilton Hallmark ............ (305}484-5482 
Time Electronics ........... 1-80D-789-TIME 

Lake Mary 
Arrow/Schweber Electronics .... (407}333-9300 

LargolTampa/St. Petersburg 
Hamilton Hallmark ............ (813}541-7440 
Newark ..................... (813}287-1578 
Wyle Laboratories ............ (813}576-3004 

Orlando 
Newark ..................... (407}896-8350 
Time Electronics ........... 1-80D-789-TIME 

Plantation 
Newark .. .. .. .. .. .. .. .. . .... (305}424-44oo 

Winter Park 
Hamilton Hallmark ........... (407}657-3300 
Richardson Electronics ....... (407}644-1453 

GEORGIA 
Atlanta 

Time Electronics ........... 1-800-789-TIME 
Wyle Laboratories ............ (404}441-9045 

Duluth 
Arrow/Schweber Electronics .... (404}497-13oo 
Hamilton Hallmark ........... (404}623-5475 

Norcross 
Future Electronics ............ (404}441-7676 
Newark ..................... (404}446-1300 
Wyle Laboratories ............ (404}441-9045 

ILLINOIS 
Addison 

Wyle Laboratories . . . . . . . . . . .. (708}620-0969 
Bensenville 

Hamilton Hallmark ............ (708}860-7780 
Chicago 

Newark Electronics Corp ...... (312}784-51oo 
Hoffman Estates 

Future Electronics . . . . . . . . . . .. (708}882-1255 

Itasca 
Arrow/Schweber Electronics ... (708}250-0500 

LaFox 
Richardson Electronics ....... (708}20B-2401 

Schaumburg 
Newark ..................... (708}31 0-8980 
Time Electronics ........... 1-800-7B9-TIME 

INDIANA 
Indianapolis 

Arrow/Schweber Electronics .... (317}299-2071 
Hamilton Hallmark ........... (317}872-8875 
Newark ..................... (317}259-0085 
Time Electronics ........... 1-80D-789-TIME 

Ft. Wayne 
Newark .... . . . . . . . . . . . . . . . . . (219}484-0766 

IOWA 
Cedar Rapids 

Newark ..................... (319}393-3800 
Time Electronics ......•.... l-Boo-7B9-TIME 

KANSAS 
Lenexa 

ArrowlSchweber Electronics .... (913}541-9542 
Hamilton Hallmark ........... (913}88B-4747 

Overland Park 
Future Electronics ............ (913}649-1531 
Newark •................ , ... (913}677-0727 
Time Electronics ........... l-BOO-7B9-TIME 

MARYLAND 
Beltsville 

Newark . . . . . . . . . . . . . . . . . . . .. (301 }604-17oo 
Columbia 

ArrowlSchweber Electronics .... (301 }596-7800 
Future Electronics ............ (410}290-06oo 
Hamilton Hallmark ........... (410}988-98oo 
Time Electronics ........... 1-800-789-TIME 
Wyle Laboratories ............ (410}312-4B44 

MASSACHUSETTS 
Boston 

ArrowlSchweber Electronics .... (617}271-9953 
Bolton 

Future Corporate ............. (508}779-30oo 
Burlington 

Wyle Laboratories ............ (617}271-9953 
Methuen 

Newark . . . . . . . . . . . . . . . . . . . .. (50B}6B3-0913 

Norwell 
Richardson Electronics ....... (617}871-5162 

Peabody 
Time Electronics. .•. . . . . ... 1-800-789-TIME 
Hamiltion Hallmark ........ . . . (508}532-3701 

MICHIGAN 
Detroit 

Newark ..................... (313}967-0600 

Grand Rapids 
Future Electronics ............ (616}698-68oo 

Livonia 
ArrowlSchweber Electronics .... (313}462-2290 
Future Electronics. . . . . . . . . . . . (313}261-5270 
Hamilton Hallmark ........... (313}347-4020 
Time Electronics ........... 1-80D-789-TIME 

MINNESOTA 
Bloomington 

Wyle Laboratories ............ (612}653-2280 
Eden Prairie 

ArrowlSchweber Electronics .... (612}941-5280 
Future Electronics ........ , ... (612}944-2200 
Hamilton Hallmark ........... (612}881-26oo 
Time Electronics........... 1-80D-789-TIME 

Mlnneepolls 
Newark ..... , ..... , ..... , ... (612}331-6350 

Earth City 
Hamilton Hallmark ........... (314}291-5350 
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AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES - continued 
MISSOURI 

St. Louis 
Amlw/Schweber Electronics .... (314)567·6888 
Future Electronics ............ (314)469·6805 
Newark ..................... (314)298·2505 
lime Electronics ........... 1·800·789· TIME 

NEW JERSEY 
Cherry Hili 

Hamilton Hallmark ............ (609)424·0100 
Fairfield 

Newark ..................... (201)882·0300 
Mariton 

Arrow/Schweber Electronics .... (609)596·8000 
Future Electronics ........ , •.. (609)596·4080 

~!!!ebr!lok 
Arrow/Schweber Electronics .•.. (201)227,7880 
Wyle Laboratories .........•.. (201 )882·8358 

Parsippany 
Future Electronics .........•.. (201 )299·0400 
Hamilton Hallmark ........... (201)515·1841 

Wayne 
lime Electronics.. . . .... . .. 1·800-789·TIME 

NEW MEXICO 
Albuquerque 

Alliance Electronics .......... (505)292·3360 
Hamilton Hallmark ............ (505)828,1058 
Newark ..................... (505)828·1878 

NEW YORK 
Commack 

Newark ..................... (516)499·1216 
Hauppauge 

ArrowlSchweber Electronics .... (516)231-1000 
Future Electronics ............ (516)234·4000 
Hamilton Hallmark ........... (516)434·7400 

Konkoma 
Hamillon Hallmark ........•.. (516)737,0600 

Melville 
Wyle Laboratories ............ (516)293-8446 

Pittsford 
Newark ..................... (716)381-4244 

Rochester 
Amlw/Schweber Electronics .... (716)427·0300 
Future Electronics ............ (716)272-1120 
Hamillon Hallmark ............ (716)475-9130 
Richardson Electronics ....... (716)284·1100 
lime Electronics .....•....• 1-800·789·TIME 

Rockville Centre 
Richardson Electronics ....... (516)872·4400 

Syracuse 
Future Electronics ............ (315)451-2371 
lime Electronics ..........• 1·800·789· TIME 

NORTH CAROLINA 
Charlotte 

Future Electronics ............ (704)455-9030 
Richardson Electronics ....... (704)546-9042 

Greensboro 
Newark .. .. .. .. .. .. .. .. .. ... (919)292-7240 

Raleigh 
Amlw/Schweber Electronics .... (919)876-3132 
Future Electronics ............ (919)790·7111 
Hamilton Hallmark ........... (919)872-0712 
lime Electronics ........... 1-800-789· TIME 

OHIO 
Centerville 

Amlw/Schweber Electronics .... (513)435-5563 

Cleveland 
Newark . . . . . . . . . . . . . . . . . . . .. (216)391-9330 
lime Electronics ........... 1-800-789-TIME 

Columbus 
Newark •.•.................. (614)431-0809 
lime Electronics... . . .. .... 1-800-789-TIME 

Dayton 
Future Electronics ............ (513)426-0090 
HamiHon Hallmark ........... (513)439-6735 
Newark ..................... (513)294-8980 

High Performance Frequency 
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lime Electronics ........... 1-800-789-TIME 
Mayfield Heights 

Future Electronics . . . . . . . . . . .. (216)449-6996 
Solon 

Amlw/Schweber Electronics .... (216)248-3990 
Hamilton Hallmark ........... (216)498-1100 

Worthington 
Hamilton Hallmark ........... (614)888-3313 

OKLAHOMA 
Tulsa 

Hamilton Hallmark ........... (918)254-6110 
Newark .......... .. .. .. .. . .. (918)252-5070 

OREGON 
Beaverton 

Amlw/Almac Electronics Corp. .. (503)629-8090 
Future Electronics ............ (503)845-9454 
l;iamiHon Hallmark ........... (503)528-6200 
Wyle Laboratories ............ (503)843-7900 

Portland 
Newark . . . . . . . . . . . . . . . . . . . .. (503)297-1984 
lime Electronics ........... 1-800-789-TIME 

PENNSYLVANIA 
King of Prussia 

Newark ..................... (215)265-0933 
Mt. Laurel 

Wyle Laboratories ............ (609)439-9110 
Montgomeryville 

Richardson Electronics ....... (215)628-0805 
Philadelphia 

lime Electronics ........... 1-800-789-TIME 
Wyle Laboratories ............ (609)439-9110 

Pittsburgh 
ArrowlSChweber Electronics .... (412)963-6807 
Newark ..................... (412)788-4790 
lime Electronics ........... 1-800-789-TIME 

TENNESSEE 
Franklin 

Richardson Electronics ....... (615)791-4900 
Knoxville 

Newark ..................... (615)588-8493 

TEXAS 
Austin 

Amlw/Schweber Electronics .... (512)835-4180 
Future Electronics ............ (512)502-0991 
Hamilton Hallmark ........... (512)258-8818 
Newark ..................... (512)338-0287 
lime Electronics ........... 1-800-789-TIME 
Wyle Laboratories . . . . . . . . . . .. (512)345-8853 

Carollton 
Amlw/Schweber Electronics .... (214)380-6484 

Dallas 
Future Electronics ............ (214)437-2437 
Hamilton Hallmark ........... (214)553-4300 
Richardson Electronics ....... (214)239-3680 
lime Electronics ..........• 1-8oo-789-TIME 
Wyle Laboratories ............ (214)235-9953 

Ft. Worth 
Allied Electronics ............. (817)336-5401 

Houston 
Arrow/Schweber Electronics .... (713)530-4700 
Future Electronics ............ (713)785-1155 
Hamilton Hallmark ........... (713)781-6100 
Newark ........ .. .. .. .. .. ... (713)270-4800 
lime Electronics ........... 1-800-789-TIME 
Wyle Laboratories ............ (713)879-9953 

Richardson 
Newark ..................... (214)235-1998 

UTAH 
Salt Lake City 

Arrow/Schweber Electronics .... (801 )973-6913 
Future Electronics ........•... (801 )467-4446 
Hamilton Hallmark .........•.. (801 )266-2022 
Newark ..................... (801)261-5660 
Wyle Laboratories . . . . . . . . . .. (801 )974-9953 

West Valley City 
lime Electronics ........... 1-800-789-TIME 

Wyle Laboratories ............ (801)974-9953 
WASHINGTON 

Bellevue 
Almac Electronics Corp. . ..... (206)643-9992 
Newark . . .. .. .. . . . .. . . . . .... (206)641-9800 
Richardson Electronics ....... (206)846-7224 

Bothell 
Future Electronics ............ (206)489-3400 

Redmond 
Hamillon Hallmark ............ (206)881-6697 
lime Electronics ........... 1-8oo-789-TIME 
Wyle Laboratories ............ (206)881-1150 

Seattle 
WyIe Laboretories. . ........... (206)881-1150 

Spokane 
Amlw/Almac Electronics Corp ... (509)924-9500 

WISCONSIN 
Brookfield 

Arrow/Schweber Electronics .... (414)792-0150 
Future Electronics ............ (414)879-0244 

Milwaukee 
lime Electronics ........... 1-8oo-789-TIME 

New Berlin 
Hamilton Hallmark ........... (414)780-7200 

Wauwatosa 
Newark ..................... (414)453-9100 

Waukesha 
Wyle Laboratories ............ (414)879-0434 

CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. ........... (403)255-9550 
Future Electronics ............ (403)250-5550 
HamillonIHailmark ........... (800)663-5500 

Edmonton 
Future Electronics ............ (403)438-2858 
Hamilton/Hallmark ........... (800)663-5500 

Saskatchewan 
Hamilton/Hallmark .......... (800)663--5500 

BRITISH COLUMBIA 
Vancouver 

Arrow Electronics ............ (604)421-2333 
Electro Sonic Inc ............. (604)273-2911 
Future Electronics ............ (604)294-1166 
HamillonlHalimark ... (604)420-4101 

MANITOBA 
Winnipeg 

Electro Sonic Inc. ........... (204)783-3105 
Future Electronics ............ (204)944-1446 
HamillonlHalimark ............ (800)663-5500 

ONTARIO 
Ottawa 

Arrow Electronics ............ (613)226-6903 
Electro Sonic Inc ............. (613)728-8333 
Future Electronics ............ (613)820-8313 
HamillonIHailmarl< ............ (613)226-1700 

Toronto 
Arrow Electronics ............ (905)670-7769 
Electro Sonic Inc ............. (416)494-1666 
Future Electronics ............ (905)612-9200 
Hamillon Hallmark ............ (905)564-6060 
Newark '" . . . . . . . . . . . . . . . .. (519)685--4280 

(905)67()-2888 
(800)463--9275 

Richardson Electronics ....•. (905)795--6300 
FAI ........................ (905)612-9888 

QUEBEC 
Montreal 

Arrow Electronics ............ (514)421-7411 
Future Electronics ... '" ...... (514)694-7710 
Hamilton Hallmark ............ (514)335-1000 
Newark .. .. .. .. .. .. .. .. .. ... (800)463-9275 
Richardson Electronics ...... (514)746-1770 

Quebec City 
Future Electronics ............ (418)877-6666 

MOTOROLA 
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UNITED STATES 
ALABAMA, Huntsville ..... (205)464-6800 

ALASKA, ...............• (800)635-8291 

ARIZONA, Tempe ......... (602)302-8056 

CALIFORNIA, Agoura Hills .. (818)706-1929 

CALIFORNIA, Los Angeles . (310)417-8848 

CALIFORNIA, Irvine ....... (714)753-7360 

CALIFORNIA, San Diego ... (619)541-2163 

CALIFORNIA, Sunnyvale ... (408)749-0510 

COLORADO, 
Colorado Springs ......... (719)599-7497 

COLORADO, Denver ...... (303)337-3434 

CONNECTICUT, 
Wallingford .....•........ (203)949-4100 

FLORIDA, Maitland. . . . . . •. (407)628-2636 

FLORIDA, Pompano Beach! 
Ft. Lauderdale ........... (305)351-6040 

FLORIDA, Clearwater ..... (813)538-7750 

GEORGIA, Atlanta ........ (404)729-7100 

IDAHO, Boise ............. (208)323-9413 

ILLINOIS, Chicago! 
Hoffman Estates ......... (708)413-2500 
Shaumburg ............. (708)413-2500 

INDIANA, Fort Wayne ..... (219)436-5818 

INDIANA, Indianapolis ..... (317)571-0400 

INDIANA, Kokomo ........ (317)455-5100 

IOWA, Cedar Rapids ...... (319)378-0383 

KANSAS, Kansas City! 
Mission ................. (913)451-8555 

MARYLAND, Columbia .... (410)381-1570 

MASSACHUSETIS, 
Marlborough ............. (508)481-8100 

MASSACHUSETTS, 
Woburn. .. . . . . .. . . . .. ... (617)932-9700 

MICHIGAN, Detroit ........ (313)347-6800 

MINNESOTA, Minnetonka ... (612)932-1500 

MISSOURI, St. Louis ...... (314)275-7380 

NEW JERSEY, Fairfield .... (201 )808-2400 

NEW YORK, Fairport ...... (716)425-4000 

NEW YORK, Hauppauge ... (516)361-7000 

NEW YORK, Fishkill ....... (914)896-0511 

NORTH CAROLINA, 
Raleigh ................. (919)870-4355 

OHIO, Cleveland .......... (216)349-3100 

OHIO, Columbus! 
Worthington ............. (614)431-8492 

OHIO, Dayton ............. (513)495-6800 

MOTOROLA 
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SALES OFFICES 
OKLAHOMA, Tulsa ....... (800)544-9496 

OREGON, Portland ........ (503)641-3681 

PENNSYLVANIA, Colmar ... (215)997-1020 

Philadelphia/Horsham .... (215)957-4100 

TENNESSEE, Knoxville •... (615)690-5593 

TEXAS, Austin ............ (512)502-2100 

TEXAS, Houston ..•....... (800)343-2692 

TEXAS, Plano ............ (214)516-5100 

TEXAS, Seguin .....•..... (210)372-7620 

VIRGINIA, Richmond ...... (804)285-2100 

UTAH, CSI @ .•........... (801)561-5099 

WASHINGTON, Bellevue ..• (206)454-4160 

Seattle Access .......... (206)622-9960 

WISCONSIN, Milwaukee! 
Brookfield ............... (414)792-0122 

Field Ap~cations Engineering Available 
Th\OUgh All Sales Offices 

CANADA 
BRIllSH COLUMBIA, 

Vancouver .........•..... (604)293-7650 

ONTARIO, Toronto ........ (416)497-8181 

ONTARIO, Ottawa ......... (613)226-3491 

QUEBEC, Montreal ........ (514)333-3300 

INTERNATIONAL 
AUSTRALIA, Melbourne ... (61-3)887-0711 

AUSTRALIA, Sydney ...... 61(2)906-3855 

BRAZIL, Sao Paulo ...... 55(11)815-4200 

CHINA, Beijing .•..•.......•. 86-505-2180 

FINLAND, Helsinki ...... 358-0-35161191 

car phone ............... 358(49)211501 

FRANCE, Paris ........... 33134635900 

GERMANY, Langenhagen! 

Hannover ...•........... 49(511)786880 

GERMANY, Munich ........ 498992103-0 

GERMANY, Nuremberg ... 49911 96-3190 

GERMANY, Sindelfingen ... 497031 79710 

GERMANY, Wiesbaden .... 49611973050 

HONG KONG, Kwai Fong ... 852-6106888 

Tai Po ................... 852-6668333 

INDIA, Bangalore ........ (91-812)627094 

ISRAEL, Herzlia .......... 972-9-590222 

ITALY, Milan ..........•....•. 39(2)82201 

JAPAN, Atsugi ........... 81-462-23-0761 

JAPAN, Gotanda ........• 81-3-5487-8448 

JAPAN, Kumagaya ....... 81-485-26-2600 

JAPAN, Kyushu .......... 81-92-771-4212 

JAPAN, Nagoya ......... 81-52-232-1621 

JAPAN, Osaka ...•.•..... 81-06-305-1801 

JAPAN, Sendai ..•....... 81-22-268-4333 

JAPAN, TaChika'!"a ....... 81-425-23-6700 

JAPAN, Takamatsu ...•... 81-878-37-9972 

JAPAN, Tokyo ........... 81-3-3440-3341 

JAPAN, yokohama ....... 81-45-472-2751 

KOREA, Pusan .......... 82(51)4635-035 

KOREA, Seoul ............ 82(2)554-5118 

MALAYSIA, Penang ......... 60(4)374514 

MEXICO, Mexico City . . . . .. 52(5)282-0230 

MEXICO, Guadalajara ..... 52(36)21-8977 

Marketing •.............. 52(36)21-2023 

Customer Service ....... 52(36)669-9160 

NETHERLANDS, Best .... (31 )4998 612 11 

PUERTO RICO, San Juan •. (809)793-2170 

SINGAPORE ............... (65)4818188 

SPAIN, Madrid ............ 34(1)457-8204 

or ...................... 34(1)457-8254 

SWEDEN, Solna .......... 46(8)734-8800 

SWITZERLAND, Geneva .. 41(22)79911 11 

SWITZERLAND,Zurich .... 41(1)730-4074 

TAIWAN, Taipei .......... 886(2)717-7089 

THAILAND, Bangkok ...... 66(2)254-4910 

UNITED KINGDOM, 
Aylesbury ............... 44(296)395-252 

FULL LINE REPRESENTATIVES 
CALIFORNIA, Loomis 

Galena Technology Group .. (916)652-0268 

NEVADA, Reno 

Galena Tech. Group ...... (702)746-0642 

NEW MEXICO, Albuquerque 

S&S Technologies, Inc .... (505)298-7177 

UTAH, Salt Lake City 

Utah Comp. Sales, Inc. . . .. (801 )561-5099 

WASHINGTON, Spokane 

Doug Kenley ............ (509)924-2322 

HYBRID/MCM COMPONENT 
SUPPLIERS 

Chip Supply .............. (407)298-7100 

Elmo Semiconductor ....... (818)768-7400 

Minco Technology Labs Inc .. (512)834-2022 

Semi Dice Inc ............. (310)594-4831 

High Performance Frequency 
Control Products - BRI334 



Literature Distribution Centers.: 
USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 
EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England. 
JAPAN: Nippon Motorola Ltd .; 4-32-1 , Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan. 
ASIA PACIFIC: Motorola Semiconductors H.K. Ltd .; Silicon Harbour Center, No. 2 Dai King Street , Tai Po Industrial Estate, Tai Po, N.T. , Hong Kong. 
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