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DATA SHEET CLASSIFICATIONS 

Product Preview 
This heading on a data sheet indicates that the device is in the 
formative stages or in design (under development). The disclaimer at 
the bottom of the first page reads: "This document contains 
information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice." 

Advance Information 

This heading on a data sheet indicates that the device is in sampling, 
pre-production, or first production stages. The disclaimer at the 
bottom of the first page reads: "This document contains information 
on a new product. Specifications and information herein are subject 
to change without notice." 

Fully Released 

A fully released data sheet contains neither a classification heading 
nor a disclaimer at the bottom of the first page. This document 
contains information on a product in full production. Guaranteed limits 
will not be changed without written notice to your Motorola 
Semiconductor Sales Office. 

The data sheets contained in this book were the most current available as of the date 
of publication, February 1996. 

A more current version of data sheets designated Product Preview or Advance 
Information may be available. 
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This book presents technical data on a broad line of integrated circuits useful in a wide variety of PLL 
(Phase-Locked Loop) applications. Complete specifications for individual circuits are provided in the form 
of data sheets. In addition, an introductory section is included to simplify selection of the proper 
component(s) for a given set of application requirements. The Hi-Performance and Communication 
Products family of Frequency Control PLL products is growing rapidly. For data sheets designated as 
"Product Preview" or "Advance Information," as well as new products, please contact your Motorola 
representative. 

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes 
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, 
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifi­
cally disclaims any and all liability, including without limitation consequential or incidental damages. ''Typical" 
parameters can and do vary in different applications. All operating parameters, including ''Typicals" must be 
validated for each customer application by customer's technical experts. Motorola does not convey any 
license under its patent rights nor the rights of others. Motorola products are not designed, intended, or autho­
rized for use as components in systems intended for surgical implant into the body, or other applications 
intended to support or sustain life, or for any other application in which the failure of the Motorola product could 
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Numerical Device Listing 

Device 

MC1648 

MC1658 

MC12015 

MC12016 

MC12017 

MC12018 

MC12019 

MC12022A 

MC12022B 

MC12022LVA 

MC12022LVB 

MC12022SLA 

MC12022SLB 

MC12022TSA 

MC12022TSB 

MC12022TVA 

MC12022TVB 

MC12023 

MC12025 

MC12026A 

MC12026B 

MC12028A 

MC12028B 

MC12031A 

MC12031B 

MC12032A 

MC12032B 

MC12033A 

MC12033B 

MC12034A 

MC12034B 

MC12036A 

MC12036B 

MC12038A 

MC12040 

HIPERCOMM 
BR1334-REV 3 

Function 

Voltage Controlled Oscillator 

Voltage Controlled Multivibrator 

225MHz +32/33 Dual Modulus Prescaler 

225MHz +40/41 Dual Modulus Prescaler 

225MHz +64/65 Dual Modulus Prescaler 

520MHz +128/129 Dual Modulus Prescaler 

225MHz +20/21 Dual Modulus Prescaler 

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

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

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

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

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

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

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

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

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

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

225MHz +64 Prescaler 

520MHz +64/65 Dual Modulus Prescaler 

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

1.·1 GHz +8/9, + 16/17 Dual Modulus Prescaler 

1.1 GHz +32/33, +64/65 Dual Modulus Prescaler 

1.1 GHz +32/33, +64/65 Dual Modulus Prescaler 

2.0GHz +64/65, +128/129 Low Voltage Dual Modulus Prescaler 

2.0GHz +64/65, + 128/129 Low Voltage Dual Modulus Prescaler 

2.0GHz +64/65, + 128/129 Dual Modulus Prescaler 

2.0GHz +64/65, +128/129 Dual Modulus Prescaler 

2.0GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 

2.0GHz +32/33, +64/65 Low Voltage Dual Modulus Prescaler 

2.0GHz +32/33, +64/65 Dual Modulus Prescaler 

2.0GHz +32/33, +64/65 Dual Modulus Prescaler 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler With Stand-By Mode 

1.1 GHz +64/65, + 128/129 Dual Modulus Prescaler With Stand-By Mode 

1.1GHz +64/65, +127/128, +255/256 Low Power Dual Modulus Prescaler 

Phase-Frequency Detector 

Temperature 
Pins DIP SM Range 

14 P,L D,FN -30 to +85°C 

16 P,L D,FN -30to +85°C 

8 p D -40to +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 

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 0 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 -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 

14,20 P,L FN o to +75°C 

MOTOROLA 



Numerical Device Listing (continued) 

Device Function 

MC12052A 1 .1 GHz +e4/65, + 1281129 Super Low Power Dual Modulus Prescaler 

MC12053A 1.1GHz +e4/65, + 1281129 Super Low Power Dual Modulus Prescaler 
With Stand-By Mode 

MC12054A 2.0GHz +e4/65, + 1281129 Super Low Power Dual Modulus Prescaler 

MC12058 1.1GHz+126/128. +254/256 Low Power Dual Modulus Prescaler 

MC12073 1.1 GHz +e4 Prescaler 

MC12074 1.1 GHz +256 Low-Power Prescaler 

MC12075 1.3GHz +64 Prescaler 

MC12076 1.3GHz +256 Prescaler 

MC12078 1.3GHz +256 Prescaler 

MC12079 2.8GHz +e4/1281256 Prescaler 

MC12080 1 .1 GHz + 10/20/40/80 Prescaler 

MC12083 1.1 GHz +2 Low Power Prescaler With Stand-By Mode 

MC12089 2.8GHz +e4/128 Prescaler 

MC12090 750MHz +2 UHF Prescaler 

MC12093 1.1 GHz +2/418 Low Power Prescaler With Stand-By Mode 

MC12095 2.5GHz +214 Low Power Prescaler With Stand-By Mode 

MC12100 200MHz Voltage Controlled Multivibrator 

MC12101 130MHz Voltage Controlled Multivibrator 

MCH/K12140 Phase-Frequency Detector 

MC12148 Low Power Voltage Controlled Oscillator Buffer 

MC12148 Low Power Voltage Controlled Oscillator 

MC12149 Ultra Low Power Voltage Controlled Oscillator 

MC12179 500-2800MHz Single Channel Frequency Synthesizer 

MC12202 1.1 GHz Serial Input Synthesizer 

MC12206 2.0GHz Serial Input Synthesizer 

MC12210 2.5GHz Serial Input Synthesizer 

MC12302 1.1 GHz/500MHz Low Voltage Dual RF/IF PLL Frequency Synthesizer 

MC12306 2.0GHz/500MHz Low Voltage Dual RF/IF PLL Frequency Synthesizer 

MC12310 2.5GHz/500MHz Low Voltage Dual RF/IF PLL Frequency Synthesizer 

MOTOROLA 2 

Pins DIP 

8 -
8 -

8 -
8 -
8 p 

8 p 

8 p 

8 p 

8 p 

8 p 

8 p 

8 p 

8 p 

16 P,L 

8 -

8 -
20 p 

20 p 

8 -
8 -
8 -
8 -
8 -

16,20 -
16,20 -
16,20 -

20 -
20 -
20 -

SM 

D,SD 

D,SD 

D,SD 

D,SD 

D 

D 

D 

D 

D 

D 

D 

D 

D 

-
D,SD 

D,SD 

OW, M,FN 

OW, M,FN 

D 

D,SD 

D,SD 

D,SD 

D 

D,DT 

D,DT 

D,DT 

OT 

OT 

OT 

Temperature 
Range 

-40to+85°C 

-40to+85°C 

-40to+85°C 

-40to+85°C 

Oto+70°C 

o to+70°C 

Oto +85°C 

Oto+85°C 

Oto+85°C 

-40to+85°C 

-40 to+85°C 

-40to+85°C 

-40to+85°C 

0 to +75°C 

-40to+85°C 

-40to+85°C 

Oto +75°C 

Oto+75°C 

-40to+70°C 

-40to +85°C 

-40to+85°C 

-40to +85°C 

-40to+85°C 

-40to+85°C 

-40to +85°C 

-40to+85°C 

-40to+85°C 

-40to +85°C 

-40to+85°C 

HIPERCOMM 
BR1334-REV 3 
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Prescaler Selection Table 
Frequency 

(MHz) 

Device Min Max Modulus Prescaler Ratlo(s) 

12015 35 225 Dual 32/33 

12016 35 225 Dual 40/41 

12017 35 225 Dual 64/65 

12018 75 520 Dual 1281129 

12019 20 225 Dual 20/21 

12022 100 1100 Dual 64/65 or 1281129 

12022LV 100 1100 Dual 64165 or 1281129 

12022SL 100 1100 Dual 64165 or 1281129 

12022TS 100 1100 Dual 64165 or 1281129 

12022TV 100 1100 Dual 64165 or 128/129 

12023 35 225 Single 64 

12025 30 520 Dual 64165 

12026 100 1100 Dual 819 or 16/17 

12028 100 1100 Dual 32/33 or 64/65 

12031 500 2000 Dual 64/65 or 128/129 

12032 500 2000 Dual 64165 or 1281129 

12033 500 2000 Dual 32/33 or 64/65 

12034 500 2000 Dual 32/33 or 64/65 

12036 100 1100 Dual 64165 or 1281129 

12038 100 1100 Dual 127 /128 or 255/256 

12052 100 1100 Dual 64/65 or 1281129 

12053 100 1100 Dual 64/65 or 1281129 

12054 100 2000 Dual 64/65 or 1281129 

12058 100 1100 Dual 126/128 or 254/256 

12073 90 1100 Single 64 

12074 90 1100 Single 256 

12075 70 1300 Single 64 

12076 70 1300 Single 256 

12078 90 1300 Single 256 

12079 250 2800 Single 64/128/256 

12080 100 1100 Single 10/20/40/80 

12083 100 1100 Single 2 

12089 250 2800 Single 64/128 

12093 100 1000 Single 21418 

12095 100 2500 Single 2/4 

• Specified as RMS 

MOTOROLA 

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.o· 

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 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 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 

4 

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 1500 

100 1000 

100 1000 

100 1000 

100 1000 

20* 200· 

20· 200* 

4• 400· 

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 Time on Modu-
lus Control 

Standby/On-Chip Output 
Termination 

Differential PECL Outputs 

Differential PECL Outputs 

Differential PECL Outputs 

Differential PECL Outputs 

Differential PECL Outputs 

Standby Power-Down 

Standby Power-Down 

HIPERCOMM 
BR1334-REV3 
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SEMICONDUCTOR TECHNICAL DATA 

Dual Modulus Prescaler 

The MC12015, MC12016 and MC12017 are dual 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. 

• 225MHz Toggle Frequency 

• Low-Power 7.5mA Maximum at 6.BV 

• Control Input and Output Are Compatible With Standard CMOS 

• Connecting Pins 2 and 3 Allows Driving One TTL Load 

• Supply Voltage 4.5V to 9.5V 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vreg Regulated Voltage, Pin 7 8.0 Vdc 

Vee Power Supply Voltage, Pin 8 10.0 Vdc 

TA Operating Temperature Range -40 to +85 'C 

Ts_!g_ Storage Temperature Range -65 to +175 'C 

ELECTRICAL CHARACTERISTICS (Vee= 5.5 to 9.5V; Vreg = 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) 35 

Ice Supply Current 6.0 7.8 mA 

V1H Control Input HIGH 2.0 v 
(+32, 40 or 64) 

V1L Control Input LOW 0.8 v 
(+33, 41 or 65) 

VoH Output Voltage HIGH1 2.5 v 
(lsource = 50µA) 

Vol Output Voltage LOW1 0.5 v 
(lsink = 2mA) 

Vin 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. IPLL =the period of time the PLL has from the prescaler rising output tranistion 

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

3. lout = period of output waveform 

7/93 
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MC12015 
MC12016 
MC12017 

MECLPLLCOMPONENTS 

DUAL MODULUS 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

PRESCALER BLOCK DIAGRAM 

Control 
Input ,--------, 
o-~+-~ W I 

6 I 
>- I 

I 2 Active 
I Pullup 

7 I I 0.1µFI 

-= I.--'-~~ 
I 

Voltage 
8 I Regulator 

I 0.1µF L ________ J 

GND 

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

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

REV1 
®MOTOROLA 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

520MHz Dual Modulus Prescaler 

The MC12018 is a dual 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 TTL 

• Supply Voltage 4.5V to 9.5V 

• On-Chip 1 OKQ Resistor from Positive Edge to Ground 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vreg Regulated Voltage, Pin 7 8.0 Vdc 

Vee Power Supply Voltage, Pin 8 10.0 Vdc 

TA Operating Temperature Range -40to +85 'C 

Ts.!a. Storage Temperature Range --65 to +175 'C 

ELECTRICAL CHARACTERISTICS (Vee= 5.5 to 9.5V; Vreg = 4.5 to 

5.5V; TA= -40 to +85'C) 

Symbol Characteristic Min lYP Max Unit 

lmax Toggle Frequency 520 MHz 
lmin (Sine Wave Input) 75 

ice Supply Current 8.0 10.7 mA 

V1H Control Input HIGH 2.0 v 
(+128) 

V1L Control Input LOW 0.8 v 
(+129) 

Vout Diflerntial Output Voltage 0.8 1.0 v 
(lsink = 200µA) 

Vin Input Voltage Sensitivity mVpp 
75MHz 400 800 

125-520MHz 200 800 

tPLL PLL Response Time lour-SO ns 
(Notes 1 and 2) 

1. tPLL =the period of time the PLL has from the prescaler rising 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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MC12018 

MECL PLL COMPONENTS 

+128/129 
DUAL MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626--05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE751-05 

PRESCALER BLOCK DIAGRAM 

Control 
Input 

I 
Signal~OOlµF I r-~.., 

Input 5 I 

Signa~ 6 I 
GND i........---..-' 

0.001µF I 

7 Vrag I 

7 I 
I 0.1µFI 

-= I,.........._____.__, 
vcc I 

Voltage 
a I Regulator I 

I o.1µFL ________ J 

GND 

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

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

3. 1 OKQ pulldown recommended with negative edge 
output (Pin 2) 

REV1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Dual Modulus Prescaler 
The MC12019 is a divide by 20 and 21 dual 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. 

• 225MHz 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 Vee SGND S1N 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage, Pin 7 8.0 Vdc 

TA Operating Temperature Range -4010 +85 oc 

Ts.!l!_ Storage Temperature Range -65 to +175 oc 

ELECTRICAL CHARACTERISTICS (Vee= 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 

ice Supply Current 7.5 mA 

V1H Control Input HIGH 2.0 v 
(+20) 

V1L Control Input LOW 0.8 v 
(+21) 

Vout Output Swing Voltage 600 1200 mVpp 

Vin Input Voltage Sensitivity mVpp 
20-225MHz 200 800 

tPLL PLL Response Time tour-70 ns 
(Notes 1 and 2) 

1. tPLL =the period of time the PLL has from the prescaler rising 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 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

PRESCALER BLOCK DIAGRAM 

Control 
Input 

1 I 

Signal 0.001µF I __..~_..__, 
Input o-1 5 I 

Signal ,.,_i 6 I 
GND"7 

0.001 µF I '--,----,,.-' 
L_ 

.GµFvcc 

GND 

10k 

I Output 

I 
I 

_J 

REV1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Dual Modulus 
Prescaler 

The MC12022A can be used with CMOS synthesizers requmng 
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 MC120228 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 7.5mA 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. Maximum Input Voltage Should Be Limited to 6.5Vdc 

Pinout: 8-Lead Plastic (Top View) 

TN NC MC GND 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H =Vee, L =Open 
MC: H = 2.0 v to Vee, L = GND to 0.8 v 

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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MC12022A 
MC12022B 

MECL PLL COMPONENTS 

REV1 

+64/65, + 128/129 
DUAL MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Range 

-0.5 to+ 7.0 

-40 to+ 85 

-65 to+ 150 

-0.5 to+ 6.5 

Unit 

Vdc 

oc 
oc 

Vdc 

®MOTOROLA 



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

Symbol Characteristic Min 

ft Toggle Frequency (Sine Wave Input) 0.1 

Ice Supply Current Output Unloaded (Pin 2) 

V1H1 Modulus Control Input High (MC) 2.0 

VtL1 Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) Vcc-o.5v 

V1L2 Divide Ratio Control Input Low (SW) Open 

Vout Output Voltage Swing (CL= 12pF; RL = 2.2kQ) 1.0 

ts et Modulus Setup Time MC to Out 

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

lo Output Current (CL= 12pF; RL = 2.2kQ) 

Out 

Figure 1. Logic Diagram (MC12022A) 

MC12022A MC120228 

Typ Max 

1.6 1.1 

7.5 10 

Vee+ o.5V 

0.8 

Vee Vee+ o.5v 

Open Open 

1.6 

11 16 

1500 
1500 

1.5 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 

-

vP·P 

ns 

mVpp 

mA 

In 

Out 

MC 

Figure 2. Modulus Setup Time 

(+64, 500MHz Input Frequency, Vee= 5.0V, TA= 2s0 e, 
Output Loaded) 

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

HIPERCOMM 
BR1334-REV 3 

Figure 3. Typical Output Waveforms 
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MC12022A MC12022B 

L __ __ _J 

MC Input 

Figure 4. AC Test Circuit 

EXTERNAL COMPONETS 
C1=C2=1000pF 
C3= 0.1µF 
CL = 12pF (Including Scope 

and jig capacitance) 
RL =2.2kQ 

+15.0 ~------------------------------~ +1257.40 

+10.0 r-----+---+------+-----+-----+----t-----+-----1-----1 +707.11 

+5.0 r---- ------+------+-----+,---+-----+---+-----+-----! +397.64 

R-----+-----+-----+----+-----+----t-----1----t----it------i +223.61 

-5.0 H----e----+------+----+------+----1------1----t----it----l +125.74 

~ -10.0 t· ------+---+-----+-------'-----+-----'-----+-+---I +70.71 

~ -15.0 +39.76 ~ 
o I §; 
~ -20.0 >---+---+----+-----+----+-----+----+------+----VHLL~-----1 +22.36 :J 

~ -25.0 ~ I-"\. ~ ~ +12.57 " 

-3o.o t-----1 ~ ~~ rt I ~ :73.0978 

-35.0 --+-1 l 
-40.0 y +2.24 

-45.0 ----+-----+----+---+----I +1.26 

-50.0 '-------'----'-------'----'-------'----'------'----'-----~ +0.71 
250 

250 

500 750 1000 1250 1500 1750 

FREQUENCY (Hz) 

Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 8; Vee= 5.0V; TA= 2s0 e 

500 750 1000 1250 1500 1750 

FREQUENCY (Hz) 

Figure 6. Output Amplitude versus Input Frequency 
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700 
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-200 

-300 

-400 

-500 

-600 

MC12022A MC12022B 

GHz 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 

Figure 7. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Low-Voltage Dual 
Modulus Prescaler 

The MC12022LVA can be used with CMOS synthesizers requiring 
positive edges to trigger internal counters such as Motorola's MC 145XXX 
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 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 2. 7 to 5.0V 

• Low-Power 4.0mA Typical at Vee= 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 
andTIL 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 64 

H L 65 

L H 128 

L L 129 

Note: SW: H =Vee. L =Open 
MC: H = 2.0 v to Vee. 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 NANO 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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MC12022LVA 
MC12022LVB 

MECL PLL COMPONENTS 

+64/65, + 128/129 
DUAL MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

IN NC MC GND 

Vee SW OUT 

Range Unit 

--0.5 to+ 7.0 Vdc 

-40 to+ 85 oc 
-65 to+ 150 oc 
-0.5 to+ 6.5 Vdc 

REV1 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.0V; TA= -40°C to +85°C) 

Symbol Characteristic Min 

ft Toggle Frequency (Sine Wave Input) 0.1 

lccL Supply Current Output Unloaded (Pin 2) at 2. 7Vdc 

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

V1H1 Modulus Control Input High (MC) 2.0 

V1u Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) Vcc-0.5V 

V1L2 Divide Ratio Control Input Low (SW) Open 

Vout Output Voltage Swing CL= 12pF; RL = 1.11<.Qat 2.7Vdc 0.8 

Vout Output Voltage Swing CL= 12pF; RL = 2.21<.Q at 5.0Vdc 1.0 

ls et Modulus Setup Time MC to Out 

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

10 Output Current CL= 12pF; RL = 1.11<.Q at 2.7Vdc 
CL = 12pF; RL = 2.2kQ at 5.0Vdc 

Out 

Figure 1. Logic Diagram (MC12022LVA) 

MC12022LVA MC12022LVB 

Typ Max 

1.4 1.1 

4.7 6.5 

5.8 8.0 

vcc+o.5v 

0.8 

Vee Vcc+o.5v 

Open Open 

1.0 

1.6 

11 16 

1500 
1500 

1.2 4.0 
1.2 4.0 

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

Unit 

GHz 

mA 

mA 

v 

v 

Vdc 

-

Vp-p 

Vp-p 

ns 

mVpp 

mA 

In 

Out 

MC 

Figure 2. Modulus Setup Time 

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

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

HIPERCOMM 
BR1334- REV 3 

Figure 3. Typical Output Waveforms 
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MC12022LVA MC12022LVB 

L __ 

MC Input 

Figure 4. AC Test Circuit 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = 12pF (Including Scope 

and jig capacitance) 
RL = 2.2k0 (at +5.0Vdc) 
RL = 1.1k0 (at +2.7Vdc) 

+15.o ,..1__....-..... --:T,_.. ----------T,.., ----------,..
1 
--~ +12so 

+10.0 r-::___ T :s_f-- +110 

+5.0 ~------t---+-----+-----+----+-----'lf-1\----J +400 

, --+-----+L\\------1 +225 

I -5.0 f+----+----+-----+-1 ------f----+------f----+--+----l +125 

E -10.0 ,__l-+---+-i ---+-I ----+-----+----+-----+----1--1---- +71.0 

~ -15.0 ~ : I Ti +40.0 ~ 
~ -20.0 1- --+-----t-----+----1·---t----t-T------i +22.5 ~ 
~ -25.o ------f""""""'=--+---+----+---+----+--~'f-V----1 +12.s 

MOTOROLA 

-30.0 >----+-, -~--r--1-----'="""'! ... ~c---+-----+----+-z~L----+------l +7.1 

-35.0 t------·-+-----+------i---"i'"...---t-------i .A,,----+-----l +4.0 

-40.0 i--------+----+----+-----+--~,~--+---L~LJ._,. ____ -+-----. +2.25 

-45.0 -----+------+-------+----·+----~~.-r\-1-+--+-----+--------j + 1.25 

-50.0 ~--~---~--~---~--~-~-~--~--~ +0.71 
0 250 500 750 1000 1250 1500 1750 2000 

f-------1 

FREQUENCY (Hz) 

Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 128; Vee= 5.0V; TA= 25°C 
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Figure 6. Output Amplitude versus Input Frequency 
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Figure 7. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Low Power Dual 
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 
MC12022A/B. 

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 (!set) 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 =Vee. L =Open 
MC: H = 2.0 Vto Vee. L= GND too.av 

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 NANO 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 

1/96 
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MC12022SLA 
MC12022SLB 

MECL PLL COMPONENTS 

+64/65, + 128/129 
DUAL MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE62EHl5 

·• 1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE75Hl5 

Pinout: 8-Lead Plastic (Top View) 

IN NC MC GND 

IN Vee SW 

Range Unit 

--0.5 to+ 7.0 Vdc 

-40to + 85 oc 
~5to+150 oc 
--0.5 to + 6.5 Vdc 

REV2 
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MC12022SLA MC12022SLB 

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

Symbol Characteristic 

ft Toggle Frequency (Sine Wave Input) 

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

V1H1 Modulus Control Input High (MC) 

V1L1 Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) 

V1L2 Divide Ratio Control Input Low (SW) 

Vout Output Voltage Swing (CL= 8pF; RL = 4.4kQ) 

tset Modulus Setup Time MC to Out 

V;n(min) Input Voltage Sensitivity 250-1100 MHz 
100-250 MHz 

lo Output Current (CL= 8pF; RL = 4.4kn, Vee= 5.0V) 

Figure 1. Logic Diagram (MC12022SLA) 

• 
•• 

'L • •1 I 

500 mill 20 ns 

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

Out 

Min 

0.1 

2.0 

vcc-o.5v 

Open 

1.0 

100 
400 

Typ Max 

1.4 1.1 

3.8 6.5 

Vee +o.5v 

0.8 

Vee Vee +o.5V 

Open Open 

i.6 

11 16 

1500 
1500 

0.75 4.0 

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

Figure 2. Modulus Setup Time 

Unit 

GHz 

mA 

v 

v 

Vdc 

-
Vp-p 

ns 

mVpp 

mA 

In 

Out 

MC 

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

Figure 3. Typical Output Waveforms 

HIPERCOMM 
BR1334- REV 3 
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MC12022SLA MC12022SLB 

Vee= 4.5 to 5.5Vdc 

,-- --..., TC3 
Sine Wave Generator I ....---'----..__----. I 

C1 I Vee SW I .,,. 

MOTOROLA 

IN I 

I OUT l--!-l -+-----0 

"'"fC21 INMC i RL 
EXTERNAL COMPONENTS 
C1=C2=1000pF 

GND I C3 = 0.1µF 

L __ ---- __ __] 
CL= 8pF (Including Scope 

and jig capacitance) 
RL = 4.4kn (at +5.0Vdc) 

MC Input 

Figure 4. AC Test Circuit 

+15.0 ------------------------. 

+10.0 t-----+----l-----+-----l-----+------1 

+5.0 t------t--·--t------t----t-----t---~\--. 

-5.0 H-----+----+-----+----f------+----H 

i -10.0 ...... ~---l-----tl-----l------+-----j-___,_. 
-15.0 t---1-+---t-----f----t-----f-----t----H I -20.0 ~-1-+-~--l-----!L___ _ ---+--+---+-I 
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+125 
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<J) 
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~ 

+12.8 
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+4.0 

+2.25 

+1.25 

+0.71 
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1000 1250 1500 

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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MC12022SLA MC12022SLB 
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Figure 7. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Low Power Dual 
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 
MC12022A/B with the addition of on-chip output termination. 

The MC12022TSB 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 

• 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 =Vee. L =Open 
MC: H = 2.0 v to Vee. L = GND to 0.8 v 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Counr 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 NANO gate 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Ts.!9_ Storage Temperature Range 

1/96 
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MC12022TSA 
MC12022TSB 

MECL PLL COMPONENTS 

+64/65, + 128/129 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

iN NC MC GND 

Range Unit 

-0.5 to+ 7.0 Vdc 

-40to + 85 oc 
-65 to+ 150 oc 

REV2 
®MOTOROLA 



MC12022TSA MC12022TSB 

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

Symbol Characteristic 

ft Toggle Frequency (Sine Wave Input) 

Ice Supply Current (Pin 2) 

V1H1 Modulus Control Input High (MC) 

V1L1 Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) 

V1L2 Divide Ratio Control Input Low (SW) 

Vout Output Voltage Swing (CL = BpF) 

!set Modulus Setup Time MC to Out 

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

Figure 1. Logic Diagram (MC12022TSA) 

I~ 

• 
500m= 20 ns 

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

Out 

-

Min Typ Max 

0.1 1.4 1.1 

4.6 6.5 

2.0 Vee +0.5V 

0.8 

Vcc-o.5v Vee Vee+ o.5v 

Open 

1.0 

100 
400 

11111 

500m= 

Open Open 

1.4 

11 16 

1500 
1500 

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

Figure 2. Modulus Setup Time 

---·-

M -- 11111 

=-'· ··-= . i .. , 
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Unit 

GHz 

mA 

v 
v 

Vdc 

-

Vp-p 

ns 

mVpp 

In 
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MC 

~ 
I 

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

Figure 3. Typical Output Waveforms 
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MC12022TSA MC12022TSB 
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IN 
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"'"r C2 I iN CL EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
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Figure 4. AC Test Circuit 

C3= 0.1µF 
CL = BpF (Including Scope 

and jig capacitance) 
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Figure 5. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Low Voltage, Low Power 
Dual 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 MC12022A/B 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 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 2.7 to 5.0V 

• Low-Power 4.0mA Typical @ Vee= 2.?V 

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

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

• 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 =Vee. L =Open 
MC: H = 2.0 v to Vee. L = Gnd to 0.8 v 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

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

TA Operating Temperature Range --40 to+ 85 oc 
Tstg Storage Temperature Range -65 to+ 150 "C 

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

7/93 
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MC12022TVA 
MC12022TVB 

MECL PLL COMPONENTS 

+64/65, + 128/129 
LOW VOLTAGE 

DUAL 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 

REV1 
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MC12022TVA MC12022TVB 

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

Symbol Characteristic 

ft Toggle Frequency (Sine Wave Input) 

ICCL Supply Current (Pin 2 at 2.7 Vdc) 

lccH Supply Current (Pin 2 at 5.0 Vdc) 

V1H1 Modulus Control Input High (MC) 

V1L1 Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) 

V1L2 Divide Ratio Control Input Low (SW) 

Vout(L) Output Voltage Swing @ 2. 7V, CL= 8pF 

Vout(H) Output Voltage Swing @ 5.0V, CL= 8pF 

ts et Modulus Setup Time MC to Out 

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

Figure 1. Logic Diagram (MC12022TVA) 

4.0 

3.0 
I 

\ 
l 

Cf) 

~ 2.0 
> 

1.0 

0 
0 40 80 120 160 

TIME (nS) 
200 

Out 

4.0 

3.0 

Cf) 

~ 2.0 
> 

1.0 

0 
0 
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0.8 

1.0 

-
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Typ Max 

1.4 1.1 

5.2 6.5 

5.8 8.0 

- vcc + o.5v 

- 0.8 

Vee Vee+ o.5V 

Open Open 

1.0 -
1.4 -
11 16 

- 1500 
- 1500 

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

Unit 

GHz 

mA 

mA 

v 

v 

Vdc 

-
Vp-p 

Vp-p 

ns 

mVpp 

In 

Out 

MC 

Figure 2. Modulus Setup Time 

~ \ 
I\ ~ 

80 120 160 200 
TIME(nS) 

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

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

Figure 3. Typical Output Waveform 
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Figure 4. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1=C2=1000pF 
C3 = 0.1 SpF 
CL = SpF (Including Scope 

and jig capacitance) 

1.0 1.1 1.2 1.3 

Figure 5. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

225MHz Prescaler 

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 TIL Load 

Pinout: 8-Lead Plastic (Top View) 

NC Vee SGND 81N 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage Oto +8.0 Vdc 

TA Operating Temperature Range o to +70 oc 

Ts& Storage Temperature Range -£5 to +175 oc 

ELECTRICAL CHARACTERISTICS (Vee= 3.2 to 5.5V; TA= Oto +70°C) 

Symbol Characteristic Min Typ Max Unit 

lmax Toggle Frequency 225 MHz 
lmin (Sine Wave Input) 35 

ice Supply Current at 5.5V 3_53 4.8 mA 

VoH Output Voltage HIGH1 1.2 1.4 v 
(Vee= 3.2v)2 

VoH Output Voltage HIGH1 2.5 v 
(Vee= 5.ov)2 

VoL Output Voltage LOW1 0.5 v 
(lsink = 2.0mA) 

Vin Input Voltage Sensitivity mVpp 
35MHz 400 800 

50-225MHz 200 800 

1. Pin 2 connected to Pin 3 
2. lsource = 50µA 
3. vcc =4.5V 
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MC12023 

MECL PLL COMPONENTS 

+64 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

PRESCALER BLOCK DIAGRAM 

Vee GND 

0.1µF I 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

520MHz Dual Modulus Prescaler 

The MC12025 is a dual modulus prescalerwhich divides by 64 and 65. 
Supply voltages of 4. 75 to 5.25V may be connected to Pin 8. 

• 520MHz Toggle Frequency 

• Low-Power 9.5mA Typical 

• Control Input Is Compatible With Standard CMOS and TIL 

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

• Propagation Delay 30ns Typical 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage, Pin 8 -0.510 7.0 Vdc 

TA Operating Temperature Range -40to +85 oc 

Ts19_ Storage Temperature Range --65 to +175 oc 

ELECTRICAL CHARACTERISTICS (Vee= 4.75 to 5.25V; TA= -40 to 

+85°C) 

Symbol Characteristic Min Typ Max Unit 

fmax Toggle Frequency 520 MHz 
fmin (Sine Wave Input) 30 

ice Supply Current 9.5 11.5 mA 

V1H Control Input HIGH (+64) 2.0 v 
V1H Control Input LOW (+65) 0.8 v 
Vout Output Voltage 0.8 1.2 Vpp 

Vin Input Voltage Sensitivity mVpp 
30MHz 400 800 

100-520MHz 100 800 

IPLL PLL Response Time 1 t0ur422 ns 

1. tPLL = The period of time the PLL has from the rising output transition to the 
Modulus Control input edge transition to ensure proper modulus selection 

2. lout = Period of output waveform 

PRESCALER BLOCK DIAGRAM 

Modulus CD 
Control n------+----~ 

Input I 
0.001µF@ : 

Signal o----j ® 
Input 5 I 

~0~01_µ_F-.---a.-~-~--.---~ 
+N/N+1 Output 

L _____ _ _________ _J 

GND 
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MC12025 

MECL PLL COMPONENTS 

+64/65 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8--Lead Plastic (Top View) 

Vee NC Input Input 

REV2 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz 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 MC120268 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 Time (tset) 6ns Typical @ 1.1 GHz 

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

Pinout: 8-Lead Plastic (Top View) 

JN NC MC GND 

IN Vee SW OUT 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

'o Maximum Output Current, Pin 4 
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MC12026A 
MC12026B 

MECL PLL COMPONENTS 

+8/9, + 16/17 
DUAL MODULUS PRESCALER 

SW 

H 

H 

L 

L 

.~ 
1 

PSUFFIX 
PLASTIC PACKAGE 

CASE626-05 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 =Vee. L =OPEN 
MC: H = 2.0V to Vee: L = GND to 0.8V 

Range Unit 

-0.5to +7.0 Vdc 

-40to +85 oc 

-65 to +150 oc 
-0.5 to +6.5 Vdc 

10.0 mA 

REV2 
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ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5; TA= --40 to +85°C) 

Symbol Characteristic Min 

ft Toggle Frequency (Sin Wave) 0.1 

Ice Supply Current Output Unloaded (Pin 2) -

V1H1 Modulus Control Input High (MC) 2.0 

V1L1 Modulus Control Input Low (MC) GND 

V1H2 Divide Ratio Control Input High (SW) Vcc-0.5V 

V1L2 Divide Ratio Control Input Low (SW) OPEN 

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

ts ET Modulus Setup lime MC to Out3 -
Vin Input Voltage Sensitivity 

100-250MHz 
250-11 OOMHz 

1. Divide Ratio of +8/9 at 1.1GHz, CL= 8pF 
2. Divide Ratio of+ 16/17 at 1.1 GHz, CL= 8pF 
3. Assuming RL = 560Q at 1.1 GHz 

HIPERCOMM 
BR1334-REV 3 

In 
]ii 

MC 

SW 

400 
100 

Figure 1. Logic Diagram (MC12026A) 

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

In 

Out 

MC 

Figure 2. Modulus Setup Time 
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MC12026A MC12026B 

Typ Max Unit 

1.4 1.1 GHz 

4.0 5.3 mA 

- Vee v 
- 0.8 v 

Vee Vee+ o.5V v 

OPEN OPEN -

i.6 - Vp-p 

6 9 ns 

mVpp 
- 1000 
- 1000 

Out 
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MC12026A MC120268 

,-- --, 
SINE WAVE GENERATOR I Vee SW I 
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EXTERNAL COMPONENTS 
C1 =C2=1000pF 
C3=0.1µF 
CL= 8pF (Including Scope and Jig Capacitance) 
RL = 560Q (for +8/9 at 1.1 GHz) 

Figure 3. AC Test Circuit 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 8; Vee= 5.0V; TA= 2s0 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 MC120268 

86.6ns 

(+8, 1.1 GHz Input Frequency, Vee= 5.0, TA= 25°e, Output Loaded With 8pF) 
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MC12026A MC12026B 
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Figure 7. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Dual 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 MC12028B can be used with CMOS synthesizers reqLJiring 
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. 

• 1. 1 GHz Toggle Frequency 

• MC12028A for Positive Edge Triggered Synthesizers 

• MC12028B for Negative Edge Triggered Synthesizers 

• 6.SmA Maximum, -40° to +85°C, Vee= 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 =Vee. L =Open 
MC: H = 2.0 Vto Vee. 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 

vcc Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 
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MC12028A 
MC12028B 

MECL PLL COMPONENTS 

+32/33, +64/65 
DUAL MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

IN NC MC GND 

Vee SW OUT 

Range Unit 

-0.5 to+ 7.0 Vdc 

-40 to +85 'C 

-65 to+ 150 oc 
-0.5 to +6.5 Vdc 

REV1 
@MOTOROLA 



MC12028A MC12028B 

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

Symbol Characteristic Min 

ft Toggle Frequency (Sine Wave Input) 0.1 

ice Supply Current Output Unloaded (Pin 2) 

V1H1 Modulus Control Input High (MC) 2.0 

V1L1 Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) Vcc-0.5V 

V1L2 Divide Ratio Control Input Low (SW) Open 

Vout Output Voltage Swing (CL = 12pF; RL = 2.2kQ) 1.0 

ts et Modulus Setup Time MC to Out 

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

10 Output Current (CL= 12pF; RL = 2.2kQ) 

Out 

Figure 1. Logic Diagram (MC12028A) 

Figure 3. Typical Output Waveform 
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Typ Max 

1.4 1.1 

4.0 6.5 

Vee+ o.5V 

0.8 

Vee Vee+ o.5V 

Open Open 
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11 16 
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Modulus setup time MC to out is the MC 
setup or MC release plus the prop delay. 
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Figure 2. Modulus Setup Time 

HIPERCOMM 
BR1334 - REV 3 



HIPERCOMM 
BR1334-REV3 

R 

Cf) 
::;; 
I 
0 

jX 

moo 
900 

800 

700 

600 

500 

400 

300 

200 

100 

-100 

-200 

-300 

-400 

-500 

-600 

MC Input 

Figure 4. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = 12pF (Including Scope 

and 11g capacitance) 
RL = 2.2kQ 
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Figure 5. Typical Input Impedance versus Input Frequency 
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MC12028A MC12028B 
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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, PHS, 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 2.0GHz in programmable 
frequency steps. The MC12031 B 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 1 O.OmA Typical at Vee= 2.7V 

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

• The MC12031 is Pin and Functionally Compatible With the MC12022 

• Short Setup Time (tsetl 8ns 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 

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

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

lo Maximum Output Current, Pin 4 

7/93 
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MC12031A 
MC12031B 

MECL PLL COMPONENTS 

+64/65, + 128/129 
LOW VOLTAGE 

DUALMODULUSPRESCALER 

SW 

H 
H 
L 
L 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE751-05 

FUNCTION TABLE 

MC Divide Ratio 

H 64 
L 65 
H 128 
L 129 

Note: SW: H =Vee. L =OPEN 
MC: H = 2.0V to Vee: L = GND to 0.8V 

Value Unit 

-0.5 to +7.0 Vdc 

-40 to +85 oc 
-65to+150 'C 

-0.5 to +6.5 Vdc 

10.0 mA 

REV1 
® MOTOROLA 



MC12031A MC12031B 

ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.0V; TA= -40 to +85°e} 

Symbol Parameter Min Typ Max Unit 

ft Toggle Frequency (Sine Wave) 0.5 2.4 2.0 GHz 

ice Supply Current Output (Pin 2) vcc = 2.?v 10.0 12.5 mA 
Vee =5.ov 13.0 16.0 

V1H1 Modulus Control Input HIGH (MC) 2.0 Vcc+0.5V v 

V1L1 Modulus Control Input LOW (MC) GND 0.8 v 

V1H2 Divide Ratio Control Input HIGH (SW) Vcc--0.5V Vee Vcc+0.5V v 

V1L2 Divide Ratio Control Input LOW (SW) OPEN OPEN OPEN -
vour Output Voltage Swing (Note 1) CL = 8pF; RL = 1.2kn 0.8 1.2 Vpp 

ts et Modulus Setup Time MC to OUT @ 2000MHz 8 10 ns 

V1N Input Voltage Sensitivity 500-2000MHz 100 1000 mVpp 

lo Output Current (Note 2) Vee= 2.7V, CL= 8pF, RL = 1.2kQ 1 2 4.0 mA 
V CC = 5.0V, CL= 8pF, RL = 3.0kQ 1.2 4.0 

1. Valid over voltage range 2.7 to 5.0V; RL = 1.2kQ@ Vee= 2.7V; RL = 3.0kn@ Vee= 5.0V 
2. Divide ratio of +64/65 @ 2.0GHz 

Out 

Figure 1. Logic Diagram {MC12031A) 

Sine Wave Generator 
--, TC3 

vcc SW I -::-

~ 
IN I 

OUT 

-=-r C2 IN 
RL 

MC GND 
L __ 

MC Input 

Figure 3. AC Test Circuit 
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CL 

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

In 

Out 

MC 

Figure 2. Modulus Setup Time 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = 8pF (Including Scope 

and jig capacitance} 
RL = 1.2kn @ Vee= 2.7V 
RL = 3.0kQ @ Vee= 5.0V 

HIPERCOMM 
BR1334-REV 3 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2 .. 0GHz Dual Modulus 
Prescaler 

The MC12032A can be used with CMOS synthesizers requmng 
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 MC120328 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. 

• 2.0 GHz Toggle Frequency 

• Supply Voltage 4.5 to 5.5V 

• MC12032A for Positive Edge Triggered Synthesizers 

• MC120328 for Negative Edge Triggered Synthesizers 

• 12mA Maximum, -40° to +85°C, Vee= 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 =Vee. L =Open 
MC: H = 2.0 v to Vee. 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 

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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MC12032A 
MC12032B 

MECL PLL COMPONENTS 

+64/65, + 128/129 
DUAL MODULUS 

PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

·• 1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (1op View) 

IN NC MC GND 

Range Unit 

--0.5 to+ 7.0 Vdc 

-40 to+ 85 oc 
-65 to+ 150 'C 

-0.5 to+ 6.5 Vdc 

REV1 
®MOTOROLA 



MC12032A MC120328 

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

Symbol Characteristic 

ft Toggle Frequency (Sine Wave Input) 

Ice Supply Current Output Unloaded (Pin 2) 

V1H1 Modulus Control Input High (MC) 

V1L1 Modulus Control Input Low (MC) 

V1H2 Divide Ratio Control Input High (SW) 

V1L2 Divide Ratio Control Input Low (SW) 

Vuui Output Voltage Swing (CL~ 12pF; RL - 2.2kQ) 

ls et Modulus Setup Time MC to Out 

Vin(min) Input Voltage Sensitivity 500-2000 MHz 

IQ Output Current (CL= 12pF; RL = 2.2kQ) 

Figure 1. Logic Diagram (MC12032A) 

I 
I' 

i 
•• II 

llsoo m= 2ons 

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

Out 

Min 

0.5 

2.0 

Vcc-O.SV 

Open 

1.0 

100 

Typ Max 

2.4 2.0 

8.5 12 

Vee+ 0.5V 

0.8 

Vee Vee+ o.sv 
Open Open 

1.6 

8.0 10 

1500 

1.5 4.0 

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

Figure 2. Modulus Setup Time 

' ll, ••• 

500 m= 20 ns 

Unit 

GHz 

mA 

v 
v 

Vdc 

-
Vp-p 

ns 

mVpp 

mA 

In 

Out 

MC 

M 
.. , 

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

Figure 3. Typical Output Waveforms 
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BR1334-REV 3 

41 MOTOROLA 



MC12032A MC120328 

MC Input 

EXTERNAL COMPONENTS 
C1=C2=1000pF 
C3 = 0.1µF 
CL= 12pF (Including Scope 

and jig capacitance) 
RL = 2.2kQ 

Figure 4. AC Test Circuit 
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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, PHS, 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 
edges to trigger internal counters such as Motorola's MC145XXX series 
in a PLL to provide tuning signal up to 2.0GHz in programmable 
frequency steps. The MC120338 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 Vee= 2.7V 

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

• The MC12033 is Pin Compatible With the MC12022 

• Short Setup Time (!set} 8ns Typical at 2.0GHz 

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

Pinout: 8-Lead Plastic (Top View} 

lN NC MC GND 

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

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

lo Maximum Output Current, Pin 4 

7193 
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MC12033A 
MC12033B 

MECL PLL COMPONENTS 

+32/33, +64/65 
LOW VOLTAGE 

DUAL MODULUS PRESCALER 

SW 

H 
H 
L 
L 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

FUNCTION TABLE 

MC Divide Ratio 

H 32 
L 33 
H 64 
L 65 

Note: SW: H =Vee. L =OPEN 
MC: H = 2.0V to Vee: L = GND to 0.BV 

Value Unit 

-0.5 to +7.0 Vdc 

-40to +85 oc 
-65to +150 oc 
-0.5 to +6.5 Vdc 

10.0 mA 

REV1 
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MC12033A MC12033B 

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

Symbol Parameter Min Typ Max Unit 

ft Toggle Frequency (Sine Wave) 0.5 2.4 2.0 GHz 

ice Supply Current Output (Pin 2) vcc = 2.?v 10.0 12.5 mA 
Vcc=5.0V 13.0 16.0 

V1H1 Modulus Control Input HIGH (MC) 2.0 vcc+0.5V v 

V1L1 Modulus Control Input LOW (MC) GND 0.8 v 

V1H2 Divide Ratio Control Input HIGH (SW) vcc-o.5v Vee Vcc+0.5V v 

V1L2 Divide Ratio Control Input LOW (SW) OPEN OPEN OPEN -

VouT Output Voltage Swing (Note 1) CL = 8pF; AL = 600Q 0.8 1.2 Vpp 

tset Modulus Setup Time MC to OUT @ 2000MHz 8 10 ns 

V1N Input Voltage Sensitivity 500-2000MHz 100 1000 mVpp 

lo Output Current (Note 2) Vee= 2.7V, CL= 8pF, AL= 600Q 2.4 4.0 mA 
Vee= 5.0V, CL= 8pF, AL= 1.SkQ 2.4 4.0 

1. Valid over voltage range 2.7 to 5.0V; AL= eoon@ Vee= 2.7V; AL= 1.5kn @ Vee= 5.0V 
2. Divide ratio of +32/33 @ 2.0GHz 

Out 

Figure 1. Logic Diagram (MC12033A) 

Sine Wave Generator 

L __ 

MC Input 

HIPERCOMM 
BR1334-REV 3 

Figure 3. AC Test Circuit 

45 

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

In 

Out 

MC 

Figure 2. Modulus Setup Time 

Vee= 2.7 to 5.ov 

EXTEANALCOMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = BpF (Including Scope 

and jig capacitance) 
AL= 600Q @ Vee= 2.7V 
AL= 1.5kQ@ Vee= 5.0V 
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MC12033A MC12033B 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.0GHz Dual Modulus 
Prescaler 

The MC12034A can be used with CMOS synthesizers requrnng 
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 MC120348 can be used with CMOS synthesizers requiring 
negative edges to trigger internal counters such as Fujitsu's MBB7001. 

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 4.5 to 5.5V 

• MC12034A for Positive Edge Triggered Synthesizers 

• MC12034B for Negative Edge Triggered Synthesizers 

• 12mA Maximum, -40°C to +B5°C, Vee= 5.5Vdc 

• Modulus Control Input is Compatible with Standard CMOS and TTL 

• Low-Power B.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 NANO gate. 

Pinout: 8-Lead Plastic (Top View) 

JN NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Ts.!9_ Storage Temperature Range 

MC Modulus Control Input, Pin 6 

MC12034A 
MC12034B 

MECL PLL COMPONENTS 

+32/33, +64/65 
DUAL MODULUS PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

·• 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 =Vee. L =OPEN 
MC: H = 2.0V to Vee. L = GND to a.av 

Range Unit 

-0.5 to +7.0 Vdc 

-40to +85 oc 
--65 to +150 oc 
-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 higherthan maximum rated voltages to this high impedance circuit. For proper operation, Vin and Vout should 

be constrained to the range GND,; (V;n or V0 utl,; Vee-

© Motorola, Inc. 1996 47 REV1 
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MC12034A MC12034B 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5 Vdc, TA= -40°C to +85°C) 

Symbol 

ft 

ice 

V1H1 

V1L1 

V1H2 

V1L2 

Vout 

ts ET 

Vin 

lQ_ 

In 
Tii 

MC 

MOTOROLA 

Characteristic Min 

Toggle Frequency (Sine Wave) 0.5 

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-0.5V 

Divide Ratio Control Input Low (SW) OPEN 

Output Voltage Swing (CL = 12 pF, RL = 1.1 k.Q) 1.0 

Modulus Setup Time MC to Out -
Input Voltage Sensitivity 500-2000 MHz 100 

Output Current (CL = 12 pF, RL = 1.1 k.Q) -

Out 

LOGIC DIAGRAM (MC12034A) 

Figure 2. Typical Output Waveform 

48 

Typ Max Unit 

2.4 2.0 GHz 

8.5 12 mA 

- Vee+ o.5V v 

- 0.8 v 

vcc Vee +0.5V Vdc 

OPEN OPEN -

1.6 - Vp-p 

8.0 10.0 ns 

- 1500 mVpp 

- 3.5 mA 

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 

HIPERCOMM 
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MC12034A MC12034B 

~-----------<> Vee= 4.5 Vdc to 5.5 Vdc 

,-- ---- --..., rC3 

SINE WAVE GENERATOR I vcc I 
I I 

~ 
C1 

IN 

=t iN 

MC 

I 
I 

OUT 

RL 

GND 
__ ..J 

Figure 3. AC Test Circuit 

CL 

EXTERNAL COMPONENTS 
C1 =C2=1000pF 
C3=0.1µF 
CL= 12 pF (INCLUDING SCOPE 

AND JIG CAPACITANCE) 
RL=1.1kQ 
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Figure 5. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Dual Modulus Prescaler 
With Stand-By Mode 

The MC12036 is a 1.1GHz +£4/65, +128/129 dual modulus prescaler 
used in phase-locked loop (PLL) applications. Stand-By mode is 
featured to reduce current drain to 0.5mA 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 signals up to 1.1 GHz in programmable 
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 (!set ) 16ns Maximum @ 1.1 GHz 

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

IN SB MC GND 

IN Vee ·SW OUT 

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 twCHnput NAND gate. 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Ts.la. Storage Temperature Range 

MC Modulus Control Input, Pin 6 
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MC12036A 
MC12036B 

MECL PLL COMPONENTS 

+64/65, + 128/129 
DUAL MODULUS PRESCALER 

WITH STAND-BY MODE 

SW 

H 

H 

L 

L 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626--05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE751-05 

FUNCTION TABLE 

MC Divide Ratio 

H 64 

L 65 

H 128 

L 129 

Note: SW: H =Vee. L =OPEN 
MC: H = 2.0V to Vee. L = GND to 0.8V 

Range Unit 

-0.5 to +7.0 Vdc 

-40 to +85 oc 

~5to+150 oe 

-0.5to+6.5 Vdc 

REV1 
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MC12036A MC12036B 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5 Vdc, TA= -40°C to +85'C) 

Symbol Characteristic 

ft Toggle Frequency (Sine Wave Input) 

ice Supply Current (Pin 2) 

V1H1 Modulus Control & Standby Input High (MC & SB) 

V1L1 Modulus Control & Standby Input Low (MC & SB) 

V1H2 Divide Ratio Control Input High (SW) 

V1L2 Divide Ratio Control Input Low (SW) 

Vout Output Voltage Swing, CL= BpF 

iSET Moduius ::>etup Time MC to Out 

Vin Input Voltage Sensitivity 250-11 00 MHz 
100-250 MHz 

ISB Standby Current 

MC 

SB 

LOGIC DIAGRAM (MC12036A) 

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

o~ 

Min Typ Max 

0.1 1.4 1.1 

- 4.0 6.5 

2.0 - vec+o.sv 

- - 0.8 

Vcc-o.5v Vee vec+0.5V 

OPEN OPEN OPEN 

1.0 1.4 -
- 11 16 

100 - 1000 
400 - 1000 

- 0.5 -

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

Figure 1. Modulus Setup Time 

Unit 

GHz 

mA 

v 

v 

Vdc 

-
~ 

ns 

mVpp 

mA 

In 

Out 

MC 

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

Figure 2. Typical Output Waveform 

HIPERCOMM 
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MC12036A MC12036B 

MOTOROLA 

.----+--------0 Vee= 4.Stos.s v 

r-- ---, 
SineW~aveGenerator C1 

Q 

C2 

~! 

1 Vee 
I IN 

SW I 
I 

SBl-l------o Standby Input 

R 

EXTERNAL COMPONENTS 
C1=C2=1000pF 
C3=0.1µF 

MC Input 

Figure 3. AC Test Circuit 

CL = 8pF (Including Scope 
and jig capacitance) 

150.----~-t-~-t-~-+-~-t-~--t~~t--~-+-~-+-~-t-~--t-~-< 

100'1-'~~-l--+----+--+---+---+---l--+--+---1-----1 
50 '\j MHz 

0'1----i---i---1--_.... _ ___. __ 1----1----1---+---1--..... 

--650>--~-+-~~~-+-~-+-~~~~t--~-+-~~~-+-~-+-~~ 

100 200 300 400 500 600 700 800 900 1000 1100 1200 

Figure 4. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Low Power Dual 
Modulus Prescaler 

The MC12038A can be used with CMOS synthesizers requmng 
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 127/128 or 255/256 
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 4.8mA Typical 

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

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

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

• On-Chip Output Termination 

FUNCTIONAL TABLE 

SW MC Divide Ratio 

H H 127 

H L 128 

L H 255 

L L 256 

Note: SW: H =Vee. L =Open 
MC: H = 2.0 v to Vee. L = GND to 0.8 v 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Counr 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 NANO 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 
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MC12038A 

MECL PLL COMPONENTS 

+127/128, +255/256 
DUAL MODULUS 

PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751--05 

Pinout: 8-Lead Plastic (Top View) 

lN NC MC GND 

IN Vee SW OUT 

Range Unit 

--0.5 to + 7.0 Vdc 

-40to + 85 'C 

-65 to+ 150 oc 

--0 .5 to + 6.5 Vdc 

REVO 
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MC12038A 

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

Symbol 

ft 

ice 

V1H1 

V1u 

V1H2 

V1L2 

Vout 

tset 

Vin( min) 

Characteristic Min Typ Max 

Toggle Frequency (Sine Wave Input) 0.1 1.4 1.1 

Supply Current Output Unloaded (Pin 2) at 5.0Vdc 4.B 6.5 

Modulus Control Input High (MC) 2.0 Vcc+0.5V 

Modulus Control Input Low {MC) O.B 

Divide Ratio Control Input High {SW) Vcc-0.5V Vee Vcc+0.5V 

Divide Ratio Control Input Low (SW) Open 

Output Voltage Swing {CL = BpF) 1.0 

Modulus Setup Time MC to Out 

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

Out 

Figure 1. Logic Diagram (MC12038A) 

Open Open 

1.6 

11 16 

1500 
1500 

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

Figure 2. Modulus Setup Time 

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

Figure 3. Typical Output Waveforms 

Unit 

GHz 

mA 

v 
v 

Vdc 

-

Vp,i 

ns 

mVpp 
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Vee= 4.5 to 5.5Vdc 

Sine Wave Generator 

HIPERCOMM 
BR1334-REV3 

~ 
oUll ! _r C2 

MC 

OUT 1-!----.--o 

EXTERNAL COMPONENTS 
C1=C2=1000pF 
C3 ~ 0.1µF 

+15.0 

+10.0 

+5.0 

-5.0 

E' -10.0 

~ 
w -15.0 
0 
:::> 

~ -20.0 
0.. ::. -25.0 
""' 

-30.0 

-35.0 

-40.0 

-45.0 

-50.0 

GND 
L __ __ _) 

CL = BpF (Including Scope 
and jig capacitance) 

0 

MC Input 

Figure 4. AC Test Circuit 

+1250 

--L--- +710 

250 500 750 1000 1250 

FREQUENCY (Hz) 

Figure 5. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 128; Vee= 5.0V; TA= 2s 0 e 

+400 

+225 

+ 125 

+71.0 

+40.0 

+22.5 

+12.B 

+7.1 

+4.0 

+2.25 

+1.25 

+0.71 
1500 

~--------------------~ 5000 

!-------+----+------+----- t---------+-----1 4000 

3000 

1------1--·------ --·-··-··--·-- ---j --------- 2000 
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FREQUENCY (Hz) 

1000 1250 

Figure 6. Output Amplitude versus Input Frequency 

55 

1000 

1500 

(f) 

':::; 
0 
> 
:3 
:;;, 

MC12038A 

MOTOROLA 



MC12038A 

MOTOROLA 

R 
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Figure 7. Typical Input Impedance versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Super Low Power 
Dual Modulus Prescaler 

The MC 12052A 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. ?mW 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 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 

• The MC12052 is Pin and Functionally Compatible with the MC12022 

• Low Power 1.0mA Typical 

• 2.0mA Maximum, -40°C to +85°C, Vee= 2.7-5.5 Vdc 

• Short Setup Time (!set) 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) 

TN NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee 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 

1196 
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MC12052A 

MECL PLL COMPONENTS 

+64/65, + 128/129 
LOW POWER 

DUAL MODULUS PRESCALER 

8 

1 .. 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SD SUFFIX 
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 =Vee. L =Open 
MC: H = 2.0V to Vee. L = GND to o.sv 

Range Unit 

-0.5 to +7.0 Vdc 

-40 to +85 oc 
-65 to +150 oc 
-0.5 to +6.5 Vdc 

REV 1 
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MC12052A 

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

Symbol Characteristic Min 

ft Toggle Frequency (Sine Wave Input) 0.1 

ice Supply Current (Pin 2) -

V1H1 Modulus Control Input High (MC) 2.0 

V1L1 Modulus Control Input Low (MC) GND 

V1H2 Divide Ratio Control Input High (SW) vcc-o.5v 

V1L2 Divide Ratio Control Input Low (SW) Open 

Vout Output Voltage Swing 2 0.8 
(CL = 8pF, RL = 3.3kQ) 

ts et Modulus Setup Time MC to Out -
@ 1100MHz 

Vin Input Voltage Sensitivity 250-11 OOMHz 100 
100-250MHz 400 

10 Output Current 1 
Vee= 2.7V, CL= 8pF, RL = 3.3kQ -
Vee= 5.0V, CL= 8pF, RL = 7.2kQ -

1. Divide ratio of +64/65 @ 1.1 GHz 
2. Valid over voltage range 2.7-5.5V; RL = 3.3kQ@ Vee= 2.7V; RL = 7.2kQ@ Vee= 5.0V 

Out 

Figure 1. Logic Diagram (MC12052A) 

Sine Wave Generator 

L __ __ _J 

MC Input 

Figure 3. AC Test Circuit 

MOTOROLA 58 

Typ Max 

1.4 1.1 

1.0 2.0 

- Vcc+o.5v 

- 0.8 

Vee vcc+o.5v 

Open Open 

1.1 -

11 16 

- 1000 
- 1000 

0.5 3.0 
0.5 3.0 

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

Unit 

GHz 

mA 

v 

v 

voe 

-

Vpp 

ns 

mVpp 

mA 

In 

Out 

MC 

Figure 2. Modulus Setup Time 

EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL= BpF (Including Scope 

and jig capacitance) 
RL = 3.3kQ @ Vee= 2.7V 
RL = 7.2kQ @ Vee= 5.0V 

HIPERCOMM 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Super Low Power 
Dual Modulus Prescaler With 
Stand-By Mode 

The MC12053A is a super low power +64/65, +128/129 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 
+128/129. The Modulus Control input, MC, selects the proper divide 
number alter SW has been biased to select the desired divide ratio. 

Stand-by mode is featured to reduce current drain to 50µA typical at 
2.7V when the stand-by pin, SB, is switched LOW, disabling the 
prescaler. On-chip output termination provides 500µA (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 Vee= 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 
TIL 

Pinout: 8-Lead Plastic (Top View) 

TN SB MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

lo Maximum Output Current, Pin 4 

MOSAIC V is a trademark of Motorola 
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MC12053A 

MECL PLL COMPONENTS 

+64/65, + 128/129 
LOW POWER 

DUAL MODULUS PRESCALER 
WITH STAND-BY MODE 

SW 

H 
H 
L 
L 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751--03 

8 ,_. 
SD SUFFIX 

PLASTIC SSOP PACKAGE 
CASE 940-02 

FUNCTIONAL TABLE 

MC Divide Ratio 

H 64 
L 65 
H 128 
L 129 

Note: SW: H =Vee -0.5 to Vee. L =Open 
MC & SB: H = 2.0 Vto Vee. L= Gnd to 0.8 v 

Range Unit 

-0.5to + 7.0 Vdc 

-40to + 85 'C 

-65 to+ 150 'C 

--0.5 to+ Vee Vdc 

4.0 mA 

REV2 
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MC12053A 

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

Symbol Characteristic Min Typ Max Unit 

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

ice Supply Current Output (Pin 2) Vee =2.?V 1.60 2.5 mA 
Vcc=5.ov 1.75 2.5 

lsB Stand-By Current Vee= 2.?V 50 250 µA 
Vee =5.ov 100 250 

V1H1 Modulus Control & Stand-By Input HIGH (MC & SB) 2.0 Vee+ o.5 v 

V1L1 Modulus Control & Stand-By Input LOW (MC & SB) GND 0.8 v 

V1H2 Divide Ratio Control Input HIGH (SW) vcc-o.5 Vee Vee+ o.5 v 

V1H2 Divide Ratio Control Input LOW (SW) 

Vout Output Voltage Swing 1 

tset Modulus Setup Time MC to OUT at 11 OOMHz 

Vin Input Voltage Sensitivity 250-11 OOMHz 
100-250MHz 

1. Assumes 8pF high impedance load. 

Out 

Figure 1. Logic Diagram (MC12053A) 

Sine Wave Generator 

HIPERCOMM 
BR1334-REV3 

--, TC3 
~-vc~c~~-s~w~~ : ~ 

IN 

L __ 

MC Input 

Figure 3. AC Test Circuit 
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Open Open Open 

0.8 1.1 

11 16 

100 1000 
400 1000 

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

Vpp 

ns 

mVpp 

In 

Out 

MC 

Figure 2. Modulus Setup Time 

Vee= 2.7 to 5.5V 

EXTERNAL COMPONENTS 
C1=C2=1000pF 
C3 = 0.1µF 
CL = 8pF (Including Scope 

and jig capacitance) 

MOTOROLA 



MC12053A 
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Figure 4. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 64; Vee= 2.7V; TA= 2s0 e 
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Figure 5. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

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 MOSAIC™ 
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 trigger internal 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, Vee= 2.7-5.5Vdc 

• Short Setup Time (!set) 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 

Vee 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 
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MC12054A 

MECL PLL COMPONENTS 

+64/65, + 128/129 
LOW POWER 

DUAL MODULUS PRESCALER 

8 

,#-

SW 

H 
H 

L 

L 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SD SUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940-02 

FUNCTIONAL TABLE 

MC Divide Ratio 

H 64 
L 65 
H 128 

L 129 

Note: SW: H =Vee. L =Open 
MC: H = 2.0V to Vee. L = GNO to 0.8V 

Range Unit 

-0.5 to +7.0 voe 

-40 to +85 oc 
--€5 to +150 oc 
-0.5 to +6.5 voe 

REV1 
®MOTOROLA 



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

Symbol Characteristic Min 

ft Toggle Frequency (Sine Wave Input) 0.1 

Ice Supply Current (Pin 2) -

V1H1 Modulus Control Input High (MC) 2.0 

V1L1 Modulus Control Input Low (MC) GND 

V1H2 Divide Ratio Control Input High (SW) Vcc-0.5V 

V1L2 Divide Ratio Control Input Low (SW) Open 

Vout 
f- ·. 

Output Voltage Swing 2 (CL= 8pF, RL = 1.65kQ) 0.8 

!set Modulus Setup Time MC to Out @ 2000MHz -

Vin Input Voltage Sensitivity 250-2000MHz 100 
100-250MHz 400 

10 Output Current 1 
Vee= 2.7V, CL= 8pF, AL= 1.65kQ -
Vee= 5.0V, CL= 8pF, RL = 3.6kQ -

1. Divide ratio of +64/65 @ 2.0GHz 
2. Valid over voltage range 2.7-5.5V; RL = 1.65kn @Vee= 2.7V; RL = 3.6kl2@ Vee= 5.0V 

Out 

Figure 1. Logic Diagram (MC12054A) 

MC12054A 

Typ Max 

2.5 2.0 

2.0 2.6 

- Vee+ o.5V 

- 0.8 

Vee Vee+ o.5v 

Open Open 

1.1 -

8 ou 

- 1000 
- 1000 

1.0 4.0 
1.0 4.0 

Prop. Delay -1 

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

Unit 

GHz 

mA 

v 

v 

voe 

-
Vpp 

ns 

mVpp 
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Figure 3. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = 8pF (Including Scope 

and jig capacitance) 
RL = 1.65kQ @Vee= 2.7V 
RL = 3.6kQ @ Vee= 5.0V 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz 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 250µA (typical) output current to 
drive a 8pF (typical) high impedance load. The Divide Ratio Control input, 
SW, permits selection of divide ratio as desired. 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 Vee= 3.0V 

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

• On-Chip Output Termination 

Pinout: 8-Lead Plastic (Top View) 

IN NC MC GND 

MAXIMUM RATINGS 

Symbol Characteristic 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

MC Modulus Control Input, Pin 6 

lo Maximum Output Current, Pin 4 

MOSAIC V is a trademarks of Motorola. 
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MC12058 

MECL PLL COMPONENTS 

+ 126/128, +254/256 
LOW POWER 

DUAL MODULUS PRESCALER 

SW 

H 
H 

L 

L 

B. 
1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE75Hl5 

8 ,,. 
SD SUFFIX 

PLASTIC SSOP PACKAGE 
CASE 940-02 

FUNCTIONAL TABLE 

MC Divide Ratio 

H 126 
L 128 

H 254 

L 256 

Note: SW: H =Vee. L =Open 
MC: H =2.0 Via Vee. L= Gnd to 0.8 v 

Range Unit 

-0.5 to+ 7.0 Vdc 

-40 to+ 85 oc 
-65 to+ 150 oc 

-0.5to+ Vee Vdc 

4.0 mA 

REV2 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7V to 5.5V; TA= -40°e to +85°e) 

Symbol Characteristic Min 

ft Toggle Frequency (Sine Wave Input) 0.1 

ice Supply Current Output (Pin 2) 

V1H1 Modulus Control Input HIGH (MC) 2.0 

VJL1 Modulus Control Input LOW (MC) GND 

V1H2 Divide Ratio Control Input HIGH (SW) Vcc-o.5 

~ Divide Ratio Control Input LOW (SW) Open 

Vout Output Voltage Swing 1 0.8 

ts et Modulus Setup Time MC to OUT at 1100MHz 

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

1. Assumes 8pF high impedance load. 

In 
In 

MC 

SW 

HIPERCOMM 
BR1334-REV 3 

Figure 1. Logic Diagram (MC12058) 
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MC12058 

Typ Max Unit 

1.4 1.1 GHz 

1.1 2.0 mA 

Vee+ o.5 v 
0.8 v 

Vee Vee +o.5 v 
Open Open 

1.l './pp 

11 16 ns 

1000 mVpp 
1000 

Out 
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MOTOROLA 

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

In 

Out 

MC 

Figure 2. Modulus Setup Time 

L __ __ _J 

MC Input 

Figure 3. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1 = C2 = 1000pF 
C3 = 0.1µF 
CL = SpF (Including Scope 

and jig capacitance) 
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MOTOROLA 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1GHz Prescaler 

The MC 12073 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 PECL outputs are 
provided. 

• 1.1 GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• Low-Power 23mA Typical at Vee = 5.0V 

• High Input Sensitivity, 20mVrms at Vee= 5.0 ± 10%, TA= 0°C to +70°C 

• BOOmV Minimum Peak-to-Peak Output Swing 

• Differential PECL Outputs 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto +70 oe 

Ts.!9_ Storage Temperature Range -65to+175 oc 

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

Symbol Characteristic Min Typ• Max Unit 

1max1 Toggle Frequency 1.1 1.3 GHz 
lmin (Sine Wave Input) 90 MHz 

Ice Supply Current at 5.5V 23 30 mA 

Vout Output Voltage 0.8 1.2 Vpp 
(Load =1 OpF) 

V;n min Input Voltage Sensitivity mVrms 
150-1100MHz 10 20 

90MHz 30 

Vin max Input Overload 200 400 mVrms 

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

7/93 

© Motorola, Inc. 1996 71 

MC12073 

MECL PLL COMPONENTS 

+64 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

Input 
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MC12073 

MOTOROLA 

PRESCALER BLOCK DIAGRAM 

,--------------------------, 
I I 

Vee 08---.------

+64 

0.001µF I J 0.00111F 

Signal 
Input 

I 
I Output 

----+--0 7 

15 l7""=1"=+::r:::i:::i::::::::~~:::::~~~::~~=i:r1 :=i~ 1250 10 I- - - -----i 710 
o-------+-----+-----+---+----+-·--+---1!------+-----+----r----+-----1------~~---+-----;400 

a----r9-~=F~~~~=i=~9==e~=F~~~F==t-----i----TLbll!""---t----J225 

-511--++-----+---+-~-----+----+---+----+ -- ----+----!-----+--- _,
1 
__ -\---+-----< 12s 

-10 +----+--±--+----- 71 
~ -15 I I -- -----+--- 40 ~ 
~ -20 -11'. ---t---t-- l t--t-----1 22.5 a: 

"E -25 "'\ --r----r---t------t----t--- ==j=---+-----+------1--, --t'---+-----<12.8 

~ --30 t>--+,,.. ~' " )T 7.1 

l!5 --35 ~ 4 

~ -40 l ~il 2.25 

~ -45 1----+--~c------r-~HI 11--.---+-----+-----; 1.25 

-50 ' 0.71 

FtHJ± 11 Fff tmJ~· 
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 

FREQUENCY (MHz) 
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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 PECL outputs are 
provided. 

• 1.1 GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• Low-Power 23mA Typical at Vee= 5.0V 

• High Input Sensitivity, 20mVrms at Vee= 5.0± 10%, TA= 0°c to +70°C 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential PECL Outputs 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range o to +70 oc 

Ts.!£_ Storage Temperature Range -65to+175 oc 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5V; TA= 0 to +70'C) 

Symbol Characteristic Min Typ• Max Unit 

lmax1 Toggle Frequency 1.1 1.3 GHz 
fmin (Sine Wave Input) 90 MHz 

Ice Supply Current at 5.5V 23 30 mA 

Vout Output Voltage 0.8 1.2 Vpp 
(Load =10pF) 

Vin min Input Voltage Sensitivity mVrms 
150-11 OOMHz 10 20 

90MHz 30 

Vin max Input Overload 200 400 mVrms 

Typical meausred at +25°C, 5.0V 
1. See Figure 1 
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MC12074 

MECL PLL COMPONENTS 

+256 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751--04 

Pinout: 8-Lead Plastic (Top View) 
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MC12074 

MOTOROLA 

PRESCALER BLOCK DIAGRAM 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.3GHz Prescaler 
The MC12075 is a divide by 64 prescaler. Typical frequency synthesis 

applications include elctronicaliy 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 PECL outputs are 
provided. 

The MC1207'i is pin and functionally compatible with the Plessey 
SP4633. 

• 1.3GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• Low-Power 36mA Typical at Vee = 5.0V 

• Operating Temperature Range of 0°c to +85°C 

• High Input Sensitivity 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential PECL 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 

Vee Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto +85 oc 

Tstg Storage Temperature Range -65to +175 oc 

ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5V; TA= o to +85'C) 

Symbol Characteristic Min Typ* Max Unit 

fmax1 Toggle Frequency 1.3 1.6 GHz 
fmin (Sine Wave Input) 70 MHz 

ice Supply Current at 5.5V 36 50 mA 

Vout Output Voltage 0.8 1.2 Vpp 
(Load =10pF) 

Vin min Input Voltage 70MHz 10 20 rnVrms 
Sensitivity 150-1100MHz 1.0 4.0 

1.2GHz 1.5 15 
1.3GHz 3.0 20 

Vin max Input 70-1300MHz 400 mVrrns 
Overload 

Typical meausred at +25°C, 5.0V 
1. See Figure 1 
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MC12075 

MECL PLL COMPONENTS 

+64 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead Plastic (Top View) 

Input 
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MOTOROLA 
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PRESCALER BLOCK DIAGRAM 
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Figure 1. Typical MC12075 Input Signal Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.3GHz Prescaler 
The MC12076 is a divide by 256 prescaler. Typical frequency 

synthesis applications include elctronical\y 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 PECL outputs are 
provided. 

• 1.3GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• Low-Power 36mA Typical at Vee = 5.0V 

• Operating Temperature Range of 0°C to +85°C 

• High Input Sensitivity 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential PECL 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 

Vee Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto +85 'C 

Ts.!2_ Storage Temperature Range -65to+175 'C 

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

Symbol Characteristic 

lmax1 Toggle Frequency 
fmin (Sine Wave Input) 

ice Supply Current at 5.5V 

Vout Output Voltage 
(Load =1 OpF) 

Vin min Input Voltage 70MHz 
Sensitivity 150-11 OOMHz 

1.2GHz 
1.3GHz 

Vin max Input 70-1300MHz 
Overload 

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

1.3 1.6 GHz 
70 MHz 

36 50 rnA 

0.8 1.2 Vpp 

10 20 rnVrms 
1.0 4.0 
1.5 15 
3.0 20 

400 mVrms 
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MECL PLL COMPONENTS 

+256 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-04 

Pinout: 8-Lead Plastic (Top View) 

Input 
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PRESCALER BLOCK DIAGRAM 
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Figure 1. MC12076 Input Signal Amplitude versus Input Frequency 
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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 PECL outputs are 
provided. 

• 1.3GHz Toggle Frequency 

• Operating Supply Voltage of 4.5 to 5.5V 

• Low-Power 28mA Typical at Vee= 5.0V 

• Operating Temperature Range of 0°C to +85°C 

• High Input Sensitivity 

• 800mV Minimum Peak-to-Peak Output Swing 

• Differential PECL Outputs 

DESIGN GUIDE 

Criteria Value Unit 

Internal Gate Counr 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 NANO gate 

MAXIMUM RATINGS 

Symbol Characteristic Range Unit 

Vee Power Supply Voltage 7.0 Vdc 

TA Operating Temperature Range Oto +85 oc 

Ts]!_ Storage Temperature Range -65 to +175 oc 

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

Symbol Characteristic 

lmax1 Toggle Frequency 
lmin (Sine Wave Input) 

ice Supply Current at 5.5V 

Vout Output Voltage 
(Load =10pF) 

Vin min Input Voltage 90MHz 
Sensitivity 150-1100MHz 

1.3GHz 

Vin max Input 90-500MHz 
Overload 500-1300MHz 

• Typical meausred at +25°C, 5.0V 
1. 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 
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MECL PLL COMPONENTS 

+256 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-04 

Pinout: 8-Lead Plastic (Top View) 
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MOTOROLA 
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Figure 1. MC12078 Input Signal Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.SGHz 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 1.2kQ 
resistor is recommended to achieve a 1.6Vpp output swing, when dividing 
a 1.1 GHz input signal by the minimum divide retio ol 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 
required. Typical values for load resistors are included in the Vout 
specification for various divide ratios at 2.8GHz input frequency. 

e 2.BGHz Toggle Frequency 

• Supply Voltage 4.5V to 5.5V 

• Low Power 9mA Typical at Vee= 5.0V 

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

lN NC SW2 GND 

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

10 Maximum Output Current, Pin 4 

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

Symbol Parameter 

ft Toggle Frequency (Sine Wave) 

ice Supply Current Output (Pin 2) 

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

V1H Divide Ratio Control Input High (SW) 

V1L Divide Ratio Control Input Low (SW) 

Vout Output Voltage Swing (CL= 12pF; RL = 1.2kQ; lo= 2.7mA)1 
(CL= 12pF; RL = 2.2kQ; lo= 1.5mA)2 

(CL= 12pF; RL = 3.9kQ; lo= 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 

+64/128/256 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
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 

Unit 

VDC 

'C 

oc 

mA 

Unit 

GHz 

mA 

mVpp 

vcc-o.5 Vee Vee+ o.s v 

Open Open Open -

1.0 1.6 - Vpp 

REV1 
®MOTOROLA 



MC12079 

In 
in 

SW2 

SW1 

SINE WAVE GENERATOR 

~" 
~t 

MOTOROLA 

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 =Vee: L =Open 

~----->-----a Vee· 4.5 to 5.5V 

IN 

GND 

L-----

------, 1C3 

I 
I 

SW1 

SW2 

OUT 

CL 

Figure 2. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1·C2•1000 pF 
C3•0.1µF 
CL• 12pF (Including Scope and Jig Capacitance) 
RL • 1.2kf.! (for +64 at 2.BGHz) 

HIPEReOMM 
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Figure 3. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 64; Vee= 5.0V; TA= 25°e 
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Figure 4. Output Amplitude versus Input Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1.1 GHz Prescaler 
The Me12080 is a single modulus divide by 10, 20, 40, 80 prescalerfor 

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 1.2Vpp 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 Vee= 5.0V 

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

TN SW3 SW2 GND 

Pinout: 
8-Lead Plastic 

(Top View) 

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

lo Maximum Output Current, Pin 4 

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

Symbol Parameter Min 

It Toggle Frequency (Sine Wave) 0.1 

ice Supply Current Output (Pin 2) -

Vin Input Voltage Sensitivity 100-250MHz 400 
250-11 OOMHz 100 

V1H Divide Ratio Control Input High (SW1, SW2, SW3) Vcc-0.5V 

VJL Divide Ratio Control Input Low (SW1, SW2, SW3) Open 

Vout Output Voltage Swing 1 RL = 8200, lo = 4.0mA for+ 1 O 0.8 
RL = 1.6kn, lo = 2.1 mA for +20 
RL = 3.3kn, lo = 1.1 mA for +40 

RL = 6.2kn, lo = 0.57mA for +80 

1. Assumes 8pF load and 1.1GHz input lrequency (typical), IQ at Vee= 5.0V and TA= 25°C 
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MC12080 

MECL PLL COMPONENTS 

+ 10/20/40/80 
PRESCALER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Value 

-0.5 to +7.0 

-40 to +85 

-65to +150 

10 

Typ Max 

1.4 1.1 

3.7 5.0 

- 1000 
- 1000 

Vee Vee +0.5V 

Open Open 

1.2 -

Unit 

VDC 

oc 

oc 

mA 

Unit 

GHz 

mA 

mVpp 

v 
-

Vpp 
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In 
fri 

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 = V cc: L = Oper. 

Figure 1. Logic Diagram (MC12080) 

MC12080 

Divide Ratio 

80 
40 
40 
20 
40 
20 
20 
10 

Out 

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

SINE WAVE GENERATOR 

~" 
~t 

HIPERCOMM 
BR1334- REV 3 

,---- -----,1 I~ C3 

I Vee I SW1 .....,.. ____ --;,, 
IN 

GND 
L ___ _ 

SW21-+-------<D 

SW31-+-------<D 

OUTl-+---<,__---;~o 

Figure 2. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1=C2=1000pF 
C3 = 0.1µF 
CL= 8pF (Including Scope and Jig Capacitance) 
RL = 820Q for+10at 1.1GHZ 
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MC12080 
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Figure 3. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 10; Vee= 5.0V; TA= 25°e 
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Figure 4. Output Amplitude versus Input Frequency 
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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 noi to exceed the maximum allowable current 
through the output. 

Stand-By mode is featured to reduce current drain to 250µA 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 Vee= 2.7V 

• Operating Temperature -40 to +85°C 

• On-Chip Termination 

Pinout: 8-Lead Plastic (Top View) 

lN SB NC GND 

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

MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

IQ Maximum Output Current, Pin 4 
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MC12083 

MECL PLL COMPONENTS 

+2 
PRESCALER 

WITH STAND-BY MODE 

REV1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Value 

-0.5to +7.0 

-40to +85 

-65to +150 

10.0 

Unit 

VDC 

oc 
'C 

mA 

®MOTOROLA 



MC12083 

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

Symbol Parameter Min Typ Max Unit 

ft Toggle Frequency (Sine Wave) 0.1 1.4 1.1 GHz 

ice Supply Current Output (Pin 2) vce=3.ov 4.4 6.5 mA 
vee=5.5V 4.8 6.5 

ISB Standby Current vce= 3.ov 250 350 µA 
Vee= s.sv 500 600 

V1H Standby Input HIGH (SB) 2.0 vec v 

V1L Standby Input LOW (SB) GND 0.8 v 

VouT Output Voltage Swing (Note 1) 2pF Load @ 500MHz Input 700 800 mVpp 
2pF Load @ 750MHz Input 600 700 

2pF Load @ 1100MHz Input 400 450 

V1N Input Voltage Sensitivity 100-250MHz 400 1000 mVpp 
250-400MHz 200 1000 

400-11 OOMHz 100 1000 

1. Assume 2pF load, Vee= 2.7V, V1N =minimum specification for each frequency band, TA= 85°C 

Sine Wave Generator 

MOTOROLA 

e3 ,- -------, T 
I Vee I '::' 

I 
I IN SB 1--i-I ----<1 

OUT 1-+-----o 

2pF 

GND 
L ________ _J 

Figure 1. AC Test Circuit 
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Vee= 2.7 to s.sv 

EXTERNALeOMPONENTS 
e1=e2=1000pF 
e3= 0.1µF 

HIPERCOMM 
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MC12083 
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Figure 2. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 2; Vee= 2.7V; TA= 2s0 e; Output Loaded With 2pF 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.BGHz Prescaler 
The MC12089 is a single modulus divide by 64 and 128 prescaler for 

low power frequency division of a 2.BGHz 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 +64 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.BGHz 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 

Vee Power Supply Voltage, Pin 4 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

lo Maximum Output Current, Pin 7 

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

Symbol Parameter 

ft Toggle Frequency (Sine Wave) 

ice Supply Current Output (Pin 2) 

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

V1H Divide Ratio Control Input High (SW) 

V1L 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-o.5 

Open 

0.8 

REV1 

+64/128 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-05 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE751-05 

Value 

-0.5to +7.0 

-40to +85 

-65 to +150 

4 

Typ Max 

3.4 2.8 

10.2 14.5 

- 1000 
- 1000 

Vee Vee +o.5 

Open Open 

1.2 -

Unit 

VDC 

oc 

oc 

mA 

Unit 

GHz 

mA 

mVpp 

v 

-

Vpp 
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In 
lii 

SINE WAVE GENERATOR 

~" 
~t 

HIPEReOMM 
BR1334-REV3 

MC12089 

Out 

Figure 1. Logic Diagram (MC12089) 

FUNCTION TABLE 

SW Divide Ratio 

H 64 
L 128 

Note: H =Vee: L =Open 

.-------.-------0 Vee= 4.5 to s.sv 

----~I I_ C3 r----- ' 
I Vee 

I IN I 
SW i-+------<:i 

OUT I 

L----~C ----~ 

Figure 2. AC Test Circuit 
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EXTERNAL COMPONENTS 
C1 =C2=1000pF 
C3=0.1µF 
CL= 12pF (Including Scope and Jig Capacitance) 

MOTOROLA 
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Figure 3. Input Signal Amplitude versus Input Frequency 
Divide Ratio= 64; Vee= 5.0V; TA= 2s0 e 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Not Recommended for New Designs 
Consider MC12083 or MC10EL32 
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 02 01 NC C2 

LOGIC DIAGRAM 

7C1-~2 9C2-

1101- Q 3 
1202-

Vcc1=Pin1 
Vcc2 =Pin 16 
VEE= Pin 8 

ELECTRICAL CHARACTERISTICS 

TRUTH TABLE 

c D Qn + 1 

L x Qn 

H x Qn 
_r L L 
_r H H 

C = C1 + C2, X = Don't Care 
D = 01+02 

MC12090 

MECL PLL COMPONENTS 

HIGH-SPEED 
PRESCALER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648--08 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

0°C 25°C 75°C 

Symbol Characteristic Min Max Min Max Min Max Unit 

IE Power Supply Current 65 59 65 mA 

l;nH Input Current HIGH Pins 7,9 400 260 260 µA 
Pins 11,12 435 280 280 

linL Input Current LOW 0.5 0.5 0.3 µA 

VoH Output Voltage HIGH -1.02 --0.84 --0.98 --0.81 --0.92 -0.735 Vdc 

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

V1H Input Voltage HIGH -1.17 --0.84 -1.13 --0.81 -1.70 --0.735 Vdc 

V1L Input Voltage LOW -1.87 -1.495 -1.85 -1.48 -1.83 -1.45 Vdc 
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MC12090 

ELECTRICAL CHARACTERISTICS 

Symbol 

ftog 

!pd 

Is 

lh 

t, 

t1 

1--
:::> 
a.. 
;;!; 

~ 
"' e. 
LU 
0 
:::> 
1--
:::; 
a.. 
:;;; 
< 

-30°C 0°C 2s0c 75°C 85°C 

Characteristic Min} Max Min J Max Min} Max Min jMax Min jMax 

Toggle Frequency soo} 700} ?so} 7ooj sooj 

Typical (25°C) 

Propagation Delay (Clock to Output Pins 7,9, 12) 1.3 

Setup Time !setup H 0.3 
!setup L 0.3 

Hold Time !hold H 0.3 
lhold L 0.3 

Rise Time 0.9 

Fall Time 0.9 

1----+---+--+---+-=-i-o----+--~-+---+---+----111311000 

-5 

-10 

-15 

-20 

-25 

-30 

100 200 300 

---=1"'"-o~-t---+-----1636 

400 500 600 

FREQUENCY (MHz) 

500 
---.i-..::--+----1354 

700 800 900 

113 
~ 

64 (J) 

'::; 
0 

36 > 
:::i 
~ 

. ~~ 

. 201 
1000 

Figure 1. Guaranteed Range of Operation 
{Temp= 75°e, 5 Devices, Vee= 2.0V, VEE= -3.2V, Vsias = 0.710V) 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 
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MC12090 
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(Temp= 25°e, 5 Devices, Vee= 2.0V, VEE= -3.2V, Vsias = 0.710V) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

+2, +4, +8 1.1GHz 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 
MOSAIC'" 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 50µA 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 

SW2 OUT 
A LOW on the Stand-By Pin 7 disables the device. 

AC TEST CIRCUIT 

~----.--< 'Vee= 2.7 to s.sv 

C1 

r~ 
-::- -::- C2 
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-----, C3 

Vee I "J" 
I -

SB I IN 

SW1 

SW2 

iN OUT 

GND 
L __ _ 

96 

EXTERNAL 
COMPONENTS 
C1=C2=1000pF 
C3=0.1µF 
C4 = 2pF Load 

MC12093 

MECL PLL COMPONENTS 

+2,+4,+8 
LOW POWER PRESCALER 

WITH STAND-BY MODE 

8 

,1> 

SW1 

L 
H 
L 
H 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

SD SUFFIX 
PLASTIC SSOP PACKAGE 

CASE940-02 

FUNCTION TABLE 

SW2 Divide Ratio 

L 8 
L 4 
H 4 
H 2 

Note: SW1 & SW2:H = (Vcc-0.5V) to Vee: 
L=OPEN 

SB: H = 2.0V to Vee: L = GND to O.BV 

FUNCTION CHART 

rL1lJlJlJlJlJlJ IN 

n__JL___Jl___J[ +2 

~+4 

+8 

REV1 
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MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

lo Maximum Output Current, Pin 4 

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

Symbol Parameter 

ft Toggle Frequency (Sine Wave) 

Ice Supply Current 

ISB Stand-By Current 

V1H1 Stand-By Input HIGH (SB) 

V1L1 Stand-By Input LOW (SB) 

V1H2 Divide Ratio Control Input HIGH (SW1 & SW2) 

V1L2 Divide Ratio Control Input LOW (SW1 & SW2) 

VouT Output Voltage Swing (2pF Load) 
Output Frequency 12.5-350MHz 1 
Output Frequency 350-400MHz2 
Output Frequency 400-450MHz3 
Output Frequency 450-550MHz4 

V1N Input Voltage Sensitivity 250-11 OOMHz 
100--250MHz 

1. Input frequency 1.1 GHz, 78, minimum output frequency of 12.SMHz. 
2. Input frequency 700-800MHz, 72. 
3. Input frequency 800-900MHz, 72. 
4. Input frequency 900-1100MHz, 72. 

HIPERCOMM 
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Min 

0.1 

2.0 

GND 

Vcc-o.5 

OPEN 

0.6 
0.5 
0.4 
0.3 

100 
400 

MC12093 

Value Unit 

-0.5 to +6.0 VDC 

-40 to +85 "C 

-65 to +150 "C 

4.0 mA 

Typ Max Unit 

1.4 1.1 GHz 

3.0 4.5 mA 

120 200 µA 

Vee v 
0.8 v 

Vee Vee+ o.5 v 

OPEN OPEN 

Vpp 
0.80 
0.70 
0.55 
0.45 

1000 mVpp 
1000 

MOTOROLA 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

2.SGHz 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 
MOSAICr" V technology is utilized to acheive low power dissipation of 
24mW 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 1 OOµA 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 8.7mA Typical 

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

• Divide by 2 or 4 Selected by the SW Pin 

NOTE: For applications up to 1.1 GHz, please consult the MC12083 or 
MC12093 datasheets. 

FUNCTIONAL TABLE 

SW 

H 

L 

Divide Ratio 

2 

4 

Note: SW: H =(Vee - 0.4V) to Vee; L =OPEN 
SB: H = 2.0V to v cc; L = GND to 0.8V 

AC TEST CIRCUIT 

Vee= 2.7 to s.sv 

r--- -----, C3 

c1 i vcc i ~ T- ~l-7-C-2--;.L-I~:-_'" - ~1-_J-;.----<D 

MOSAIC V is a trademark of Motorola. 
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EXTERNAL 
COMPONENTS 
C1 = C2=1000pF 
C3=0.1µF 
C4 =2pF 

MC12095 

MECL PLL COMPONENTS 

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

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE751-05 

a 

,#-
SD SUFFIX 

PLASTIC SSOP PACKAGE 
CASE940-02 

Pinout: 8-Lead Plastic SOIC (Top View) 

fN SB SW GND 

IN Vee NC OUT 

REV1 
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MAXIMUM RATINGS 

Symbol Parameter Value 

Vee Power Supply Voltage, Pin 2 -0.5to+6.0 

TA Operating Temperature Range -40to+85 

Tstg Storage Temperature Range -65to +150 

lo Maximum Output Current, Pin 4 8.0 

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

Symbol 

ft 

ice 

ISB 

V1H1 

V1L1 

V1H2 

V1L2 

VouT 

V1N 

HIPERCOMM 
BR1334- REV 3 

Parameter Min Typ Max 

Toggle Frequency (Sine Wave) 500 3.0 2.5 

Supply Current 8.7 14 

Stand-By Current 100 200 

Stand-By Input HIGH (SB) 2.0 vcc+o.5v 

Stand-By Input LOW (SB) GND 0.8 

Divide Ratio Control Input HIGH (SW) Vcc-o.4 Vee vcc+o.5v 

Divide Ratio Control Input LOW (SW) OPEN OPEN OPEN 

Output Voltage Swing (2pF Load) 500-1 OOOMHz Input 800 
1000--1500MHz Input 400 450 
1500--2500MHz Input 200 250 

Input Voltage Sensitivity 200 1000 

-40~~~~~~~~~~~~~~~~~-"~~-'-~~-'-~~-'-~~~ 

500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 

Input Frequency (MHz) 

Figure 1. Typical Minimum Input Sensitivity versus Input Frequency 
(Divide By 2 Mode, T = 2s0 e, Vee= 2.7V) 

99 

MC12095 

Unit 

voe 

oc 

oc 

mA 

Unit 

GHz 

mA 

µA 

v 

v 

v 

mVpp 

mVpp 

MOTOROLA 



MC12095 

MOTOROLA 

I~. 1 "'~ -- +2s0c 
1600~f...-""""~...,~.~~-,-----l----1-----1-----1---1--J.r--~-40:::::.CJ= 

1400 r-r __ ·~--'! ............. ~-+-'----+---+---+----t---JL - - - - +as0 c 

1::~1-----+-~ __ ._':'l~,~~-~""-;l;;:-----+---l-----+---1------1 
a ••• ~~!:._ .... ...,~ 
J aooi-------1-------1------~-r--1 --......,...,...~d"''-.::---f-----t----1-----1 
- SPEC ·~ 
O~ soor-----+------'1-----+---~I_ ··_··~~·c...,:-l".._--==-r-----+----1 

• --i--.._ I 
.......... 1 -----,........._ 

4001-----+------'l-------+-------1-----+---='-"-i.-..~.~.-.-I-----="""~ ........... 
2001-----+---f-----+---1-------1-------1-------1-------1 

o~---+----+-----+----+-----+----+-----+---~ 
500 750 1000 1250 1500 1750 2000 2250 2500 

1800 

1600 

1400 

Input Frequency (MHz) 

Figure 2. Typical Output Amplitude versus Frequency over Temperature 
(Divide By 2 Mode, Vee= 2.7V) 
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Figure 3. Typical Output Amplitude versus Frequency over Temperature 
(Divide By 4 Mode, Vee= 2.7V) 
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Figure 4. Input Impedance versus Frequency 
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500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 

Input Frequency (MHz) 

Figure 5. Input Impedance versus Frequency 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Voltage Controlled Oscillator 
Consider MC12148 tor 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) 

NC TANK NC BIAS NC 

Vee NC Vee 

Supply Voltage GNDPlns Supply Pins 

+5.0Vdc 7,8 1,14 

--1;.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 

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

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

LOGIC DIAGRAM 

MC1648 

VOLTAGE 
CONTROLLED 
OSCILLATOR 

r---------------, l- LSUFFIX l I CERAMIC PACKAGE I 
I 14 CASE 632--08 I 
I 1 I 
I Not Recommended for New Designs I 
L---------------~ 

.. 
3 4 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646--06 

DSUFFIX 
PLASTIC sore PACKAGE 

CASE 751--05 

FNSUFFIX 
PLCC PACKAGE 

CASE 775--02 

r------, • Input Capacitance = 6.0pF (TYP) 

BIASPOINT10~1 3 
TANK 12 I OUTPUT 

L----- ~ 

11194 

© Motorola, Inc. 1996 
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AGC 
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• Maximum Series Resistance lor L (External Inductance)= 50'1 (TYP) 

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

• Maximum Output Frequency= 225MHz (TYP) 

Vcc1=Pin1 
Vcc2=Pin 14 
Vee=Pin 7 

REV1 
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7 
VEE1 

10 12 
BIAS TANK 

POINT 

Vcc2 
14 

5 
AGC 

Figure 1. Circuit Schematic 

TEST VOLTAGE/CURRENT VALUES 

Temp~a~~~~ ~1~~~~~-.-~-(V_o_lt_s_>~-...~~~~~+-~-m_A_d_c~--t 
. V1Hmax V1Lmin Vee IL 

-30°C 

+25°C 

+85°C 

MC1648 

+2.0 +1.5 5.0 

+1.85 +1.35 5.0 

+1.7 +1.2 5.0 

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

ELECTRICAL CHARACTERISTICS (Supply Voltage= +5.0V) 

-5.0 

-5.0 

-5.0 

-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 "O" Output Voltage 3.16 3.4 3.2 3.43 3.22 3.475 

Vs1As1 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-to-Peak Tank Voltage - - - - 400 - - -
Vdc Output Duty Cycle - - - - 50 - - -

fmax2 Oscillation Frequency - 225 - 200 225 - - 225 

Unit 

mAdc 

Vdc 

Vdc 

Vdc 

Max 

-
-
-

vcc1 
1 

3 

MC1648 

OUTPUT 

Condition 

Inputs and outputs open 

V1Lmin to Pin 12, IL @ Pin 3 

V1Hmax to Pin 12, IL@ Pin 3 

V1Lmin to Pin 12 

Unit Condition 

mV See Figure 3 

% 

MHz 

1. This measurement guarantees the de potential 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 /'J.C//'J. Temperature and ti.U/'J. Temperature. 

HIPERCOMM 
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MC1648 

L: Micro Metal torroid #T20-22, 8 turns #30 Enameled Copper wire. 
C =3.0-35pF 

B.W. = 10 kHz 
Center Frequency= 100 MHz 
Scan Width = 50 kHz/div 
Vertical Scale = 1 O dB/div 

10 

12 

0.1µF 

The 1200 ohm resistor and the scope termination impedance constitute a 25:1 
attenuator probe. Coax shall be CT-075-50 or equivalent. 

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

TEST VOLTAGE/CURRENT VALUES 

@Test I (Volts) mAdc 
Temperature 

V1Hmax V1Lmin Vee IL 

MC1648 

-30°C -3.2 -3.7 -5.2 -5.0 

+25°C -3.35 -3.85 -5.2 -5.0 

+85°C -3.5 -4.0 -5.2 -5.0 

Note: SOIC "D" 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 - - mAdc Inputs and outputs open 

VoH Logic "1" Output Voltage -1.045 -0.815 -0.96 -0.75 -0.89 -0.64 Vdc V1Lmin to Pin 12, IL @ Pin 3 

VoL Logic "O" Output Voltage -1.89 -1.65 -1.85 -1.62 -1.83 -1.575 Vdc V1Hmax to Pin 12, IL@ Pin 3 

Vs1AS1 Bias Voltage -3.6 -3.3 -3.75 -3.45 -3.9 -3.6 Vdc V1Lmin to Pin 12 

Min Typ Max Min Typ Max Min Typ Max Unit Condition 

Vp_p Peak-to-Peak Tank Voltage - - - - 400 - - - - mV See Figure3 

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

fmax2 Oscillation Frequency - 225 - 200 225 - - 225 - MHz 

1. This measurement guarantees the de potential 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 /J.C//J. Temperature and !J.U!J. Temperature. 
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Vee 

~1 ~ lJ"' 
~---<r-~ r- -- .., 

I I 1200 

I 

MC1648 

' Use high impedance probe (>1.0 Megohm must 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. 

PRF = t .OMHz t 
Duty Cycle (Vdc)- -" 

tb 

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~~~~~~~~~~~~~~~~ 

MC1648 
Under Test 

1 10 100 
f, OPERATING FREQUENCY (MHz) 

20kHz above MC1648 Frequency - 300mV 

Attenuator 
10mV 

MC1648 
Frequency (f) 

Product 
Detector 

VEE (~1.4V for positive supply operation). 

When the MC1648 is used with a constant de 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. 

0.1µF'.I: 

D 

Vin~ 
TC1 

10 

12 

Figure 4. The MC1648 Operating in the 
Voltage Controlled Mode 

Oscillator Tank Components 
(Circuit of Figure 4) 

I 
MHz 

1.0-10 

10--60 

60-100 

Signal Generator 
HP608 or Equiv 

D 

MV2115 

MV2115 

MV2106 

BW=1.0kHz Frequency 
Meter HP5210A or Equiv 

L 
µH 

100 

2.3 

0.15 

Voltmeter RMS 
HP3400A or Equiv 

Frequency Deviation = (HP5210A output voltage) (Full Scale Frequency) 
1.0Volt 

HIPERCOMM 
BR1334-REV 3 

Figure 5. Noise Deviation Test Circuit and Waveform 
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MC1648 
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V;n. INPUT VOLTAGE (VOLTS) 

? 
IL 

L 
IL 

.L 
IL 

,LI 
IL 

L 
....-1 

2 8 

V;n. INPUT VOLTAGE (VOLTS) 

10 

Figure 6 

10 

Figure7 

:z 

10 

Figure 8 

108 

1.0k 

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

L=0.13µH 
QL;,100 

10 

MV1401 12 

5.oµF I.. Vcc1 = Vcc2 = +5.0Vdc 
-:- VEE1 = VEE2 = GND 

1200' 

• The 1200 ohm resistor and the scope tennination impedance consti· 
tute a 25: 1 attenuator probe. Coax shall be CT-070-50 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#-10, 
20 turns of No. 22 copper wire. 

MV1401 

QL;,100 
C=SOOpF 
L=1.58µH 

5.oµF I.. vcc1 = vcc2 = +5.0Vdc 
-:- VEE1 = VEE2 = GND 

1200' 

• The 1200 ohm resistor and the scope tennination impedance consti­
tute a 25:1 attenuator probe. Coax shall be CT-070-SO 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 #T30-12, 
6 turns of No. 22 copper wire. 

10 

12 

QL;,100 
L=0.065µH 

Vcc1 = Vcc2 = +5.0Vdc 
VEE1 = VEE2 = GND 

1200' 

The 1200 ohm resistor and the scope termination impedance consti· 
lute a 25:1 attenuator probe. Coax shall be CT-070-SO or equivalent. 
NOT used in normal operation. 

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

HIPERCOMM· 
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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 1.0kil resistor in Figure 6 and Figure 7 
is used to protect the varactor diode during testing. It is not 
necessary as long as the de input voltage does not cause the 
diode to become forward biased. The larger-valued resistor 
(51 kn) 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: 

where 

f max j Co( max) + Cs 

f min = j Co( min) + Cs 

fmin = 1 
2rr,j L(Co(max) + Cs) 

CS= shunt capacitance (input plus external capacitance) 
CD = 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 de levels at these points. 

For output frequency operation between 1.0MHz and 
50MHz a 0.1µF 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-to-peak swing of the tank circuit is set internaliy 
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 (1.0kil 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 de 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; foul= Nfref· The 
channel spacing is equal to frequency (f ref). 

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

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

Figure 1 O 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 1 OOMHz is approximately 850 ohms. 
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MC1648 

I 

Phase 
Detector 
MC4044 

10 

12 

lout 

Low Pass 
Filter 

Modulus Enable Line 
....---------. 

Counter Control 
Logic 

MC12014 

+Np 
Programmable 

Counter MC4016 

Counter Reset Line 

Voltage Controlled 
Oscillator 
MC1648 

MC12012 
+P, +{P+1) 

-tA 
Programmable 

Counter MC4016 

Figure 9. Typical Frequency Synthesizer Application 

+5.0Vdc 

14 
ti 

-=-
Output 

I 

1 
....... ~--110 

I 

o--l 
I 

r--~-... fout 

lout= Nfret where 
N=Np•P+A 

+5.0Vdc 

14 

t----+--<J Output 

1.0kmin 

I 
Figure 10. Method of Obtaining a Sine-Wave Output Figure 11. Method of Extending the Useful Range 

of the MC1648 (Square Wave Output) 
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Bias Point 10 

L2' Tank 

Output 

R 

..,___""'_.,____...___ +9.0V 

L1 

Vcc1 

I 0.01µF 

MC1648 

C2 

I 1.0µF 

12 "T.~-;-F;;- "' ~ ~ 
1.2k 

I 0.1µF I 
+5.0V 

Figure 12. Circuit Used for Collector Output Operation 

v 

100 1000 

TOTAL COLLECTOR LOAD (OHMS) 

See test circuit, Figure 12, I= 1 OOMHz 
C3 = 3.CJ.-35pF 
Collector Tank 

L 1 = 0.22µH C1 = 1.0-7.0pF 
R = 50Q-10kQ 
Rp of L1 and C1=11kQ@ 100MHz Resonance 

Oscillator Tank 
L2 = 4 turns #20 AWG 3/16" ID 
C2 = 1.CJ.-7.0pF 

10,000 

Figure 13. Power Output versus Collector Load 

HIPERCOMM 
BR1334-REV3 

111 

14~~~~~~~~~~t'\J~~~~~ 

121-t-+-+--t-+-1-tt+t-+-t-+--'f-H~---t\\+--'+-+++t+H 

~ 1Y 
oc 10t--+-<--t-+-H-++i+-+-<--t-+7~'-t-++tt--t--t---+--t-+++tt1 

! ~ ~ 
~ vr ~ 
ffi ~ ~ 
~ 

100 1000 

TOTAL COLLECTOR LOAD (OHMS) 

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

L 1 = 2.7µH C1 = 24-200pF 
R = 50Q-10kQ 

10,000 

Rp of L 1 and C1 = 6.8kQ @ 1 OMHz Resonance 

Oscillator Tank 
L2 = 2.7µH 
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 Ill 
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. 

7/93 

Pinout: 16-Lead Package (Top View) 

NC NC CX2 INF BIAS CX1 NC NC 

Vcx2 

Bias Filter 

Input Filter 

Q 

Vcc=Pin1 
Vcc2 =Pins 
VEE= Pin 8 
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MC1658 

VOLTAGE 
CONTROLLED 

MULTIVIBRATOR 

!---c~~;;~J 
I CASE620-10 I 
I 1a I 
I 1 I 
I Not Recommended for New Designs I 
L---------------~ 

.. 
3 4 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648-08 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518-05 

FNSUFFIX 
PLCC PACKAGE 

CASE 775-02 
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04 

vcx2 

CX111 

Input Filter 13 

HIPERCOMM 
BR1334- REV 3 

500 

@Test 
Temperature 

-30°C 

+25"C 

+85"C 

100 

1k 

125 125 

500 62 

Figure 1. Circuit Schematic 

TEST VOLTAGE VALUES 

Vdc±1% 

VtH VtL V3 

0 -2.0 -1.0 

0 -2.0 -1.0 

0 -2.0 -1.0 

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

113 

MC1658 

Vcc2 Vcc1 
5 1 

60 

1000 

12 Bias Fil1er 

14CX2 

250 

250 

It HA 

+2.0 

+2.0 

+2.0 
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MC1658 

ELECTRICAL CHARACTERISTICS (VEE = -5.2V, Vee = ov [GNDJ) 

-30°C +25'C +85'C 

Symbol Characteristic Min Max Min Max Min Max Unit Condition 

IE Power Supply Drain Current - - - 32 - - mAdc V1H to Vex Limit Applies for 
1 or2 

linH Input Current - - - 350 - - µAde V1H to Vcx1 

VoH Output Voltage "Q" HIGH -1.045 -0.875 -0.96 -0.81 -0.89 -0.7 Vdc V3 to Vex. Limits Apply for 1 

Vol Output Voltage "Q" 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 

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

fosc1 Oscillator Frequency 130 - 130 155 

fosc2 - - 78 100 

rna Tuning Ratio Test - - 3.1 4.5 

1 Germanium diode (0.4 drop) forward biased from 11to14(11--.r14). 

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

3 TR= Output frequency at Vex = GND 

Output frequency at V CX = - 2.0V 

4 CX1 = 5.0pF connected from pin 11 to pin 14. 
5 CX2 = 1 OpF connected from pin 11 to pin 14. 

0.1µF I 
Cx 

Coaxial Cables 
(Equal lengths, typ 2 places) 

To Scope 

Channel "B" 
lnput2 

Io.1µF 
-3.2Vdc -=-

VEE 

Max Min Max Unit (See Figure 2) 

2.7 - 3.0 ns V1HA to Vex. CX1 4 from Pin 

2.7 3.0 
11 to Pin 14 - ns 

175 110 - MHz 

120 - - V1HA to Vex. cx2s from 
Pin 11 to Pin 14 

- - - - CX25 from Pin 11 to Pin 14 

Q 

50 ohm termination to ground located in each scope channel input. 

All input and output cables to the scope are equal lengths of 50 ohm 
coaxial cable. Wire length should be< 1/4 inch from TPin to input pin 
and TPout 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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1000 

150MHz @5~F 
100 

35MHz@5pF 
10 

10 

75MHz@5pF 

.:s 

Vex o Vdc 

r-. 

Vex -1 Vdc ::m ~ 

I Vex --2Vdc ~ 

100 

Cx (pF) 

WI 
100 
0 

MC1658 

10,000 

~ DC CONTROL INPUT= 4 Vdc 
>--+-k:'.1-r---;....,._._H++t---+-+ ±~ _l± _l_l_l 

%.1 1 10 100 

f, OPERATING FREQUENCY (MHz) 

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

Figure 4. RMS Noise Deviation versus 
Operating Frequency 
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u:: 
:f 1600 
5 1500 
t; 1400 
:::> 
Cl 1300 
[ 1200 
~ 1100 
~ 1000 
u 900 
it 
;) ,,_ 
u z 

800 
700 
600 

L1J 500 
§ 
ff: 

400 
300 

t-- ex (pF) =FREQUENCY-CAPACITANCE PRODUCT AT -

~ t-- DESIRED Vex DESIRED FREQUENCY (MHz) -

~ z v 
L 

~ 
L 

.L'I 
....-1""' 

r--

J- 20~2 -1.8 -1.6 -1.4 -1.2 -1 • -0.8 -0.6 -0.4 -0.2 
..£' Vex. INPUT VOLTAGE (Vdc) 

Figure 5. Frequency Capacitance Product versus Control Voltage {Vcxl 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

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

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

• Internal Ripple Counter (1/2, 1/4, 1/8) For 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) 

EBT EBE Vcc2 FOE FOE FSE FSE Vcc3 FST VEE3 

Pinout: 20-Lead PLCC Package (Top View) 

Vcc2 FOE FOE FSE FSE 

EBE Vcc3 

EBT FST 

Vee VEE3 

NC VEE2 

RF OE 

RS Ve Cs VEE1 FS 

7/93 
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MC12100 

200MHz VOLTAGE 
CONTROLLED 

MULTIVIBRATOR 

-
PSUFFIX 

PLASTIC DIP PACKAGE 
CASE738-03 

.. 
3 4 

FNSUFFIX 
PLCC PACKAGE 

CASE 775-02 

PIN NAMES 

Pin Function 

RF, RS Center Frequency Inputs 
Ve Frequency Control Input 
Cs Bias Filter Input 
FS Frequency Select Input 
OE TTL Output Enable 
FST TTL +2, +4, +8 Output 
FSE, FSE Diff ECL +2, +4, +8 Outputs 
FOE, FOE Diff ECL + 1 Outputs 
EBE VCO Disable, ECL Level Input 
EBT VCO Disable, TTL Level Input 
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MC12100 

(ECL) (TIL) 

13 18 

5 

Ve Cs 

FOE FOE FSE FSE FST 

17 15 

EBT EBE 

3:1 
MULTIPLEXER 

RIPPLE 
COUNTER 

10K 

t-----<J>----o FS 

10K FREQUENCY SELECT 
FUNCTION TABLE 

FS Divide 
Level Ratio 

H 1/2 
OPEN 1/4 

L 1/8 

(TIL) (ECL) VCO DISABLE FUNCTION TABLE 
Cs :;!; BIAS FILTER 

FREQUENCY 
CONTROL 

INPUT 

EBE 
H 

Lor OPEN 

H 

Figure 1. Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

vcc1 Power Supply Voltage 
Vcc2 
Vcc3 

V1N (TIL) Input Voltage 

V1N(ECL) Input Voltage 

iouT(ECL) Output Source Current - Surge 

Output Source Current - Continuous 

TJ Junction Operating Temperature 

Tsrn Storage Temperature 

OPERATING CONDITIONS 

Symbol 

TA 

Vee 

IOH (TTL) 

IOL (TIL) 

HIPERCOMM 
BR1334-REV 3 

Parameter 

Ambient Temperature 

Supply Voltage 

TTL High Output Current 

TTL Low Output Current 

117 

EBT FOE, FSE, FST FOE,FSE 
Hor OPEN H 

H OSCILLATION 

OSCILLATION 

Value Unit 

-0.5 to+B.O v 

-o.5toVcc v 
-o.stoVcc v 

100 mA 

50 mA 

+140 'C 

-55to+150 'C 

Value Unit 

Oto +75 'C 

+4. 75 to +5.25 v 
-1.0 mA 

20 mA 
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MC12100 

DC CHARACTERISTICS (Vee = 5.0V ±5%; Rx = 2.41<.Q; Ry = 1.51<.Q; Cs = 0.001 µF) 

O'C 25'C 75'C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit 

ice Supply Current 75 120 65 90 110 80 135 mA 

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 

llLT EBT Input Low Current 400 µA 

llHT EBT Input High Current 20 µA 

100 µA 

llNHE EBE Input High Current 250 µA 

llNLE EBE Input Low Current 1.0 µA 

V1LS FS Input, Max "L" Level 1.2 v 

V1MS FS Input, "Medium" Level 2.0 3.0 v 

V1HS FS Input, Min "H" Level 3.8 v 

VILT EBT Input Low Voltage 0.8 0.8 0.8 v 

V1HT EBT Input High Voltage 2.0 2.0 2.0 v 

V1HE EBE Input High Voltage 3.87 4.19 v 

VILE EBE Input Low Voltage 3.05 3.52 v 

VLM Ve Input Voltage, ±1.1 ±1.3 ±1.5 v 
Vc=Vcc+2 

Vee Cs Output Voltage 2.35 2.50 2.65 v 

AC CHARACTERISTICS (Vee= 5.0V; Rx= 2.41<.Q; Ry= 1.51<.Q; Cs= 0.001µF; VT= 3.0V) 

O'C 25'C 75'C 

Symbol Charactaristlc Min Max Min Typ Max Min Max 

FO Center Frequency (Vvc -Vee= OV) 180 200 220 

FMAX- Frequency Range 85 100 115 
FMIN eve= 112 Vee ±1.5V, Vee= 5.0V) 

trE FOE/FOE/FSE/FSE Rise lime 0.5 2.4 

tfE FOE/FCJE/FSE/FSE Fall lime 0.5 2.4 

TTT Reset lime 35 

TTO Reset lime 25 

TTS Reset lime 30 

TET Reset lime 37 

TEO Reset lime 12 

TES Reset lime 25 

Loading: ECL = 500 to Vi; TTL= 5000. 50pF 

MOTOROLA 118 

Condition 

EB'i'=EBE=Vcc 
(ECL, TTL) 

Fs=GND 

Fs=GND 

V CC = 5.0V, AL = 50.Q, 
VT=3.0V 

Vee= 5.0V, RL = 500. 
VT=3.0V 

V1N =0.4V 

V1N=2.7V 

V1N=7.0V 

V1N=4.19V 

V1N=3.05V 

Vcc=5.0V 

Vcc=5.ov 

Vcc=5.ov 

Vcc=5.ov 

Vcc=5.0V 

vcc=5.ov 

Vcc=5.ov 

Unit 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Condition 

vcc=+2.ov 
VEE=-3.0V 

EBT-FST 

EBT - FOE/FOE 

EBT -FSE/FSE 

EBE-FST 

EBE- FOE/FOE 

EBE- FSE/FSE 

HIPERCOMM 
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1/2 
Vee 

-HJ.75V 
Limit 

MC12100 

OUTPUT FREQUENCY FORMULA 

1) CENTER FREQUENCY : tosc = Rx ~-°to (MHz) 

Rx in kn Units: 2.okn,; Rx,; 2.7kn 

2) GAIN: At = ~ (MHz/V) 
vcc ·Ry 

Ry in kn Units: 1.0kn ,; Ry ,; 2.0kn 

Cs= 0.001µF 
Cf=0.1µF 

Figure 2. VCO Detail 

Notes: 
• For optimum VCO linearity (MHzN), the following resistor ranges are recommended: 

2.okn :;; Rx :;; 2. 7kn (Ry = 1.5kn) 
1.0kQ :;; Ry :;; 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 11 
SO package 

Vee= +2.0VDC 

16 

17 
4 

0.1µF I 14 

15 

o.001µF I 

0.1µF I 
-= VEE = -3.0VDC 

Figure 3. AC Test Circuit (FOltrEltfE Measurement) 

HIPERCOMM 
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Vee= +5.0VDC 

0.1µF I 

-= 

-= V1E 
19 

V1T 
20 

0.1µF I 
-= VEE=GND 

Figure 4. AC Test Circuit (Other Measurements) 
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MC12100 

rn 

TIS 

50% 

EBT 

TEO 

TES 

TET 

EBE 

FOE 

FSE 

FST 

Figure 5. Switching Waveforms 

VCO DISABLE FUNCTION TABLE 

EBE EBT FOE, FSE, FST I 
H Hor OPEN L l 

Lor OPEN H OSCILLATION 

H L OSCILLATION 

MOTOROLA 120 

FOE, FSE 
H 
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"N 
:r: 

Rx= 2.0kQ 

5 2001----t--:.~~~./""'-:;;,..-"j'~ 
b z 
w 

§ 1501-~...-r=----=-+ 
a:: 
lL 

5 
~ 1 oo>----+---+---+-----+---+-----1 
::> 
0 

50 i-----t------t---

1.5 2.0 2.5 3.0 3.5 4.0 
Ve (V) 

Figure 6. Ve versus Output Frequency 
Varying Rx@ Vee= 5.0V; TA= 25°C; Ry= 1.5kQ 

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

250i-----t--

501----+---+---+----+----+-----I 

1.5 2.0 2.5 3.0 3.5 4.0 
Vc(V) 

Figure 8. Ve versus Output Frequency 
Varying TA @ v cc = 5.0V; Rx = 2.4kQ; Ry = 1.5kQ 
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"N 
:r: 

250 

MC12100 

Ry= 1.0kQ 

5 200 
b z 
w 
§ 1501-""""~-'7'"1---+----+ 
s: 
..... 
::> 
~ 100 
::> 
0 

50 

1.5 2.0 2.5 3.0 3.5 4.0 
Vc(V) 

Figure 7. Ve versus Output Frequency 
Varying Ry @Vee= 5.0V; TA= 25°C; Rx= 2.4kn 

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

501----+---+---+----+---~-----1 

1.5 2.0 2.5 3.0 3.5 4.0 
Vc(V) 

Figure 9. Ve versus Output Frequency 
Varying Vee@ Rx= 2.4kn; Ry= 1.5kn; TA= 25°C 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

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

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

• Internal Ripple Counter (1/2, 1/4, 1/8) for 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) 

EBT EBE Vcc2 FOE FOE FSE FSE Vcc3 FST VEE3 

Vcc1 NC RF RS Ve Cs VEE1 FS OE VEE2 

Pinout: 20-Lead PLCC Package (Top View) 

Vcc2 FOE FOE FSE FSE 

EBE Vcc3 

EBT FST 

Vee VEE3 

NC VEE2 

RF OE 

RS Ve Cs VEE1 FS 
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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 
Ve Frequency Control Input 
Cs Bias Filter Input 
FS Frequency Select Input 
OE TTL Output Enable 
FST TTL +2, +4, +8 Output 
FSE, FSE Diff ECL +2, +4, +8 Outputs 
FOE, FOE Diff ECL + 1 Outputs 
EBE VCO Disable, ECL Level Input 
EBT VCO Disable, TTL Level Input 
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MC12101 

(ECL) (lTL) 

10 11 13 18 

Ve Cs 

FOE FOE FSE FSE FST 

17 15 

3:1 
MULTIPLEXER 

RIPPLE 
COUNTER 

~-----u OE 

10K 

10K 

FS 

FREQUENCY SELECT 
FUNCTION TABLE 

FS Divide 
Level Ratio 

H 1/2 
OPEN 1/4 

L 1/8 

EBT EBE 
(lTL) (ECL) 

VCO DISABLE FUNCTION TABLE 
Cs ~ BIAS FILTER 

FREQUENCY 
CONTROL 

INPUT 

H 
Lor OPEN 

H 

Figure 1. Block Diagram 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcc1 Power Supply Voltage 

Vcc2 
Vcc3 

V1N{TIL) Input Voltage 

V1N (ECL) Input Voltage 

louT(ECL) Output Source Current - Surge 

Output Source Current - Continuous 

TJ Junction Operating Temperature 

TsTG Storage Temperature 

OPERATING CONDITIONS 

Symbol 

TA 

Vee 

IOH {TIL) 

loL(TIL) 

HIPERCOMM 
BR1334-REV 3 

Parameter 

Ambient Temperature 

Supply Voltage 

TIL High Output Current 

TIL Low Output Current 

123 

FOE, FSE, FST 

Hor OPEN H 

H OSCILLATION 

L OSCILLATION 

Value Unit 

--0.5 to +8.0 v 

--0.5 to Vee v 
--0.5to Vee v 

100 mA 

50 mA 

+140 oc 

-55to +150 oc 

Value Unit 

Oto +75 oc 

+4.75 to +5.25 v 
-1.0 mA 

20 mA 
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MC12101 

DC CHARACTERISTICS (Vee = 5.0V ±5%; Rx= 2.4kQ; Ry= 1.5kQ; Cs= 0.001 µF) 

O'C 25'C 75'C 

Symbol Characteristic Min Max Min Typ Max Min Max Unit 

ice Supply Current 80 135 70 100 120 85 150 mA 

VOLT Output Low Voltage, TTL 0.5 v 

VOHT Output High Voltage, TTL 2.4 v 

VOLE Output Low Voltage, EGL 3.0 3.4 v 

VOHE Output High Voltage, EGL 3.9 4.19 v 

l1LT EBT input Low Current 400 µA 

l1HT EBT Input High Current 20 µA 

100 µA 

l1NHE EBE Input High Current 250 µA 

l1NLE EBE Input Low Current 1.0 µA 

V1LS FS Input, Max "L" Level 1.2 v 

VIMS FS Input, "Medium" Level 2.0 3.0 v 

V1HS FS Input, Min "H" Level 3.8 v 

V1LT EBT input Low Voltage 0.8 0.8 0.8 v 

V1HT EBT Input High Voltage 2.0 2.0 2.0 v 

V1HE EBE Input High Voltage 3.87 4.19 v 

VILE EBE input Low Voltage 3.05 3.52 v 

VLM Ve input Voltage, ±1.1 ±1.3 ±1.5 v 
Vc=Vcc+2 

Vee Ce Output Voltage 2.35 2.50 2.65 v 

AC CHARACTERISTICS (Vee= 5.0V; Rx= 2.4kQ; Ry= 1.5kQ; Cs = 0.001 µF; VT= 3.0V) 

O'C 25°C 75'C 

Symbol Characteristic Min Max Min Typ Max Min Max 

FO Center Frequency (Vvc -Vee= OV) 117 130 143 

FMAX- Frequency Range 68 80 92 
FMIN eve= 112 Vee ±1.5V, Vee= 5.ov) 

trE FOE/FOE/FSE/FSE Rise Time 0.5 2.4 

tfE FOE/FOE/FSE/FSE Fall nme 0.5 2.4 

TTT Resetnme 40 

TTO Resetnme 25 

TTS ResetTime 35 

TET Resetnme 32 

TEO Resetnme 12 

TES Reset Time 30 

Loading: EGL= 500 to Vi; TTL= 5000, SOpF 

MOTOROLA 124 

Condition 

EBT =EBE= Vee 
(EGL, TTL) 

Fs=GND 

Fs=GND 

Vee= 5.0V, RL = 50'1, 
VT=3.0V 

Vee= 5.0V, RL = 50(.l, 
VT=3.0V 

V;N=0.4V 

V1N=2.7V 

V1N=7.0V 

V1N = 4.19V 

V1N=3.05V 

Vcc=5.ov 

vcc=5.ov 

Vcc=5.0V 

Vcc=5.0V 

Vcc=5.ov 

Vcc=5.ov 

Vcc=5.ov 

Unit 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Condition 

vcc=+2.ov 
VEE =--3.0V 

EBT-FST 

EBT -FOE/FOE 

EBT - FSE/FSE 

EBE-FST 

EBE-FOE/FOE 

EBE-FSE/FSE 

HIPERCOMM 
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vcc1 

112 
Vee 

±0.75V 
Limit 

MC12101 

OUTPUT FREQUENCY FORMULA 

1) CENTER FREQUENCY: fosc = Rx 5!01.0 (MHz) 

Rx in kn Units: 2.7kn,; Rx,; 3.6kn 

2) GAIN : Af = ~ (MHz/V) 
vcc ·Ry 

Ry in kQ Units: 1.5kn,; Ry,; 2.4kQ 

Cs= 0.001µF 
CF= 0.1µF 

Figure 2. VCO Detail 

Notes: 
• For optimum VCO linearity (MHz/V), the following resistor ranges are recommended: 

3.6kn,; Rx,,; 4.6kn (Ry= 2.okn) 
1.5kn,,; Ry,,; 2.4kn (Rx = 3.3kn) 

• TIL output maximum frequency = 50MHz 

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

Vee= +2.0VDC 

16 

17 

0.1µF I 14 

15 

0.001µF I 

10 11 

0.1µF I 
-::- VEE= -3.0VDC 

Figure 3. AC Test Circuit (FO/treltfE Measurement) 
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V CC = +5.0VDC 

18 13 I 0.1µF 

0.1µF I 
-::-

-::- V1E 
19 

V1T 
20 

10 11 

0.1µF I 
-::- VEE= GND 

Figure 4. AC Test Circuit (Other Measurements) 
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MOTOROLA 

TTT 

50% 

™t EBT 

TEO 

TES 

TET 

FOE 

FSE 

FST 

Figure 5. Switching Waveforms 

VCO DISABLE FUNCTION TABLE 

EBE EBT FOE, FSE, FST I FOE, FSE 

H Hor OPEN L l H 
Lor OPEN H OSCILLATION 

H L OSCILLATION 

126 HIPERCOMM 
BR1334-REV 3 



¥ 
6 
>­

1501---t-~t----t-~1---t------'k-:7i"'"c:::ol--"'::,i.-""'--t----+--I 

~ 100 !---+~'F-:;..-"l'~-F------'l-----t-~f'<c--t-~+--+~-+---1 
::> a 
w 
a: 
u.. 

'N 
:r: 
6 
>­

01-..-<-~-'---'~-'----''----'-~"'--'-~-'---'~--'----' 
1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Ve (VOLTS) 

Figure 6. Ve versus Output Frequency 
Varying Rx @Vee= 5.0 V; TA= 25°e; Ry= 2.0 kQ 
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Figure 8. Ve versus Output Frequency 
Varying TA @ Vee= 5.0 V; Rx= 3.3 kQ; Ry= 2.0 kQ 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Low Power Voltage 
Controlled Oscillator Buffer 

The MC12147 is intended for applications requiring high frequency 
signal generation up to 1300MHz. An external tank circuit is used to 
determine the desired frequency of operation. The VCO is realized using 
an emitter-coupled pair topology. The MC12147 can be used with an 
integrated PLL IC such as the MC12202 1.1 GHz Frequency Synthesizer 
to realize a complete PLL sub-system. The device is specified to operate 
over a voltage supply range of 2. 7V to 5.5V. It has a typical current 
consumption of 13mA at 3V which makes it attractive for battery operated 
handheld systems. 

NOTE: The MC12147 is NOT suitable as a crystal oscillator. 

• Operates Up to 1.3GHz 

• Space-Efficient 8-Pin SOIC or SSOP Package 

• Low Power 13mA Typical@ 3.0V Operation 

• Supply Voltage of 2.7 to 5.5V 

• Typical 900MHz Performance 
- Phase Noise -105dBc/Hz@ 100KHz Offset 
- Tuning Voltage Sensitivity of 20MHz/V 

• Output Amplitude Adjustment Capability 

• Two High Drive Outputs With a Typical Range from -8dBm to -2dBm 

The device has two high frequency outputs which make it attractive for 
transceiver applications which require both a transmit and receive local 
oscillator (LO) signal. The outputs Q and QB are available for servicing 
the receiver IF and transmitter up-converter single-ended. In receiver 
applications, the outputs can be used together if it is necessary to 
generate a differential signal for the receiver IF. Because the Q and QB 
outputs are open collector, terminations to the Vee supply are required for 
proper operation. Since the outputs are complementary, BOTH outputs 
must be terminated even if only one is needed. The Q and QB outputs 
have a nominal drive level of -8dBm to conserve power. If addition signal 
amplitude is needed, a level adjustment pin (CNTL) is available, which 
when tied to ground, boosts the nominal output levels to -2dBm. 

External components required for the MC12147 are: (1) tank circuit 
(LC network); (2) Inductor/capacitor to provide the termination for the 
open collector outputs; and (3) adequate supply voltage bypassing. The 
tank circuit consists of a high-Q inductor and varactor components. The 
preferred tank configuration allows the user to tune the VCO across the 
full supply range. 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. 
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D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-03 

SD SUFFIX 
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PIN NAMES NC Q GND QB 

Pin Function 

Vee Power Supply 
CNTL Amplitude Control for Q, QB Output Pair 
TANK Tank Circuit Input 

VREF Bias Voltage Output 
QB Open Collector Output 
GND Ground 
Q Open Collector Output 

Vee CNTL TANK VREF 

Pinout: 8-Lead Plastic Package (Top View) 

MAXIMUM RATINGS* 

Symbol Parameter Value Unit 

Vee Power Supply Voltage, Pin 1 -0.5 to +7.0 v 

TA Operating Temperature Range -40 to +85 'C 

TsTG Storage Temperature Range -65 to +150 "C 

lo Maximum Output Current, Pin S, 7 12 mA ... 
Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 

ELECTRICAL CHARACTERISTICS (Vee= 2.7 to s.s voe, TA= -40°C to +8S°C) 

Symbol Characteristic 

ice Supply Current (CNTL=GND)Vcc = 3.3V 
Vee= s.sv 

ice Supply Current (CNTL=OPEN)Vcc = 3.3V 
Vee= S.SV 

VoH, Output Amplitude (Pin S & 7)1Vcc = 2.7V 
VoL son to Vee Vee= 2.1v 

VoH. Output Amplitude (Pins & 7)1Vcc = s.sv 
Vol son to Vee Vee= S.SV 

Ts!g_ Tuning Voltage Sensitivity2,3 

Fe Frequency of Operation 

J'..(f) CSR at 1 OKHz Offset, 1 Hz BW2,3 

J.(f) CSR at 1 OOKHz Offset, 1 Hz BW2,3 

Fsts Frequency Stability3,4supply Drift 
fstt Thermal Drift 

1. CNTL pin tied to ground. 
2. Actual performance depends on tank components selected. 
3. See Figure 12, 7SOMHz tank. 
4. T = 2s°C, Vee= sv ±10% 

HIPERCOMM 
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Min 

2.6 
2.1 

S.4 
4.8 

100 

129 

Typ Max Unit 

14.0 18 mA 
23.S 28 

8 13.0 mA 
13 22.S 

2.7 v 
2.3 2.4 

5.S v 
5.0 S.1 

20 MHzlV 

1300 MHz 

-8S dBc/Hz 

-10S dBc/Hz 

0.8 MHzN 
so KHz/°C 
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OPERATIONAL CHARACTERISTICS 

A simplified schematic of the MC12147 is found in 
Figure 1. The oscillator incorporates positive feedback by 
coupling the base of transistor Q2 to the collector of transistor 
Q1. In order to minimize interaction between the VCO 
outputs and the oscillator tank transistor pair, a buffer is 
incorporated into the circuit. This differential buffer is realized 
by the Q3 and Q4 transistor pair. The differential buffer drives 
the gate which contains the primary open collector outputs, Q 
and QB. The output is actually a current which has been set 
by an internal bias driver to a nominal current of 4mA. 
Additional circuitry is incorporated into the tail of the current 
source which allows the current source to be increased to 
approximately 10mA. This is accommodated by the addition 
of a resistor which is brought out to the CNTL pin. When this 
pin is tied to ground, the additional current is sourced through 
the current source thus increasing the output amplitude of the 
Q/QB output pair. If less than 10mA of current is needed, a 
resistor can be added to ground which reduces the amount of 
current. 

APPLICATION INFORMATION 

Figure 2 illustrates the external components necessary for 
the proper operation of the VCO buffer. The tank circuit 
configuration in this figure allows the VCO to be tuned across 
the full operating voltage of the power supply. This is very 
important in 3V applications where it is desirable to utilize as 
much of the operating supply range as possible so as to 
minimize the VCO sensitivity (MHzJV). In most situations, it is 
desirable to keep the sensitivity low so the circuit will be lass 
susceptible to external noise influences. An additional benefit 
to this configuration is that additional regulation/ filtering can 

Vee 

be incorporated into the Vee line without compromising the 
tuning range of the VCO. With the AC-<:oupled tank 
configuration, the Vtune voltage can be greater than the Vee 
voltage supplied to the device. 

There are four main areas that the user directly influences 
the performance of the VCO. These include Tank Design, 
Output Termination Selection, Power Supply Decoupling, 
and Circuit Board LayouVGrounding. 

The design of Iha tank circuit is critical to the proper 
operation of the VCO. This tank circuit directly impacts the 
main VCO operating characteristics: 

1) Frequency of Operation 
2) Tuning Sensitivity 
3) Voltage Supply Pushing 
4) Phase Noise Performance 

The tank circuit, in its simplest form, is realized as an LC 
circuit which determines the VCO operating frequency. This 
is described in Equation 1. 

fo=--1-
2:it jlc 

Equation 1 

In the practical case, the capacitor is replaced with a 
varactor diode whose capacitance changes with the voltage 
applied, thus changing the resonant frequency at which the 
VCO tank operates. The capacitive component in Equation 1 
also needs to include the input capacitance of the device and 
other circuit and parasitic elements. Typically, the inductor is 
realized as a surface mount chip or a wound-<:oil. In addition, 
Iha lead inductance and board inductance and capacitance 
also have an impact on the final operating point. 

Q QB 

GND 

Figure 1. Slmplified Schematic 
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Vee Supply 

v 

e3a-Y e2a 
CNTL 

Note 1 

TANK 

e3a-Y e2a 

Q L2a e6a 
1--~-+--; f---- veo Output 

GND 

L2b 

e6b 
1-----'---; f---- veo Output 

MC12147 

1. This input can be left open, tied to ground, or tied with a resistor to ground, depending 
on the desired output amplitude needed at the Q and OB output pair. 

2. Typical values for R1 range from 5k[! to 10kn. 

Figure 2. MC12147 Typical External Component Connections 

A simplified linear approximation of the device, package, 
and typical board parasitics has been developed to aid the 
designer in selecting the proper tank circuit values. All the 
parasitic contributions have been lumped into a parasitic 
capacitive component and a parasitic inductive component. 
While this is not entirely accurate, it gives the designer a solid 
starting point for selecting the tank components. 

Below are the parameters used in the model. 

Gp Parasitic Capacitance 
Lp Parasitic Inductance 
LT Inductance of Coil 
C1 Coupling Capacitor Value 
Cb Capacitor for decoupling the Bias Pin 
CV Varactor Diode Capacitance (Variable} 

The values for these components are substituted into the 
following equations: 

Ci = C1 x CV + Gp 
C1 +CV 

C =Ci x Cb 
Ci+ Cb 

L= Lp+LT 

Equation 2 

Equation 3 

Equation 4 

From Figure 2, it can be seen that the varactor 
capacitance (CV) is in series with the coupling capacitor 
(C1 ). This is calculated in Equation 2. For analysis purposes, 
the parasitic capacitances (GP) are treated as a lumped 
element and placed in parallel with the series combination of 
C1 and CV. This compound capacitance (Ci) is in series with 
the bias capacitor (Cb} which is calculated in Equation 3. The 
influences of the various capacitances; C1, GP, and Cb, 
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impact the design by reducing the variable capacitance 
effects of the varactor which controls the tank resonant 
frequency and tuning range. 

Now the results calculated from Equation 2, Equation 3 
and Equation 4 can be substituted into Equation 1 to 
calculate the actual frequency of the tank. 

To aid in analysis, it is recommended that the designer use 
a simple spreadsheet based on Equation 1 through 
Equation 4 to calculate the frequency of operation for various 
varactor/inductor selections before determining the initial 
starting condition for the tank. 

The two main components at the heart of the tank are the 
inductor (LT) and the varactor diode (CV). The capacitance of 
a varactor diode junction changes with the amount of reverse 
bias voltage applied across the two terminals. This is the 
element which actually '1unes" the VCO. One characteristic 
of the varactor is the tuning ratio which is the ratio of the 
capacitance at specified minimum and maximum voltage 
points. For characterizing the MC12147, a Matsushita 
(Panasonic) varactor- MA393 was selected. This device has 
a typical capacitance of 11 pF at 1V and 3.7 pF at 4V and the 
C-V characteristic is fairly linear over that range. Similar 
performance was also acheived with Loral varactors. A 
multi-layer chip inductor was used to realize the LT 
component. These inductors had typical Q values in the 
35-50 range for frequencies between 500 and 1 DOOM Hz. 

Note: There are many suppliers of high performance 
varactors and inductors an Motorola can not recommend one 
vendor over another. 

The Q (quality factor) of the components in the tank circuit 
has a direct impact on the resulting phase noise of the 
oscillator. In general, the higher the Q, the lower the phase 
noise of the resulting oscillator. In addition to the LT and CV 
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components, only high quality surface-mount RF chip 
capacitors should be used in the tank circuit. These 
capacitors should have very low dielectric loss (high-Q). At a 
minimum, the capacitors selected should be operating 100 
MHz below their oeries resonance point. As the desired 
frequency of operation increases, the values of the C1 and 
Cb capacitors will decrease since the series resonance point 
is a function of the capacitance value. To simplify the 
selection of C1 and Cb, a table has been constructed based 
on the intended operating frequency to provide 
recommended starting points. These may need to be altered 
depending on the value of the varactor selected. 

Frequency C1 Cb 

200-SOOMHz 47pF 47pF 

500-900MHz 5.1 pf 15pF 

900 - 1200 MHz 2.7pF 15pF 

The value of the Cb capacitor influences the VCO supply 
pushing. To minimize pushing, the Cb capacitor should be 
kept small. Since C1 is in series with the varactor, there is a 
strong relationship between these two components which 
influences the VCO sensitivity. Increasing the value of C1 
tends to increase the sensitivity of the VCO. 

The parasitic contributions Lp and Cp are related to the 
MC12147 as well as parasitics associated with the layout, 
tank components, and board material selected. The input 
capacitance of the device, bond pad, the wire bond, 
package/lead capacitance, wire bond inductance, lead 
inductance, printed circuit board layout, board dielectric, and 
proximity to the ground plane all have an impact on these 
parasitics. For example, if the ground plane is located directly 
below the tank· components, a parasitic capacitor will be 
formed consisting of the solder pad, metal traces, board 
dielectric material, and the ground plane. The test fixture 
used for characterizing the device consisted of a two sided 
copper clad board with ground plane on the back. Nominal 
values where determined by selecting a varactor and 
characterizing the device with a number of different tank/ 
frequency combinations and then performing a curve fit with 
the data to determine values for Lp and Cp. The nominal 
values for the parasitic effects are seen below: 

Parasitic Capacitance 
Parasitic Inductance 

MOTOROLA 

Cp 
Lp 

4.2 pf 
2.2 nH 
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These values will vary based on the users unique circuit 
board configuration. 

Basic Guidelines: 
1 . Select a varactor with high Q and a reasonable 

capacitance versus voltage slope for the desired 
frequency range. 

2. Select the value of Cb and C1 from the table above. 
3. Calculate a value of inductance (L) which will result in 

achieving the desired center frequency. Note that L 
includes both LT and Lp. 

4. Adjust the value of C1 to achieve the proper VCO 
sensitivity. 

5. Re-adjust value of L to center VCO. 
6. Prototype VCO design using selected components. It 

is important to use similar construction techniques and 
materials, board thickness, layout, ground plane 
spacing as intended for the final product. 

7. Characterize tuning curve over the voltage operation 
conditions. 

8. Adjust, as necessary, component values - L,C1, and 
Cb to compensate for parasitic board effects. 

9. Evaluate over temperature and voltage limits. 
10. Perform worst case analysis of tank component 

variation to insure proper VCO operation over full 
temperature and voltage range and make any 
adjustments as needed. 

Outputs a and QB are open collector outputs and need a 
inductor to VCC to provide the voltage bias to the output 
transistor. In most applications, De-blocking capacitors are 
placed in series with the output to remove the DC component 
before interfacing to other circuitry. These outputs are 
complementary and should have identical inductor values for 
each output. This will minimize switching noise on the VCC 
supply caused by the outputs switching. It is important that 
both outputs be terminated, even if only one of the outputs is 
used in the application. 

Referring to Figure 2, the recommended value for L2a and 
L2b should be 47 nH and the inductor components 
resonance should be at least 300 MHz greater than the 
maximum operating frequency. For operation above 1100 
MHz, it may be necessary to reduce that inductor value to 33 
nH. The recommended value for the coupling capacitors 
C6a, C6b, and C7 is 47 pF. Figure 2 also includes decoupling 
capacitors for the supply line as well as decoupling for the 
output inductors. Good RF decoupling practices should be 
used with a series of capacitors starting with high quality 100 
pF chip capacitors close to the device. A typical layout is 
shown below in Figure 3. 
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The output amplitude of the Q and QB can be adjusted 
using the CNTL pin. Refering to Figure 1, if the CNTL pin is 
connected to ground, additional current will flow through the 
current source. When the pin is left open, the nominal current 
flowing through the outputs is 4 mA. When the pin is 
grounded, the current increases to a nominal value of 1 O mA. 
So if a 50 ohm resistor was connected between the outputs 
and VCC, the output amplitude would change from 200 mV 
pp to 500 mV pp with an additional current drain for the 
device of 6 mA. To select a value between 4 and 10 mA, an 
external resistor can be added to ground. The equation below 
is used to calculate the current. 

(200 + 136 + Rextl x O.BV 
lout(nom) = -~2=0~0-x-(~1=35~+~R=e-x~t)-

Figure 4 through Figure 13 illustrate typical performance 
achieved with the MC12147. The curves illustrate the tuning 
curve, supply pushing characteristics, output power, current 

C3a 

Vtune 

MC12147 

drain, output spectrum, and phase noise performance. In 
most cases, data is present for both a 750 MHz and 1200 
MHz tank design. The table below illustrates the component 
values used in the designs. 

Component 750MHzTank 1200MHz Tank Units 

R1 5000 5000 n 
C1 5.1 2.7 pF 

LT 4.7 1.8 nH 

CV 3.7@1V 3.7@1V pF 
11@4V 11@4V 

Cb 100· 15 pF 

C6,C7 47 33 pF 

L2 47 47 nH 

•The value of Cb should be reduced to minimize pushing. 

C6a 

VCOOutput 1 

VC00utput2 

• =Via to/or Ground Plane 

~ =Via to/or Power Plane 

Figure 3. MC12147 Typical Layout 
(Not to Scale) 
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Figure 8. Typical VCO Tuning Curve, 1200MHz Tank (Vee= 5.0V) 

~ 

_ _.,. 

v-
-----

..... 
1----1-~ --

- .. -- --- .. -
-----

-1---=­.... __ ----1 

---- .. - .. ------ .. 

4.8 

1194 - ---
1192 f--~-t-~--+~~+-~-+-~-+~~-1--~---+--JJ------~r.gT L ____ +86°cj 

1190~~~~~~~~~~~~~~~~~~~~~~~~~~J_~~~ 
2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 

Yee Supply Voltage (Y) 

Figure 9. Typical Supply Pushing, 1200MHz Tank 

136 HIPERCOMM 
BR1334-REV3 



E 
Ill 
~ 
i;; 
15 
0.. 
s 
~ 
0 

--1--
r_- ----1 --=---+--

-1 

-2 

~ --------

-3 J ----40oc~ 
--+25°C 1----+85°C 

-4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2.7 

ATIEN10 
RLOdBm 

3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.0 

V cc Supply Voltage (V) 

Figure 10. Q/QB Output Power versus Supply, 1200MHz Tank 

10dB/ 
MARKER 

909MHz-7.1dBm 

i -40 t--~--tt-~-t-t-~-t--+-~+-+---t~-1--~~-r-~~-+-~~-1-~~-1-~~~ 
~ 
w 
0 -50 1--~---+1--~--t--1--~+-+--~l--+--t-~+-~~+-+-~-+--~~-+--~~-+--~----< 

~ 
~ --llO 1---~--+1---~--1--1---~+-+--~l---+---+~+--t-~+-+-~+-~~-++~~-+-~----1 

-70 

-80 

HIPERCOMM 
BR1334-REV 3 

START 1.0MHz 
RBW 1.0MHz VBW 1.0MHz 

Figure 11. Typical VCO Output Spectrum 
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HP 3048A CARRIER 784.2MHz 

-25 

-50 

-125 

-150 

1K 10K 100K 1M 

£m [dBc/HzJ vs t[HzJ 

Figure 12. Typical Phase Noise Plot, 750MHz Tank 

CARRIER 1220MHz 

100K 1M 

£(!) [dBc/Hz] vs f[Hz] 

Figure 13. Typical Phase Noise Plot, 1200MHz Tank 
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SEMICONDUCTOR TECHNICAL DATA 

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 osciiiator. 
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 Ill 
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 EGL 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 EGL 
load. If the user needs to fanout the signal, an ECL buffer such as the 
MC10EL 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 -90dBc/Hz at 25KHz Typical 

BLOCK DIAGRAM 
(Typical Test Circuit) 

veeo 
12000· 

Fout 

GND Out GND 
• The 12000 resistor and the scope 
termination impedance constitute a 25:1 
attenuator probe. 

A Ge TANK 
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LOW-POWER VOLTAGE 
CONTROLLED OSCILLATOR 

•• DSUFFIX 
SOIC PACKAGE 

CASE751-05 

SD SUFFIX 
SSOP PACKAGE 

CASE940-02 

Pinout: 8-Lead SOIC (Top View) 

GND veeo Out GND 

Vee A Ge TANK Vref 
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MAXIMUM RATINGS 

Symbol Parameter 

Vee Power Supply Voltage, Pin 1 

TA Operating Temperature Range 

Ts.!l!_ Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (Vee= 5.0V; TA= -40°e to +8s0 e) 

Symbol 

ice 

VoH 

Vol 

L(f) 

L(f} 

SNR 

Fsts 

Fstt 

H2 

MOTOROLA 

Characteristic 

Supply Current 

Output Level HIGH (1MQ Impedance) 

Output Level LOW (1MQ Impedance) 

CSR@ 25KHz Offset, 1Hz BW 

CSR@ 1MHzOffset, 1HzBW 

SNR (Signal to Noise Ratio from Carrier) 

Frequency Stability l Supply Drift 

J Thermal Drift 

Second Harmonic (from Carrier) 

8 
GND 

4 
Vret 

3 
TANK 

Vee 
1 

Min 

3.95 

3.04 

5 2 
GND AGe 

Figure 1. Circuit Schematic 
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Value 

--0.5 to +7.0 

-40to+85 

--65 to +150 

Typ Max 

19 25 

4.17 4.61 

3.41 3.60 

-90 

-120 

40 

3.6 

0.1 

-25 

Unit 

Vdc 

·e 

•e 

Unit 

mA 

v 
v 

dBc/Hz 

dBc/Hz 

dB 

KHz/mV 

KHzt°C 

Veeo 
7 

dBc 

6 

51(),Q 

OUT 
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1K 10K 100K 1M 10M 100M 

L (Q [dBc/Hz) versus f [Hz] 

Figure 2. Typical Evaluation Results 
(CSR MC12148 5.0Vdc; Vee @ 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 circuit. 

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

Coilcraft Inductors A01T 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 V1N = 1 to 5V. 
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SEMICONDUCTOR TECHNICAL DATA 

Low Power Voltage 
Controlled Oscillator Buffer 

The MC12149 is intended for applications requiring high frequency 
signal generation up to 1300MHz. An external tank circuit is used to 
determine the desired frequency of operation. The VCO is realized using 
an emitter-coupled pair topology. The MC12149 can be used with an 
integrated PLL IC such as the MC12202 1.1 GHz Frequency Synthesizer 
to realize a complete PLL sub-system. The device is specified to operate 
over a voltage supply range of 2.7V to 5.5V. It has a typical current 
consumption of 15mA at 3V which makes it attractive for battery operated 
handheld systems. 

NOTE: The MC12149 is NOT suitable as a crystal oscillator. 

• Operates Up to 1.3GHz 

• Space-Efficient 8-Pin SOIC or SSOP Package 

• Low Power 15mA Typical@ 3.0V Operation 

• Supply Voltage of 2.7 to 5.5V 

• Typical 900MHz Performance 
- Phase Noise -105dBc/Hz @ 1 OOKHz Offset 
- Tuning Voltage Sensitivity of 20MHz/V 

• Output Amplitude Adjustment Capability 

• Two High Drive Outputs With a Typical Range from -BdBm to -2dBm 

• One Low-Drive Output for Interfacing to a Prescaler 

The device has three high frequency outputs which make it attractive 
for transceiver applications which require both a transmit and receive 
local oscillator (LO) signal as well as a lower amplitude signal to drive the 
prescaler input of the frequency synthesizer. The outputs Q and QB are 
available for servicing the receiver IF and transmitter up-converter 
single-ended. In receiver applications, the outputs can be used together 
if it is necessary to generate a differential signal for the receiver IF. 
Because the Q and QB outputs are open collector, terminations to the 
Vee supply are required for proper operation. Since the outputs are 
complementary, BOTH outputs must be terminated even if only one is 
needed. The Q and QB outputs have a nominal drive level of -BdBm to 
conserve power. If addition signal amplitude is needed, a level adjustment 
pin (CNTL) is available, which when tied to ground, boosts the nominal 
output levels to -2dBm. A low power VCO output (Q2) is also provided to 
drive the prescaler input of the PLL. The amplitude of this signal is 
nominally 500mV which is suitable for most prescalers. 

MC12149 

LOW POWER VOLTAGE 
CONTROLLED OSCILLATOR 

BUFFER 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-03 

SD SUFFIX 
PLASTIC SSOP PACKAGE 

CASE940-03 

External components required for the MC12149 are: (1) tank circuit (LC network); (2) Inductor/capacitor to provide the 
termination for the open collector outputs; and (3) adequate supply voltage bypassing. The tank circuit consists of a high-Q 
inductor and varactor components. The preferred tank configuration allows the user to tune the VCO across the full supply range. 
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. 
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PIN NAMES 

Pin Function 

vcc Power Supply 
CNTL Amplitude Control for Q, QB Output Pair 
TANK Tank Circuit Input 

VREF Bias Voltage Output 
QB Open Collector Output 
GND Ground 
Q Open Collector Output 

Q2 Low Power Output Vee CNTL TANK VREF 

Pinout: 8-Lead Plastic Package (Top View) 

MAXIMUM RATINGS* 

Symbol Parameter Value Unit 

Vee Power Supply Voltage, Pin 1 -0.5 to +7.0 v 

TA Operating Temperature Range -40 to +85 "C 

TSTG Storage Temperature Range -65to +150 "C 

lo Maximum Output Current, Pin 8 7.5 mA 

lo Maximum Output Current, Pin 5,7 12 mA 

Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions. 

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

Symbol Characteristic 

ice Supply Current (CNTL=GND)Vcc = 3.3V 
Vee =5.5V 

ice Supply Current (CNTL=OPEN)Vcc = 3.3V 
Vcc=S.SV 

VoH. Output Amplitude (Pin 8)Vcc = 2.7V 
Vol High Impedance LoadVcc = 2.7V 

VoH, Output Amplitude (Pin 8)Vcc = 5.SV 
Vol High Impedance LoadVee = 5.SV 

VoH. Output Amplitude (Pin 5 & 7)1Vce = 2.7V 
Vol son to Vee vcc=2.7V 

VoH. Output Amplitude (Pin 5 & 7)1Vcc = 5.SV 
Vol son to Vee Vcc=S.5V 

Ts!ll_ Tuning Voltage Sensitivity2,3 

Fe Frequency of Operation 

£(!) CSR at 1 OKHz Offset, 1 Hz BW2,3 

£(!) CSR at 100KHz Offset, 1Hz BW2,3 

Fsts Frequency Stability3,4supply Drift 
fstt Thermal Drift 

1. CNTL pin tied to ground. 
2. Actual performance depends on tank components selected. 
3. See Figure 12, 750MHz tank. 
4. T = 25°C, Vee= 5V ±10% 

HIPERCOMM 
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Min 

1.75 
1.20 

4.50 
3.85 

2.6 
2.1 

5.4 
4.8 

100 

143 

Typ Max Unit 

16 20 mA 
23.5 30 

10 15.0 mA 
15 24.5 

1.85 1.95 v 
1.35 1.50 

4.6 4.70 v 
4.0 4.15 

2.7 v 
2.3 2.4 

5.5 v 
5.0 5.1 

20 MHz/V 

1300 MHz 

-85 dBc/Hz 

-105 dBc/Hz 

0.8 MHzN 
50 KHz/"C 
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OPERATIONAL CHARACTERISTICS 

A simplified schematic of the MC12149 is found in 
Figure 1. The oscillator incorporates positive feedback by 
coupling the base of transistor Q2 to the collector of transistor 
01. In order to minimize interaction between the VCO 
outputs and the oscillator tank transistor pair, a buffer is 
incorporated into the circuit. This differential buffer is realized 
by the Q3 and Q4 transistor pair. The differential buffer drives 
the gate which contains the primary open collector outputs, Q 
and QB. The output is actually a current which has been set 
by an internal bias driver to a nominal current of 4mA. 
Additional circuitry is incorporated into the tail of the current 
source which allows the current source to be increased to 
approximately 1 OmA. This is accommodated by the addition 
of a resistor which is brought out to the CNTL pin. When this 
pin is tied to ground, the additional current is sourced through 
the current source thus increasing the output amplitude of the 
Q/QB output pair. If less than 10mA of current is needed, a 
resistor can be added to ground which reduces the amount of 
current. 

The Q/QB outputs drive an additional differential buffer 
which generate the Q2 output signal. To minimize current, the 
circuit is realized as an emitter-follower buffer with an on chip 
pull down resistor. This output is intended to drive the 
prescaler input of the PLL synthesizer block. 

APPLICATION INFORMATION 
Figure 2 illustrates the external components necessary for 

the proper operation of the VCO buffer. The tank circuit 
configuration in this figure allows the VCO to be tuned across 
the full operating voltage of the power supply. This is very 
important in 3V applications where it is desirable to utilize as 
much of the operating supply range as possible so as to 
minimize the VCO sensitivity (MHz/V). In most situations, it is 
desirable to keep the sensitivity low so the circuit will be less 

vee 

VREFC)~ll------4~. 
~~--· 

susceptible to external noise influences. An additional benefit 
to this configuration is that additional regulation/ filtering can 
be incorporated into the V cc line without compromising the 
tuning range of the VCO. With the AC--<:oupled tank 
configuration, the Vtune voltage can be greater than the Vee 
voltage supplied to the device. 

There are four main areas that the user directly influences 
the performance of the VCO. These include Tank Design, 
Output Termination Selection, Power Supply Decoupling, 
and Circuit Board LayouVGrounding. 

The design of the tank circuit is critical to the proper 
operation of the VCO. This tank circuit directly impacts the 
main VCO operating characteristics: 

1) Frequency of Operation 
2) Tuning Sensitivity 
3) Voltage Supply Pushing 
4) Phase Noise Performance 

The tank circuit, in its simplest form, is realized as an LC 
circuit which determines the VCO operating frequency. This 
is described in Equation 1. 

fo=--1-
211 fLC Equation 1 

In the practical case, the capacitor is replaced with a 
varactor diode whose capacitance changes with the voltage 
applied, thus changing the resonant frequency at which the 
VCO tank operates. The capacitive component in Equation 1 
also needs to include the input capacitance of the device and 
other circuit and parasitic elements. Typically, the inductor is 
realized as a surface mount chip or a wound--<:oil. In addition, 
the lead inductance and board inductance and capacitance 
also have an impact on the final operating point. 

Q QB vee 

02 

GND 

Figure 1. Simplified Schematic 
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Vee Supply 

esa-Y- e2a 

e6a 
1----'----1-------' f----- veo Output 

L2b 

e6b 
1-----'----' f----- VCO Output 

MC12149 

1. This input can be left open, tied to ground, or tied with a resistor to ground, depending 
on the desired output amplitude needed at the Q and QB output pair. 

2. Typical values for R1 range from 5kQ to 10kQ. 

Figure 2. MC12149 Typical External Component Connections 

A simplified linear approximation of the device, package, 
and typical board parasitics has been developed to aid the 
designer in selecting the proper tank circuit values. All the 
parasitic contributions have been lumped into a parasitic 
capacitive component and a parasitic inductive component. 
While this is not entirely accurate, it gives the designer a solid 
starting point for selecting the tank components. 

Below are the parameters used in the model. 

Gp Parasitic Capacitance 
Lp Parasitic Inductance 
LT Inductance of Coil 
C1 Coupling Capacitor Value 
Cb Capacitor for decoupling the Bias Pin 
CV Varactor Diode Capacitance (Variable) 

The values for these components are substituted into the 
following equations: 

Ci = C1 x CV + Gp 
C1 +CV 

c =Ci x Cb 
Ci+ Cb 

L= Lp+LT 

Equation 2 

Equation 3 

Equation 4 

From Figure 2, it can be seen that the varactor 
capacitance (CV) is in series with the coupling capacitor 
(C1 ). This is calculated in Equation 2. For analysis purposes, 
the parasitic capacitances (GP) are treated as a lumped 
element and placed in parallel with the series combination of 
C1 and CV. This compound capacitance (Ci) is in series with 
the bias capacitor (Cb) which is calculated in Equation 3. The 
influences of the various capacitances; C1, GP, and Cb, 

HIPERCOMM 
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impact the design by reducing the variable capacitance 
effects of the varactor which controls the tank resonant 
frequency and tuning range. 

Now the results calculated from Equation 2, Equation 3 
and Equation 4 can be substituted into Equation 1 to 
calculate the actual frequency of the tank. 

To aid in analysis, it is recommended that the designer use 
a simple spreadsheet based on Equation 1 through 
Equation 4 to calculate the frequency of operation for various 
varactor/inductor selections before determining the initial 
starting condition for the tank. 

The two main components at the heart of the tank are the 
inductor (LT) and the varactor diode (CV). The capacitance of 
a varactor diode junction changes with the amount of reverse 
bias voltage applied across the two terminals. This is the 
element which actually '1unes" the VCO. One characteristic 
of the varactor is the tuning ratio which is the ratio of the 
capacitance at specified minimum and maximum voltage 
points. For characterizing the MC12149, a Matsushita 
(Panasonic) varactor- MA393 was selected. This device has 
a typical capacitance of 11 pF at 1V and 3.7 pF at 4V and the 
C-V characteristic is fairly linear over that range. Similar 
performance was also acheived with Loral varactors. A 
multi-layer chip inductor was used to realize the LT 
component. These inductors had typical Q values in the 
35-50 range for frequencies between 500 and 1 OOOMHz. 

Note: There are many suppliers of high performance 
varactors and inductors and Motorola can not recommend 
one vendor over another. 

The Q (quality factor) of the components in the tank circuit 
has a direct impact on the resulting phase noise of the 
oscillator. In general, the higher the Q, the lower the phase 
noise of the resulting oscillator. In addition to the LT and CV 
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components, only high quality surface-mount RF chip 
capacitors should be used in the tank circuit. These 
capacitors should have very low dielectric loss (high-Q). At a 
minimum, the capacitors selected should be operating 100 
MHz below their series resonance point. As the desired 
frequency of operation increases, the values of the C1 and 
Cb capacitors will decrease since the series resonance point 
is a function of the capacitance value. To simplify the 
selection of C1 and Cb, a table has been constructed based 
on the intended operating frequency to provide 
recommended starting points. These may need to be altered 
depending on the value of the varactor selected. 

Frequency C1 Cb 

200-500 MHz 47pF 47pF 

500-900 MHz 5.1 pF 15 pF 

900-1200 MHz 2.7pF 15pF 

The value of the Cb capacitor influences the VCO supply 
pushing. To minimize pushing, the Cb capacitor should be 
kept small. Since C1 is in series with the varactor, there is a 
strong relationship between these two components which 
influences the VCO sensitivity. Increasing the value of C1 
tends to increase the sensitivity of the VCO. 

The parasitic contributions Lp and Cp are related to the 
MC12149 as well as parasitics associated with the layout, 
tank components, and board material selected. The input 
capacitance of the device, bond pad, the wire bond, 
package/lead capacitance, wire bond inductance, lead 
inductance, printed circuit board layout, board dielectric, and 
proximity to the ground plane all have an impact on these 
parasitics. For example, if the ground plane is located directly 
below the tank components, a parasitic capacitor will be 
formed consisting of. the solder pad, metal traces, board 
dielectric material, and the ground plane. The test fixture 
used for characterizing the device consisted of a two sided 
copper clad board with ground plane on the back. Nominal 
values where determined by selecting a varactor and 
characterizing the device with a number of different tank/ 
frequency combinations and then performing a curve fit with 
the data to determine values for Lp and Cp. The nominal 
values for the parasitic effects are seen below: 

Parasitic Capacitance 
Parasitic Inductance 

MOTOROLA 

Cp 
Lp 

4.2pF 
2.2nH 
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These values will vary based on the users unique circuit 
board configuration. 

Basic Guidelines: 
11. Select a varactor with high Q and a reasonable 

capacitance versus voltage slope for the desired 
frequency range. 

12. Select the value of Cb and C1 from the table above. 
13. Calculate a value of inductance (L) which will result in 

achieving the desired center frequency. Note that L 
includes both LT and Lp. 

14. Adjust the value of C1 to achieve the proper VCO 
sensitivity. 

15. Re-adjust value of L to center VCO. 
16. Prototype VCO design using selected components. It 

is important to use similar construction techniques and 
materials, board thickness, layout, ground plane 
spacing as intended for the final product. 

17. Characterize tuning curve over the voltage operation 
conditions. 

18. Adjust, as necessary, component values - L,C1, and 
Cb to compensate for parasitic board effects. 

19. Evaluate over temperature and voltage limits. 
20. Perform worst case analysis of tank component 

variation to insure proper VCO operation over full 
temperature and voltage range and make any 
adjustments as needed. 

Outputs Q and QB are open collector outputs and need a 
inductor to VCC to provide the voltage bias to the output 
transistor. In most applications, DC-blocking capacitors are 
placed in series with the output to remove the DC component 
before interfacing to other circuitry. These outputs are 
complementary and should have identical inductor values for 
each output. This will minimize switching noise on the VCC 
supply caused by the outputs switching. It is important that 
both outputs be terminated, even if only one of the outputs is 
used in the application. 

Referring to Figure 2, the recommended value for L2a and 
L2b should be 47 nH and the inductor components 
resonance should be at least 300 MHz greater than the 
maximum operating frequency. For operation above 1100 
MHz, it may be necessary to reduce that inductor value to 33 
nH. The recommended value for the coupling capacitors 
C6a, C6b, and C7 is 47 pF. Figure 2 also includes decoupling 
capacitors for the supply line as well as decoupling for the 
output inductors. Good RF decoupling practices should be 
used with a series of capacitors starting with high quality 100 
pF chip capacitors close to the device. A typical layout is 
shown below in Figure 3. 
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The output amplitude of the Q and QB can be adjusted 
using the CNTL pin. Refering to Figure 1, if the CNTL pin is 
connected to ground, additional current will flow through the 
current source. When the pin is left open, the nominal current 
flowing through the outputs is 4 mA. When the pin is 
grounded, the current increases to a nominal value of 1 O mA. 
So if a 50 ohm resistor was connected between the outputs 
and VCC, the output amplitude would change from 200 mV 
pp to 500 mV pp with an additional current drain for the 
device of 6 mA. To select a value between 4 and 10 mA, an 
external resistor can be added to ground. The equation below 
is used to calcuiate the current. 

(200 + 136 + Rext) x O.BV 
lout(nom) = -~2~0~0-x~(1~3~6~+~R~e-x~t)-

Figure 4 through Figure 13 illustrate typical performance 
achieved with the MC12149. The curves illustrate the tuning 
curve, supply pushing characteristics, output power, current 

MC12149 

drain, output spectrum, and phase noise performance. In 
rnost cases, data is present for both a 750 MHz and 1200 
MHz tank design. The table below illustrates the component 
values used in the designs. 

Component 750MHzTank 1200MHz Tank Units 

R1 5000 5000 Q 

C1 5.1 2.7 pF 

LT 4.7 1.8 nH 

CV 3.7@1V 3.7@1V pF 
11@4V 11@4V 

Cb 100· 15 pF 

C6, C7 47 33 pF 

L2 47 47 nH 

• The value of Cb should be reduced to minimize pushing. 

To Prescaler 

VCOOutput 1 

VCO Output2 

• = Via to/or Ground Plane 

~ =Via to/or Power Plane 

Figure 3. MC12149 Typical Layout 
(Not to Scale) 
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Figure 11. Typical VCO Output Spectrum 
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STOP 10.0GHz 
SWP200ms 

MC12149 

MOTOROLA 



MC12149 
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CARRIER 784.2MHz 

1K 10K 100K 1M 

.£(!) [dBc/Hz] vs f[Hz] 

Figure 12. Typical Phase Noise Plot, 750MHz Tank 

CARRIER 1220MHz 

1K 10K 100K 1M 

.£(!) [dBc/Hz] vs f[Hz] 

Figure 13. Typical Phase Noise Plot, 1200MHz Tank 
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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) 

VCC2 NC D D NC V NC 

NC = No Connect 

LOGIC DIAGRAM 

R 6 ~---->------...---....c:Hli-o 4 u (fwfv) 
~~_,,..__.., 3 D (fR>fV) 

V9 

1/96 

TRUTH TABLE 

Vcc1=Pin1 
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. 
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MC12040 

PHASE-FREQUENCY 
DETECTOR 

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

:- LSUFFIX : I I CERAMIC PACKAGE I 
I ,: CASE 632-08 I 
I 1 I 
I Not Recommended for New Designs I 
L---------------~ 

• 3 4 

Inputs 

R v u 
0 0 x 
0 1 x 
1 1 x 
0 1 x 
1 1 1 
0 1 1 
1 1 1 
1 0 1 

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

1 1 0 
0 1 0 
1 1 0 

X = Don't Care 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

FN SUFFIX 
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 

D 

x 
x 
x 
x 
1 
1 
1 
1 

1 
1 
0 
0 

0 
0 
1 

REV1 
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ELECTRICAL CHARACTERISTICS 
The MC12040 has been designed to meet the de 

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. 

NOTE: For more information on using an ECL device in a 
+5V system, refer to Motorola Application Note 
AN1406/D, "Designing with PECL {ECL at +5.0V)" 

Supply Voltage = -5.2V 

Symbol Characteristics 

IE Power Supply Drain 

l1NH Input Current 

VoH1 Logic"1" 
Output Voltage 

VoL1 Logic"O" 
Output Voltage 

VoHA2 Logic"1" 
Input Voltage 

VoLA2 Logic "O" 
Input Voltage 

Supply Voltage = +5.0V 

Symbol Characteristics 

IE Power Supply Drain 

11NH Input Current 

VoH1 Logic"1" 
Output Voltage 

VoL1 Logic "O~ 
Output Voltage 

VoHA2 Logic "1~ 
Input Voltage 

VoLA2 Loglc"O" 
Input Voltage 

HIPERCOMM 
BR1334-REV3 

Pin 
Under 
Test 

7 

6 
9 

3 
4 
11 
12 

3 
4 

11 
12 

3 
4 

11 
12 

3 
4 

11 
12 

Pin 
Under 
Test 

7 

6 
9 

3 
4 
11 
12 

3 
4 
11 
12 

3 
4 
11 
12 

3 
4 
11 
12 

MC12040 

o·c 25°C 

Min Max Min Max 

-120 -60 

350 
350 

-1.000 -0.840 --0.960 --0.810 

-1.870 -1.635 -1.850 -1.620 

-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 

I 
1" 

MC12040 

snU 4 D 3 

D 11 
9 v o 12 

TEST VOLTAGE VALUES 

(Volts) 

@ Test Temperature V1Hmax V1Lmln V1HAmln V1LAmax VEE 

0°C -0.840 -1.870 -1.145 -1.490 -5.2 

25°C --0.810 -1.850 -1.105 -1.475 -5.2 

75°C -0.720 -1.830 -1.045 -1.450 -5.2 

TEST VOLTAGE APPLIED TO PINS BELOW 
75°C 

Min Max Unit V1Hmax V1Lmln V1HAmin VILAmax VEE 
(~~5) 

mAdc 7 1,14 

µAde 6 7 1,14 
9 7 1,14 

Vde 

-0.900 --0.720 7 1,14 

Vde 

-1.830 -1.595 7 1,14 

Vde 

--0.920 6.9 7 1,14 

Vde 9 6 

-1.575 6 9 
7 1,14 

9 6 
6 9 

TEST VOLTAGE VALUES 

(Volts) 

@ Test Temperature V1Hmax V1Lmln V1HAmin V1LAmax VEE 

o•c +4.160 +3.130 +3.855 +3.510 +5.0 

25°C +4.190 +3.150 +3.895 +3.525 +5.0 

75°C +4.280 +3.170 +3.955 +3.550 +5.0 

TEST VOLTAGE APPLIED TO PINS BELOW 
75°C 

(~~5> 
Min Max Unit V1Hmax V1Lmln V1HAmln V1LAmax VEE 

mAdc 1,14 7 

µAde 6 1,14 7 
9 1,14 7 

Vde 

4.100 4.280 1,14 7 

Vde 

3.230 3.470 1,14 7 

Vde 

4.080 6.9 1,14 7 

Vde 9 6 

3.490 
6 9 1,14 7 
9 6 
6 9 
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MC12040 

To Scope Channel A 

Duty Cycle = 50% 
t+ = t- = 1.5ns ±0.2ns Pulse 

PRF = 5.0MHz [~~~s~ 
Gen2 OIJ-~~~-.~-o 

Pulse 
Gen 1 

Pulse 
Gen2 

Output 
Waveform A 

Output 
Waveforms 

t+ 

t-

Vcc=+2.ov 

5.0µF .'.I: 

R 

v 

VEE= -G.2 or-G.OV 

NOTES: 
All input and output cables to the scope are equal lengths of 50Q 
coaxial cable. 
Unused input and outputs are connected to a 50Q resistor to 
ground. 
The device under test must be preconditioned before pertonming 
the ac tests. Preconditioning may be accomplished by applying 
pulse generator 1 for a minimum oflwo pulses prior to pulse gen­
erator2. The device must be preconditioned again when inputs to 
pins 6 and 9 are interchanged. The same technique applies. 

Figure 1. AC Tests 

O'C 

Pin 
Under Output 

Symbol Characteristic Test Waveform Max 

t6+4+ Propagation Delay 6,4 B 4.6 
t6+12+ 6,12 A 6.0 
t6+3- 6,3 A 4.5 
t6+11- 6,11 B 6.4 
t9+11+ 9,11 B 4.6 

t9+3+ 9,3 A 6.0 
t9+12- 9,12 A 4.5 
t9+4- 9,4 B 6.4 

t3+ Output Rise Time 3 A 3.4 

'4+ 4 B 
t11+ 11 B 
t14+ 14 A 

t3- Output Fall Time 3 A 3.4 
t4- 4 B 
t11- 11 B 
t14- 14 A 

MOTOROLA 156 

MC12040 

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 

TEST VOLTAGES/WAVEFORMS 
APPLIED TO PINS LISTED 

Pulse Pulse 
Gen 1 Gen 2 

6 9 
9 6 
6 9 
9 6 
9 6 
6 9 
9 6 
6 9 

6 9 
6 9 
9 6 
9 6 

6 9 
6 9 
9 6 
9 6 

VEE 
-3.0 or Vee 
-3.2V +2.0V 

7 1,14 

7 1,14 

7 1,14 

HIPERCOMM 
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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 ±2rr 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 D 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 D 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. 

R~­

V_~ 
-1 j-Lead 

RLeadsV n n n 
(D Output="O") _J L____J L____J L 

V Leads R I ,-------, ,-------, r 
(D Output="O") ~ Lag -LJ LJ 

HIPERCOMM 
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Figure 2. Timing Diagram 
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Proper level shifting is accomplished by differentially 
driving the operational amplifier from the normally high 
outputs of the phase detector (U and D). Using this technique 
the quiescent differential voltage to the operational amplifier 
is zero (assuming matched "1" levels from the phase 
detector). The U and D 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 tne very narrow correctional pulses of the 
MC12040 would not normally be integrated by the amplifier. 
General design guides for calculating R1, R2, and C are 
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. 

Figure 3. Typical Filter and Summing Network 

To 
vco 
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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 PLL can be 
realized. The device is functionally compatible with the MC12040 
phase-frequency detector, however the MOSAICT" Ill 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-Jead 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 
MECL 1 OH™ logic levels while the MCK12140 is compatible to 1 OOK ECL 
logic levels. This device can also be used in +5V systems. Please refer to 
Motorola Application Note AN1406/D, "Designing with PECL (ECL at 
+5.0V)" for more information. 

• 800MHz Typical Bandwidth 

• Small Outline 8-Lead SOIC Package 

• 75kQ Internal Input Pulldown Resistors 

• > 1 OOOV ESD Protection 

For proper operation, the input edge rate of the Rand V inputs should 
be less than 5ns. 

Pinout: 8-Lead SOIC (Top View) 

0 

TRUTH TABLE* 

Input Output Input 

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 0 1 0 0 1 
1 

v 
1 
0 
1 
0 

1 
1 
1 

MCH12140 
MCK12140 

PHASE-FREQUENCY 
DETECTOR 

u 

0 
0 
0 
0 

0 
0 
0 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Output 

D u 

0 1 
0 1 
1 1 
1 1 

1 1 
1 1 
0 1 

D 

1 
1 
0 
0 

0 
0 
1 

This 1s not strictly a functional 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. 

MOSAIC Ill and MECL 10H are trademarks of Motorola 

1/96 
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MCH12140 MCK12140 

LOGIC DIAGRAM 

)0-..,.------..------>;---..,0--'-- U (IR> N) 
R----,,_-~ 

r:t._ _ _,,,.~-- 0 (IR> IV) 

~---.., ___ D (IV> IR) 
v '-+-------! 

)C>-'------'------z~--0-.,.- D (IV> IR) 

H-SERIES DC CHARACTERISTICS (VEE= VEE(min)-VEE(max); Vee= GND1) 

-40°C 0°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 -19SO -1630 -19SO -1S95 mV 

V1H Input HIGH Voltage -1230 -890 -1170 -840 -1130 --810 -1060 -720 mV 

V1L Input LOW Voltge -1950 -1SOO -19SO -1480 -19SO -1480 -19SO -144S mV 

l1L Input LOW Current o.s - 0.5 - o.s - 0.3 - µA 

1. 1 OH circuits are designed to meet the DC specifications shown in the table after thermal equilibrium has been established. The circuit is in a 
test socket or mounted on a printed circuit board and transverse airflow greater than SOOlfpm is maintained. Outputs are terminated through 
a son resistor to -2.0V except where otherwise specified on the individual data sheets. 

K-SERIES DC CHARACTERISTICS (VEE= VEE(min)-VEE(max); Vee= GND1) 

-40°C 0°C to 70°C 

Symbol Characteristic Min Typ Max Min Typ Max Unit Condition 

VoH Output HIGH Voltage -108S -100S -880 -102S -9SS -880 mV V1N = V1H(max) 

VoL Output LOW Voltage -1830 -169S -1SSS -1810 -170S -1620 mV orV1L(min) 

VOHA Output HIGH Voltage -109S - - -103S - - mV V1N = V1H(min) 

VoLA Output LOW Voltage - - -15SS - - -1610 mV orV1L(max) 

V1H Input HIGH Voltage -116S - --880 -116S - -880 mV 

V1L Input LOW Voltge -1810 - -1475 -1810 - -1475 mV 

l1L Input LOW Current O.S - - 0.S - - µA V1N = V1L(max) 

1. This table replaces the three tables traditionally seen in EGL 1 OOK data books. The same DC parameter values at VEE= -4.SV now apply across 
the full VEE range of-4.2V to-5.5V. Outputs are terminated through a son resistor to -2.0V except where otherwise specified on the individual 
data sheets. 

ABSOLUTE MAXIMUM RATINGS1 

Characteristic Symbol Rating 

Power Supply (Vee= OV) VEE --8.0 to O 

Input Voltage (Vee= OV) V1 Oto-6.0 

Output Current Continuous lout 50 
Surge 100 

Operating Temperature Range TA -40 to +70 

Operating Range 1,2 VEE -5.7 to-4.2 

1. Absolute maximum rating, beyond which, device life may be impaired, unless otherwise specified on an individual data sheet. 
2. Parametric values specified at: H-Series:-4.20V to -5.50V 

K-Series:-4.94V to -5.50V 

HIPERCOMM 
BR1334 - REV 3 
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Unit 

VDC 

VDC 

mA 

'C 

v 
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MCH12140 MCK12140 

DC CHARACTERISTICS (VEE= VEE(min) - VEE(max); Vee= GND) 

-40°C 0°C 25°C 70°C 

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit 

IEE Power Supply Current H 45 38 45 52 38 45 52 38 45 52 mA 
K 45 38 45 52 38 45 52 42 50 58 

VEE Power Supply Voltage H -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 
K -4.20 -4.5 -5.5 -4.20 -4.5 -5.5 -4.20 -4.5 -5.5 -4.20 -4.5 -5.5 

l1H Input HIGH Current 150 150 150 150 µA 

AC CHARACTERISTICS (VEE = VEE(r'lin) - VEE(max); Vee = GND) 

-40°C 0°C 2s0c 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 RtoD 440 320 440 580 320 440 580 360 480 620 ps 
tPHL to Output 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 
lj Q (20to 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 ±2rr radians. 

The operation of the 12140 can best be described using 
the plots of Figure 1. Figure 1 plots the average value of D, 5 
and the difference between D and 5 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 R lags V 

--1----+---
-27' -n 1t 21t 

-2n --n: 1t 

D-D 

~ -2Tt -1t n: 2n: 

Vol -VoH 
2 

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 
5 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 
180° out of phase condition. The signal on 5 indicates to the 
VCO 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 simlarfashion as above. Again the signal 
on 5 indicates that the veo frequency must be decreased to 
bring the loop into lock. 

R leads Vin phase 

When the R and V inputs are equal in frequency and the 
phase of R leads that of V the 5 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 
180° 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 - 5 is zero thus providing a zero 
error voltage to the veo. This situation indicates the loop is 
in lock and the 12140 action will maintain the loop in its 
locked state. 

HIPERCOMM 
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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 MOSAIC™ 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, two lnterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 

• Low Power Supply Current of 5.BmA Typical for Ice and 0. 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 ls Pin Compatible With the Fujitsu MB1502 or MB1511 

MAXIMUM RATINGS* 

Symbol Parameter 

Vee Power Supply Voltage, Pin 4 (Pin 5 in 20-lead package) 

Vp Power Supply Voltage, Pin 3 (Pin 4 in 20-lead package) 

Tstg Storage Temperature Range 

MC12202 

MECL PLL COMPONENTS 

Serial Input PLL 
Frequency Synthesizer 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 B--05 

.~ 
1 

MSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 966--01 

2~ 
OT SUFFIX 

PLASTIC TSSOP PACKAGE 
CASE 948E--02 

Value 

--0.5 to +6.0 

Vccto+6.0 

~5to+150 

Unit 

VDC 

VDC 

oc 

• 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 and /nterActiveApNote are trademarks of Motorola, Inc. 
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PIN NAMES 

Pin 1/0 

OSCin I 

OSCout 0 

Vp -

Vee -

Do 0 

GND -

LO 0 

f1N I 

CLK I 

DATA I 

LE I 

FC I 

BISW 0 

tour 0 

$P 0 

$R 0 

NC -

HIPERCOMM 
BR1334 - REV 3 

$P four BISW FC LE DATA CLK 

Pinout: 16-Lead Packages (Top View) 

0 

OSCin OSCout Vp Do GND 

$R NC $P four BISW FC LE DATA NC CLK 

Pinout: 20-Lead Package (Top View) 

0 

OSCin NC OSCout Vee Do GND LD NC f1N 

Function 

Oscillator input. A crystal is connected between OSCin and OSCout. An external 
source can be AC coupled into this input 

Oscillator output. Pin should be left open if external source is used 

Power supply for charge pumps (Vp should be greater than or equal to Vee) Vp 
provides power to the Do, BISW and $P outputs 

Power supply voltage input. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 

Internal charge pump output. Do remains on at all times 

Ground 

Lock detect, phase comparator output 

Prescaler input. The VCO signal is AC-coupled into this pin 

Clock input. Rising edge of the clock shifts data into the shift registers 

Binary serial data input 

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 

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 Ip or fr on the four pin 

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 

Phase comparator input signal. When FC is HIGH, four=fr, programmable 
reference divider output; when FC is LOW, tour=fp, programmable divider output 

Output for external charge pump. Standard CMOS output level 

Output for external charge pump. Standard CMOS output level 

No connect 
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CASE 751B 
ACTUAL SIZE 

0 
CASE 966 

ACTUAL SIZE 

D 
CASE 948E 

ACTUAL SIZE 

16-Lead Pkg 20-Lead Pkg 
Pin No. Pin No. 

1 1 

2 3 

3 4 

4 5 

5 6 

6 7 

7 8 

8 10 

9 11 

10 13 

11 14 

12 15 

13 16 

14 17 

15 18 

16 20 

- 2, 9, 12, 19 
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OSCin CRYSTAL 
OSCout OSCILLATOR 

FC 

LE 
LE 

CONTROL 

DATA 

CLK 

MOTOROLA 

BIT DATA 

PRESCALER 
64/65 or 128/129 

15-BIT SHIFT REGISTER 

15 

18-BIT SHIFT REGISTER 

Figure 1. MC12202 Block Diagram 
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fp 

LD 

PHASE/FREQUENCY $P 
DETECTOR $R 

CHARGE Do PUMP1 

CHARGE 
PUMP2 

BISW 

DIVIDER tour OUTPUTMUX 
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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-counte~', 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) 

!r 
s R R R R R R 

w 14 13 12 11 10 9 

R 

8 

R 

7 

R 

6 

R 

5 

R 

4 

CONTROL BIT (LAST BIT} 

R 

3 

R 

2 

r ! 
R c 

I'" SETTING BITS FOR DIVIDE RATIO OF PROGRAMMABLE •I 
i-------- REFERENCE COUNTER (A-COUNTER) -------<91 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R 
RatioR 14 

8 0 

9 0 . . 
16383 1 

HIPERCOMM 
BR1334-REV 3 

R R 
13 12 

0 0 

0 0 . . 
1 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 

165 

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 R 
2 1 

0 0 

0 1 . . 
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) 

! 
N N N 

18 17 16 

I· 

N N N N N 

15 14 13 12 11 

SIDING BITS FOR 
DIVIDE RATIO OF 

PROGRAMMABLEN-COUNTER 

N N 

10 9 

N A A 

8 7 6 

+ 

CONTROL BIT (LAST BIT) 
LSB 

i 
A A A A A 

5 4 3 2 

SETTING BITS FOR 4 
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 
tvco = [(P•N)+A]•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) 

N18:MSB~17 N8~7. A1~=CONTROLBIT(LASTBIT) 
(SW:MSB) : (R14) (R7) : (R6) (R1) (C =CONTROL BIT (LAST BIT)) 

DATA 

CU< _n+fl_ _ ---fLWL- ---fl---fl-
1 I I I I I I 
I I I 1 I I I 11---
: I I : I I I 
I I I I I I !s(C->LE) c:J 
I I I I I I I I I 

-i ts(D) ~ -i th(D) ~ tcw-i ~ I -i ~ 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 !s(D);, 10ns 
!/i(D) = Hold Time DATA to CLK !/i(D);, 20ns 
tcw = CLK Pulse Width tcw ;, 30ns 
tew = LE Pulse Width tew ;, 20ns 

ts(C-.LE) = Setup Time CLK to LE 1s(C-+LE);, 30ns 

Figure 2. Serial Data Input Timing 

A 
1 

0 

1 . 
1 

MOTOROLA 166 HIPERCOMM 
BR1334-REV 3 



MC12202 

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 (Ip) signal and the reference (Ir) input. 
Since these edges occur only once per cycle, the detector has a range of ±2n radians. The phase comparator outputs are 
standard CMOS rail-to-rail levels (Vp to GND for q>P and Vee to GND for q>R), 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, q>R and q>P, as well as the charge pump output Do can be 
reversed by switching the FC pin. 

fr 

fp 

LD 

Do (FC= H) ------~ 
BISW (LE= Hor Open) 

<i>R (FC = H) 

<i>P(FC=H) 

Do(FC=L) 
BISW (LE= Hor Open) 

<i>R (FC = L) 

<i>P (FC= L) 

NOTES: Do and BISW are current outputs. 
Phase difference detection range: -211 to +211 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr > fp or fr < fp, spike might not appear depending upon charge pump characteristics. 

I +I· k 4 A 
Internal Charge Pump Gain ~ I sou~" sin I = : 

Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 

HIPERCOMM 
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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 cj>P output will remain in a HIGH state while the cj>R 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on cj>R indicates to the VCO 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 cj>R output will remain in a LOW state while the cj>P 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on cj>P indicates to the VCO 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 cj>P will remain in a HIGH state and cj>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 FC = 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 Ip or the frequency of Ip is greater than fr, the cj>R output will remain in a LOW state while the cj>P 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on cj>P indicates to the VCO 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 cj>P output will remain in a HIGH state while the cj>R 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on cj>R indicates to the VCO to decrease in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and Ip are equal, the output cj>P will remain in a HIGH state and cj>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 FC pin controls not only the phase characteristics, but also controls the IOUT test pin. The FC pin permits the user to monitor 
either of the phase comparator input signals, fr or Ip, at the fOUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When FC is HIGH, IOUT =fr, the programmable reference divider output. 
When FC is LOW, fOUT = Ip, the programmable divider output. 
Hence, 
If VCO characteristics are like (1), FC should be set HIGH or OPEN. 
If VCO characteristics are like (2), FC should be set LOW. 

touT =fr 
touT = fp 

MOTOROLA 

' ' ' ' ' ' 
' ' ' ' 

VCO INPUT VOLTAGE 

(1) 

' (2) 

Figure 4. VCO Characteristics 
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FC = HIGH or OPEN FC=LOW 

Do <i>R <i>P fOUT Do <i>R <i>P touT 

fp<fr H L L fr L H H Ip 

fp>fr L H H fr H L L Ip 

fp=fr z L H fr 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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fr 

fp 

FC 

LE 

LOCK DETECT 

PHASE 
FREQUENCY 
DETECTOR 

$P 

$R 

LO 

CHARGE 1------- Do 
..--1---1 PUMP 1 

CHARGE BISW 
~---< PUMP 2 1-------

Figure 6. Detailed Phase Comparator Block Diagram 

MC12202 

The Lock Detect (LO) output pin provides a LOW pulse when tr and Ip 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. 

HIPERCOMM 
BR1334-REV 3 

Do 
LPF-1 

BISW 

Figure 7. "Analog Switch" Block Diagram 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.SV; TA= -40 to +8S0 e) 

Symbol Parameter 

ice Supply Current for Vee 

Ip Supply Current for Vp 

FIN Operating Frequency f1Nmax 
f1Nmin 

Fosc Operating Frequency (OSCin) 

V1N Input Sensitivity f1N 

Vose OSCin 

V1H Input HIGH Voltage CLK, DATA, LE, FC 

V1L Input LOW Voltage CLK, DATA, LE, FC 

l1H Input HIGH Current (DATA and CLK) 

l1L Input LOW Current (DATA and CLK) 

iosc Input Current (OSCin) 

l1H Input HIGH Current (LE and FC) 

l1L Input LOW Current (LE and FC) 

1Source6 Charge Pump Output Current 

1Sink6 Do and BISW 

IHi-Z 

VoH Output HIGH Voltage (LO, <!>R, <!>P, IQUT) 

Vol Output LOW Voltage (LO, <i>R, <i>P, IQUT) 

loH Output HIGH Current (LO, <!>R, <!>P, IQUT) 

IOL Output LOW Current (LO, <jJR, <!>P, IQUT) 

1. Vee= 3.3V, all outputs open. 
2. Vee= 5.5V, all outputs open. 
3. Vp = 3.3V, all outputs open. 

EXTERNAL CHARGE 
PUMP OUTPUT 

Figure 8. Typical External Charge Pump Circuit 

MOTOROLA 

Min 

1100 

200 

500 

o.7Vcc 

-10 

-75 

-2.6 

+1.4 

-15 

4.4 

2.4 

-1.0 

1.0 
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Typ Max Unit Condition 

5.8 9.0 mA Note 1 

7.2 10.5 Note2 

0.7 1.1 mA Note3 

0.8 1.3 Note4 

MHz Note 5 
100 

12 20 MHz Crystal Mode 

40 MHz External Reference Mode 

1000 mVp_p 

2200 mVp_p 

v 

o.3Vcc v Vee= 5.5v 

1.0 2.0 µA Vee= 5.5V 

-5.0 µA Vee= 5.5V 

130 µA OSCin=Vcc 
-310 OSCin =Vee - 2.2V 

1.0 2.0 µA 

-60 µA 

-2.0 -1.4 rnA Voo = Vp/2; Vp = 2.7V 

+2.0 +2.6 Vs1sw = Vp/2; Vp = 2.7V 

+15 nA o.5 < v 00 < Vp-0.5 
o.5 < Vs1sw < Vp-o.5 

v vcc=5.ov 

v vcc=3.ov 

0.4 v Vee =5.0V 

0.4 v Vee =3.ov 

mA 

mA 

4. Vp = 6.0V, all outputs open. 
5. AC coupling, F1N measured with a 1 OOOpF capacitor. 
6. Source current flows out of the pin and sink currentflows into the pin. 

Vee 

100kn 

LOCK DETECT 
OUTPUT 

Figure 9. Typical Lock Detect Circuit 
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C1 

H: 
OSCin $R 

16 

LOW PASS 
EXTERNAL FILTER 

CHARGE PUMP (SEE FIGURE 11) 
15 (SEE FIGURE 8) 

OS Gout $P 

C2 CHARGE PUMP SELECTION 
Vp (INTERNAL OR EXTERNAL) 

Vp FOUT 
14 

I 0.1µF 

4 13 
Vee BISW 

I 0.1µF MC12202 

-=- -=- 5 12 

LOCK 
DETECT 

LOCK DETECT 
CIRCUIT 

(SEE FIGURE 9) 

HIPERCOMM 
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Do 

~---< GND 

1------1 LD 

FC 

LE 
11 

DATA ~1-0-----111---0 
471<Q 

C1, C2: Dependent on Crystal Oscillator 

FROM 
CONTROLLER 

Figure 10. Typical Applications Example (16-Pin Package) 

Do OR EXTE:~: : ___ __,I----i------o VCO CHARGE PUMP 
R 

IC I 

Figure 11. Typical Loop Filter 
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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 MOSAIC™ 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, two interActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 

• Low Power Supply Current of 6. 7mA Typical for Ice and 0. 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 

Vee Power Supply Voltage, Pin 4 (Pin 5 in 20-lead package) 

Vp Power Supply Voltage, Pin 3 (Pin 4 in 20-lead package) 

Tstg Storage Temperature Range 

MC12206 

MECL PLL COMPONENTS 

Serial Input PLL 
Frequency Synthesizer 

1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518--05 

OT SUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E--03 

Value 

--0.5 to +6.0 

Vccto+s.o 

_,,5 to +150 

Unit 

voe 

voe 

cc 

• 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 and lnterActiveApNote are trademarks of Motorola, Inc. 

11/94 
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PIN NAMES 

Pin 1/0 

OS Gin I 

OS Gout 0 

Vp -

Vee -

Do 0 

GND -
LD 0 

f1N I 

CLK I 

DATA I 

LE I 

FC I 

BISW 0 

four 0 

$P 0 

$R 0 

NC -

HIPERCOMM 
BR1334- REV 3 

$R $P tour BISW FC LE DATA CLK 

Pinout: 16-Lead Package (Top View) 

0 

OSCin OSCout Vp Vee Do GND LD f1N 

$R NC $P tour BISW FC LE DATA NC CLK 

11 

Pinout: 20-Lead Package (Top View) 

0 

OSCin NC OSCout Vp Vee Do LD NC 

Function 

Oscillator input. A crystal is connected between OSCin and OSCout. An external 
source can be AC coupled into this input 

Oscillator output. Pin should be left open if external source is used 

Power supply for charge pumps (Vp should be greater than or equal to Vee) Vp 
provides power to the Do, BISW and ~P outputs 

Power supply voltage input. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 

Internal charge pump output. Do remains on at all times 

Ground 

Lock detect, phase comparator output 

Prescaler input. The VCO signal is AC-coupled into this pin 

Clock input. Rising edge of the clock shifts data into the shift registers 

Binary serial data input 

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 

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 Ip or fr on the four pin 

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 

Phase comparator input signal. When FC is HIGH, four=fr, programmable 
reference divider output; when FC is LOW, four=fp, programmable divider output 

Output for external charge pump. Standard CMOS output level 

Output for external charge pump. Standard CMOS output level 

No connect 
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0 
CASE751B 

ACTUAL SIZE 

u 
CASE 94BE 

ACTUAL SIZE 

16-Lead Pkg 20-Lead Pkg 
Pin No. Pin No. 

1 1 

2 3 

3 4 

4 5 

5 6 

6 7 

7 8 

8 10 

9 11 

10 13 

11 14 

12 15 

13 16 

14 17 

15 18 

16 20 

- 2, 9, 12, 19 
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OSCin CRYSTAL 
OSCout OSCILLATOR 

FC 

LE 
LE 

CONTROL 

DATA 

CLK 

MOTOROLA 

BIT DATA 

PRESCALER 
64165or128/129 

15-BIT SHIFT REGISTER 

15 

15-BIT LATCH 

18-BIT SHIFT REGISTER 

fp 

Figure 1. MC12206 Block Diagram 
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LD 

PHASE/FREQUENCY ~p 

DETECTOR 

DIVIDER 
OUTPUTMUX 

~R 

CHARGE Do 
PUMP1 

CHARGE BISW 
PUMP2 

tour 
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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, "A-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: 

SETIING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 

!r LSB 

i 
S R R R R R R R R R R R R R R 

w 14 13 12 11 10 9 8 7 6 5 4 3 2 

I• SETTING BITS FOR DIVIDE RATIO OF PROGRAMMABLE •I 
ic------- REFERENCE COUNTER (A-COUNTER) _____ ___, .. 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R R R R R R R R R R R 
Ratio A 14 

8 0 

9 0 . . 
16383 1 

HIPERCOMM 
BR1334-REV 3 

13 12 11 

0 0 0 

0 0 0 . . . 
1 1 1 

10 9 8 7 6 5 4 3 

0 0 0 0 0 0 1 0 

0 0 0 0 0 0 1 0 . . . . . . . . 
1 1 1 1 1 1 1 1 

PRESCALER SELECT BIT 

Prescaler Divide Ratio P SW 

128/129 0 

64/65 1 

175 

! 
c 

R R 
2 1 

0 0 

0 1 . . 
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--<:ounterdivide 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 

SETTING BITS FOR 
DIVIDE RATIO OF 

PROGRAMMABLE N-COUNTER 

N N 

10 9 

N A A 

8 7 6 

+ 

CONTROL BIT (LAST BIT) 
LSB 

~ 
A A A A A 

5 4 3 2 

SETTING 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)+A]•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) 
lose: 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 __ _ 

(SW:MSB) I (R14) (R7) I (R6) 

_ ___ A_,1~ =CONTROL BIT (LAST BIT) 

(R1) (C =CONTROL BIT (LAST BIT)) 

DATA 

CLK __n__+-fL _ -fW-JL 
I I I I 
I I I I 
I I I I 
I I 
I I I I 

---f1---fL-
I I 
I I I 11-1 I I 

LE 

I I I I --i ls(D) r-- --i th(D) r--
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) <': 1 Ons 
th(D) = Hold Time DATA to CLK !ti(D) 2: 20ns 
tcw = CLK Pulse Width tcw <: 30ns 
tEW = LE Pulse Width tEW <': 20ns 

ts(C-->LE) = Setup Time CLK to LE ls(C-->LE) 2: 30ns 

Figure 2. Serial Data Input Timing 

A 
1 

0 

1 . 
1 
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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 (Ip) signal and the reference (Ir) input. 
Since these edges occur only once per cycle, the detector has a range of ±211: radians. The phase comparator outputs are 
standard CMOS rail-to-rail levels (Vp to GND for qiP and Vee to GND for <iJR), 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, <iJR and qiP, as well as the charge pump output Do can be 
reversed by switching the FC pin. 

fr n n n 
Ip n n n 

LO LJ LJ LJ 
n n 

LJ 
Do (FC = H) 
BISW (LE= H or Open) 

~R (FC = H) 

~p (FC = H) LJ LJ 
n 

LJ LJ 
Do (FC = L) 
BISW (LE= Hor Open) 

$R (FC = L) n n 
$P (FC = L) 

NOTES: Do and BISW are current outputs. 
Phase difference detec.iion range: -2rr to +2rr 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr> Ip or fr< fp, spike might not appear depending upon charge pump characteristics. 

. [ \source + \sink [ 4mA 
Internal Charge Pump Garn = 4,, = ~ 

Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 

HIPERCOMM 
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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 Ip or the frequency of Ip is greater than fr, the <PP output will remain in a HIGH state while the <PR 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on <PR indicates to the VCO 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 Ip or the frequency of Ip is less than fr, the cpR output will remain in a LOW state while the <PP 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on tjlP indicates to the VCO to increase in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and Ip are equal, the output cpP will remain in a HIGH state and <PR 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 FC = 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 Ip or the frequency of Ip is greater than fr, the <PR output will remain in a LOW state while the <PP 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on W indicates to the VCO 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 Ip is less than fr, the W output will remain in a HIGH state while the <PR 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on <PR indicates to the VCO to decrease in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and Ip are equal, the output <PP will remain in a HIGH state and <PR 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 FC pin controls not only the phase characteristics, but also controls the IOUT test pin. The FC pin permits the user to monitor 
either of the phase comparator input signals, fr or Ip, at the fOUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When FC is HIGH, touT =fr, the programmable reference divider output. 
When FC is LOW, fOUT = Ip, the programmable divider output. 

Hence, 

If VCO characteristics are like (1 ), FC should be set HIGH or OPEN. 

If VCO characteristics are like (2), FC should be set LOW. 

touT =tr 
touT = tp 

MOTOROLA 

"\. 
"\. 

"\. 
"\. 

VCO INPUT VOLTAGE 

(1) 

"\. (2) 

Figure 4. VCO Characteristics 
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FC = HIGH or OPEN FC=LOW 

Do $R $P four Do $R $P four 
lp<fr H L L fr L H H Ip 

lp>lr L H H fr H L L Ip 

Ip= fr z L H fr 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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fr 

fp 

FC 

LE 

LOCK DETECT 

PHASE 
FREQUENCY 
DETECTOR 

$P 

$R 

LD 

CHARGE 1------- Do 
PUMP1 

CHARGE ,__ _____ BISW 
PUMP2 

Figure 6. Detailed Phase Comparator Block Diagram 

MC12206 

The Lock Detect (LO) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LO 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 tha' 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. 

HIPERCOMM 
BR1334-REV3 

Do 
LPF-1 

BISW 

Figure 7. "Analog Switch" Block Diagram 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.SV; TA= -40 to +as0 e) 

Symbol Parameter 

ice Supply Current for Vee 

Ip Supply Current for Vp 

F1N Operating Frequency f1Nmax 
f1Nmin 

Fosc Operating Frequency (OSCin) 

V1N Input Sensitivity f1N 

Vose OSCin 

V1H Input HIGH Voltage CLK, DATA, LE, FC 

V1L Input LOW Voltage CLK, DATA, LE, FC 

l1H Input HIGH Current (DATA and CLK) 

l1L Input LOW Current (DATA and CLK) 

lose Input Current (OSCin) 

l1H Input HIGH Current (LE and FC) 

l1L Input LOW Current (LE and FC) 

lsource6 Charge Pump Output Current 

lsink6 Do and BISW 

IHi-Z 

VOH Output HIGH Voltage (LD, <j>R, <j>P, four) 

VoL Output LOW Voltage (LD, <j>R, <j>P, IOUT) 

loH Output HIGH Current (LD, cpR, cjlP, tour> 
IOL Output LOW Current (LD, cjlR, cjlP, IOUT) 

1. Vee= 3.3V, all outputs open. 
2. Vee= 5.5V, all outputs open. 
3. Vp = 3.3V, all outputs open. 

EXTERNAL CHARGE 
PUMP OUTPUT 

Figure 8. Typical External Charge Pump Circuit 

MOTOROLA 

Min 

2000 

200 

500 

o.7Vcc 

-10 

-75 

-2.6 

+1.4 

-15 

4.4 

2.4 

-1.0 

1.0 
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Typ Max Unit Condition 

6.7 10.5 mA Note 1 

8.1 12.5 Note2 

0.7 1.1 mA Note3 

0.8 1.3 Note4 

MHz Note 5 
500 

12 20 MHz Crystal Mode 

40 MHz External Reference Mode 

1000 mVp_p 

2200 mVp_p 

v 

o.3Vcc v Vee =5.5V 

1.0 2.0 µA vcc=5.5V 

-5.0 µA Vcc=5.5V 

130 µA OSCin=Vcc 
-310 OSCin = Vcc-2.2V 

1.0 2.0 µA 

-60 µA 

-2.0 -1.4 mA VDo = Vp/2; Vp = 2.7V 

+2.0 +2.6 Vs1sw = Vp/2; Vp = 2.7V 

+15 nA o.5 < VDo < Vp-o.5 
o.5 < va1sw < Vp - o.5 

v Vee= 5.ov 

v Vcc=3.ov 

0.4 v Vee =5.ov 

0.4 v Vcc=3.ov 

mA 

mA 

4. Vp = 6.0V, all outputs open. 
5. AC coupling, F1N measured with a 1000pF capacitor. 
6. Source current flows out of the pin and sink currentflows into the pin. 

LOCK DETECT 
OUTPUT 

Figure 9. Typical Lock Detect Circuit 

HIPERCOMM 
BR1334-REV 3 



C1 

~ 
16 

OSCin $R 
LOW PASS 

EXTERNAL FILTER 
CHARGE PUMP (SEE FIGURE 11) 

15 (SEE FIGURE 8) 
OSCout $P 

C2 CHARGE PUMP SELECTION 
Vp (INTERNAL OR EXTERNAL) 

FOUT 
14 

Vp 

Vee 
1oopFI I 0.1µF 

-=- -=- 4 13 
Vee BISW 

1oopFI I 0.1µF MC12206 

-=- -=- 5 12 
Do FC 

GND LE 
11 

-=-
LOCK LOCK DETECT 10 

DETECT CIRCUIT LO DATA FROM 
(SEE FIGURE 9) 47kQ CONTROLLER 

9 -=-
f;n CLK 

1000pF 47kQ 

C1, C2: Dependent on Crystal Oscillator 

Figure 10. Typical Applications Example (16-Pin Package) 

Do OR EXTE:~s: :>----~1----1-e-----o vco CHARGE PUMP 
R 

IC I 

HIPERCOMM 
BR1334-REV 3 

Figure 11. Typical Loop Filter 

181 

MC12206 

MOTOROLA 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Serial Input PLL Frequency 
Synthesizer 

The MC12210 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 MOSAIC™ 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 32/33 or 64/65 divide ratio. 

For additional applications information, two lnterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 

• Low Power Supply Current of 8.8mA Typical for Ice and 0. ?mA Typical 
lorlp 

• Supply Voltage of 2.7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 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 +85°C 

• Space Efficient Plastic Surface Mount SOIC or TSSOP Packages 

MAXIMUM RATINGS* 

Symbol Parameter 

Vee Power Supply Voltage, Pin 4 (Pin 5 in 20-lead package) 

Vp Power Supply Voltage, Pin 3 (Pin 4 in 20-lead package) 

Tstg Storage Temperature Range 

MC12210 

MECL PLL COMPONENTS 

Serial Input PLL 
Frequency Synthesizer 

1 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 B--05 

OT SUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E--02 

Value 

--0.5 to +6.0 

Vccto+6.0 

-65 to +150 

Unit 

VDC 

VDC 

oc 

• 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 and lnterActiveApNote are trademarks of Motorola, Inc. 
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PIN NAMES 

Pin 1/0 

OSCin I 

OSCout 0 

Vp -

Vee -

Do 0 

GND -
LD 0 

f1N I 

CLK I 

DATA I 

LE I 

FC I 

BISW 0 

tour 0 

$P 0 

$R 0 

NC -

HIPERCOMM 
BR1334-REV 3 

$R $P four BISW FC LE DATA CLK 

16 15 14 

Pinout: 16-Lead Package (Top View) 

0 

OSCin OSCout Vp Vee Do GND LD f1N 

$R NC $P four BISW FC LE DATA NC CLK 

Pinout: 20-Lead Package (Top View) 

0 

OSCin OSCout Vp Do GND LD 

Function 

Oscillator input. A crystal is connected between OSCin and OSCout. An external 
source can be AC coupled into this input 

Oscillator output. Pin should be left open if external source is used 

Power supply for charge pumps (Vp should be greater than or equal to Vee) Vp 
provides power to the Do, BISW and $P outputs 

Power supply voltage input. Bypass capacitors should be placed as close as 
possible to this pin and be connected directly to the ground plane. 

Internal charge pump output. Do remains on at all times 

Ground 

Lock detect, phase comparator output 

Prescaler input. The VCO signal is AC-coupled into this pin 

Clock input. Rising edge of the clock shifts data into the shift registers 

Binary serial data input 

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 

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 Ip or fr on the tour pin 

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 

Phase comparator input signal. When FC is HIGH, tour=lr, programmable 
reference divider output; when FC is LOW, tour=fp, programmable divider output 

Output for external charge pump. Standard CMOS output level 

Output for external charge pump. Standard CMOS output level 

No connect 

183 

CASE 7518 
ACTUAL SIZE 

CASE 948E 
ACTUAL SIZE 

16-Lead Pkg 
Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

-

MC12210 

20-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 

DATA 

CLK 

f1N 

MOTOROLA 

CRYSTAL 
OSCILLATOR 

CONTROL 
BIT 

LE 

DATA 

PRESCALER 
32/33 or 64/65 

15-BIT SHIFT REGISTER 

15 

15-BIT LATCH 

fr 

18-BIT SHIFT REGISTER 

fp 

Figure 1. MC1221 O Block Diagram 
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DIVIDER 
OUTPUTMUX 

LD 

!pP 

$R 

CHARGE Do 
PUMP1 

CHARGE 
PUMP2 BISW 

tour 

HIPERCOMM 
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DATA ENTRY FORMAT 
The three wire interlace 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 ~·ansferred 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 controi bii is HIGH, data is transferred from the 15-bit shift register into the 15-bit latch which specifies the R divide ratio 18 to 
16383) and the prescaler divide ratio (SW=D for +64/65, SW=1 for +32/33). An R divide ratio less than 8 is prohibited. 

For Control bit (C) = HIGH: 

SETIING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) CONTROL BIT (LAST BIT) 

! 
MSB 

+ 
s R R R R 

w 14 13 12 11 

R 

10 

R 

9 

R 

8 

R 

7 

R 

6 

R 

5 

R 

4 

R 

3 

R 

2 

LSB 

R 

SETIING BITS FOR DIVIDE RATIO OF PROGRAMMABLE •I 
!+------- REFERENCE COUNTER (R-COUNTER) ------..i 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R 
Ratio R 14 

8 0 

9 0 . . 
16383 1 

HIPERCOMM 
BR1334-REV 3 

R R 
13 12 

0 0 

0 0 . . 
1 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 

64/65 

32/33 

185 

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 

c 

R R 
2 1 

0 0 

0 1 . . 
1 1 

MOTOROLA 
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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-counter 
divide ratio (16 to 2047). An N-counter 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 

SETTING BITS FOR 
DIVIDE RATIO OF 

PROGRAMMABLE N-COUNTER 

CONTROL BIT (LAST BIT) 

r ! 
N N N A A A A A A A C 

10 9 8 7 6 5 4 3 2 

+ SETTING BITS FOR ~ 
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 
Ratio N 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)+A]•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) 

DATA 

CLK 

LE 

N18:MSB~17 
(SW:MSB) : ('-R1-4) __ _ 

----NJ8~~7---­
(R7) : (R6) 

----AJ1)<;: =CONTROL BIT (LAST BIT) 

(R1) (C =CONTROL BIT (LAST BIT)) 

_ILJ_fL -fl-WL -fl-fl-
I I I 
I I I 
I I 
I I I 
I I I I 
I I I I 

....., ts(D) r- ....., th(D) r-
I 
I 

tcw--, 

I 

I I Il-l I 
I c=:J I ts(C-->LE) I I I 
r- ....., r-tEW 

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 
lh(D) = Hold Time DATA to CLK th(D);, 20ns 
tcw = CLK Pulse Width tcw;, 30ns 
tEW = LE Pulse Width tEW <: 20ns 

ts(C-.LE) = Setup Time CLK to LE ts(C-.LE);, 30ns 

Figure 2. Serial Data Input Timing 

A 
1 

0 

1 . 
1 
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PHASE CHARACTERISTICSNCO CHARACTERISTICS 

The phase comparator in the MC12210 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 ±2rr radians. The phase comparator outputs are 
standard CMOS rail-to-rail levels (Vp to GND for <1>P and Vee to GND for cpR), 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, <i>R and c(>P, as well as the charge pump output Do can be 
reversed by switching the FC pin. 

fr n 
-~~-

'P ____ ~n~--~ 

LO LJ 
Do(FC=H) ------~n~-----~ 
BISW (LE= H or Open) 

$R(FC= H) 

$P (FC = H) LJ 
Do (FC = L) 
BISW (LE = H or Open) LJ 

cpP (FC = L) 

NOTES: Do and BISW are current outputs. 
Phase difference detection range: -2n to +2n 
Spike difference depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr> fp or fr< fp, spike might not appear depending upon charge pump characteristics. 

. I lsource + lsink I 4mA 
Internal Charge Pump Gain = 4" = ~ 

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 Ip or the frequency of Ip is greater than fr, the <)>P output will remain in a HIGH state while the <1>R 
output will pulse from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on <!>R indicates to the VCO 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 Ip or the frequency of Ip is less than fr, the <1>R output will remain in a LOW state while the <i>P 
output pulses from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on <i>P indicates to the VCO to increase in frequency to bring the loop to lock. 

fr = fp in phase and frequency 
When the phase and frequency of fr and Ip 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 FC = 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 Ip or the frequency of Ip is greater than fr, the <1>R output will remain in a LOW state while the W 
output will pulse from HIGH to LOW. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on <1>P indicates to the VCO 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 Ip or the frequency of Ip is Jess than fr, the <1>P output will remain in a HIGH state while the <1>R 
output pulses from LOW to HIGH. The output pulse will reach a minimum 50% duty cycle under a 180° out of phase condition. 
The signal on <!>R indicates to the VCO to decrease in frequency to bring the loop to lock. 

fr= fp in phase and frequency 

When the phase and frequency of fr and Ip 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 FC pin controls not only the phase characteristics, but also controls the lour test pin. The FC pin permits the user to monitor 
either of the phase comparator input signals, Ir or Ip, at the fOUT output providing a test mode where the programming of the 
dividers and the output of the counters can be checked. When FC is HIGH, tour= fr, the programmable reference divider output. 
When FC is LOW, tour = Ip, the programmable divider output. 

Hence, 

II VCO characteristics are like (1), FC should be set HIGH or OPEN. 

II VCO characteristics are like (2), FC should be set LOW. 
tour= tr 

tour= tp 
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Figure 4. VCO Characteristics 
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FC = HIGH or OPEN FC=LOW 

Do $R $P touT Do $R $P fQUT 

Ip <fr H L L fr L H H fp 

lp>fr L H H fr H L L Ip 

lp=fr z L H fr 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 
tour Characteristics 
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fr 

fp 

FC 

LE 

LOCK DETECT 

PHASE 
FREQUENCY 
DETECTOR 

CHARGE 
PUMP 1 

CHARGE 
PUMP 2 

$P 

$R 

LO 

1-------Do 

1------- BISW 

Figure 6. Detailed Phase Comparator Block Diagram 
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The Lock Detect (LO) output pin provides a LOW pulse when fr and fp are not equal in phase or frequency. The output is normally 
HIGH. LO 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 1 O 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 MC1221 O 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. 

HIPERCOMM 
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LPF-1 

Figure 7. "Analog Switch" Block Diagram 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.5V; TA= -40 to +85°e) 

Symbol Parameter 

ice Supply Current for Vee 

Ip Supply Current for Vp 

F1N Operating Frequency f1Nmax 
f1Nmin 

Fosc Operating Frequency (OSCin) 

V1N Input Sensitivity f1N 

Vose OSCin 

V1H Input HIGH Voltage CLK, DATA, LE, FC 

V1L Input LOW Voltage CLK, DATA, LE, FC 

l1H Input HIGH Current (DATA and CLK) 

Ill Input LOW Current (DATA and CLK) 

lose Input Current (OSCin) 

l1H Input HIGH Current (LE and FC) 

l1L Input LOW Current (LE and FC) 

lsource6 Charge Pump Output Current 

1Sink6 Do and BISW 

IHi-Z 

VoH Output HIGH Voltage (LD, <jlR, <jlP, fQUT) 

Vol Output LOW Voltage (LD, <jlR, <j>P, fOUT) 

IOH Output HIGH Current (LD, <jlR, <j>P, fQUT) 

loL Output LOW Current (LD, <jlR, <jlP, fOUT) 

1. Vee= 3.3V, all outputs open. 
2. Vee= 5.5V, all outputs open. 
3. Vp = 3.3V, all outputs open. 

Vp 

10kQ 

EXTERNAL CHARGE 
PUMP OUTPUT 

Figure 8. Typical External Charge Pump Circuit 
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Min 

2500 

200 

500 

o.7Vcc 

-10 

-75 

-2.6 

+1.4 

-15 

4.4 

2.4 

-1.0 

1.0 
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Typ Max Unit Condition 

8.8 13.0 mA Note 1 

10.2 16.0 Note2 

0.7 1.1 mA Note3 

0.8 1.3 Note4 

MHz Note 5 
500 

12 20 MHz Crystal Mode 

40 MHz External Reference Mode 

1000 mVp_p 

2200 mVp_p 

v 

o.3Vcc v Vcc=s.sv 

1.0 2.0 µA Vee= s.5V 

-5.0 µA Vee =s.sv 

130 µA OSCin=Vcc 
-310 OSCin =Vee - 2.2V 

1.0 2.0 µA 

-60 µA 

-2.0 -1.4 mA Yoo= Vp/2; Vp = 2.7V 

+2.0 +2.6 Vs1sw = Vp/2; Vp = 2.7V 

+15 nA o.5< v 00 < Vp - o.5 
o.5 < Vs1sw < Vp - o.5 

v vcc=5.ov 

v vcc=3.ov 

0.4 v Vcc=5.ov 

0.4 v Vee =3.ov 

rnA 

mA 

4. Vp = 6.0V, all outputs open. 
5. AC coupling, F1N measured with a 1000pF capacitor. 
6. Source currentflows out of the pin and sink currentflows into the pin. 

Vee 

LOCK DETECT 
OUTPUT 

Figure 9. Typical Lock Detect Circuit 
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C1 

~ 
$R 

16 
OSCin 

LOW PASS 
EXTERNAL FILTER 

CHARGE PUMP (SEE FIGURE 11) 
15 (SEE FIGURE 8) 

OSCout $P 

C2 CHARGE PUMP SELECTION 
Vp (INTERNAL OR EXTERNAL) 

FOUT 
14 

Vp 

Vee 
1oopFI I 0.1µF 

-= -= 4 13 
Vee BISW 

1oopFI I 0.1µF MC12210 

-= -= 12 
Do FC 

LE 
11 

GND 

-= 
LOCK LOCK DETECT 10 

DETECT CIRCUIT LO DATA FROM 
(SEE FIGURE 9) 47kn CONTROLLER 

9 -= 
f;n CLK 

1000pF 47kn 

C1, C2: Dependent on Crystal Oscillator 

Figure 10. Typical Applications Example (16-Pin Package) 

Do OR EXTE:~s: :>-----<t-----<1t-----o VCO CHARGE PUMP 
R 

IC I 

HIPERCOMM 
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Figure 11. Typical Loop Filter 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

500-2800MHz Single Channel 
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 complete PLL subsystem. 
Motorola's advanced 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 high frequency applications such as CATV down converters 
and satellite receiver tuners. 

• 2.8GHz Maximum Operating Frequency 

• Low Power Supply Current of 3.5mA Typical, Including tee and Ip 
Currents 

• Supply Voltage of 5.0V Typical 

• Integrated Divide by 256 Prescaler 

• On-Chip Reference Oscillator/Buffer 

- 2-11 MHz Operation When Driven From Reference Source 

- 5-11 MHz Operation When Used With a Crystal 

• 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 

For additional information on calculating the loop filter components, an 
lnterActiveApNote™ document containing software (based on a Microsoft 
Excel spreadsheet) and an Application Note is available. Please order 
DK306/D from the Motorola Literature Distribution Center. 

OSCin Crystal 
Oscillator 

OS Gout 

Prescaler 
Fin +256 

BLOCK DIAGRAM 

Phase/Frequency 
Detector 

Charge 
Pump 

MAXIMUM RATINGS* 

Symbol Parameter 

Vee Power Supply Voltage, Pin 2 

Vp Power Supply Voltage, Pin 7 

Tstg Storage Temperature Range 

PD out 

MC12179 

500-2800MHz 
SINGLE CHANNEL 

FREQUENCY SYNTHESIZER 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751-05 

Pinout: 8-Lead SOIC (Top View) 

OSCin 0 
OSCout 

vcc Vp 

GND PDout 

Fin GNDP 

Value Unit 

-0.5 to +6.0 VDC 

Vee to+s.o VDC 

-65 to +150 oc 

Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the 
Recommended Operating Conditions as identified in the Electrical Characteristics table. 

MOSAIC V and lnterActiveApNote are trademarks of Motorola, Inc. 
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ELECTRICAL CHARACTERISTICS (Vee= 4.5 to 5.5V; Vp =Vee to 5.5V; TA= -40 to +85°C) 

Symbol Characteristic Min Typ Max Unit Condition 

ice Supply Current for Vee 3.1 5.6 mA Note 1 

Ip Supply Current for Vp 0.4 1.3 mA Note 1 

F1N Operating Frequency i1Nmax 2800 MHz Note 2 
l1Nmin 500 

Fosc Operating Frequency Crystal Mode 5 11 MHz Note3 
External Oscillator OSCin 2 11 Note4 

VIN Input Sensitivity Fin 200 1000 mVp_p Note2 

Vose Input Sensitivity External Oscillator OSCin 500 2200 mVp_p Note4 

loH Output Source Currents (PDout) -2.8 -2.2 -1.6 mA Vp = 4.5V, Vpoout 
=Vp/2 

IOL Output Sink CurrentS (PD out) 1.6 2.2 2.8 mA Vp = 4.5V, Vpoout 
=Vp/2 

loz Output Leakage Current (PDout) 0.5 15 nA Vp = 5.0V, Vpoout 
= Vp/2 

1. Vee and Vp = 5.5V; F1N = 2.56GHz; Fosc = 10MHz crystal; PDout open. 
2. AC coupling, F1N measured with a 1 OOOpF capacitor. 
3. Assumes C1 and C2 (Figure 1) limited to s30pF each including stray and parasitic capacitances. 
4. AC coupling to OSCin· 
5. Reier to Figure 15 and Figure 16 for typical performance curves over temperature and power supply voltage. 

PIN NAMES 

Pin 1/0 

OSCin 

Vee 

GND 

Fin 

GNDP 

PD out 

Vp 

OSCout 

HIPERCOMM 
BR1334-REV 3 

I 

-

-

I 

-
0 

-

0 

Function 

Oscillator Input - An external parallel-resonant, fundamental crystal is connected between OSCin 
and OSCout to form an internal reference oscillator (crystal mode). External capacitors C1 and C2, as 
shown in Figure 1, are required to set the proper crystal load capacitance and oscillator frequency. 
For an external reference oscillator, an external signal is AC-coupled to the OSCin pin with a 1 OOOpF 
coupling capacitor, with no connection to OSCout· In either mode, a resistor with a nominal value of 
50kn MUST be placed across the OSCin and OSCout pins for proper operation. 

Positive Power Supply. Bypass capacitors should be placed as close as possible to the pin and be 
connected directly to the ground plane. 

Ground. 

Prescaler Input - The VCO signal is AC coupled into the F;n pin. 

Ground - For charge pump circuitry. 

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. 

Positive power supply for charge pump. Vp MUST be equal or greater than Vee. Bypass capacitors 
should be placed as close as possible to the pin and be connected directly to the ground plane. 

Oscillator output, for use with an external crystal as shown in Figure 1. 
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Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 
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+5.0V 
Vee 

C2 
NOTE: External 50kil resistor 
across Pins 1 and 8 is necessary in 
either crystal or driven mode. 4 Fin 

VCO --i 1--1e----< 

1000pF 

Prescaler 
+256 

GND 

Phase/Frequency 
Detector 

Charge 
Pump 

+5.0V 
Vp 7 

1----t--- To Loop Filter 

,__ __ _, PDout 

GNDP 

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 (Iv) signal 
and the reference (fr) input. The detector can cover a range 
of ±2rr radian of Iv/fr phase difference. The operation of the 
charge pump output is shown in Figure 2. 

fr lags fv in phase OR fv>fr in frequency 
When the phase of fr lags that of Iv or the frequency of Iv is 

greater than fr, the Do output will sink current. The pulse 
width will be determined by the time difference between the 
two rising edges. 

I I I n rn fr 
(OSCin) 

I I I I 
I I I I 
I h !h fv I 

(Fin +256) I 
I I I 
I I I 
I I I I 

PD out n n 
I I I I 
I I I I 

fr leads fv in phase OR fv<fr in frequency 

When the phase of fr leads that of Iv or the frequency of Iv 
is less than fr, the Do output will source current. The pulse 
width will be determined by the time difference between the 
two rising edges. 

fr = fv in phase and frequency 

When the phase and frequency of fr and Iv are equal, the 
charge pump will be in a quiet state, except for current 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. 

I I I 
I fl n_: I 
I 
I I 
I I 

H n_: 
I I I 
I I I 
I I I Sourcing Current Pulse 
I I I 

H I z 
I 

Sinking Current Pulse 

I I 

H =High voltage level; L =Low voltage level; Z =High impedance 
NOTES: Phase difference detection range: - -2n to 2n 

llsourcel + llsinkl 12.21 + 1-2.21 1.1 mA 
Kp - Charge Pump Gain = 4" = --4-"-- = -nr-ad-ia-n 

Figure 2. Phase/Frequency Detector and Charge Pump Waveforms 
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Applications Information 

The MC12179 is intended for applications where a fixed 
local oscillator is required to be synthesized. The prescaler 
on the MC12179 operates up to 2.BGHz which makes the 
part ideal for many satellite receiver applications as well as 
applications in the 2nd ISM (Industrial, Scientific, and 
Medical) band which covers the frequency range of 
2400MHz to 2483MHz. The part is also intended for MMDS 
(Multi-channel Multi-point Distribution System) block 
downconverter applications. Below is a typical block diagram 
of the complete PLL. 

MC12179 PLL 
External Ref vco 

10.0MHz 2560.00MHz 

Figure 3. Typical Block Diagram of Complete PLL 

As can be seen from the block diagram, with the addition 
of a VCO, a loop filter, and either an external oscillator or 
crystal, a complete PLL sub-system can be realized. Since 
most of the PLL function is integrated into the MC12179, the 
user's primary focus is on the loop filter design and the 
crystal reference circuit. Figure 13 and Figure 14 illustrate 
typical VCO spectrum and phase noise characteristics. 
Figure 17 and Figure 18 illustrate the typical input impedance 
versus frequency for the prescaler input. 

Crystal Oscillator Design 
The MC12179 is used as a multiply-by-256 PLL circuit 

which transfers the high stability characteristic of a low 
frequency reference source to the high frequency VCO in the 
PLL loop. To facilitate this, the device contains an input circuit 
which can be configured as a crystal oscillator or a buffer for 
accepting an external signal source. 

In the external reference mode, the reference source is 
AC-coupled into the OSCin input pin. The input level signal 
should be between 500-2200mVp-p. When configured with 
an external reference, the device can operate with input 
frequencies down to 2MHz, thus allowing the circuit to control 
the VCO down to 512MHz. To optimize the phase noise of the 
PLL when used in this mode, the input signal amplitude 
should be closer to the upper specification limit. This 
maximizes the slew rate of the input signal as it switches 
against the internal voltage reference. 

In the crystal mode, an external parallel-resonant 
fundamental mode crystal is connected between the OSCin 
and OSCout pins. This crystal must be between 5MHz and 
11 MHz. External capacitors, C1 and C2 as shown in 
Figure 1, are required to set the proper crystal load 
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capacitance and oscillator frequency. The values of the 
capacitors are dependent on the crystal chosen and the input 
capacitance of the device and any stray board capacitance. 

In either mode, a 50k0 resistor must be connected 
between the OSCin and the OSCout pins for proper device 
operation. The value of this resistor is not critical so a 47k0 or 
51 kO ±10% resistor is acceptable. 

Since the MC1 ;>179 is realized with an all-bipolar ECL 
style design, the internal oscillator circuitry is different from 
more traditional CMOS oscillator designs which realize the 
crystal oscillator with a modified inverter topology. These 
CMOS designs typically excite the crystal with a rail-to-rail 
signal which may overdrive the crystal resulting in damage or 
unstable operation. The MC12179 design does not exhibit 
these phenomena because the swing out of the OSCout pin is 
less than 600mV. This has the added advantage of 
minimizing EMI and switching noise which can be generated 
by rail-to-rail CMOS outputs. The OSCout output should not 
be used to drive other circuitry. 

The oscillator buffer in the MC12179 is a single stage, high 
speed, differential input/output amplifier; it may be 
considered to be a form of the Pierce oscillator. A simplified 
circuit diagram is seen in Figure 4. 

To Phase/ 
Frequency 
Detector 

Figure 4. Simplified Crystal Oscillator/Buffer Circuit 

OSCin drives the base of one input of an NPN transistor 
differential pair. The non-inverting input of the differential pair 
is internally biased. OSCout is the inverted input signal and is 
buffered by an emitter follower with a 70µA pull-down current 
and has a voltage swing of about 600mVp-p. Open loop 
output impedance is about 4250. The opposite side of the 
differential amplifier output is used internally to drive another 
buffer stage which drives the phase/frequency detector. With 
the 50k0 feedback resistor in place, OSCin and OSCout are 
biased to approximately 1.1 V below V CC· The amplifier has a 
voltage gain of about 15dB and a bandwidth in excess of 
150MHz. Adherence to good 11F design and layout 
techniques, including power supply pin decoupling, is 
strongly recommended. 

A typical crystal oscillator application is shown in Figure 1. 
The crystal and the feedback resistor are connected directly 
between OSCin and OSCout. while the loading capacitors, C 1 
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and C2, are connected between OSCin and ground, and 
OSCout and ground respectively. It is important to understand 
that as far as the crystal is concerned, the two loading 
capacitors are in series (albeit through ground). So when the 
crystal specification defines a specific loading capacitance, 
this refers to the total external (to the crystal) capacitance 
seen across its two pins. 

This capacitance consists of the capacitance contributed 
by the amplifier (IC and packaging), layout capacitance, and 
the series combination of the two loading capacitors. This is 
illustrated in the equation below: 

C1 = CAMP + CSTRAY + C1 x C2 
C1 + C2 

Provided the crystal and associated components are 
located immediately next to the IC, thus minimizing the stray 
capacitance, the combined value of CAMP and CsTRAY is 
approximately 5pF. Note that the location of the OSCin and 
OSCout pins at the end of the package, facilitates placing the 
crystal, resistor and the C1 and C2 capacitors very close to 
the device. Usually, one of the capacitors is in parallel with an 
adjustable capacitor used to trim the frequency of oscillation. 
It is important that the total external (to the IC) capacitance 
seen by either OSCin or OSCout. be no greater than 30pF. 

In operation, the crystal oscillator will start up with the 
application of power. If the crystal is in a can that is not 
grounded it is often possible to monitor the frequency of 
oscillation by connecting an oscilloscope probe to the can; 
this technique minimizes any disturbance to the circuit. If a 
malfunction is indicated, a high impedance, low capacitance, 
FET probe may be connected to either OSCin or OSCout· 
Signals typically seen at those points will be very nearly 
sinusoidal with amplitudes of roughly 300--600mVp-p. Some 
distortion is inevitable and has little bearing on the accuracy 
of the signal going to the phase detector. 

Loop Filter Design 
Because the device is designed for a non-frequency agile 

synthesizer (i.e., how fast it tunes is not critical) the loop filter 
design is very straight forward. The current output of the 
charge pump allows the loop filter to be realized without the 
need of any active components. The preferred topology for 
the filter is illustrated below in Figure 5. 

Figure 5. Loop Filter 

The RofCo components realize the primary loop filter. Ca is 
added to the loop filter to provide for reference sideband 
suppression. If additional suppression is needed, the Rx/Cx 
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realizes an additional filter. In most applications, this will not 
be necessary. If all components are used, this results in a 4th 
order PLL, which makes analysis difficult. To simplify this, the 
loop design will be treated as a 2nd order loop (Ro/Co) and 
additional guidelines are provided to minimize the influence 
of the other components. If more rigorous analysis is needed, 
mathematicaVsystem simulation tools can be used. 

Component Guideline 

Ca <0.1 xC0 

Rx >10 x R0 

Cx <0.1 xC0 . 

The focus of the design effort is to determine what the 
loop's natural frequency, mo. should be. This is determined by 
R0 , C0 , Kp. Kv. and N. Because Kp. Kv. and N are given, it is 
only necessary to calculate values for R0 and C0 . There are 3 
considerations in selecting the loop bandwidth: 

1) Maximum loop bandwidth for minimum tuning 
speed 

2) Optimum loop bandwidth for best phase noise 
performance 

3) Minimum loop bandwidth for greatest reference 
sideband suppression 

Usually a compromise is struck between these 3 cases, 
however, for the fixed frequency application, minimizing the 
tuning speed is not a critical parameter. 

To specify the loop bandwidth for optimal phase noise 
performance, an understanding of the sources of phase 
noise in the system and the effect of the loop filter on them is 
required. There are 3 major sources of phase noise in the 
phase-locked loop- the crystal reference, the VCO, and the 
loop contribution. The loop filter acts as a low-pass filter to 
the crystal reference and the loop contribution equal to the 
total divide-by-N ratio. This is mathematically described in 
Figure 1 O. The loop filter acts as a high-pass filter to the VCO 
with an in-band gain equal to unity. This is described in 
Figure 11 . The loop contribution includes the PLL IC, as well 
as noise in the system; supply noise, switching noise, etc. 
For this example, a loop contribution of 15dB has been 
selected, which corresponds to data in Figure 14. 

The crystal reference and the VCO are characterized as 
high-order 1/f noise sources. Graphical analysis is used to 
determine the optimum loop bandwidth. It is necessary to 
have noise plots from the manufacturer. This method 
provides a straightforward approximation suitable for quickly 
estimating the optimal bandwidth. The loop contribution is 
characterized as white-noise or low-order 1/1 noise given in 
the form of a noise factor which combines all the noise effects 
into a single value. The phase noise of the Crystal Reference 
is increased by the noise factor of the PLL IC and related 
circuitry. It is further increased by the total divide-by-N ratio 
of the loop. This is illustrated in Fig.ure 6. 

The point at which the VCO phase noise crosses the 
amplified phase noise of the Crystal Reference is the point of 
the optimum loop bandwidth. In the example of Figure 6, the 
optimum bandwidth is approximately 15KHz. 
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Figure 6. Graphical Analysis of Optimum Bandwidth 
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Figure 7. Closed Loop Frequency Response for i; = 1 

To simplify analysis further a damping factor of 1 will be 
selected. The normalized closed loop response is illustrated 
in Figure 7 where the loop bandwidth is 2.5 times the loop 
natural frequency (the loop natural frequency is the 
frequency at which the loop would oscillate if it were 
unstable). Therefore the optimum loop bandwidth is 

MC12179 

15kHz/2.5 or 6kHz (37.7krads) with a damping coefficient, 
i; ~ 1. T(s) is the transfer function of the loop filter. 

RoCos + 1 (~)s + 1 
T(s) = = ------

( NCo )s2 + R0C0s + 1 (~)s2 + (~)s + 1 
KpKv w0 000 

( NC0 ) = (-1 ) __,. 000 = ~ __,. Co= (KpKv) 
KpKv 0002 V Nco Noo02 

( 2~) (oooRoCo) ( 2~ ) RoCo= - __,.~= --- __,.Ro= --
000 2 oooCo 

Figure 8. Design Equations for the 2nd Order System 

In summary, follow the steps given below: 

Step 1 : Plot the phase noise of crystal reference and the 
VCO on the same graph. 

Step 2: Increase the phase noise of the crystal reference by 
the noise contribution of the loop. 

Step 3: Convert the divide-by-N to dB (201og 256 - 48dB) 
and increase the phase noise of the crystal 
reference by that amount. 

Step 4: The point at which the VCO phase noise crosses the 
amplified phase noise of the Crystal Reference is the 
point of the optimum loop bandwidth. This is 
approximately 15kHz in Figure 6. 

Step 5: Correlate this loop bandwidth to the loop natural 
frequency and select components per Figure 8. In 
this case the 3dB bandwidth for a damping 
coefficient of 1 is 2.5 times the loop's natural 
frequency. The relationship between the 3dB loop 
bandwidth and the loop's "natural" frequency will 
vary for different values of i;. Making use of the 
equations defined above in a math tool or spread 
sheet is useful. To aid in the use of such a tool the 
equations are summarized in Figure 9 through 
Figure 11. 

Let: NCo 1 RoCo = 2~ 
KpKv = 0002 ' ooo 

HIPERCOMM 
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Let: Ca=aC0 , Cx=bC0 , A=1+a, andB=1+a+b 

Let: RoCo = _1_ , RxCx = _1_ , Ro(Ca + Cx) = _1_ 
oo3 w4 oo5 

Let: K3003 = ooo , K4004 = ooo , Ksoo5 = ooo 

Figure 9. Loop Parameter Relations 
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1 +. ( 2~ (0 ) 

TOro) = N . J ooo 
( 1 + 1<31<4l!t. - B~ ) + j ( 2~..!!!. - (A1<4 + Ks)~ ) ruo4 roif. mo 000a 

Figure 1 O. Transfer Function for the Crystal Noise In the Frequency Plane 

Figure 11. Transfer Function for the VCO Noise In the Frequency Plane 

Appendix: Derivation of Loop Filter Transfer Function overall transfer function of the loop filter. To use these 
equations in determining the overall transfer function of a PLL 
multiply the filter's impedance by the gain constant of the 
phase detector then multiply that by the filter's transfer 
function (which is unity in the 2nd and 3rd order cases 
below). 

The purpose of the loop filter is to convert the current from 
the phase detector to a tuning voltage for the VCO. The total 
transfer function is derived in two steps. Step 1 is to find the 
voltage generated by the impedance of the loop filter. Step 2 
is to find the transfer function from the input of the loop filter to 
its output. The ''voltage" times the "transfer function" is the 

For the 2nd Order PLL: Vp-i..------Vt 
Ro () RoCos+1 

ZLFS = C 

I C0 os 
Vt(s) 

TLF(S) = Vp(s) = 1 , Vp(s) = Kp(s)ZLF(S) 

For the 3rd Order PLL: Vp-i~-i~---Vt 
Ro IC8 RoCoS + 1 ZLF(S) = --------

I Co -::- CoRoCas2 +(Co+ Ca)s 

Vt(s) 
TLF(S) = Vp(s) = 1 , Vp(s) = Kp(s)ZLF(S) 

For the 4th Order PLL: 

(RoCos + 1) (RxCxs + 1) 
ZLF(s) = ------------------------­

CoRoCaRxCxs3 + [ (Co + Ca)RxCx + CoRo(Cx + Ca) ] s2 + (Co + Ca + Cx)s 

Vt(s) 1 
TLF(S) = Vp(s) = (RxCxs + 1) , Vp(s) = Kp(s)ZLF(S) 

Figure 12. Overall Transfer Function of the PLL 
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SPAN :30.00MH:z 
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-25 

-60 

-150 

Figure 13. veo Output Spectrum with Me12179, Vee= 5.0V 
(ECLiPTEK 8.9MHz Crystal and ZCOM 2500 VCO) 

CARRIER 2200MHz 
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1k 10k 100k 1M 

L(t) [dBc/Hz] vs t[Hz] 

Figure 14. Typical Phase Noise Plot, 2200MHz veo 
(With the MC12179 in a Closed Loop) 
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Figure 15. Typical Charge Pump Current versus Temperature 
(Vee = Vpp = SV) 

4.5 5.0 

2.5 ---------------~-------------
.. .. - .. ~- -... --; -- -.:., ----

::: II IiNK 

~ --- 4.5VVcr)Vpp] 
1.0 >-lt---+---+---+---r----+---+----cr----HI 1-- 5.0VVcc1Vpp 

'[ 1 L - - - - 5.5VVcrJVPP 
0.5 '1----l----l----l---+---+---+---i---+=======~ 

~ 
(.) 

~ 
0.0 ,__--+---1----t---+---+----+---+---+----+---+----J 

0 
~ -0.51----+--+-----t---+--+----t---+---+----,!t---/t---'j, 
~ I , 

MOTOROLA 

-1.0 f----+---i----+---+---+----+---+---+----,,-1---H--.Y: 

- 1.5 r---S-Or-UR_C_E-r----+---1-----+---+----+---~-+-----j~l-+-_ _)_J,_.... ___ :'c-i' 

-2·0 1=..:t_ ;;_ ;_ J~~--~-~_;;_J~?-~-~-~1-~_.~c~-~-~-~-*-~-~-:::-~-==-:=_:=_:=.:f.:".-="-:;::-~_:;.:_:--:_:"'..1"-==-~1~1 
-2.5 f----+---1----+---+---+----+---+---+---+---+--~ 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Voltage at PD0ut (V) 

Figure 16. Typical Charge Pump Current versus Voltage 
(T=25°e) 
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Figure 17. Typical Real Input Impedance versus Input Frequency 
(For the F;n Input) 
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Figure 18. Typical Imaginary Input Impedance versus Input Frequency 
(For the Fin Input) 
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SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
Low Voltage Dual RF/IF PLL 
Frequency Synthesizer 

The MC12302 is a 1.1GHz (RF)/500MHz (IF) monolithic serial input 
dual phase locked loop (PLL) synthesizer. The device contains a 
complete RF prescaler/PLL synthesizer and an IF prescaler/PLL 
synthesizer. It is designed to provide the high frequency RF local 
oscillator control and IF oscillator control tor dual conversion receivers or 
transceivers. The two synthesizers share a common serial programming 
port as well as the reference oscillator input. Each side contains separate 
reference counters for independent programming of the comparison 
frequency. The device is intended for RF personal communication 
applications where small size and low power are critical. 

Motorola's advanced Bipolar MOSAIC V technology is utilized for low 
power operation at a minimum supply voltage of 2. 7V. The device is 
designed tor operation over a 2. 7 to 5.5V supply range for input 
frequencies up to 1.1 GHz/500 MHz with a typical current drain of 9.0mA. 
The low power consumption makes the MC12302 ideal for handheld 
battery operated applications such as cellular or cordless telephones, 
wireless LAN or personal communication devices. Dual modulus 
prescalers are integrated to provide either a 32/33 or 64/65 divide ratio for 
the RF synthesizer and a 8/9 or 16/17 divide ratio for the IF synthesizer. 

For additional applications information, two lnterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 

• Low Power Supply Current of 8.5 mA Typical for ICC and 0.5mA Typical 
for Ip 

• Supply Voltage of 2. 7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
for the RF Synthesizer and 8/9 or 16/1 ?for the IF Synthesizer 

• On-Chip Reference Frequency Buffer 

• Two Programmable Reference Dividers Consisting of a Binary 14-Bit 
Reference Counter (R = 8 to 16383) 

MC12302 

1.1 GHz/500MHz 
LOW VOLTAGE DUAL PLL 

FREQUENCY SYNTHESIZER 

OT SUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-02 

• Two Programmable Dividers Consisting of a Binary 6-Bit (4 Bit for IF) Swallow Counter and an 11-Bit Counter 

• Integrated Digital Phase/Frequency Detectors 

• Balanced Charge Pump Outputs Which Can Be Disabled Individually Under Software Control 

• Multi-function Test Pin for Observing RF or IF Lock Detect Output or Any One of Four Comparison Signals 

• Test Pin Can Be Disabled Under Software Control to Reduce Current Drain 

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

• Space Efficient Plastic Surface Mount TSSOP Package 

MOSAIC V and lnterActiveApNote are trademarks of Motorola, Inc. 

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

Symbol Parameter Value Unit 

Vee Power Supply Voltage, Pins 1 and 20 -0.5to +6.0 VDC 

Vp Power Supply Voltage, Pins 2 and 19 Vee to+6.0 VDC 

Tstg Storage Temperature Range -65 to +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. 

PIN NAMES 

Name 1/0 

OSCin I 

Vp -

Vee -

Do RF 0 

Do IF 0 

GND -
fo/LD 0 

fin RF I 

fin RF I 

fin IF I 

fin IF I 

CLK I 

DATA I 

LE I 

HIPERCOMM 
BR1334 - REV 3 

Vee Vp DolF GND finlF finlF GND LE DATA CLK 

20 

Pinout: 20-Lead Package (Top View) 

0 

Function 

CASE 948E 
ACTUAL SIZE 

Reference oscillator input. An external oscillator source must be ac coupled in to this pin 

Power supply for charge pumps. Vp should be greater than or equal to Vee- Separate pins (Pin 2 for RF/Pin 19 for IF) 
supply the charge pump circuitry 

Power supply voltage input. Bypass capacitors should be placed close to this pin and connected directly to the ground 
plane. Separate pins (Pin 1 for RF/Pin 20 for IF) supply the internal circuitry. Both Vee voltages must be equal 

Internal charge pump output for RF synthesizer, can be disabled under SW control 

Internal charge pump output for IF synthesizer, can be disabled under SW control 

Ground 

Multi-function digital output. This output is selectable as fr-RF, fr-IF, Iv-RF, Iv-IF, Lock-RF or Lock-IF under software 
control 

Prescaler input for the RF synthesizer. The high-frequency VCO output signal is ac-coupled into this pin 

Complementary prescaler input for the RF synthesizer. This pin is ac-bypassed to ground 

Prescaler input for the IF synthesizer. The low frequency VCO output signal is ac-coupled into this pin 

Complementary prescaler input for the IF synthesizer. This pin is ac--bypassed to ground 

Clock input. Rising edge of clock shifts data into the shift registers 

Binary s"rial input data 

Load Enable input. When LE pulses high, data stored in the shift registers is transferred into the appropriate latch 
(depending on the status of the control bits). In addition, while LE is high, the CLK input is disabled 
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fin IF 
fin IF 

OSCin 

DATA 

LE 

PRESCALER 
8/90R 16/17 

REFOSC 
BUFFER 

SERIAL INTERFACE 
LOGIC/CONTROL 

BLOCK 
CLK -.__ ____ ~ 

fin RF 
fin RF 

MOTOROLA 

PRESCALER 
32133 OR 64/65 

CONTROL LOGIC 

5--BIT 
LATCH 

11-BIT 
LATCH 

18-BIT SHIFT REGISTER 

15 

15-BIT LATCH 

L_1:..:4-...:B::.1r..,.R.::E:..:FE_R_E_NC_E_c_o_u_NT_E_R _ __, fr-IF 

~------------,f~RF 
14-BIT REFERENCE COUNTER 

15-BIT LATCH 

15 

18-BIT SHIFT REGISTER 

7-BIT 
LATCH 

11-BIT 
LATCH 

CONTROL LOGIC 

Figure 1. MC12302 Functional Block Diagram 
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PHASE/FREQ 
COMPARATOR 

Lock-IF 

tour 
MUX 

tour 
MUX 

Lock-RF 

PHASE/FREQ 
COMPARATOR 

CHARGE 
PUMP 

FUNCTION 
SELECT 

MUX 

RF/IF 
MUX 

FUNCTION 
SELECT 

MUX 

CHARGE 
PUMP 

Do IF 

to/LD 

DoRF 
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SERIAL PROGRAMMING INTERFACE 
A simple 3-line uni-directional serial interface is used to program the synthesizer. The interface consists of DATA , CLK (clock), 
and LE (load enable) inputs. While the LE input is LOW, a rising edge of the clock shifts one bit of serial data into the internal shift 
registers. The most significant bit (MSB) is shifted in first (SW). The last bit is a control bit which steers the data stream to either 
the Reference Divider (19 bits) or Programmable NIA Divider (22 bits) Latch. When the LE input pulses HIGH, the contents 
shifted in will be latched into the device. Only the last 19 bits (or 22-bits) serially clocked into the device are retained. Additional 
leading bits are ignored. This is useful in those cases where the programmer prefers to deal with bit streams which are multiples 
of a byte in length. 

PROGRAMMABLE REFERENCE DIVIDER 
A 19-bit serial data format is used to access the programmable reference counter and prescaler select bit. There are 3 separate 
fields in this data format which are illustrated below. The first field is 1-bit wide (SW) and selects one oi the two modulus 
prescalers. A HIGH selects the lower modulus prescaler pair while LOW selects the higher modulus prescaler pair. The next field 
is 14-bits wide and contains the value of the reference counter divide ratio. The final field is 4-bits wide and is used for 
addressing and control. The first bit in this field is RF/IF, which selects whether the data is going to be latched into the RF section 
(1 =RF) or the IF section (O=IF). The next bit, Test Enable (TE) controls the multi-function fo/LD output (1=Active). When this bit is 
disabled (0= TE), the output circuitry is shut off to conserve power. The next bit, Lock Detect (LO) controls whether the lock 
detector signal (1 =Lock) or the tout (O=fout) is routed to the fo/LD output. The final bit is a control bit RIV which must be set high 
(1=RIV) to address the data stream to the Reference Divider. 

SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 

+ MSB 

SW R13 R12 R11 R10 R9 RB R7 R6 R5 R4 R3 

I· SETTING BITS FOR DIVIDE RATIO OF 
PROGRAMMABLE REFERENCE COUNTER (A-COUNTER) 

RANGE OF R (8 TO 16383) 

LSB 

R2 R1 RO RF/IF TE 

+ 
LD RN 

MUST 
BEA'1' ·I l j 1 

ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 

TEST ENABLE FOR fo/LD OUTPUT 

SELECT BIT FOR CHOOSING LOCK DETECT OR fa OUTPUT 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R R 
RalioR 13 12 11 

8 0 0 0 

9 0 0 0 . . . . 
16383 1 1 1 

PRESCALER SELECT BIT 

Synthesizer 

RF 
RF 

IF 
IF 

HIPERCOMM 
BR1334-REV 3 

Prescaler 
Divide 
Ratio 

64/65 
32/33 

16/17 
8/9 

R R R R R 
10 9 B 7 6 

0 0 0 0 0 

0 0 0 0 0 . . . . . 
1 1 1 1 1 

SYNTHESIZER SELECT BIT 

SW Synthesizer RFnF 

0 IF 0 1 

0 RF 1 
1 

205 

R R R R R R 
5 4 3 2 1 0 

0 0 1 0 0 0 

0 0 1 0 0 1 . . . . . . 
1 1 1 1 1 1 

TEST ENABLE BIT LO SELECT BIT 

Status Signal 
of TE From LO 

lo/LO lo/LO 

Powered Down 0 tour 0 

Active 1 Lock Detect 1 

MOTOROLA 



MC12302 

PROGRAMMABLE N/A DIVIDER 
A 22-bit serial data format is used to access the N Divider, A Divider, and some test control functions. There are 4 separate fields 
in this data format which are illustrated below. The first field is 11-bits wide and is used to program the N-counter. The next field is 
&-bits wide and is used to program the A-counter. The next field (DCP) is 1-bit wide and it is used to en;ible and disable the 
charge pump output. If the field is set (1=DCP), the addressed charge pump is placed in a high-impedance state. In normal 
operation, the charge pump is enabled (O=DCP). The final field is 4-bits wide and is used for addressing and control. The first bit 
in this field is RF/IF, which selects whether the data is going to be latched into the RF section (1=RF) or the IF section (O=IF). The 
next bit, Test Enable (TE) controls the multi-function fo/LD output (1 =Active). When this bit is disabled (O= TE), the output circuitry 
is shut off to conserve power. The next bit Lock Detect (LD) controls whether the lock detector signal (1 =Lock) or the lout (O=fout) 
is routed to the fo/LD output. The final bit is a control bit RN which must be set low (O=RN) to address the data stream to the 
Programmable N/A Divider. 

FIRST BIT SHIFTED IN ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE NIA DIVIDER (LAST BIT) 

• MSB LSB MSB l LSB 

N10 N9 NB N7 N6 N5 N4 N3 N2 N1 NO A5 A4 A3 A2 A1 AO DCP RF/IF TE LD RIV 

SETTING BITS FOR DIVIDE RATIO OF N COUNTER • OF THE SWALLOW A COUNTER 
RANGE OF N (16 T02047) __ ___,.,..,,._ RANGE OF A (0TO15) FOR IF 

I SETTING BITS FOR DIVIDE RATIOj 11 MUST 
BEA'O' 

RANGE OF A (0 TO 63) FOR RF 

CONTROL BIT FOR DISABLING CHARGE PUMP OUTPUT 

ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 

TEST ENABLE FOR fo/LD OUTPUT 

SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 

NOTE: When programming the A-counter for the IF loop, A4 and A5 should be set to 'O'. 

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 10 9 8 7 6 5 4 3 2 1 0 Ratio A 5 4 3 2 1 0 

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 1 . . . . . . . . . . . . . . . . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 63 1 1 1 1 1 1 

SYNTHESIZER SELECT TEST ENABLE BIT LD SELECT BIT 
CHARGE PUMP CONTROL 

BIT BIT 

Synthesizer RFflF Status of fo/LD TE Signal from fo/LD LO Do Output Status DCP 

IF 0 Powered Down 0 tour 0 Normal Operation 0 

RF 1 Active 1 Lock Detect 1 Disabled 1 

PROGRAMMING ORDER 
There is no specific order by which the data words must be programmed for normal operation. In most applications, the RF and IF 
Programmable Reference Divider words are programmed first and the Programmable N/A Divider words are programmed last. 
The Programmable NIA Divider words are then changed as the synthesizer is tuned to different channels. It is important to note 
that the status of the TE and LD fields of the last word programmed determines the state of the fo/LD output. 
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PROGRAMMING THE STATE OF THE fo/LD OUTPUT 

The multi-function test pin output can be used to observe any one of six internal signals: fr-RF, fr-IF, Iv-RF, Iv-IF, Lock-RF, and 
Lock-IF. In addition this output pin can be disabled to reduce current consumption of the part and minimize switching noise. All 
these functions are under software control. To fully configure the synthesizer, four data words must be programmed into the 
device to load all the latches. As previously stated, programming order is not important for normal operation. This is not the case 
though when the user would like to observe a test point. Under this condition, the last word loaded determines what test point will 
be observed. The table below illustrates which register needs to be programmed last and the state of the control bits to access 
each test point. 

fo/LD Output Register RN RF/IF TE 

fr IF Reference Divider 1 0 1 
Iv IF N/A Divider 0 0 1 

Lock IF Either x 0 1 

fr RF Reference Divider 1 1 1 
Iv RF N/A Divider 0 1 1 

Lock RF Either x 1 1 

Disabled Either x x 0 

X ; Don't Care 

DIVIDE RATIO SETTING 

fvco; [(P•N)+A]ofosc + R with As N (for continuous frequency steps P•N+A;:,, P(P-1)) 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11-bit programmable counter {16 to 2047) 

LO 

0 
0 
1 

0 
0 
1 

x 

A: Preset divide ratio of binary 4-bit or 6-bit swallow counter (0 to 63, AsN, for RF synthesizer; Oto 15, AsN, for IF 
synthesizer) 

lose: 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 for RF synthesizer; 8 or 16 for IF synthesizer) 

DATA~~ 
(NIA DIVIDER) I I 

I I 

DATA~!~-
~---------' 

RO 

(REF DIVIDER) I I 

CLK 

LE 

I I 
I I 
I I 

I 
I 

I I 

I 
I 
I I 
I I 

I I 
I I 
I I 
I I I I 

-its(D) r- -ith(D)r- tcw-i r-

HIPERCOMM 
BR1334- REV 3 

NOTE:Data shifted into register on rising edge of CLK. 
ts(D) = Setup Time DATA to CLK 
th(D) = Hold Time DATA to CLK 
tcw = CLK Pulse Width 
tEW = LE Pulse Width 

ts(C-->LE) = Setup Time CLK to LE 

ts(D) 10ns 
th(D) 20ns 
tcw 30ns 
tEw 20ns 

lg(C-->LE) 30ns 

Figure 2. Serial Data Input Timing 
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RN= CTRL BIT (LSB) 

RN = CTRL BIT (LSB) 

I i n-
t8(C-->LE)H 1 

I -i r-tEw 
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PHASE CHARACTERISTICSNCO CHARACTERISTICS 
The phase comparator in the MC12302 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 (Iv) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of ±2n radians. 

The operation of the phase comparator is shown in 3. 

fr n n n 
Iv n n n 

LD LJ LJ LJ 
n DO-------' n 

LJ 
NOTES: Do is a current output. 

Phase difference detection range: --2lt to +2it 
The spike is output in order to diminish dead band. 

I lsourcel + I lsinkl 4mA 
Internal Charge Pump Gain = 4it = ~ 

Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 

fr lags fv in phase OR fv>fr in frequency 
When the phase of fr lags that of Iv or the frequency of Iv is greater than fr, the Do output will sink current. The pulse width will be 
determined by the time difference between the two rising edges. 

fr leads fv in phase OR fv<fr in frequency 
When the phase of fr leads that of Iv or the frequency of Iv is less than fr, the Do output will source current. The pulse width will be 
determined by the time difference between the two rising edges. 

fr = fv in phase and frequency 
When the phase and frequency of fr and Iv are equal, the charge pump will be in a quiet state, except for current spikes when 
signals are in phase. This situation indicates that the loop is in Jock and the phase comparator will maintain the loop in its locked 
state. 
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fr----+--IR 

1v--+--+--iv 

PHASE/ 
FREQUENCY 
DETECTOR 

'i~: 
,__ _ _,....,....,....,,....,,.,.,,.,,,.,,,..:·-·· :-'< 

~'coti~%'i·· 

LD 

MUX 
'----------------------!CIRCUITRY 

MUX 
CIRCUITRY 

Figure 4. Detailed Phase/Frequency Comparator Block Diagram 

LOCK DETECT 

MC12302 

lo/LD 

When the lock detector signal (Lock-IF or Lock-RF) is selected to be routed to the fo/LD output pin, the lock detector circuit 
provides a LOW pulse when fr and fv 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 6. In typical applications the output signal drives 
external circuitry which provides a steady LOW signal when the loop is locked. See 9. 

fo 
When selected, the output frequency pin (fo/LD) provides a LOW going pulse at the fr or fv rate. The pulse width is determined by 
the frequency in the respective counter. This output is for test purposes only and may not swing all the way down to ground. The 
scope probe capacitive load should be less than 5pF. 

OSCILLATOR INPUT 

The device incorporates an on-chip reference buffer so that an external reference oscillator signal can be ac-coupled to the 
OSCin pin through a coupling capacitor. The magnitude o: the ac-coupled signal must be between 500 and 2200 mV 
peak-to-peak. 

HIPERCOMM 
BR1334-REV 3 

LOCK DETECT 
OUTPUT 

Figure 5. Typical Lock Detect Circuit 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.5V; Vp =Vee to 6.0V; TA= -40 to +85°e) 

Symbol Parameter Min Typ Max Unit Condition 

•cc Supply Current for Vee 8.S mA Note.1 

9.S mA Note2 

Ip Supply Current for Vp o.s mA Note3 

0.7 mA Note4 

FrN-RF Operating Frequency frNmax 1100 MHz Notes 
f1Nmin 100 

Fr~IF Operating Frequency frNmax soo MHz Notes 
frNmin 40 

Fosc Operating Frequency (OSCin) TBD 12 40 MHz Notes 

VrN Input Sensitivity frN-RF 200 1000 mVp_p 
(100-SOOMHz) frN-IF 200 1000 

(40--100MHz) fr~IF 600 2000 

vase OSCin soo 2200 mVp_p 

VrH Input HIGH Voltage CLK, DATA, LE o.7Vcc v 

VJL Input LOW Voltage CLK, DATA, LE o.3Vcc v 

IJH Input HIGH Current (DATA, CLK and LE) 0.1 2.0 µA Vcc=s.sv 

IJL Input LOW Current (DATA, CLK and LE) -2.0 -0.1 µA Vcc=s.sv 

Jose Input Current (OSCin) TBD µA 

I source Charge Pump Output Current -2.0 mA Yoo= Vp/2; Vp = 2.7V 

I sink Do +2.0 Vee= 2.7V; Note 6 

IHf-Z Output Disabled -1S +1S nA o.sv <Yoo < Vp - o.sv 

VoH Output HIGH Voltage (fo/LD) 4.4 v vcc=s.ov 

2.4 v vcc=3.ov 

VOL Output LOW Voltage (fo/LD) 0.4 v Vcc=s.ov 

0.4 v Vcc=3.ov 

loH Output HIGH Current (fo/LD) -1.0 mA 

IOL Output LOW Current (fo/LD) 1.0 mA 

1. Vee= 3.3V, all outputs open. 
2. Vee= S.SV, all outputs open. 
3. Vp = 3.3V, all outputs open. 
4. Vp = 6.0V, all outputs open. 
S. AC coupling, FrN measured with a 1 OOOpF capacitor. 
6. Source current flows out of the pin and sink current flows into the pin, typical charge pump sink and source curves are found in Figure 9. 
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Figure 6. Typical Applications Example 
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SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
Low Voltage Dual RF/IF PLL 
Frequency Synthesizer 

The MC12306 is a 2.0GHz (RF)/500MHz (IF) monolithic serial input 
dual phase locked loop (PLL) synthesizer. The device contains a 
complete RF prescaler/PLL synthesizer and an IF prescaler/PLL 
synthesizer. It is designed to provide the high frequency RF local 
oscillator control and IF oscillator control for dual conversion receivers or 
transceivers. The two synthesizers share a common serial programming 
port as well as the reference oscillator input. Each side contains separate 
reference counters for independent programming of the comparison 
frequency. The device is intended for RF personal communication 
applications where small size and low power are critical. 

Motorola's advanced Bipolar MOSAIC V technology is utilized for low 
power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over a 2.7 to 5.5V supply range for input 
frequencies up to 2.0GHz/500 MHz with a typical current drain of 10.5mA. 
The low power consumption makes the MC12306 ideal for handheld 
battery operated applications such as cellular or cordless telephones, 
wireless LAN or GPS receivers. Dual modulus prescalers are integrated 
to provide either a 32/33 or 64/65 divide ratio for the RF synthesizer and a 
8/9 or 16/17 divide ratio for the IF synthesizer. 

For additional applications information, two lnterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 

• Low Power Supply Current of 10mA Typical for Ice and 0.5mA Typical 
for Ip 

• Supply Voltage of 2.7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
for the RF Synthesizer and 8/9 or 16/17 for the IF Synthesizer 

• On-Chip Reference Frequency Buffer 

• Two Programmable Reference Dividers Consisting of a Binary 14-Bit 
Reference Counter (R = 8 to 16383) 

MC12306 

2.0GHz/500MHz 
LOW VOLTAGE DUAL PLL 

FREQUENCY SYNTHESIZER 

OT SUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E--02 

• Two Programmable Dividers Consisting of a Binary 6-Bit (4 Bit for IF) Swallow Counter and an 11-Bit Counter 

• Integrated Digital Phase/Frequency Detectors 

• Balanced Charge Pump Outputs Which Can Be Disabled Individually Under Software Control 

• Multi-function Test Pin for Observing RF or IF Lock Detect Output or Any One of Four Comparison Signals 

• Test Pin Can Be Disabled Under Software Control to Reduce Current Drain 

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

• Space Efficient Plastic Surface Mount TSSOP Package 

MOSAIC V and lnterActiveApNote are trademarks of Motorola, Inc. 

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

Symbol Parameter Value Unit 

Vee Power Supply Voltage, Pins 1 and 20 -0.5 to +6.0 VDC 

Vp Power Supply Voltage, Pins 2 and 19 Vccto+6.o VDC 

Tstg Storage Temperature Range -65 to +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. 

PIN NAMES 

Name VO 

OSCin I 

Vp -

vcc -

Do RF 0 

Do IF 0 

GND -
fo/LD 0 

fin RF I 

fin RF I 

fin IF I 

fin IF I 

CLK I 

DATA I 

LE I 

MOTOROLA 

Vee Dolf GND finlF finlF GND LE DATA CLK 

Pinout: 20-Lead Package (Top View) 

0 

DoRF GND finRF finRF OSCin GND fo/LD 

Function 

CASE 948E 
ACTUAL SIZE 

Reference oscillator input An external oscillator source must be ac coupled in to this pin 

Power supply for charge pumps. Vp should be greater than or equal to Vee. Separate pins (Pin 2 for RF/Pin 19 for IF) 
supply the charge pump circuitry 

Power supply voltage input Bypass capacitors should be placed close to this pin and connected directly to the ground 
plane. Separate pins (Pin 1 for RF/Pin 20 for IF) supply the internal circuitry. Both Vee voltages must be equal 

Internal charge pump output for RF synthesizer, can be disabled under SW control 

Internal charge pump output for IF synthesizer, can be disabled under SW control 

Ground 

Multi-function digital output This output is selectable as fr-RF, fr-IF, Iv-RF, Iv-IF, Lock-RF or Lock-IF under software 
control 

Prescaler input for the RF synthesizer. The high-frequency VCO output signal is ac--coup/ed into this pin 

Complementary prescaler input for the RF synthesizer. This pin is ac-bypassed to ground 

Presca/er input for the IF synthesizer. The low frequency VCO output signal is ac--coupled into this pin 

Complementary prescaler input for the IF synthesizer. This pin is ac-bypassed to ground 

Clock input Rising edge of clock shifts data into the shift registers 

Binary serial input data 

Load Enable input When LE pulses high, data stored in the shift registers is transferred into the appropriate latch 
(depending on the status of the control bits). In addrtion, while LE is high, the CLK input is disabled 
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SERIAL PROGRAMMING INTERFACE 

A simple 3-line uni-directional serial interface is used to program the synthesizer. The interface consists of DATA , CLK (clock), 
and LE (load enable) inputs. While the LE input is LOW, a rising edge of the clock shifts one bit of serial data into the internal shift 
registers. The most significant bit (MSB) is shifted in first (SW). The last bit is a control bit which steers the data stream to either 
the Reference Divider (19 bits) or Programmable N/A Divider (22 bits) Latch. When the LE input pulses HIGH, the contents 
shifted in will be latched into the device. Only the last 19 bits (or 22-bits) serially clocked into the device are retained. Additional 
leading bits are ignored. This is useful in those cases where the programmer prefers to deal with bit streams which are multiples 
of a byte in length. 

PROGRAMMABLE REFERENCE DIVIDER 

A 19-bit serial data format is used to access the programmable reference counter and prescaler select bit. There are 3 separate 
fields in this data format which are illustrated below. The first field is 1-bit wide (SW) and selects one of the two modulus 
prescalers. A HIGH selects the lower modulus prescaler pair while LOW selects the higher modulus prescaler pair. The next field 
is 14-bits wide and contains the value of the reference counter divide ratio. The final field is 4-bits wide and is used for 
addressing and control. The first bit in this field is RF/IF, which selects whetherthe data is going to be latched into the RF section 
(1 =RF) or the IF section (O=IF). The next bit, Test Enable (TE) controls the multi-function fo/LD output (1 =Active). When this bit is 
disabled (0= TE), the output circuitry is shut off to conserve power. The next bit, Lock Detect (LO) controls whether the lock 
detector signal (1 =Lock) or the lout (O=fout) is routed to the fo/LD output. The final bit is a control bit RN which must be set high 
(1=RN) to address the data stream to the Reference Divider. 

SETTING BIT FOR PRESCALER DIVIDE RATIO (FIRST BIT) ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 

+ MSB LSB + 
SW R13 R12 R11 R10 R9 R8 R? R6 R5 R4 R3 R2 R1 RO RF/IF TE LD RN 

SETTING BITS FOR DIVIDE RATIO OF I f 1 l 
PROGRAMMABLE REFERENCE COUNTER (A-COUNTER) ., 

RANGE OF R (8 TO 16383) 

ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 

TEST ENABLE FOR fo/LD OUTPUT 

SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 

MUST 
BEA '1' 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R R R R R R R 
Ratio R 13 12 11 10 9 8 7 6 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 0 . . . . . . . . . 
16383 1 1 1 1 1 1 1 1 

PRESCALER SELECT BIT SYNTHESIZER SELECT BIT 

Prescaler 
Synthesizer Divide SW Synthesizer RF/IF 

Ratio 

RF 64/65 0 IF 0 RF 32/33 1 

IF 16/17 0 RF 1 IF 8/9 1 

MOTOROLA 216 

R R R 
5 4 3 

0 0 1 

0 0 1 . . . 
1 1 1 

TEST ENABLE BIT 

Status 
of TE 

fo/LD 

Powered Down 0 

Active 1 

R R R 
2 1 0 

0 0 0 

0 0 1 . . . 
1 1 1 

LO SELECT BIT 

Signal 
From LD 
fo/LD 

tour 0 

Lock Detect 1 
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PROGRAMMABLE N/A DIVIDER 
A 22-bit serial data format is used to access the N Divider, A Divider, and some test control functions. There are 4 separate fields 
in this data format which are illustrated below. The first field is 11-bits wide and is used to program the N-counter. The next field is 
6-bits wide and is used to program the A-counter. The next field (DCP) is 1-bit wide and it is used to enable and disable the 
charge pump output. If the field is set (1 =DCP), the addressed charge pump is placed in a high-impedance state. In normal 
operation, the charge pump is enabled (O=DCP). The final field is 4-bits wide and is used for addressing and control. The first bit 
in this field is RF/IF, which selects whether the data is going to be latched into the RF section (1=RF) or the IF section (O=IF). The 
next bit, Test Enable (TE} controls the multi-function fo/LD output (1 =Active). When this bit is disabled (0= TE), the output circuitry 
is shut off to conserve power. The next bit Lock Detect (LD} controls whether the lock detector signal (1 =Lock) or the lout (O=fout) 
is routed to the fo/LD output. The final bit is a control bit RN which must be set low (O=RN) to address the data stream to the 
Programmable N/A Divider. 

FIRST BIT SHIFTED IN ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE NIA DIVIDER (LAST BIT) 

• MSB LSB MSB ! LSB 

N10 N9 NS N7 N6 N5 N4 N3 N2 N1 NO A5 A4 A3 A2 A1 AO DCP RF/IF TE LD RN 

I SETIING BITS FOR DIVIDE RATIO~ 11 
SETIING BITS FOR DIVIDE RATIO OF N COUNTER . OF THE SWALLOW A COUNTER 

RANGE OF N (16 TO 2047) '-----••••- RANGE OF A (0 TO 15) FOR IF 
RANGE OF A (0 TO 63) FOR RF 

CONTROL BIT FOR DISABLING CHARGE PUMP OUTPUT 

ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 

NOTE: When programming the A-counter for the IF loop, A4 and A5 should be set to 'O'. 

TEST ENABLE FOR fo/LD OUTPUT 
SELECT BIT FOR CHOOSING LOCK DETECT OR fo OUTPUT 

MUST 
BE A 'O' 

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 
Ratio N 10 9 8 7 6 5 4 3 2 1 0 Ratio A 5 4 3 2 1 0 

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 1 . . . . . . . . . . . . . . . . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 63 1 1 1 1 1 1 

SYNTHESIZER SELECT TEST ENABLE BIT LD SELECT BIT CHARGE PUMP CONTROL 
BIT BIT 

Synthesizer RF/IF Status of fo/LD TE Signal from fo/LD LO Do Output Status DCP 

IF 0 Powered Down 0 tour 0 Normal Operation 0 

RF 1 Active 1 Lock Detect 1 Disabled 1 

PROGRAMMING ORDER 

There is no specific order by which the data words must be programmed for normal operation. Jn most applications, the RF and IF 
Programmable Reference Divider words are programmed first and the Programmable N/A Divider words are programmed last. 
The Programmable N/ A Divider words are then changed as the synthesizer is tuned to different channels. It is important to note 
that the status of the TE and LD fields of the last word programmed determines the state of the fo/LD output. 
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PROGRAMMING THE STATE OF THE fo/LD OUTPUT 

The multi-function test pin output can be used to observe any one of six internal signals: fr-RF, fr-IF, Iv-RF, Iv-IF, Lock-RF, and 
Lock-IF. In addition this output pin can be disabled to reduce current consumption of the part and minimize switching noise. All 
these functions are under software control. To fully configure the synthesizer, four data words must be programmed into the 
device to load all the latches. As previously stated, programming order is not important for normal operation. This is not the case 
though when the user would like to observe a test point. Under this condition, the last word loaded determines what test point will 
be observed. The table below illustrates which register needs to be programmed last and the state of the control bits to access 
each test point. 

fo/LD Output Register RN RF/IF TE 
fr IF Reference Divider 1 0 1 
Iv IF NIA Divider 0 0 1 

Lock IF Either x 0 1 

fr RF Reference Divider 1 1 1 
Iv RF NIA Divider 0 1 1 

Lock RF Either x 1 1 

Disabled Either x x 0 

X = Don't Care 

DIVIDE RATIO SETTING 

fvco = [(P•N)+A]•fosc + R with A~ N (for continuous frequency steps P•N+A ~ P(P-1)) 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 

LD 

0 
0 
1 

0 
0 
1 

x 

A: Preset divide ratio of binary 4-bit or 6-bit swallow counter (Oto 63, A~N, for RF synthesizer; Oto 15, A~N, for IF 
synthesizer) 

lose: 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 for RF synthesizer; 8 or 16 for IF synthesizer) 

DATA~~ 
(N/A DIVIDER) I I 

I I 

DATA~!~-
~--------~ 

RO 

(REFDIVIDER) I I 

CLK 

LE 

MOTOROLA 

I I 
I I 
I I 

I 
I 

I I 
I I 

I I 
I I 
I I 
I I 

~ts(D) r- tcw~ r-

NOTE:Data shifted into register on rising edge of CLK. 
ts(D) = Setup Time DATA to CLK 
th(D) = Hold Time DATA to CLK 
tcw = CLK Pulse Width 
tEW = LE Pulse Width 

ts(C--?LE) = Setup Time CLK to LE 

ts(D) 10ns 
th(D) 20ns 
tcw 30ns 
tEW 20ns 

ls(C--?LE) 30ns 

Figure 2. Serial Data Input Timing 
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RN= CTRL BIT (LSB) 

RN = CTRL BIT (LSB) 

I : r1-
t5(C--7LEJH 

1 

I ~ r-tEw 
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PHASE CHARACTERISTICSNCO CHARACTERISTICS 

The phase comparator in the MC12306 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 (fv) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of ±2rc radians. 

The operation of the phase comparator is shown in 3. 

fr n n n 
Iv n n n 

LJ LJ LJ 
H 

LO 

n n 
LJ 

Source 

Sink 

NOTES: Do is a current output. 
Phase difference detection range: -2n to +2n 
The spike is output in order to diminish dead band. 

I lsourcel + I lsinkl 4mA 
Internal Charge Pump Gain = 4" 4" 

Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 

fr lags fv in phase OR fv>fr in frequency 

When the phase of fr lags that of fv or the frequency of Iv is greater than fr, the Do output will sink current. The pulse width will be 
determined by the time difference between the two rising edges. 

fr leads fv in phase OR fv<fr in frequency 

When the phase of fr leads that of Iv or the frequency of Iv is less than fr, the Do output will source current. The pulse width will be 
determined by the time difference between the two rising edges. 

fr = fv in phase and frequency 

When the phase and frequency of fr and Iv are equal, the charge pump will be in a quiet state, except for current 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. 
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fr 

fv 

LOCK DETECT 

PHASE/ 
FREQUENCY 
DETECTOR 

LO MUX 
CIRCUITRY 

Figure 4. Detailed Phase/Frequency Comparator Block Diagram 

fo/LD 

When the lock detector signal (Lock-IF or Lock-RF) is selected to be routed to the fo/LD output pin, the lock detector circuit 
provides a LOW pulse when fr and Iv 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 6. In typical applications the output signal drives 
external circuitry which provides a steady LOW signal when the loop is locked. See 9. 

fo 

When selected, the output frequency pin (fo/LD) provides a LOW going pulse at the fr or Iv rate. The pulse width is determined by 
the frequency in the respective counter. This output is for test purposes only and may not swing all the way down to ground. The 
scope probe capacitive load should be less than 5pF. 

OSCILLATOR INPUT 

The device incorporates an on--<:hip reference buffer so that an external reference oscillator signal can be ac--<:oupled to the 
OSCin pin through a coupling capacitor. The magnitude of the ac-coupled signal must be between 500 and 2200 mV 
peak-to-peak. 

MOTOROLA 

Vee 

LOCK DETECT 
OUTPUT 

Figure 5. Typical Lock Detect Circuit 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.5V; Vp =Vee to 6.0V; TA= -40 to +85°e) 

Symbol Parameter Min Typ Max Unit Condition 

tee Supply Current for Vee 10.0 mA Note 1 

11.0 mA Note2 

Ip Supply Current for Vp o.s mA Note3 

0.7 mA Note4 

FtN-RF Operating Frequency f1Nmax 2000 MHz Notes 
ftNmin soo 

F1N-IF Operating Frequency f1Nmax soo MHz Notes 
i1Nmin 40 

Fosc Operating Frequency (OSCin) TBD 12 40 MHz Notes 

VtN Input Sensitivity f1N-RF 200 1000 mVp_p 
(100-SOOMHz) ftN-IF 200 1000 

(40-100MHz) ltN-IF 600 2000 

Vose OSCin soo 2200 mVp_p 

VtH Input HIGH Voltage CLK, DATA, LE o.7Vcc v 

VtL Input LOW Voltage CLK, DATA, LE o.3Vcc v 

ltH Input HIGH Current (DATA, CLK and LE) 0.1 2.0 µA Vcc=S.SV 

ltL Input LOW Current (DATA, CLK and LE) -2.0 -0.1 µA Vee= 5.SV 

tosc Input Current (OSCin) TBD µA 

I source Charge Pump Output Current -2.0 mA VDo = Vp/2; Vp = 2.7V 

I Sink Do +2.0 Vee= 2.7V; Note 6 

IHi-Z Output Disabled -15 +1S nA 0.5V < VDo < Vp - 0.5V 

VoH Output HIGH Voltage (lo/LD) 4.4 v Vee= s.ov 

2.4 v Vee= 3.ov 

VoL Output LOW Voltage (fo/LD) 0.4 v Vee =s.ov 

0.4 v Vee =3.ov 

loH Output HIGH Current (fo/LD) -1.0 mA 

IOL Output LOW Current (fo/LD) 1.0 mA 

1. Vee= 3.3V, all outputs open. 
2. Vee= s.sv, all outputs open. 
3. Vp = 3.3V, all outputs open. 
4. Vp = 6.0V, all outputs open. 
S. AC coupling, FtN measured with a 1000pF capacitor. 
6. Source current flows out of the pin and sink current flows into the pin, typical charge pump sink and source curves are found in Figure 9. 
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Vee Vee 

Vee Vee 
20 

Vp 
1oopFI I 0.1µF o.1µFI I 100pF 

Vp 
2 19 -= -= 

Vp Vp 

I 0.1µF o.1µFI I 100pF 

LOW PASS -= -= 3 18 -= -= LOW PASS 
FILTER Do RF DolF 

FILTER 

GND GND 
17 

fin RF 

MC12306 

~ fin RF fin IF 
15 

~ 

GND GND 
14 

-= -= 

~ OSCin LE 
13 

p 

GND DATA 
12 From 

Controller 
-= 

Lock Detect 10 11 
Circuit (Optional) fo/LD CLK 

Figure 6. Typical Applications Example 

Do o---~11-----1-e-----<O VCO 

:1 C2 
I I 

Figure 7. Typical Loop Filter 
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SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
Low Voltage Dual RF/IF PLL 
Frequency Synthesizer 

The MC12310 is a 2.5GHz (RF)/500MHz (IF) monolithic serial input 
dual phase locked loop (PLL) synthesizer. The device contains a 
complete RF prescaler/PLL synthesizer and an IF prescaler/PLL 
synthesizer. It is designed to provide the high frequency RF local 
oscillator control and IF oscillator control for dual conversion receivers or 
transceivers. The two synthesizers share a common serial programming 
port as well as the reference oscillator input. Each side contains separate 
reference counters for independent programming of the comparison 
frequency. The device is intended for RF personal communication 
applications where small size and low power are critical. 

Motorola's advanced Bipolar MOSAIC V technology is utilized for low 
power operation at a minimum supply voltage of 2.7V. The device is 
designed for operation over a 2. 7 to 5.5V supply range for input 
frequencies up to 2.5GHz/500 MHz with a typical current drain of 12.0mA. 
The low power consumption makes the MC12310 ideal for handheld 
battery operated applications such as cordless telephones or wireless 
LAN cards. Dual modulus prescalers are integrated to provide either a 
32/33 or64/65 divide ratio for the RF synthesizer and a 8/9 or 16/17 divide 
ratio for the IF synthesizer. 

For additional applications information. two lnterActiveApNote™ 
documents containing software (based on a Microsoft Excel 
spreadsheet) and an Application Note are available. Please order 
DK305/D and DK306/D from the Motorola Literature Distribution Center. 

• Low Power Supply Current of 11.5mA Typical for Jee and 0.5mA Typical 
for Ip 

• Supply Voltage of 2.7 to 5.5V 

• Dual Modulus Prescaler With Selectable Divide Ratios of 32/33 or 64/65 
for the RF Synthesizer and 8/9 or 16/17 for the IF Synthesizer 

• On-Chip Reference Frequency Buffer 

• Two Programmable Reference Dividers Consisting of a Binary 14-Bit 
Reference Counter (R = 8 to 16383) 

MC12310 

2.5GHz/500MHz 
LOW VOLTAGE DUAL PLL 

FREQUENCY SYNTHESIZER 

OT SUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-02 

• Two Programmable Dividers Consisting of a Binary 6-Bit (4 Bit for IF) Swallow Counter and an 11-Bit Counter 

• Integrated Digital Phase/Frequency Detectors 

• Balanced Charge Pump Outputs Which Can Be Disabled Individually Under Software Control 

• Multi-function Test Pin for Observing RF or IF Lock Detect Output or Any One of Four Comparison Signals 

• Test Pin Can Be Disabled Under Software Control to Reduce Current Drain 

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

• Space Efficient Plastic Surface Mount TSSOP Package 

MOSAIC V and lnterActiveApNote are trademarks of Motorola, Inc. 

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

Symbol Parameter Value Unit 

Vee Power Supply Voltage, Pins 1 and 20 -0.5to +6.0 voe 

Vp Power Supply Voltage, Pins 2 and 19 Vccto+s.o voe 

Tstg Storage Temperature Range -65to+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. 

PIN NAMES 

Name VO 

OSCin I 

Vp -

Vee -

Do RF 0 

Do IF 0 

GND -
fo/LD 0 

fin RF I 

fin RF I 

fin IF I 

fin IF I 

CLK I 

DATA I 

LE I 

HIPERCOMM 
BR1334-REV 3 

Vee Vp DolF GND finlF finlF GND LE DATA CLK 

Pinout: 20-Lead Package (Top View) 

0 

finRF finRF GND OSCin fo/LD 

Function 

CASE 948E 
ACTUAL SIZE 

Reference oscillator input. An external oscillator source must be ac coupled in to this pin 

Power supply for charge pumps. Vp should be greaterthan or equal to Vee. Separate pins (Pin 2 for RF/Pin 19 for IF) 
supply the charge pump circuitry 

Power supply voltage input. Bypass capacitors should be placed close to this pin and connected directly to the ground 
plane. Separate pins (Pin 1 for RF/Pin 20 for IF) supply the internal circuitry. Both Vee voltages must be equal 

Internal charge pump output for RF synthesizer, can be disabled under SW control 

Internal charge pump output for IF synthesizer, can be disabled under SW control 

Ground 

Multi-function digital output. This output is selectable as fr-RF, fr-IF, fv-RF, fv-IF, Lock-RF or Lock-IF under software 
control 

Prescaler input for the RF synthesizer. The high-frequency VCO output signal is ac-coupled into this pin 

Complementary prescaler input for the RF synthesizer. This pin is ac-bypassed to ground 

Prescaler input for the IF synthesizer. The low frequency VCO output signal is ac-coupled into this pin 

Complementary prescaler input for the IF synthesizer. This pin is ac-bypassed to ground 

Clock input. Rising edge of clock shifts data into the shift registers 

Binary serial input data 

Load Enable input. When LE pulses high, data stored in the shift registers is transferred into th., appropriate latch 
(depending on the status of the control bits). In addition, while LE is high, the CLK input is disabled 

225 MOTOROLA 



MC12310 

fin IF 
fin IF 

OSCin 

DATA 

LE 

PRE SCALER 
819 OR 16/17 

REFOSC 
BUFFER 

SERIAL INTERFACE 
LOGIC/CONTROL 

BLOCK 
CLK -"t.-------' 

fin RF 

fin RF 

MOTOROLA 

PRE SCALER 
32133 OR 64/65 

CONTROL LOGIC 

5-BIT 
LATCH 

11-BIT 
LATCH 

18-BIT SHIFT REGISTER 

15 

15-BIT LATCH 

14-BIT REFERENCE COUNTER 

14-BIT REFERENCE COUNTER 

15-BITLATCH 

15 

18-BIT SHIFT REGISTER 

7-BIT 
LATCH 

11-BIT 
LATCH 

CONTROL LOGIC 

Figure 1. MC1231 o Functional Block Diagram 
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SERIAL PROGRAMMING INTERFACE 
A simple 3-line uni-directional serial interface is used to program the synthesizer. The interface consists of DATA, CLK (clock), 
and LE (load enable) inputs. While the LE input is LOW, a rising edge of the clock shifts one bit of serial data into the internal shift 
registers. The most significant bit (MSB) is shifted in first (SW). The last bit is a control bit which steers the data stream to either 
the Reference Divider (19 bits) or Programmable N/A Divider (22 bits) Latch. When the LE input pulses HIGH, the contents 
shifted in will be latched into the device. Only the last 19 bits (or 22-bits) serially clocked into the device are retained. Additional 
leading bits are ignored. This is useful in those cases where the programmer prefers to deal with bit streams which are multiples 
of a byte in length. 

PROGRAMMABLE REFERENCE DIVIDER 
A 19-bit serial data format is used to access the programmable reference counter and prescaler select bit. There are 3 separate 
fields in this data format which are illustrated below. The first field is 1-bit wide (SWi and selects one of the two modulus 
prescalers. A HIGH selects the lower modulus prescaler pair while LOW selects the higher modulus prescaler pair. The next field 
is 14-bits wide and contains the value of the reference counter divide ratio. The final field is 4-bits wide and is used for 
addressing and control. The first bit in this field is RF/IF, which selects whether the data is going to be latched into the RF section 
(1=RF) or the IF section (O=IF). The next bit, Test Enable (TE) controls the multi-function fo/LD output (1 =Active). When this bit is 
disabled (O= TE), the output circuitry is shut off to conserve power. The next bit, Lock Detect (LO) controls whether the lock 
detector signal (1 =Lock) or the lout (O=fout) is routed to the fo/LD output. The final bit is a control bit RN which must be set high 
(1=RN) to address the data stream to the Reference Divider. 

SETIING BIT FOR PRESCALER DIVIDE RATIO (FIRST sin ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE NIA DIVIDER (LAST BIT) 

' MSB 

SW R13 R12 R11 R10 R9 RB R7 R6 R5 R4 R3 

1~ 
SETTING BITS FOR DIVIDE RATIO OF 

PROGRAMMABLE REFERENCE COUNTER (A-COUNTER) 
RANGE OF R (B TO 16383) 

LSB 

R2 R1 RO RF/IF TE 

~ 
LD RN 

MUST 
BEA'1' ·I t I 1 

ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 

TEST ENABLE FOR to/LD OUTPUT 

SELECT BIT FOR CHOOSING LOCK DETECT OR lo OUTPUT 

DIVIDE RATIO OF PROGRAMMABLE REFERENCE (R) COUNTER 

Divide R R R 
RatioR 13 12 11 

8 0 0 0 

9 0 0 0 . . . . 
16383 1 1 1 

PRESCALER SELECT BIT 

Synthesizer 

RF 
RF 

IF 
IF 

HIPERCOMM 
BR1334-REV 3 

Prescaler 
Divide 
Ratio 

64/65 
32133 

16/17 
8/9 

R R R R R 
10 9 8 7 6 

0 0 0 0 0 

0 0 0 0 0 . . . . . 
1 1 1 1 1 

SYNTHESIZER SELECT BIT 

SW Synthesizer RF/IF 

0 IF 0 1 

0 RF 1 
1 
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R R R R R R 
5 4 3 2 1 0 

0 0 1 0 0 0 

0 0 1 0 0 1 . . . . . . 
1 1 1 1 1 1 

TEST ENABLE BIT LO SELECT BIT 

Status Signal 
of TE From LO 

lo/LO fo/LD 

Powered Down 0 touT 0 

Active 1 Lock Detect 1 
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PROGRAMMABLE N/A DIVIDER 
A 22-bit serial data format is used to access the N Divider, A Divider, and some test control functions. There are 4 separate fields 
in this data format which are illustrated below. The first field is 11-bits wide and is used to program the N-counter. The next field is 
6-bits wide and is used to program the A-counter. The next field (DCP) is 1-bit wide and it is used to enable and disable the 
charge pump output. If the field is set (1 =DCP), the addressed charge pump is placed in a high-impedance state. In normal 
operation, the charge pump is enabled (O=DCP). The final field is 4-bits wide and is used for addressing and control. The first bit 
in this field is RF/IF, which selects whether the data is going to be latched into the RF section (1 =RF) or the IF section (O=IF). The 
next bit, Test Enable (TE) controls the multi-function fo/LD output (1 =Active). When this bit is disabled (0= TE), the output circuitry 
is shut off to conserve power. The next bit Lock Detect (LO) controls whether the lock detector signal (1 =Lock) or the foul (O=fout) 
is routed to the fo/LD output. The final bit is a control bit RN which must be set low (O=RN) to address the data stream to the 
Programmable NIA Divider. 

FIRST BIT SHIFTED IN ADDRESS BIT FOR REFERENCE OR PROGRAMMABLE N/A DIVIDER (LAST BIT) 

~ 
MSB LSB MSB ! LSB 

N10 N9 NB N7 N6 N5 N4 N3 N2 N1 NO A5 A4 A3 A2 A1 AO DCP RF/IF TE LD RN 

SETTING BITS FOR DIVIDE RATIO OF N COUNTER . OF THE SWALLOW A COUNTER 
RANGE OF N (16 TO 2047) ----1• ... •- RANGE OF A (OTO 15) FOR IF 

I SETTING BITS FOR DIVIDE RATIOj 1 1 MUST 
BEA 'O' 

RANGE OF A (0 TO 63) FOR RF 

CONTROL BIT FOR DISABLING CHARGE PUMP OUTPUT 

ADDRESS BIT FOR SELECTING RF OR IF SYNTHESIZER 

TEST ENABLE FOR fo/LD OUTPUT 

SELECT BIT FOR CHOOSING LOCK DETECT OR to OUTPUT 

NOTE: When programming the A-counter tor the IF loop, A4 and A5 should be set to 'O'. 

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 10 9 8 7 6 5 4 3 2 1 0 Ratio A 5 4 3 2 1 0 

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 1 . . . . . . . . . . . . . . . . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 63 1 1 1 1 1 1 

SYNTHESIZER SELECT TEST ENABLE BIT LD SELECT BIT 
CHARGE PUMP CONTROL 

BIT BIT 

Synthesizer RF/IF Status of fo/LD TE Signal from fo/LD LD Do Output Status DCP 

IF 0 Powered Down 0 tour 0 Normal Operation 0 

RF 1 Active 1 Lock Detect 1 Disabled 1 

PROGRAMMING ORDER 

There is no specific order by which the data words must be programmed for normal operation. In most applications, the RF and IF 
Programmable Reference Divider words are programmed first and the Programmable NIA Divider words are programmed last. 
The Programmable NIA Divider words are then changed as the synthesizer is tuned to different channels. It is important to note 
that the status of the TE and LO fields of the last word programmed determines the state of the fo/LD output. 
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PROGRAMMING THE STATE OF THE fo/LD OUTPUT 

The multi-function test pin output can be used to observe any one of six internal signals: fr-RF, fr-IF, fv-RF, fv-IF, Lock-RF, and 
Lock-IF. In addition this output pin can be disabled to reduce current consumption of the part and minimize switching noise. All 
these functions are under software control. To fully configure the synthesizer, four data words must be programmed into the 
device to load all the latches. As previously stated, programming order is not important for normal operation. This is not the case 
though when the user would like to observe a test point. Under this condition, the last word loaded determines what test point will 
be observed. The table below illustrates which register needs to be programmed last and the state of the control bits to access 
each test point. 

fo/LD Output Register RN RF/IF TE 

fr IF Reference Divider 1 0 1 
fv IF N/A Divider 0 0 1 

Lock IF Either x 0 1 

frRF Reference Divider 1 1 1 
fv RF NIA Divider 0 1 1 

Lock RF Either x 1 1 

Disabled Either x x 0 

X = Don't Care 

DIVIDE RATIO SETTING 

fvco = [(P•N)+A]•fosc + R with A ,,; N (for continuous frequency steps P•N+A ;, P(P-1)) 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 

LD 

0 
0 
1 

0 
0 
1 

x 

A: Preset divide ratio of binary 4--bit or &-bit swallow counter (0 to 63, A,s;N, for RF synthesizer; 0 to 15, MN, for IF 
synthesizer) 

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 for RF synthesizer; 8 or 16 for IF synthesizer) 

DATA~~ 
(NIA DIVIDER) I I 

I I 

DATA----=:>.!~ -
~--------~ 

RO 

(REF DIVIDER) I I 

CLK 

LE 

I I 
I I 
I I 

I 
I 

I I 
I I 

I 
I 
I I 
I I 

I I 
I I 
I I 
I I 

-its(D) r- -ith(D)r- tcw-, r-

HIPERCOMM 
BR1334-REV3 

NOTE:Data shifted into register on rising edge of CLK. 
ts(D) = Setup Time DATA to CLK 
th(D) = Hold Time DATA to CLK 
tcw = CLK Pulse Width 
tEw = LE Pulse Width 

ls(C->LE) = Setup Time CLK to LE 

ls(D);, 10ns 
!ti(D);, 20ns 
tcw;,aons 
ti:w;, 20ns 

ls(C->LE) ;, 30ns 

Figure 2. Serial Data Input Timing 
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RN = CTRL BIT (LSB) 

RN = CTRL BIT (LSB) 

I I fl-
ts(C->LE) H I 

I --, r-tEw 
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PHASE CHARACTERISTICSNCO CHARACTERISTICS 
The phase comparator in the MC1231 O 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 (Iv) signal and the reference (fr) input. 
Since these edges occur only once per cycle, the detector has a range of ±27t radians. 

The operation of the phase comparator is shown in 3. 

fr n n n 
fv n n n 

LD LJ LJ LJ 
n n 

LJ 
DO------~ 

NOTES: Do is a current output. 
Phase difference detection range: -2x to +2" 
The spike is output in order to diminish dead band. 

I lsourcel + I lsinkl 4mA 
Internal Charge Pump Gain ~ 41t = 4;"" 

Figure 3. Phase/Frequency Detector, Internal Charge Pump and Lock Detect Waveforms 

fr lags fv in phase OR fv>fr in frequency 
When the phase of fr lags that of Iv or the frequency of Iv is greater than fr, the Do output will sink current. The pulse width will be 
determined by the time difference between the two rising edges. 

fr leads fv in phase OR fv<fr in frequency 
When the phase of fr leads that of Iv or the frequency of Iv is less than fr, the Do output will source current. The pulse width will be 
determined by the time difference between the two rising edges. 

fr = fv in phase and frequency 
When the phase and frequency of fr and Iv are equal, the charge pump will be in a quiet state, except for current 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. 
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LOCK DETECT 

PHASE/ 
FREQUENCY 
DETECTOR 

MUX 
CIRCUITRY 

Figure 4. Detailed Phase/Frequency Comparator Block Diagram 

MC12310 

to/LO 

When the lock detector signal (Lock-IF or Lock-RF) is selected to be routed to the fo/LD output pin, the lock detector circuit 
provides a LOW pulse when fr and Iv are not equal in phase or frequency. The output is normally HIGH. LO is designed to be the 
logical NORing of the phase frequency detector's outputs UP and DOWN. See 6. In typical applications the output signal drives 
external circuitry which provides a steady LOW signal when the loop is locked. See 9. 

fo 
When selected, the output frequency pin (fo/LD) provides a LOW going pulse at the fr or Iv rate. The pulse width is determined by 
the frequency in the respective counter. This output is for test purposes only and may not swing all the way down to ground. The 
scope probe capacitive load should be less than 5pF. 

OSCILLATOR INPUT 

The device incorporates an on-chip reference buffer so that an external reference oscillator signal can be ac--coupled to the 
OSCin pin through a coupling capacitor. The magnitude of the ac--coupled signal must be between 500 and 2200 mV 
peak-to-peak. 

HIPERCOMM 
BR1334 - REV 3 

Vee 

LOCK DETECT 
OUTPUT 

Figure 5. Typical Lock Detect Circuit 
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ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.5V; Vp =Vee to 6.0V; TA= -40 to +85°C) 

Symbol Parameter Min Typ Max Unit Condition 

Ice Supply Current for Vee 11.5 mA Note 1 

12.5 mA Note2 

Ip Supply Current for Vp 0.5 mA Note 3 

0.7 mA Note4 

F1N-RF Operating Frequency f1Nmax 2500 MHz Note 5 
f1Nmin 500 

F1N-IF Operating Frequency f1Nmax 500 MHz Note 5 
l1Nmin 40 

Fosc Operating Frequency (OSCin) TBD 12 40 MHz Note5 

V1N Input Sensitivity f1N-RF 200 1000 mVp_p 
(100-500MHz) f1N-IF 200 1000 

(40-100MHz) f1N-IF 600 2000 

Vose OSCin 500 2200 mVp_p 

V1H Input HIGH Voltage CLK, DATA, LE o.7Vcc v 

V1L Input LOW Voltage CLK, DATA, LE o.3Vcc v 

l1H Input HIGH Current (DATA, CLK and LE) 0.1 2.0 µA Vee= 5.sv 

l1L Input LOW Current (DATA, CLK and LE) -2.0 -0.1 µA vcc=5.5V 

lose Input Current (OSCin) TBD µA 

I source Charge Pump Output Current -2.0 mA VDo = Vp/2; Vp = 2. 7V 

I sink Do +2.0 Vee= 2.7V; Note 6 

IHi-Z Output Disabled -15 +15 nA 0.5V < VDo < Vp - 0.5V 

VoH Output HIGH Voltage (fo/LD) 4.4 v Vcc=s.ov 

2.4 v Vee= s.ov 

VQL Output LOW Voltage (fo/LD) 0.4 v vcc=s.ov 

0.4 v Vee= 3.ov 

loH Output HIGH Current (fo/LD) -1.0 mA 

loL Output LOW Current (fo/LD) 1.0 mA 

1. Vee= 3.3V, all outputs open. 
2. Vee= 5.5V, all outputs open. 
3. Vp = 3.3V, all outputs open. 
4. Vp = 6.0V, all outputs open. 
5. AC coupling, F1N measured with a 1000pF capacitor. 
6. Source current flows out of the pin and sink current flows into the pin, typical charge pump sink and source curves are found in Figure 9. 
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Vee Vee 

Vee Vee 
20 

Vp 
1oopFI I 0.1µF o.1µFI I 100pF 

Vp 
2 19 

Vp Vp 

I 0.1µF o.1µFI I 100pF 

LOW PASS -= -= 3 18 -= -= LOW PASS 
FILTER Do RF Dolf FILTER 

GND GND 
17 

fin RF 

MC12310 

_L10oopF I fin RF fin IF 
15 

~ 

GND 
14 

GND 

-= -= 

~ OSCin LE 
13 

p 

GND DATA 
12 From 

Controller 
-= 

Lock Detect 10 11 
Circuit (Optional) fo/LD CLK 

Figure 6. Typical Applications Example 

Do 0>------411-----1+-----<0 VCO 

:1 C2 
I I 

Figure 7. Typical Loop Filter 
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Figure 9. Typical MC12310 Charge Pump Sink and Source Current versus Yoo 
(Vee= 2.7V, TA= 2s0 e) 
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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 
and evaluate 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. 

Phase Detector 

fo e0 (s)/N 
N L-~~~~~~--1 

Filter 

Programmable 
Counter (+N) 

e;(s) 

ei(s) Phase Input 
0e(s) Phase Error 
00(s) Output Phase 

G(s) 

H(s) 

G(s) Product of the Individual Feed 
Forward Transfer Functions 

H(s) Product of the Individual Feedback 
Transfer Functions 

Figure 1. Feedback System 

0o(S) 

Using servo theory, the following relationships can be 
obtained.2 

e ( ) 1 e·(s) e s = 1 + G(s) H(s) 1 ( 5) 

G(s) 
8o(s) = 1 + G(s) H(s) 8i(S) ( 6) 

These parameters relate to the functions of a PLL as shown 
in Figure 2. 

0o(S) 
VCONCM lo 

Figure 2. Phase Locked Loop 
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The phase detector produces a voltage proportional to the 
phase difference between the signals 0i and 00/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 VCO/VCM. The 
output frequency is 

lo= Nii ( 7) 

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 at the origin. Example: 

let 10 
G(s) H(s) = s(s + 10) ( 8) 

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. ( 9) 

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) 

10 
1 + G(s) H(s) = 1 + s(s + 1 O) = 0 

therefore 

C.E. = s(s +10) +10 

C.E. =s2+ 10s+ 10 

( 10) 

( 11 ) 

( 12) 

( 13) 

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. 

0e(s) represents the phase error that exists in the phase 
detector between the incoming reference signal 0j(S) and the 
feedback e0 (s)/N. In evaluating a system, Be(s) must be 
examined in order to determine if the steady state and 
transient characteristics are optimum and/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 0e(s) resulting from the input Bi(s) without 
transforming back to the time domain. 3 

Simply stated 

Lim [0(t)] = Lim (s0e(s)] 
( 14) 

Where 

1 
Be(s) = 1 + G(s) H(s) 8;(s) ( 15) 

The input signal Bi(S) is characterized as follows: 

Step position: Bi(t) = Cp t ;,, O 

c 
Or, in Laplace notation: 8i(s) = ~ 

( 16) 

( 17) 

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: 0i(t) = Cvt t ;,, 0 ( 18 ) 

Or, in Laplace notation: 8i(S) = ~ ( 19) 

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: 8i(t) = Cat2 t;,, 0 ( 20) 

2 Ca 
Or, in Laplace notation: 8i(S) = ~ ( 21 ) 

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) ( 22) 
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Type2 

Type 3 

G(s) H(s) = K(s + a) 
s2 

G(s) H(s) = K(s + a)(s + b) 
s3 

( 23) 

( 24) 

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. 

8e(s) = C <,~J (~) 
(s + a)Cp 

(s2 +as+ K) 
( 25) 

8e(t = oo) = Lim[s( s + a ) Cp] = 0 ( 26 ) 
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 Type3 

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 ==),where K is loop gain. 

Rule 2 - The number of root loci branches is equal to the 
number of poles or number of zeroes, whichever 
is greater. The number of zeroes at infinity is the 
difference between the number of finite poles and 
finite zeroes of G(s) H(s). 

Rule 3 - The root locus contour is bounded by asymptotes 
whose angular position is given by: 

(2n + 1) 
#P-#Zn; n=0,1,2, ... ( 27) 

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.: 

LP - LZ 
C.G. = #P - #Z (28) 

Where LP (LZ) 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 = O 
ds 

( 29) 

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(s + 4) ( 30) 

The root locus has two branches (Rule 2) which begin at 
s = O ands = -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 n = { -2-

~ lorn = O 

3n lorn = 1 
2 

( 31 ) 
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The position of the intersection according to the Rule 4 is: 

~P - ~z ( - 4 - o) - (o) 
s = #P - #Z = 2 - 0 

s = -2 ( 32) 

The breakaway point, as defined by Rule 6, can be found by 
first writing the characteristic equation. 

CE = 1 + G(s) H(s) = 0 

=1+--K--=s2+4s+K=O (33) 
s(s + 4) 

Now solving for K yields 

( 34) 

Taking the derivative with respect to s and setting it equal to 
zero, then determines the breakaway point. 

or 

dK = iL(- s2 - 4s) 
ds ds 

dK = - 2s - 4 = 0 
ds 

S=-2 

( 35) 

(36) 

(37) 

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 torm2 

(38) 

where the damping ratio<;= COS cp (0° s <1> s 90°) and ron is the 
natural frequency as shown in Figure 3. 

ASYMPTOTE= Jt/2 

CENTER OF GRAVITY 
K=O 

-4 

BREAKAWAY POINT 

ASYMPTOTE= 37tl2 

K-> oo jro 

K-> co 

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 tor 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 ~~-~-~~~~~~-~~~-~~~ 

1.8 f--+--t-c-~~__,1--+--+-t--+--t-+--+---1 
~1 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 13 

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 s=o.5 
error< 10% 
fort> 1ms 

From<;= 0.5 curve error is less than 10% offinal value for all 
time greater than ront = 4.5. The required ron can then be found 
by: 

ronl = 4.5 

or 

ron = 4i5 = 0~~ 1 = 4.5krad/s 

( 39) 

( 40) 
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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 

( 41 ) 

This is a type 2 second order system. A zero is added to 
provide stability. (Without the zero, the poles would move 
along the jw 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 located at 180 degrees. The center of gravity 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. 

jw 

K inc s·plane 

" 
KoO 

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 wn 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: 

w - 3dB = wn(1 - 2~2 + j2 - 4s2 + 4~4) 1 !2 ( 42) 

for a type 1 second order4 system, and by: 

'"-3d8 = wn( 1 + 2~2 + j2 + 4~2 + 4s4) 1!2 ( 43) 

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 

1ms 

<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 

MC4024/4324 

MC4016/4316 

The forward and feedback transfer functions are given by: 

G(s) = Kp Kt K0 H(s) =Kn ( 44) 

where Kn= 1/N ( 45) 

The programmable counter divide ratio Kn can be found 
from Equation 3. 
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Phase Detector 

Kp 
Filter 

Kt 

Programmable 
Counter Kn 

VCM 
Ko 

,__ ______ lo 

Figure 7. Phase-Locked Loop Circuit Parameters 

N . _ f0 min _ fomin _ 2MHz _ 20 
mrn - -1-i - - fstep - 1 OOKHz -

N = fomax = 3MHz = 30 
max fstep 1 OOKHz 

1 1 Kn= 20 to 30 

( 46) 

( 47) 

( 48) 

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 3MHz. Selecting the VCM control capacitor 
according to the rules contained on the data sheet yields 
C = 1 OOpF. 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 ~-----~~-~-~J~T-,.¥~-~I~~~ 
Vcc•5.0Vdc +12s0 c-17 gj_ 

5·0 I ./I ...vi I -55°C -t--1 

l---+-+--t--\--1-,,--;V~ .,.d"'+r"-1-Fj:: +25'C -+--1---< y 
~ 4.0 l--_J_-+--+1.........i-+.o~--+--+---+-+--+--+--I 
~ -55°C~ I 
~ ~I'- +125'C 
~ 3.0 
§Z +25'C 

'::; 
~ 2.0 l---+-111-+--+--+-__,I---+--+--+--+--+--+---< 

c 
> 

1.0 >--+-ll-+--+--+-1--1---+--+--+--+--+--+---< 

0 0'---'--'-1~.o--'---'2.o _ _...__3~.o-+--4~.o--'---'s.-o-'---'6.o 

fout. OUTPUT FREQUENCY (MHz) 

Figure 8. MC4324 Input Voltage versus Output 
Frequency (1 OOpF Feedback Capacitor) 

The transfer function of the VCM is given by: 

( 49) 

MOTOROLA 242 

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. 

K _ 4MHz - 1 .5MHz 2:rt rad/s/V 
v - 5V - 3.6V 

Kv = 11.2 x 106 radlsN ( 50) 

Thus 

Ko = 11.2 sx106 rad/s/V ( 51 ) 

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 = O 111 V/ d 
P 2(2:n) 4:n · ra 

( 52) 

Since a type 2 system is required (phase coherent output) 
the loop transfer function must take the form of Equation 23. 
The parameters thus fardetermined include Kp, K0 , Kn leaving 
only Kt as the variable for design. Writing the loop transfer 
function and relating it to Equation 23 

G(s)H(s) = Kp Kv Kn Kt = K(s + a) 
s s2 ( 53) 

Thus, Kt must take the form 

Kt= s ~a (54) 

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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Kt is expressed by 

Kt - R2Cs + 1 for largeA 
- R1Cs ( 55) 

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 Kt. 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 
MC4044/4344 is not infinite, a gain correction factor Kc must 
be applied to Kt in order to properly characterize the function. 
Kc is found experimentally to be Kc = 0.5. 

( R2Cs + 1) 
Kfc = Kt Kc = 0.5 R1Cs ( 56) 

(For large gain, Equation 55 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 Ktc Ko Kn ( 57) 

G(s)H(s) = Kp(0.5) (R2~1sc: 1) (~v) (~) ( 58) 

The characteristic equation takes the form 

C.E. = 1 + G(s) H(s) = 0 

_ 2 0.5 Kp Kv R2 0.5 Kp Kv 
- s + R1N s + R1CN 

( 59) 

Relating Equation 59 to the standard form given by 
Equation 38 

= s2 + 2l;rons + ron2 

Equating like coefficients yields 

e;(s) Kp = 0.111V/rad 

( 60) 

( 61 ) 

0.5 Kp Kv R2 
and R1 N = 2~wn ( 62) 

With the use of an active filter whose open loop gain (A) is 
large (Kc= 1 ), Equations 61 and 62 become 

Kp Kv _ 2 
R1CN - wn 

( 63) 

( 64) 

The percent overshoot and settling time are now used to 
determine ron. From Figure 6, it is seen that a damping ratio l; = 
0.8 will produce a peak overshoot less than 20% and will settle 
within 5% at wnt = 4.5. The required lock-up time is 1 ms. 

Rewriting Equation 61 

(0.5) (0.111) (11.2 x 106) 

(4500)2 (30) 

(Maximum overshoot occurs at Nm ax which is minimum loop 
gain) 

Let C = 0.5µF 

Then 

Use 

0.00102 = 2.04kQ 
0.5 x 10-6 

Ko = 1 ~-2 • 106 rad/s/V >---+--- e0 (s) 

Kn = io to fa 1----------------' 
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• Denotes parts external to the MC4344 

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 62 

2(0.8) 

(0.5 x 10·6)(4.5k) 

=711(.1 

Use R2 =680'2 

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 Kn, 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 
ron = 4.61 krad/s 
s = 0.785 

ron = 5.64krad/s 

s=o.es1 \ 

, __ _ 
............ 

' \ I 
I 

\ 
\ 

----t----o----~~ 
\ -2.94k 

\ 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 21to20. 

Since the frequency is proportional to the VCM control 
voltage, the PLL frequency response can be observed with an 
oscilloscope by 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 lime. 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 2it, i.e. there is no cycle slippage at 
the phase detector. 

N = 30 

N" 3.0 
:r: 
6 

N STEPPED FROM 29 TO 30 >-
Cl z 2.9 w 
::::> 
0 w 
a: 
IL 
I- 2.1 ::::> 
o._ 
I-
::::> N STEPPED FROM 21 TO 20 0 

2.0 

N=20 

0.5 1.0 1.5 2.0 

TIME (ms) 

Figure 13. Frequency-Time Response 
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4.37 v 

3.89V 

V = 0.05 Vlcm 
H=0.5ms/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 62 and 63 
(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. However, a small programmable calculator, the 
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 (VCO), 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-2 loop has two true integrators 
within the loop - a VCO and an integrator/filter after the 
phase detector. Replacing the integrator/filter with a 
passive-RC, 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 VCO 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): 

80 (s) G(s) 

Bi (s) 1 + G(s)H(s) 

where, from Figure 

and 
G(s) = (Kp) (F(s)l (Kvis) 
H(s) = 1/N 

(1) 

( 2) 
( 3) 

The phase comparator transfer function is Kp and N is a digital 
counter/divider factor. 

A typical integrator/filter built around an op amp (Figure 3) 
has a transfer function determined by the amplifier-circuit's 
closed-
loop gain, 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

Phase 
Comparator 

[Kp] 

From Crystal 
Reference 
Oscillator in 
Synthesizers 

Integrator 
Filter 
IF(s\l 

Divider 
+N 

vco 
[Kvl 

80 s 
[Nwi] 

Figure 1. A type-2 phase-lock loop has two true integrators­
the integrator/filter (F(s)l and the VCO (Ky). Replacing the 
integrator/filter with a passive-RC network converts the circuit to 
a type-1 system. 

G(s) 8o(s) 

H(s) 

Figure 2. The phase-lock loop's generalized open­
loop transfer function, G(s) H(s), has a third-order denominator 
- from which the circuit's name is derived. 

C2 

Figure 3. An integrator/filter circuit 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 

00 
01 1573 (g)rr 
02 61 x 
03 02 2 
04 61 x 
05 2307 ST07 

06 2403 RCL3 
07 61 x 
08 01 1 
09 1509 (g)-->P 
10 2304 ST04 

11 22 Rt 
12 2402 RCL2 
13 2407 RCL7 
14 61 
15 32 CHS 

16 01 1 
17 32 CHS 
18 1509 (g)-->P 
19 2404 RCL4 
20 71 

21 2405 RCL5 
22 61 x 
23 2401 RCL1 
24 71 
25 2407 RCL7 

26 1502 (g) x2 
27 71 
28 2304 ST04 
29 1408 (f) log 
30 02 2 

31 00 0 
32 61 x 
33 74 R/S 
34 22 Rt 
35 21 x~y 

36 41 
37 74 R/S 
38 2404 RCL4 
39 1409 (f)-->R 
40 01 1 

41 51 + 
42 1509 (g)-->P 
43 1522 (g) 1/x 
44 1408 (t) log 
45 02 2 

46 00 0 
47 61 x 
48 1300 GTOOO 
49 

where Z1 = R1 

e/en 

Ro 

R~ 5 N 

R7 

(4) 
Zf = impedance of feedback network 

The transform of the feedback network is 
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s(C1 + C2) +fl;; 
Zf(s) = , 

sC1(sC2 + Jl;;l 
( 5) 

and the integrator/filter transfer function is then 

s(C1 + C2) +fl;; 
F(s) = - ----­

C1R1(sC2 + fl;;J 
( 6) 

Multiply Equation 6 by R2/R2, then 

where 

s(C1 R2 + C2R2) + 1 

F(s) = - sC1R1(sC2R2 + 1) ' 

sT2 + 1 
F(s) = - sT1(sT3 + 1)' 

Tl= 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) = ( 9 ) 

s3NT1T3 + s2NT1 
Note the third-order denominator, from which the circuits 

name-third--0rder-loop-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: 

Store R1 ENTER 

C1 x STO 

T2 C1 ENTER 

C2 

R2 x STO 

T3 R2 ENTER 

C2 x STO 

(KpKv)/N Kp ENTER 

Kv x 
N STO 

Calculate (f) PRGM R/S GJroHJro 

R/S L9 

R/S (e/en) 

Repeat step 3 

for other values 

of frequency, F 
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Table 2. Third order type-2 PLL 
>: .•... 

Open-Loop R~.spon.~e . l..!iop l'.lesponse 
• ·•. · rtl!QUency 
. .. (Hz) : ~ovco Nols$ 

dB L0 (dB) 

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 -0.71 -138.58 3.30 .. 
1,000,000 -26.25 -139.59 0.32 

10,000,000 -63.21 -174.68 0.01 

Unity-gain point ..... Maximum overshoot 

A servo-loop damping factor that appears in lower-order 
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, GjroHjro· The largerthe 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 1 /I 
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. 
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Clearly, the loop's mathematical analysis depends mainly 
upon calculation of G(jro) H(jro) in Equation 10. 

Now comes the program 
To make the calculator program simpler, rewrite Equation 

10 as follows: 

[
-juiT2 - 1] 
jwT3 + 1 ( 13 ) 

Table 1 contains the program that solves Equation 13. It 
provides both the magnitude and phase angle, L0, of the 
open-loop response, G(jro) H(jm)• givenT 1, f 2. T 3, KpKv/N and 
frequency, f(m=2rrf). 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 lo 
generate the 960 MHz: 

N = 64 
R1 = 10,0000 

C1 = 4700 x 10-12F 

R2 = 3300 
C2 = 470 x 10-12F 

Kp = 0.25V/rad 
Kv = 3 x 1 o9 (rad/s)/V 

The stable crystal-oscillator reference frequency used is 
151111Hz. The frequency divider and phase comparator are built 
with ECL logic. From the circuit component values and 
transfer constants we obtain: 

T1=4.7x10-5s 
T2 = 1.706 x 10-6s 
Ts= 1.551x10-7s 

(KvKp)/N = 11 . 72 x 106/s 

The calculator program provided the results in Table 2. Note 
that the phase margin at unity gain corresponding to 84,650Hz 
is 40.15°; thus, the loop is fairly stable. Further, the loop's 
response to VCO noise shows a maximum overshoot of 
3.30dB at 100,000Hz, 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 integrator/filter are the keys to 
controlling a loop's performance. In the integrator/filter, 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 1 c is the source of the high-order 
complex function in the following equation for open-loop gain: 

where 

[ -joiT2 - 1] 

jwT3 + 1 
( 1 ) 

Tj, T2, Ts= time constants defined in Figure 1c, 
seconds 

Kp = phase-detector gain constant, volts/ 
radian 

Kv = voltage-controlled-oscillator (VCO) 
sensitivity, radians/second/volt 

N = frequency divisor 

w = {2rrf) frequency, radians 

Usually, Kp. Kv and N are given, but you can choose T 1, T2 
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 VCO 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 
180° 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, arid the phase margin. 

In ED No. 10, May JO, 1978, p. 120, A. B. Przedpelski advised: 
"Analyze, don't estimate, phase-lock-loop perjonnance." He 
showed how to calculate the performance of a given type-2, 
third-order PU system with a 48-step program for an HP-25 
programmable calculator. This article will show you how to opti· 
mize such a PLL 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. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

Bi(s) G(s) 

H(s) 

G(s) 80 (s) 

e; (s) 1 + G(s)H(s) 

Phase 
Comparator 

[Kp] 

From Crystal 
Reference 
Oscillator in 
Synthesizers 
(fr) 

Integrator 
Filter 
[F(s)l 

Divider 
+N 

® 

fo= Nfr 

C2 

Integrator Filter 

@ 

Bo(s) 

Bo(s) 

[Nro;] 

Figure 1. A phase-lock loop (a) with two integrators (b) is 
classified type 2. And the order - third, in this case - is 
established by the characteristics of the integrator/filter (c). Time 
constants T 1. T 2. and T 3 determine the integrator/ 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)] 

-----i-180° 

OdB 

FREQUENCY 

Figure 2. This open-loop gain/phase plot shows a lypical phase 
displacement from -180°. When the frequency, 10 , 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 

ele = --1--
n I+ G(s) H(s) 

FREQUENCY 

Figure 3. Increase 10 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 integrator/filter and VCO. 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 
VCO-noise suppression capability. Thus, a phase margin of 
about 45° is a good compromise between desired stability and 
the other generally undesired effects. 
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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(jco) H(jco) Figure 2 to the left would attenuate fr and 
the sidebands. But such a shift also would weaken the circuit's 
VCO-noise suppression capability. 

A typical VCO 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, 10 , defines the noise reduction: It's 
directly proportional to f0 . Clearly, then, shifting the G(jco) H(ico) 
curve to the right by increasing f0 will also increase the VCO 
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 f0 , 

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, q,, is 

lj>=tan-1 coT2-tan-1coT3+180°. (2) 

Differentiate q, with respect to co and set the result equal to zero 
to locate co0 , and the result is 

d<j> = T2 _ T3 = 0 ( 3 ) 
dco 1 + (coT2)2 1 + (coT3)2 

Solving Equation 3 then gives you 

coo= __ 1 __ 

JT2 T3 
( 4) 

And substituting Equation 4 into Equation 2 gives you 

tan<j>= T2-T3_ 

2JT2 T3 
(5) 

Finally, plug Equation 4 into Equation 5 and re-arrange to get 

T _ sec<j> - tan<j> 
3- coo . 

Then re-arrange Equation 5 to get 

(6) 

(7) 

Since you want the gain to be one at the phase-inflection 
point,solveforT 1 in Equation 1 with G(jco) H(jco)= 1; as a result, 

T1 = KpKv [·jcoT2 - 1] 
Nco2 jcoT3 + 1 

( 8) 
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Figure 4. This plot of a PLL's open-loop transfer function confirms the design-parameter choices - a 45° phase margin at an 10 of 1 OOHz 
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. Of 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, 
Ir. The phase comparator, VCO and divider transfer fuctions 
are as follows: 

Kp= 0.19V/rad 
Kv = 10.6 x 106 radlsN 
N = 3390 

For stability, start with a phase margin of 45° and an fo of 
about 1/50 of fr. Thus, with 

and 

<I>= 45° 

f0 = 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 1Q-3s 
T2 = 3.84 x 10-3s 
T3=6.59x10-4s 

But with those time constants you would need components 
with nonstandard values. However, if you select standard 
capacitors and resistors as follows: 

C1 = 0.33µF, 
C2 = 0.068µF, 

you get the following time constants: 

T1 = 3.96x1o-3s 
T2 = 3.98 x 1o-3s 
T3 = 6.8 x 10-4s 

which are close enough for a first tr/. 

Verfying the results 
To verify the results, the open-loop transfer function, GQco) 

HQco)• and noise response, e/en. 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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RCL7 
(I) tan 
CHS 
RCL7 
(I) cos 

(g) 1/x 
+ 

RCL6 
(g)" 

x 

2 
x 

ST04 

ST03 

R/S 
RCL4 
(g) x2 

x 
(g) 1/x 

ST02 
R/S 

RCL4 
x 
1 

(g)--> p 
RCL3 
RCL4 

x 
1 

(g)--> p 
x~y 
R,I, 

RCL4 

(g)x2 

RCL5 
x 

ST01 
GTOOO 

3 

Ro 

R~ 5 N 

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 Guw) H(jw) 
curve can be shifted to the left. Move fa 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 Guw) Huw) curve to the right by increasing f0 . 

If you still aren't satisfied, you can change the phase margin. 
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2 Store fo STO 

~ STO 

Kp ENTER 

Kv X 

N STO 5 

3 Calculate (f) PRGM R/S 

R/S 

R/S 

3 Recall RCL 
(if desired) RCL 

RCL 3 

RCL 4 

iD -10 ; 
~ f---+---t---z~.L-+---+---+---+---+---< 

i ~: l----+---f'JZ_z_-+-----t--+----1-----t---i 

~ t 
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+ -50 >-------+---+---+-->-----+---+-----I 

-60 
t z 

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 pans of this series showed how to analyze and then 
optimize type-2, third--0rder PIL systems and provided simple 
calculator programs for an HP-25 to do the otherwise tedious 
computations.1,2 This anicle takes you a step further and shows how 
to suppress sidebands, especially undesired when the PLL 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 sidebands, 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 third-order 
loop, 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 loops:2 
phase margins between 30° and 45° are minimum criteria for 
stable operation. And the filter's action in reducing the 
feedforward gain, Gijro)• at the sideband frequencies is the 
criterion for the suppression effectiveness. 

Since Hijro) is equal to 1/N, a constant, then the open-loop 
gain, GQro) Hijro)in Equation 1, can be used asameasureofthis 
sideband-suppression effectiveness: 

[ -jcoT2 - 1] 
jcoT3 + 1 ' ( 1 ) 

Kp = gain constant of the phase detector, 
Kv = VCO sensitivity, 
N = counter divide ratio, 

T1, T2. T3 =integrator/filter time constants. 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

Phase 
Comparator 

[Kpl 

Integrator/Filter 

C1 

G Oro) 

Integrator/ 
Filter 
[FsJ 

Frequency 
Divider+N 

H Oro) 

C2 

0.047µF 

R2 

T1 =R1•C1 =2.2x1()-3s 

Output 

vco Frequency 

[Kv] fo~ Nlr 
(16.95MHz) 

Kp=0.19V/rad 
Kv = 10.6 x 106 rads/V 
N=3390 

Sideband 
Suppression 

Filter 

T 2 = R2(C1 + ~) 2.67 x 1 ()-3s 
T 3 = R2•C2 = 0.47 x 1 o-3s 

NOTE: Simllar to example in Phase-lock Loops: 
Part Two (ED 19, Sept. 13, 1978, pl 134) 
only time constants T 1, T 2 and T 3 have been 
changed, to improve margin and over-all perfo1mance. 

Figure 1. A phase-lock loop frequency synthesizer 
(a) generates 16.95MHz from a crystal-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 integrator/filter circuit (b). 

Table 1. Filter suppression/phase margin tradeoffs 

Phase 
Margin First Second 

Phase Deterlo- Sideband Sideband 
Circuit Margin ration Reduction Reduction 

Original 44° - - -

RC low-pass 32 12° 20d8 26dB 
RC=3X 
10--4 

Notch filter 
0=10 44 0 oo• 0 
0=1 43 1 oo• 1.5 
0=0.1 31 13 oo• 16.5 

Second-
order active 
d =0.707 34 10 28 40 
d=0.1 42 2 28 40 

•Theoretical - actual value about 40dB 

Reprinted with permission 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 

: iJisolav · · .:. f~1:~ 
. ··.· 

:Ll!:!il . • ¢9Cki.2:.J 
.. R\,.llarks . ~i~!S;: 

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 l2 
07 2403 RCL3 
08 61 " 09 2406 RCL6 Rg T3 
10 2400 RCLO 

11 61 x 
12 51 + R4 
13 2407 RCL7 
14 61 x 
15 2404 RCL4 R5 ~ 
16 2406 RCL6 N 
17 2403 RCL3 
18 61 x R5 2d 
19 2400 RCLO 
20 61 x 

21 2407 RCL7 R7 OJ 

22 1502 (g) x2 
23 61 x 
24 41 -
25 32 CHS 

26 1509 (g)--> p 
27 21 ~y 

28 2407 RCL7 
29 2402 RCL2 
30 61 x 

31 32 CHS 
32 01 1 
33 32 CHS 
34 1500 (g)--> p 
35 22 R-1-

36 51 + L 0 Phase-margin 
37 74 R/S 
38 22 R-1-
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 G5H5 1 

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 1o-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" 30°-to-45°. 
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....,,...,,. ..... ~..,-~~....-~.....,,_..~~.,......,.-~ ...... ...-~~ ........ 
i:~''.c•'j, . '~~,'~ ·· .. ·~~: •. !n!lll'UctloJlll 
~-;;"';-::-_,:~< ~,:. '· ·, .: ' .. ; 

Enter program 

Store 

3 Enter 

4 Calculate 

5 Repeat step 3 

for other values 

of frequency, F 

lnpUt 
Qalf!/ .. 
:un.1~ .. : 

"'a 
T1 

T2 

Ts 

Kv 

Kp .. 

<··< ,;• / 
STO 

STO 

STO 

STO 

ENTER 

STO 

ENTER 

STO 

STO 

(I) PRGM R/S 

R/S 

The open-loop transfer function then becomes: 

where T 4 is the additional RC time constant. 

Output 
Dalal 

:::vn;i. 

L 0 Phase 

margin 

IG(s) H(s)I 

Solving Equation 1 at frequencies of 5 and 1 OkHz shows 
that the first sideband (at 5kHz) is reduced a respectable 20dB 
and the second sideband (at 1 OkHz) 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 

AOro) = --~-­

iro[-a(-oo;-~-ooo-2J + 1 

ro0 =the notch frequency (2itf0 ), 

a = the circuit a. 

(3) 

The open-loop transfer function, the product of Equations 1 
and 3, is 

Although the notch frequency Olo 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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RC LOW-PASS ACTIVE RC NOTCH ALTER 

C2 = .1.9_ 
rnoR 

C1 =--1-­
(2"1oR)2 C2 

f0 = Reference Frequency 

R 

SECOND--OROER ACTIVE LOW-PASS FILTER 
C1 

R 

d = rg_ 
..; Cf 

ron=--1-
R/ C1C2 

@ 
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 Q's of 10, 1 and 0.1 shows that 
high Q values produce negligible phase-margin deterioration, 
but attenuation of the second harmonic of the reference 
frequency is small or zero (Table 1 ). At a Q of 0.1, however, the 
second harmonic is reduced 16.5dB, but then the phase 
margin suffers. 

Most versatile, however, is a second-order, active, low­
pass filter with variable damping (Figure 2c). Its gain (with "s" 
functions of its more familiar form replaced by jro) is:3 

where 

ro 2 
A(jro) = n ( 5) 

- ro2 + 2djroron + ron2 

ron = the filter's natural pole frequency, 
d = the filter's damping factor. 

This time, multiplying Equations 1 and 5, the overall open­
Joop transfer function bcomes 

If ron is chosen to be 6283 (2it 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 180° and the 
open-loop transfer-function angle - rather than the phase 
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angle itself. 

g: 40 
30 

ffi 20 
Cl 10 
I o 
l!:; -10 PHASE 
~ -20 
~ -30 

~ 

20 
10 .----'o ~ 
-10 x 
-20 :f-
-30 $ 
-40 (!) 
-50 
-60 
-70 
-80 

50 100 500 1000 10000 
FREQUENCY (Hz) 

Figure 3. A plot of open-loop gain and phase response of the 
system in Figure 1 compares sideband suppression at 5 and 1 OkHz 
without and extra filter with that of a simple RC and an active, 
second-order filter. 

Clearly, the simple RC circuit is least effecient. It gives the 
least sideband attenuation andthe largest phase-margin 
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 
Peiformance" (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 (PLL.s) 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 seern 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.1 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 no: available, except for some recent work by the 
National Bureau of Standards on low noise signal 
sources. 5,6, 7 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

XTAL 
DSC 

Frequency 
multiplier x N 

PLL and conventional frequency multiplier 

Figure 1. Although the PLL frequency multiplier (top) 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, v0 

TIME(ms) 

Figure 2. Short-term frequency stability can be far worse 
(bottom) than the long-tenm 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 
(Figure2). 

The overall phase-noise, or spectral-density output, 
S<j>(ro)O· of a PLL8 is found by 

- I 1 12 Scp(ro)O - Scp(ro)VCO 1 + G(ro)H(ro) + 

I G(ro) 12 
Scp(ro)REF 1 + G(ro)H(ro) ' 

where S<j>(ro)VCO is the open-loop spectral density of phase 
fluctuations in the PLL's voltage-controlled oscillator (VCO) 
and S<j>(ro)REF is the equivalent spectral density of fluctuations 
in the reference oscillator. These phase fluctuations are 
measured in rad2/Hz, but generally plotted in dBc, which is 1 O 
log10 S<j>(ro)· More commonly, however, vendor-supplied 
phase-noise data, designated L(ro), and also measured in 
dBc, are for single-sideband noise. (The dBc designation is 
defined as 10 log10 of the ratio between the output from a 
spectrum analyzer with a 1-Hz bandwidth and the signal's 
carrier level.) 

Ciystal-reference 
oscillator C2 

15MHz(XO) 
[.t(nxol 

Phase 
Computation 

[Kp] 

To= 1/2n:fo T2= R2(C1 + C2) 
TpR1C1 T3=R2C2 
A,,= op amp de gain; 10 =frequency at-3dB gain 

Integrator/filter 
[To, Tl, T2, T3, A,,] 

300MHzVCO 
[K,. T,. .t(nvcol 

Frequency Divider 
[N=20] 14-------' 

Figure 3. For a fifth-order PLL, four of the time constants are 
detenmined by the integrator/filter circuit, and the fifth is determined 
bytheVCO. 

Accordingly, 

L(ro) = 10 log10 (1/2)S<j>(ro) (per rad2), 
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assuming that 

£(-ro) = L(ro). 

Therefore, to convert L(ro) data to "straighf' S<j>(ro). data, add 
3d8 to the L(ro) 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 1/N; and G(ro) equals 

(KpKv/roT1) OwT2 + 1) 

Optimized for functional performance, the following circuit 
constants are used for a typical PLL (Figure 3): 

Ao =320,000 
T0 = 7.96 x 1o-4s 
Tv = 1.59x 10-7s 
T1 = 2.408 x 10-0s 
T2 = 2.491x10-6s 
T3=4.700x10-7s 
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 = ro/2it), 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 SSS-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 (le) This frequency is an important 
parameter for optimizing a PLL:s noise characteristics. 

In Figure 5, the VCO noise-distribution plot is divided into 
three characteristic regions. High-quality oscillators generally 
exhibit this spectral-density relationship. In region I, S<j>(f) is 
typically proportional to 1/f3, so-called flicker-frequency 
noise; in region II, S<l>(I) is proportional to 1/f2, so-called 
white-frequency noise; and in region Ill, S<j>(c) is constant, 
so-called white-phase noise. Beyond region Ill, the 
bandwidth limitation of the circuit attenuates the noise to 
negligible levels. 
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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 VCO-oscillator 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 Ill, 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 VCO's and phase comparator's 
transfer coefficients (Kv and Kp) with a damping factor ( d), and 
with the reference and VCO crossover frequency (fc = md2rr), 
as follows: 

d = (T/2) '1KpKv/T 1; d ;)- 1 
T2 = 4d2/mc 
T 1 = T 2KpKvfmc. 

When these circuit parameters are considered together 
with the circuit's open-loop gain (note: H(m) = 1 ), 

. . KvKp 
G(Jro)HQm) = T1m2 (- jmT2 - 1), 

and substituted in the phase-noise equation for Sqi(ro)O the 
PLL's spectral density becomes 

Scp(w)O = Scp(w)VCO[ ( 1 

The "Optimizing PLL Phase Noise" program, with its 
subroutine 0, solves this equation for any Fourier frequency (I 
= ro/2rr). 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 VCO/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 1 o 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 of the 
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 ay2 is Lf,f in a short sample period). Thus 

f fn 

aj{'t, fh) = - 2 - Scp(t) sin 4 (ntt}df, 
(wrr)2 0 
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Optimizing PLL phase noise 
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NOTE: Sr!>vco, Scliref and S<j>0 in dB. Subroutine 0 must be performed before the time constants can be calculated with subroutine 1 
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where Tis 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 
OP.z cannot be used in a log-log Simpson's Rule integration. 
Fortunately, frequencies below (2mh)-1, where Th 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 1 OOOHz, just the Fourier 
frequencies between about 0.16 and an fh of 1 OOOHz need be 
considered. (Since the manufacturer did not supply data 
below 2Hz for the reference oscillator and VCO used in 
Figure 5; a new oscillator with data to 0.1 Hz was substituted in 
Figure 8, top.) 

5MHz crystal 
reference 
[S~(m)XO] 

Phase 
Comparator 

[Kp] 

Integrator/ 
filter 

[T1,T2] 

Phase 
Comparator 

[Kvl [S~(ro)VCOI 

KpKv . 
G(w) = -- (-jwT-1) 

T1w2 

T 2 = 4d2/0Jc, T 1 = T 2KpKviwc 

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 (fc). 
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Figure 7. The distribution of the differenttypes of frequency and 
phase noise can be expressed as line segments that represent 
powers of frequency or time (top), and the overall distribution of 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 
Sep(!) measured in dBc on the vertical axis. Therefore, the 
segments, 

y = axb, 

can be established from the end points on their phasenoise 
curves - where Scp(l1) and S<j>(l2) correspond to the 
low-frequency ('1) and the high-frequency (12) end points, as 
follows: 

scJi(l1) - scJi(l2) 
b=------

1 O(logf1 - log 12) 

and 

( S¢('1) - :~ b log 11 ) . 

a= 10 
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With coefficients a and b established for each line segment 
the contributions of each segment to the overall Allan 
variance cry2 can be calculated with the approximate Allan 
equation, 

by a modified Simpson's Rule program supplied by 
Hewlett-Packard (HP-19C/29C Appl/cations' 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 r estahlished, the only decision 

Device Segment I 

Reference f1=0.1Hz, f2=10Hz 
oscillator a= 1.26x10-12, b = -1 .40 

Tin 0.001i10 0.01i10 0.1i20 1i100 

cry2 1.1ox10-27 1.osx10-25 4.80x10-25 1.76x10-26 

Voltage- f1=0.1Hz, f2=10Hz 
controlled a= s.01x10-10, b = -3.90 oscillator 

Tin 0.001i10 0.01i10 0.1i20 1i100 

cry2 4.49x1o-27 4.39x10-25 1.34x10-23 8.10x10-23 

PLL f1=0.1Hz,f2=100Hz 
output a=4.64x10-12, b=-1.83 

Tin 0.001i10 0.01i20 0.1i100 1i1000 

cry2 2.43x1o-24 1.46x1o-23 1.19x1o-24 s.21x10-26 

Device Segment II 

Reference f1=10Hz, f2 = 100Hz 
oscillator a= 1.26x10-13, b = -0.40 

Tin 0.001i10 0.01i20 0.1i100 1i1000 

cry2 3.27x10-23 s.22x10-23 7.56x10-25 7.56x10-27 

Voltage- 11 = 10Hz, f2 = 100Hz 
controlled a=6.31x10-12, b=-2.00 oscillator 

Tin 0.001i10 0.01i20 0.1i100 1i1000 

cry2 1.59x1o-24 1.06x1o-23 1.63x1o-25 1.27x1o-27 

PLL f1 = 100Hz, f2 = 1000Hz 
output a= 2.s1x10-14, b = -0.70 

Tin 0.001i20 0.01i100 o. 1i1000 1i10,000 

cry2 1.04x10-21 1.oox10-23 1.01x10-25 1.01x10-27 

Device Segment Ill 

Reference f1 = 100Hz, f2 = 1000Hz 
oscillator a= 2.oox10-14, b =-0.00 

Tin 0.001i20 0.01/100 o. 1i1000 1i10,000 

cry2 6.08x10-20 5.47x10-22 5.47x10-24 5.47x10-26 

Voltage- '1 = 100Hz, 12 = 1000Hz 
controlled a=6.31x1o-15, b=-0.50 oscillator 

Tin 0.001i20 0.01i100 0.1i1000 1i10,000 

cry2 8.88x10-27 8.27x10-24 8.28x10-26 
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Figure 8. The phase-noise characteristics of the reference 
oscillator and the VCO can be expressed with three straight-line 
segments (I, II, and Ill); 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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rema1mng, 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:;, 10 [i;(f2-f1)J. 

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 VCO, reference 
oscillator, and overall output noise were determined from 
Figure B (top). The coefficients are listed in the "Calculated 
Short-term Stability" table. Sample times of 1, 10, 100, and 
1000ms and end frequencies of 0.1, 10, and 1000Hz were 
employed. 

With these inputs, cry2 was determined with the Allan 
variance program. The frequency stability 

cry(i;) = .../'"£cry2 (i;, fh) , 

was calculated, after summing the individual cry2 contributions 
of each segment. A plot of cry vs sampling time for the VCO, 
reference, and output is shown in Figure B (bottom). • • 
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Case Outlines 
LSUFFIX 

1· [B ·1 CERAMIC PACKAGE 
CASE620-10 

NOTES: c::::::11 ISSUEV 1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSIOlt INCH. 
3. DIMENSION L TO CENTER OF LEAO WHEN 

FORMED PARAllEL. 
4. DIMENSION F MAY NARROW TO 0.76 (0.030) 

~;Fl 
WHERE THE LEAD ENTERS THE CERAMIC 
60DY. 

[ I INCHES MILLIMETERS 
DIM MIN MIN MAX 
A 0.750JQ;ru:: 19.05} 19.93 
B 0.240 0.295 6.10} 7.49 
c 0.200 - 5.06 
D 0.015} 0.020 0.39 0.50 
E 0.050BSC 1.27BSC 
F 0.055 0.055 1.40 1.55 

--i JLJ1ePLM 
G 0.100BSC 2.548SC 
J 0.008 o.o.![ o.21J o.38 

w~~~ 
F~t -G~ K 0.125 0.170 3.18 4.31 

D 16PL l+[o.25(0.010)@[T[ B@[ L 0.300BSC 7.62BSC 
M ()" 15° 0" 15" 

l+I o.25(0.010) ® lrl A® I 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626--05 
ISSUEK D] 4 

-·~-~~ .I , 

~~ 1-4-~1-o K M 
H G 

~10 o.13(o.oo5J®lrl A@ I s@I 

LSUFFIX 

1· [B ·1 CERAMIC PACKAGE 
CASE 632--08 f::::::: I~ ISSUEY 

~Fi _g,o..u:u,o.. 4 

·~J~n W ! 
Fjt -G~ JL M 

DM~ JM~ 

l•I 0.25 (0.010) @ IT I A ® I Iii 0.25 (0.010) ® IT I B ® I 
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N 0.020 0.040 OE1 1.01 

NOTES: 
1. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
2. PACKAGE CONTOUR OPTIONAL (ROUND OR 

SQUARE CORNERS). 
3. DIMENSIONING AND TOLERANCJNG PER ANSI 

Y14.5M, 1982. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 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 O.Q15 0.020 
F 1.02 1.78 0.040 0.o?O 
G 2.54BSC 0.100BSC 
H 0.78 1.27 o.o~ o.05o 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.1:![ 0.135 
L 7.62BSC 0.300BSC 
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. 

INCHES 
DIU MIN MAX 
A 0.750 0.785 
B 0.245 0.260 
c 0.156 0.200 
D 0.015 0.020 
F 0.055 0.065 
G 0.100BSC 
J 0.006 O.Q15 
K 0.125 0.170 
L 0.300BSC 
M 0" 15° 
N 0.020 0.040 

MILLIMETERS 
MIN MAX 
19.05 19.94 
6.23 7.11 
a94 5.08 
0.39 0.50 
1.40 1.65 
2.54BSC 

o.21I o.30 
3.18 4.31 

7.62BSC 
Cl" 

0.51 
15° 

1.01 
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CASE 646--06 
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PSUFFIX 
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PSUFFIX 
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CASE 736--03 
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Case Outlines 

NOTES: 
1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATIORIAL CONDITION. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FOAMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL 

NOTES: 
1. DIMENSIONING AND TOLEAANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
4. DIMENSION B DOES NOT INCWDE MOLD FLASH. 
5. ROUNDED CORNEAS OPTIONAL 

ltlCHES MILLIMET!ffi!. 
DIM MIN MAX MIN MAX 
A 0.740 o.no 18.80 19.55 
B 0.250 0.270 6.35 6.86 
c 0.145 0.175 3.69 4.44 
D 0.015 0.021 0.39 0.53 
F 0.040 0.070 1.02 1.n 
G 0.100BSC 2.54BSC 
H O.OSOBSC 1.27BSC 
J == 0.21 0.3 
K 1£Im 
L .OJ.95.~ 1,5iL 7.74 
M . = oo 100 
s 0.020 ::Q;o40 ~i:Qi 

NOTIOS: 
1. DIMENSIONING AND TOLEAANCING PER ANSI 

Y14.5M, 1982. 
CONTROLLING DIMENSION: INCH. 
DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 
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Case Outlines 

DSUFFIX 
PLASTIC SOIC PACKAGE 

rm-~ti-T 
CASE751-05 

NOTES: ISSUEM wl ~ 4X P 

!.I_l$10.25(0.010)@1 B @I 

~ 
-••ir-RX45° / _J FL 

=-~5-~-d~ LJ,C (l lii: 
~Mo ...__.... J 

l$I o.25(0.010J®lrls ®IA®I 

DSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751 B--05 
ISSUEJ 

l~Jff~Jr:n-~liT 
. ·11 -B PSPL 

8~$10.25(0.010)@1 B®I (!) 

~~r-lLil ~ 
_J FL 

K 

=-6,,pppw.il~ 
I r--RX45' ! 

t.JJ ( (I j\,,ii: 
M ...__.... J SEA~G JL 

PLANE 0 18 PL 

l+lo.2s(o.01o)@lrl s®I A®I 
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1. DIMENSIONINGANDTOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 
a DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PROTRUSION. 
~ MAXlMUM MOLD PROTRUSION 0.15 (0.006) 

PERSJDE. 
5. DIMENSION D DOES NOT INCLUDE DAMBAR 

PROTRUSION. AU.OWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM ~N MIN MAX 
A 4.80 5.00 0.189 0.196 
B 3~0 4.00 0.150 0.157 
c 1.35 1.75 0.054 0.068 
D 0~5 OA9 0.014 0.019 
F 0.40 125 0.016 0.049 
G 1.27BSC 0.050BSC 
J 0.18 _fil;_ 0.007 Q,@._ 
K 0.10 0.25 0.004 0.009 
M ll' 7' o· 7' 
p ~~ !l.m._ 0.244 
R l,gQ_ M9 0.010 0.019 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PERSIDE. 
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. 

MILLIMETERS 
DIM MIN MAX 
A 9.80 10.00 
B 3.80 4.00 
c 1.35 1.75 
D 0.35 0.49 
F 0.40 1.25 
G 1.27BSC 
J 0.19 025 
K 0.10 025 
M o• 7" 
p ::s:oo::~ 
R 0.25 Q.;Q_ 

INCHES 
MIN MAX 

0.386 0.393 
0.150 0.157 
0.054 o.oss 
0.014 0.019 
0.016 0.049 
0.050 BSC 

0.008 0.009 
0.004 0.009 

o· 7' 
0.229 0.244 
0.010 0.019 
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f.-D 

FN SUFFIX 
PLASTIC PLCC PACKAGE 

CASE 775---02 
ISSUE C 

e 1$1 ooo?(o.1so1@lrl L-M® IN® I 

u l•I 0.007(o1soJ®I TI L-M® IN® I 

z 

Case Outlines 

G1l$I o.010(0.2501®lrl L-M® IN® I 
VIEWD-D 

-----+-A 1$1 o.00?(01so1@lrl L-M® IN® I 

c 
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VIEWS 

NOTES: 
1. DATUMS ·L-, -M-, AND-N- DETERMINED WHERE 

TOP OF LEAD SHOULDER EXITS PLASTIC BODY 
AT MOLD PARTING LINE. 

2. DIM G1, TRUE POSIT\ON TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

3. DIM A AND U DO NOT INCLUDE MOLD FLASH. 
ALLOWABLE MOLD FLASH \S 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 R AND U ARE DETERMINED AT THE 
OUTERMOST EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE 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 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 (0.940). 
THE DAMBAA \NTAUS\ON(S) SHALL NOT CAUSE 
THE H DIMENSION TO BE SMALLER THAN 0.025 
(0.635) 

271 

~" f$1 o.oo;1•'•®i'I ,,,®I'® I 

r-=i l-Fl$I o.oo7(0.1soi@lrl L-M® IN® I 

VIEWS 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 0.385 0.395 9.78 10.03 
B 0.385 0.395 9.78 10.03 
c 0.165 0.180 4.20 4.57 
E 0.090 0.110 2.29 2.79 
F 0.013 0.019 0.33 0.48 
G 0.050 BSC 1.27BSC 
H 0.026 0.032 0.66 0.81 
J 0.020 - 0.51 -
K 0.025 - 0.64 -
R 0.350 0.356 8.89 9.04 
u 0.350 0.356 8.89 9.04 
v 0.042 0.048 1.07 1.21 
w 0.042 0.048 1.07 1.21 
x 0.042 0.056 1.07 1.42 
y - 0.020 - 0.50 
z 2' 10' 2' 10' 

G1 0.310 0.330 7.88 8.38 
K1 O.Q40 - 1.02 -
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Case Outlines 

SD SUFFIX 
PLASTIC SSOP PACKAGE 

CASE940-02 
ISSUE A 

l$f 025(0010)@ I R@f 

~'7 v"'™" ~Jtf= =(hl, 
L-e ....__/ JB 

J REF r 
rK--1 ~ 
t~_i -r \ ~ F l-
J ~ J1 
L t DETAILB 

-l K1 I-
SECTION B-B 
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KAEFBPL 

NOTES: 

Q 0.10 (0.004) 

DETAIL A 

t DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DJMENS!ON: MILLIMETER. 
3. 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. 

4. DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 
PER SIDE. 

5. DIMENSION K DOES NOT JNCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 {0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
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. 

MILLIMETERS 
DIM MIN MAX 
A 2.87 3.13 
B 5.20 5.38 
c 1.73 1.99 
D 0.05 0.21 
F 0.55 0.95 
G 0.65 BSC 
H 0.50 -
J 0.09 0.20 

J1 0.09 0.16 
K 0.22 !!]§ 
K1 0.22 0.33 
:i_ 7.65 7.90 
M 0" 8" 

INCHES 
MIN MAX 

0.113 0.123 
0.205 0.212 
0.068 0.078 
0.002 0.008 
0.022 0.037 

0.026 BSC 
0.020 
0.004 
0.004 
0.009 
0.009 
0.301 

0" 

-
0.008 
0.006 
0.015 
O.D13 
0.311 

ao 
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DTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-02 
ISSUE A 

SECTION N--N 

DETAIL E 

Case Outlines 

NOTES 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
CONTROLLING DIMENSION: MILLIMETER. 
DIMENSION A DOES NOT INCLUDE MOLD FLASH, 
PROTRUSIONS OR GATE BURRS. MOLD FLASH 
OR GATE BURRS SHALL NOT EXCEED 0.15 
(0.006) PER SIDE. 

4 DIMENSION B DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.25 (0.010) 
PER SIDE 

5 DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6 TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND 8 ARE TO BE DETERMINED 
AT DATUM PLANE-W-. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 6.40 6.60 0.252 0.260 
B 4.30 4.50 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 0.65 BSC 0.026 BSC 

*1 tt.--Uf1-h_rut:i_UP_"1Jiti_--.L dJ(.__ _ __..,0~)00 
D --..i 1--G tt--..i _y 

r-~---~ DETAIL E 

H 0.27 0.37 0.0~ 
J o.osI 0.20 0.004 0.008 

J1 o.osI 0.16 o.oo4I 0.006 
K 0.19 0.30 0.00"1 0.012 

K1 0.19 0.25 0.007 0.010 
L 6.40 BSC 0.252 BSC 
M oo_[ 80 O' j_ 8' 

MSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 966--01 
ISSUEO 

DETAIL P 

VIEW P ""\,. 
;>--..... 

(;!): 
----

c 

)l_L 
T 

0 0.10 (0.004) 
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NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER 
3 DIMENSIONS D AND E DO NOT INCLUDE MO'..D 

FLASH OR PROTRUSIONS AND ARE MEASURED 
AT THE PARTING LINE. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006) 
PER S\DE 

4. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY 

5. THE LEAD WIDTH DIMENSION {b} DOES 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). 

MILLIMETERS iNCHES 
DIM MIN MAX MIN MAX 
A 2.05 0.081 s: 0.05 0.20 0,002 0.008 
b 0.35 0.50 0.014 0.020 

' 0.18 0.27 0.007 0.011 
D 9.90 10.50 0.390 0.413 
E 5.10 5.45 0.201 0.215 
e 1.27BSC 0.050 BSC 

'!E.. 7.40 8.20 0.291 0.323 
L 0.50 0.85 0.020 0.033 
k 1.10 1.50 0.043 0.059 
M 0 0 10' 0 0 100 
Q 0.70 0.90 0.028 0.035 
z 0.78 0.031 
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Three Ways To Receive 
Motorola Semiconductor Technical Information 

Literature Distribution Centers 
Printed literature can be obtained from the Literature Distribution Centers upon request. For those items that incur a cost, 
the U.S. Literature Distribution Center will accept Master Card and Visa. 

How to reach us: 
USA/EUROPE: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 

JAPAN: 

Phone: 1-800-441-2447 or 602-303-5454 

Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki, 6F Seibu-Butsuryu-Center, 
3-14-2 Tatsumi Koto-Ku,Tokyo 135, Japan. Phone: 03-3521-8315 

HONG KONG: Motorola Semiconductors H.K. Ltd.; 88 Tai Ping Industrial Park, 51 Ting Kok Road, 
Tai Po, N.T., Hong Kong. Phone: 852-26629298 

Mfax™ - Touch-Tone Fax 
Mfax offers access to over 30,000 Motorola documents for faxing worldwide. With menus and voice instruction, 
documents can be requested using a touch-tone telephone from any location, 7 days a week and 24 hours a day. The 
Mfax system includes product data sheets, application notes, engineering bulletins, article reprints, selector guides, 
Literature Order Forms, Technical Training Information, and HOT DOCS (4-digit code identifiers for currently referenced 
promotional or advertising material). 

A fax of complete, easy-to-use instructions can be obtained with a first-time 
phone call into the system, entering your FAX number and then, pressing 1. 

How to reach us: 

Mfax: RMFAXO@email.sps.mot.com -TOUCH-TONE (602) 244-6609 
or via the http://Design-NET.com home page, select the Mfax Icon. 

Motorola SPS World Marketing Internet Server 
Motorola SPS's Electronic Data Delivery organization has set up a World Wide Web Server to deliver Motorola SP S's 
technical data to the global Internet community. Technical data such as the complete Master Selection Guide along with 
the OEM North American price book are available on the Internet server with full search capabilities. Other data on the 
server include abstracts of data books, application notes, selector guides, and textbooks. All have easy text search 
capability. Ordering literature from the Literature Distribution Center is available on line. Other features of Motorola SPS's 
Internet server include the availability of a searchable press release database, technical training information, with on-line 
registration capabilities, complete on-line access to the Mfax system for ordering faxes, an on-line technical support form 
to send technical questions and receive answers through email, information on product groups, full search capabilities of 
device models, a listing of the Domestic and International sales offices, and links directly to other Motorola world wide web 
servers. For more information on Motorola SP S's Internet server you can request BR1307/D from Mfax or LDC. 

MOTOROLA 

How to reach us: 

After accessing the Internet, use the following URL: 

http://Design-NET.com 
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Wyle Electronics 

Los Angeles 

(205)837-6955 
(205)837-9209 
(205)830-2322 
(205)837-8700 
(205)837-9091 

1-800-789-TIME 
.. (205)830-1119 

(602)731-4661 
(602)968-7140 
(602)414-3000 

(602)804-7000 

(602)431-0030 
(602)966-6340 
(602)967-1620 

1-800-789-TIME 

(818)865-0040 
1-800-789-TIME 

(415)592-9225 

(818)880-9686 
(818)880-9000 

1-800-789-TIME 

(714)789-4100 

(310)558-2000 

. (714-89:>-4909 

(714)587-0404 
(714)753-4778 
(714)453-1515 
(714)753-9953 
(714)863-9953 

FAI .................. . (818)879-1234 
(818)880-9000 Wyle Electronics 

Manhattan Beach 
PENSTOCK. 

Mountain View 
Richardson Electronics 

Newberry Park 

(310)546-8953 

( 415)960-6900 

PENSTOCK . . . . . . . . . . . . . . (805)375-6680 
Palo Alto 

Newark .. (415)812-6300 
Riverside 

Newark .................... (909)784-1101 
Rocklin 

Hamilton/Hallmark 

Sacramento 
FAI. 
Newark ....... . 
Wyle Electronics 

San Diego 

(916)632-4500 

(916)782-7882 
(916)565-1760 
(916)638-5282 

Arrow/Schweber Electronics .. (619)565-4800 
(619)623-2888 
(619)625-2800 
(619)571-7540 

FAI ......... . 
Future Electronics .. 
Hamilton/Hallmark 
Newark .. 
PENSTOCK. 
Wyle Electronics 

San Jose 
Arrow/Schweber Electronics 
Arrow/Schweber Electronics 

HIPERCOMM 
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.... (619)453-8211 
(619)623-9100 
(619)565-9171 

(408)441-9700 
( 408)428-6400 

FAI. 
Future Electronics . 

. . . . (408)434-0369 
......... (408)434-1122 

Santa Clara 
Wyle Electronics . 

Sierra Madre 
PENSTOCK. 

Sunnyvale 
Hamilton/Hallmark 
PENSTOCK. 
Time Electronics . 

Thousand Oaks 
Newark 

Torrance 
Time Electronics .. 

Tustin 
Time Electronics .. 

Woodland Hills 
Hamilton/Hallmark .. 
Richardson Electronics 

COLORADO 
Lakewood 

FAI. 
Future Electronics . 

Denver 
Newark. 

Englewood 
Arrow/Schweber Electronics 
Hamilton/Hallmark 
PEN STOCK 
Time Electronics .. 

Thornton 
Wyle Electronics .. 

CONNECTICUT 
Bloomfield 

Newark .... 

Cheshire 
FAI. 
Future Electronics . 
Hamilton/Hallmark 

Southbury 
Time Electronics .. 

W~rl~~l!lci~eber Electronics 

FLORIDA 
Altamonte Springs 

Future Electronics 

Clearwater 
FAI 
Future Electronics . 

Deerfield Beach 
Arrow/Schweber Electronics 
Wyle Electronics ... 

Ft. Lauderdale 
FAI. 

(408)727-2500 

(818)355-6775 

(408)435-3500 
(408)730-0300 

1-800-78!!-TIME 

(805)449-1480 

1-800-78!!-TIME 

1-800-78!!-TIME 

(818)594-0404 
(615)594-5600 

(303)237-1400 
(303)232-2008 

(303)373-4540 

(303)799-0258 
(303)790-1662 
(303)79!!-7845 

1-800-789-TIME 

(303)457-9953 

(203)243-1731 

(203)250-1319 
(203)250--0083 
(203)271-2844 

1-800-78!!-TIME 

(203)265-7741 

(407)865-7900 

(813)530-1665 
(813)530-1222 

(305)42!!-8200 
(305)420-0500 

(305)428-9494 
Fu1ure Electronics . (305)436-4043 
Hamilton/Hallmark . (305)484-5482 
Newark ..................... (305)486-1151 
Time Electronics . 1-800-789-TIME 

Lake Mary 
Arrow/Schweber Electronics ... (407)333-9300 

LargofTampa/St. Petersburg 
Hamilton/Hallmark . . . . . . . . . . . (813)547-5000 
Newark . . . . . ..... (813)287-1578 
Wyle Electronics . . .. (813)576-;1004 
Time Electronics .. 1-800-789--TIME 

Orlando 
FAI .. (407)865-9555 

Tallahassee 
FAI . . . . . . . . . . . . . . . . . . . . . . . . (904)668-7772 

Tampa 
PEN STOCK 

Winter Park 
Hamilton/Hallmark 
PENSTOCK .... 
Richardson Electronics 
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...... (813)247-7556 

(407)657-3300 
..... (407)672-1114 

(407)644-1453 

GEORGIA 
Atlanta 

FAI ... 
Time Electronics .. 
Wyle Electronics . 

Duluth 
Arrow/Schweber Electronics 
Hamilton/Hallmark 

Norcross 
Future Electronics 
Newark. 
PENSTOCK. 
Wvle Electronics . 

IDAHO 
Boise 

FAI .. 

ILLINOIS 
Addison 

Wyle Laboratories . 

Bensenville 
Hamilton/Hallmark ... 

Chicago 
FAI ............. . 
Newark Electronics Corp. 

Hoffman Estates 
Future Electronics .. 

Itasca 

(404)447-4767 
1-800-789-TIME 

(404)441-9045 

(404)497-1300 
(404)623-4400 

(770)441-7676 
(770)448-1300 
(770)734-9990 
(770)441-9045 

(208)376-8080 

(708)620-0969 

(708)797-7322 

(708)843-0034 
(312)784-5100 

Arrow/Schweber Electronics . 

(708)882-1255 

(708)250-0500 

(708)208-2401 
LaFox 

Richardson Electronics 

Palatine 
PENSTOCK 

Schaumburg 
Newark. 
Time Electronics .. 

IN DIANA 
Indianapolis 

Arrow/Schweber Electronics 
Hamilton/Hallmark 
FAI ............ . 
Future Electronics 
Newark 
Time Electronics 

Ft. Wayne 
Newark. 
PENSTOCK .. 

IOWA 
Cedar Rapids 

Newark 
Time Electronics . 

KANSAS 
Kansas City 

FAI ... 
Lenexa 

Arrow/Schweber Electronics 
Hamilton/Hallmark 

Olathe 
PENSTOCK. 

Overland Park 
Future Electronics . 
Newark. 
Time Electronics .. 

MARYLAND 
Baltimore 

FAI ... 
Columbia 

(708)934-3700 

(708)310-8980 
1-800-789-TIME 

... (317)29!!-2071 
(317)575-3500 
(317)46!!-0441 
(317)469-0447 
(317)259-0085 

1-800-78!!-TIME 

(219)484-0766 
(219)432-1277 

(319)393-3800 
1-800-78!!-TIME 

(913)381-6800 

(913)541-9542 
(913)663-7900 

(913)829-9330 

(913)649-1531 
(913)677-0727 

1-800-789-TIME 

(410)312-0833 

Arrow/Schweber Electronics (301 )596-7800 
Future Electronics (410)290-0600 
Hamilton/Hallmark (410)720-3400 
Time Electronics . . 1-800-789-TIME 
PENSTOCK..... . ..... (410)290-3746 
Wyle Electronics ............ (410)312-4844 

Hanover 
Newark (410)712-6922 
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AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES - continued NEW MEXICO Wyle Electronics (503)643-7900 
Albuquerque Portland 

Alliance Electronics (505)292-3360 FAI. (503)297-5020 

MASSACHUSETTS Hamilton/Hallmark .. (505)828-1058 Newark . (503)297-1984 

Boston Newark .. (505)828-1878 PENSTOCK (503)646-1670 
Arrow/Schweber Electronics (508)658-0900 NEW YORK Time Electronics .. 1--800-789-TIME 
FAI .. . (508)779-3111 Bohemia PENNSYLVANIA 

Bolton Newark ... (516)567-4200 Coatesville 
Future Corporate . (508)779-3000 Hauppauge PENSTOCK (610)383-9536 

Burlington Arrow/Schweber Electronics (516)231-1000 Ft. Washington 
PENSTOCK ..... (617)229-9100 Future Electronics .. (516)234-4000 Newark ... (215)654-1434 
Wyle Electronics (617)271-9953 Hamilton/Hallmark (516)434-7400 Mt. Laurel 

Norwell PENSTOCK (516)724-9580 Wyle Electronics ....... (609)439-9110 
Richardson Electronics (617)871-5162 Konkoma Montgomeryville 

Peabody Hamilton/Hallmark (516)737--0600 Richardson Electronics . . . . (215)628-0805 
Time Electronics 1--800-789-TIME Melville Philadelphia 
Hamilton/Hallmark (508)532-9893 Wyle Laboratories .. (516)293-6446 Time Electronics 1--800-789-TIME 

Woburn Pittsford Wyle Electronics .... (609)439-9110 
Newark. (617)935-8350 Newark. (716)381-4244 Pittsburgh 

MICHIGAN Rochester Arrow/Schweber Electronics ( 412)963-6807 

Detroit Arrow/Schweber Electronics (716)427--0300 Newark .. (412)788-4790 
FAI .. (313)513-0015 Future Electronics ... (716)387-9550 Time Electronics 1-800-789-TIME 
Future Electronics (616)698-6800 FAI .. (716)387-9600 TENNESSEE 

Grand Rapids Hamilton/Hallmark .. (716)272-27 40 Franklin 
Newark (616)954-6700 Richardson Electronics . (716)264-1100 Richardson Electronics (615)791-4900 

Livonia Time Electronics . 1-800-789-TIME Knoxville 
Arrow/Schweber Electronics (810)455--0850 Rockville Centre Newark .. (615)588-6493 
Future Electronics (313)261-5270 Richardson Electronics (516)872-4400 

TEXAS 
Hamilton/Hallmark (313)416-5800 Syracuse 

Austin FAI ..... (315)451-4405 
Time Electronics 1--800-789-TIME 

Future Electronics .. (315)451-2371 Arrow/Schweber Electronics (512)835-4180 
Troy Newark (315)457-4873 Future Electronics .. (512)502-0991 

Newark .. (810)583-2899 
Time Electronics .. 1--800-789-TIME FAI (512)346-6426 

MINNESOTA NORTH CAROLINA Hamilton/Hallmark (512)219-3700 
Bloomington Charlotte Newark .. (512)338-0287 

Wyle Electronics .. (612)853-2280 FAI ............ (704)548-9503 PENSTOCK .. (512)346-9762 
Burnsville Future Electronics .. (704)547-1107 Time Electronics . 1--800-789-TIME 

PENSTOCK . (612)882-7630 Richardson Electronics (704)548-9042 Wyle Electronics . (512)833-9953 
Eden Prairie Raleigh Benbrook 

~ 
Arrow/Schweber Electronics (612)941-5280 
FAI (612)947--0909 

Arrow/Schweber Electronics (919)876-3132 PENSTOCK .. (817)249-0442 
FAI ... ............. (919)876-0088 Carollton Future Electronics ... (612)944-2200 Future Electronics ..... . . (919)790-7111 Arrow/Schweber Electronics (214)380-6464 

Hamilton/Hallmark (612)881-2600 Hamilton/Hallmark (919)872-0712 Dallas 
Time Electronics ..... 1--800-789-TIME Newark .. (919)781-7677 FAI. (214)231-7195 

Minneapolis Time Electronics ..... 1-800-789-TIME Future Electronics .. (214)437-2437 
Newark ...... (612)331-6350 OHIO Hamilton/Hallmark (214)553-4300 

Earth City Centerville Newark (214)458-2528 
Hamilton/Hallmark (314)291-5350 Arrow/Schweber Electronics (513)435-5563 Richardson Electronics (214)239-3680 

MISSOURI Cleveland Time Electronics .. ... 1--800-789-TIME 
St. Louis FAI. (216)446-0061 Wyle Electronics . (214 )235-9953 Arrow/Schweber Electronics (314)567-6888 Newark .. (216)391-9330 El Paso Future Electronics .. (314)469-6805 Time Electronics 1--800-789-TIME FAI. (915)577-9531 

FAI ............ (314)542-9922 Columbus Ft. Worth Newark ..... ....... (314)453-9400 Newark . . . (614)326-0352 Allied Electronics . (817)336-5401 
Time Electronics 1--800-789-TIME Time Electronics . 1-800-789-TIME Houston 

NEW JERSEY Dayton Arrow/Schweber Electronics (713)647-6868 
Bridgewater FAI (513)427-6090 FAI ... (713)952-7088 

PENSTOCK .. . . . . . . . . . . . . . . (908)575-9490 Future Electronics (513)426-0090 Future Electronics .. .. (713)785-1155 
Cherry Hill Hamilton/Hallmark (513)439-6735 Hamilton/Hallmark (713)781-6100 

Hamilton/Hallmark .. . (609)424--011 o Newark (513)294-8980 Newark ..... (713)894-9334 
East Brunswick Time Electronics 1-800-789-TIME Time Electronics . 1-800-789-TIME Newark .. (908)937-6600 Mayfield Heights Wyle Electronics . (713)879-9953 
Fairfield Future Electronics ... . . . (216)449-6996 

Richardson FAI .. . ... (201)331-1133 Solon PENSTOCK ..... (214)479-9215 
Long Island Arrow/Schweber Electronics . . . (216)248-3990 

FAI .. (516)348-3700 Hamilton/Hallmark ...... (216)498--1100 San Antonio 

Marlton Worthington 
FAI (210)738-3330 

Arrow/Schweber Electronics (609)596-8000 Hamilton/Hallmark (614)888-3313 UTAH 
FAI .. (609)988-1500 OKLAHOMA Salt Lake City 
Future Electronics .. (609)596-4080 Tulsa Arrow/Schweber Electronics (801 )973-6913 

Pinebrook FAI. (918)492-1500 FAI (801 )467-9696 
Arrow/Schweber Electronics (201 )227-7880 Hamilton/Hallmark (918)459-6000 Future Electronics . . . . . (801 )467-4448 
Wyle Electronics .... (201 )882-8358 Newark .... (918)252-5070 Hamilton/l-lallmark (801 )266-2022 

Parsippany OREGON Newark ........ (801)261-5660 
Future Electronics ... (201 )299-0400 Beaverton Wyle Electronics .. (801)974-9953 
Hamilton/Hallmark .... (201 )515-1641 Arrow/Almac Electronics Corp. (503)629-8090 West Valley City 

Wayne Future Electronics (503)645-9454 Time Electronics 1-800-789-TIME 
Time Electronics . 1--800-789-TIME Hamilton/Hallmark ......... (503)526-6200 Wyle Electronics .. .... (801)974-9953 

MOTOROLA 276 HIPERCOMM 
BR1334 - REV 3 



AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES - continued 

WASHINGTON 
Bellevue 

Almac Electronics Corp. 
Newark ....... . 
PENSTOCK ............... . 
Richardson Electronics ..... . 

Bothell 

(206)643-9992 
(206)641-9800 
(206)454-2371 
(206)646-7224 

Future Electronics ........... (206)489-3400 
Redmond 

Hamilton/Hallmark ........... (206)882-7000 
Time Electronics .......... 1-80()-789-TIME 
Wyle t=lectronics ............. (206)881-1150 

Seattle 
FAI ........................ (206)485-15616 
Wf,e Electronics .............. (206)881-1150 

Spokane 
Arrrm/f>Jrnar; Electronics Corp. (509)924-9500 

WISCONSIN 
Brookfield 

Arrrm/Schweber Electronics 
Future Electronics .......... . 
Wyle Electronics ........... . 

Milwaukee 

(414)792-0150 
(414)879--0244 
(414)521-9333 

FAI ........................ (414)792-9778 
Time Electronics .......... 1-80()-789-TIME 

New Berlin 
Hamilton/Hallmark .......... (414)78()-7200 

Wauwatosa 
Newark .................... (414)453-9100 

CANADA 

ALBERTA 
Calgary 

Electro Sonic Inc. 
FAI .. 

BRITISH COLUMBIA 
Future Electronics .... 
HamiltonlHallmark 

Edmonton 
FAI ........... .. 
Future Electronics .......... . 
Hamilton/Hallmark ......... . 

Saskatchewan 

(403)255-9550 
(403)291-5333 

(403)25()-5550 
(800)663-5500 

(403)438-5888 
(403)438-2858 
(800)663-5500 

Hamilton/Hallmark . . . . . . . . . . (800)663-5500 
Vancouver 

Arrow Electronics ........... (604)421-2333 
Electro Sonic Inc. . ........... (604)273-2911 
FAI ........................ (604)654-1050 
Future Electronics ............ (604)294-1166 
Hamilton/Hallmark ........... (604)420-4101 

MANITOBA 
Winnipeg 

Electro Sonic Inc. 
FAI ....................... . 
Future Electronics .......... . 
Hamilton/Hallmark .......... . 

(204)783-3105 
(204)786-3075 
(204)944-1446 
(800)663-5500 

ONTARIO 
Kana ta 

PENSTOCK ..... 
Mississauga 

PENSTOCK ......... . 

Ottawa 
Arrow Electronics .... . 
Electro Sonic Inc. . ... . 
FAI ............... .. 

(613)592-6088 

(905)403-0724 

(613)226-6903 
(613)728-8333 
(613)820-8244 

Future Electronics .... . 
Hamilton/Hallmark 

..... (613)820-8313 
(613)226-1700 

Toronto 
Arrow Electronics ... 
Electro Sonic Inc. 
FAI ........... .. 
Future Electronics .......... . 
Hamilton/Hallmark .......... . 
Newark ........... . 
Richardson Electronics ..... . 

QUEBEC 
Montreal 

(905)67()-7769 
(416)494-1666 
(905)612-9888 
(905)612-9200 
(905)564-6060 
(905)67()-2888 
(905)795-15300 

Arrow Electronics ............ (514)421-7411 
FAI....................... (514)694-8157 
Future Electronics.......... (514)694-7710 
Hamilton/Hallmark ........... (514)335-1000 
Richardson Electronics ...... (514)748-1770 

Quebec City 
Arrow Electronics ........... (418)687-4231 
FAI .. .. .. .. .. .. .. .. .. .. . .. . (418)682-5775 
Future Electronics ........... (418)877-6666 

INTERNATIONAL DISTRIBUTORS 

AUSTRALIA 
AVNET VSI Electronics (Australia) (61)2 
878-1299 
Veltek Australia Ply Ltd ..... (61)3 9808-7511 

AUSTRIA 
EBV Austria ................ (43) 1 8941774 
Elbatex GmbH ................ (43) 1 866420 
Spoerle Austria .......... (43) 222 31872700 

BELGIUM 
Diode Spoerle .............. (32) 2 725 4660 
EBV Belgium ............... (32) 2 716 0010 

CHINA 
Advanced Electronics Ltd .... (852)2 305-3633 
AVNET WKK Components Ltd. (852)2 357-8888 
China El. App. Corp. Xiamen Co 
........................ (86)592 513-2489 

Nanco Electronics Supply Ltd. . ....... (852) 2 
333-5121 
Qing Cheng Enterprises Ltd. (852) 2 493-4202 

DENMARK 
Arrow Exatec . .. .. .. .. .. .. . (45) 44 927000 
Avnet Nortec A/S . . . . . . . . . . . (45) 44 880800 
EBV Denmark ............... (45) 39690511 

FINLAND 
Arrow Field OY .. .. .. .. .. .. . (35) 807 775 71 
Avnet Nortec OY .. .. .. .. .. .. (35) 806 13181 

FRANCE 
Arrow Electronique ........ (33) 1 49 78 49 78 
Avnet Components ........ (33) 1 49 65 25 00 
EBV France .............. (33) 1 64 68 86 00 
Future Electronics ........... (33)1 69821111 
Newark ................... (33)1-30954060 
SEl/Scaib ................ (33) 1 69 19 89 00 

HIPERCOMM 
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GERMANY 
Avnet E2000 .............. (49) 89 4511001 
EBV Germany .............. (49) 89 456100 
Future Electronics GmbH . . . (49) 89-957 270 
Jermyn GmbH .............. (49) 6431-5080 
Newark ................... (49)2154-70011 
Sasco GmbH ................ (49) 89-46110 
Spoerle Electronic .......... (49) 6103-304--0 

HOLLAND 
EBV Holland .............. (31) 3465 623 53 
Diode Spoerle BV ........... (31) 4054 5430 

HONGKONG 
AVNET WKK Components Ltd. (852)2 357-8888 
Nanshing Cir. & Chem. Co. Ltd (852)2 333-5121 

INDIA 
Canyon Products Ltd ...... (91) 80 558-7758 

INDONESIA 
P.T. Ometraco ............ (62) 21 619-6166 

ITALY 
Avnet Adelsy SpA . . . . . . . . . . (39) 2 38103100 
EBV Italy .................... (39) 2 660961 
Silverstar SpA .............. (39) 2 6612 51 

JAPAN 
AMSC Co., Ltd. . . . . . . . . . . . 81-422-54-6800 
Fuji Electronics Co., Ltd ..... 81-3-3814-1411 
Marubun Corporation . . . . . . 81-3-3639-8951 
Nippon Motorola Micro Elec. . 81-3-328()-7300 
OMRON Corporation ...... 81-3-3779-9053 
Tokyo Electron Ltd ......... 81-3-5561-7254 

KOREA 
Jung Kwang Sa . . . . . . . . . . . . . (82)2278-5333 
Lite-On Korea Ltd. . . . . . . . . . . (82)2858-3853 
Nasco Co. Ltd. . . . . . . . . . . . . . (82)23772-6800 
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NEW ZEALAND 
AVNET VSI (NZ) Ltd ......... (64)9 636-7801 

NORWAY 
Arrow Tahonic A/S ........... (47)2237 8440 
Avnet Nortec A/S Norway .... (47) 66 846210 

PHILIPPINES 
Alexan Commercial ......... (63) 2241-9493 

SINGAPORE 
GEIC ....................... (65) 298-7633 
Strong Pie. Ltd .............. (65) 276-3996 
Uraco lmpex Asia Pte Ltd ...... (65) 545-7811 

SPAIN 
Amitron Arrow .. .. .. .. .. .. . (34) 1 304 30 40 
EBV Spain .. .. .. .. .. .. .. .. (34) 1 804 32 56 
Selco S.A ................. (34) 1 63710 11 

SWEDEN 
Arrow-Th:s .................. (48) 8 362970 
Avnet Nortec AB . .. .. .. .. .. (48) 8 629 14 oo 

SWITZERLAND 
EBV Switzerland . . . . . . . . . . . (41) 1 7456161 
ElbatexAG ................. (41)56275111 
Spoerle .................... (41) 1 8746262 

THAILAND 
Shapiphat Ltd ... (66)2221-0432 or 2221-5384 

TAIWAN 
Mercuries&Assoc. Ltd ..... (886)2503-1111 
Solomon Technology Corp .... (886)2 788-8989 
Strong Electronics Co. Ltd ... (886)2 917-9917 

UNITED KINGDOM 
Arrow Electronics (UK) Ltd . (44) 1 234 270027 
AvneVAccess ............. (44) 1 462 488500 
Future Electronics Ltd ...... (44) 1 753 763000 
Macro Marketing Ltd ........ (44) 1 628 60600 
Newark .................. (44) 1 420 543333 
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MOTOROLA WORLDWIDE SALES OFFICES 
UNITED STATES 

ALABAMA 
Huntsville . .. . .. .. . . . . .. .. . . (205)4&HJSOO 

ALASKA . . . . . . . . . . . . . . . . . . . (800)635-8291 
ARIZONA 

Tempe . . . . . . . . . . . . . . . . . . . . . (602)302-8056 
CALIFORNIA 

Galabasas •.•........•.....• (818)87!Hl800 
Irvine ...................... (714)753-7360 
Los Angelee . • . . . . . . • . . . . . • . (818)87!HlBOO 
San Diego .................. (619)541-2163 
Sunnyvale .................. (408)749-0510 

COLORADO 
Denver .................... (303)337-3434 

CONNECTICUT 
Wallingford . . . . . . . . . . . . . . . . . (203)949-4100 

FLORIDA 
Clearwater ................. (813)524-4177 
Maitland ................... (407)628-2636 
Pompano Beach/Ft. Lauderdale (305)351-6040 

GEORGIA 
Atlanta .................... (404)729-7100 

IDAHO 
Boise . . . . . . . . . . . . . . . . . . . . . . (208)323-9413 

ILLINOIS 
Chicago/Schaumburg . . . . . . . . (708)413-2500 

IN DIANA 
Indianapolis . . . . . . . . . . . . . . . . (317)571-0400 
Kokomo ................... (317)455-5100 

IOWA 
Cedar Rapids . . . . . . . . . . . . . . . (319)379-0383 

KANSAS 
Kansas City/Mission ......... (913)451-ll555 

MARYLAND 
Columbia .................. (410)381-1570 

MASSACHUSETTS 
Martbcrough ................ (508)481-ll100 

Woburn . . . . . . . . . . . . . . . . . . . . (617)932-9700 
MICHIGAN 

Detroit ..................... (810)347-6800 
Literature .................. (800)392-2016 

MINNESOTA 
Minneklnka ................. (612)932-1500 

MISSOURI 
St. Louis ................... (314)275-7380 

NEW JERSEY 
Fairfield .................... (201)808-2400 

NEW YORK 
Fairport . . . . . . . . . . . . . . . . . . . . (716)425-4000 
Fishkill ...................... (914)899-0511 
Hauppauge ................ (516)361-7000 

NORTH CAROLINA 
Raleigh . . . . . . . . . . . . . . . . . . . . (919)870-4355 

OHIO 
Cleveland .................. (216)349-3100 
Columbus/Worthington. . . . . . . {614)431-ll492 
Dayton .................... (513)438-6800 

OKLAHOMA 
Tulsa . . . . . . . . . . . . . . . . . . . . . . (918)459-4565 

OREGON 
Portland ................... (503)641-3681 

MOTOROLA 

PENNSYLVANIA 
Colmar ..................... (215)997-1020 
Philadelphia/Horsham ....... (215)957-4100 

TENNESSEE 
Knoxville . . . . . . . . . . . . . . . . . . . (615)584-4841 

TEXAS 
Austin ..................... (512)502-2100 
Houston ................... (713)783-6400 
Plano ...................... (214)516-5100 

VIRGINIA 
Richmond .................. (804)285-2100 

UTAH 
CSI Inc ..................... (801)572-4010 

WASHINGTON 
Bellevue . . . . . . . . . . . . . . . . . . . (206)454-4160 
Seattle Access . . . . . . . . . . . . . (206)622-9960 

WISCONSIN 
Milwaukee/Brookfield ........ (414)792-0122 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 
BRITISH COLUMBIA 

Vancouver . . . . . . . . . . . . . . . . . . (604)293-7650 
ONTARIO 

Ottawa .................... (613)226-3491 
Toronto .................... (416)497-ll181 

QUEBEC 
Montreal ................... (514)333-3300 

INTERNATIONAL 
AUSTRALIA 

Melbourne ................ (61-3)98870711 
Sydney ................... (61-2)29661071 

BRAZIL 
Sao Paulo ................ 55(11)815-4200 

CHINA 
Beijing ..................... 86-1 o-a437222 
Guangzhou ................ 86-20-7537888 
Shanghai .................. 86-21-3747668 
Tianjin ..................... 86-22-5325072 

FINLAND 
Helsinki .................. 358-Q-351 61191 
car phone ................... 358(49)211501 

FRANCE 
Paris . . . . . . . . . . . . . . . . . . . . . . . 33134 635900 

GERMANY 
Langenhagen/Hanover ....... 49(511)786880 
Munich ..................... 49 89 92103-Q 
Nuremberg ................. 49 911 96-3190 
Sindelfingen ................ 49 7031 79 710 
Wiesbaden .................. 49 611 973050 

HONGKONG 
Kwai Fong . . . . . . . . . . . . . . . . 852-2-61 Q-6888 
Tai Po . . . . . . . . . . . . . . . . . . . 852-2-666-8333 

INDIA 
Bangalore .................. 91-8Q-5598615 

I SRA EL 
Herzlia ..................... 972-9-590222 

ITALY 
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Milan .......................... 39(2)82201 
JAPAN 

Fukuoka . . . . . . . . . . . . . . . . . 81-92-725-7583 
Gotanda .................. 81-3-5487-ll311 
Nagoya .................. 81-52-232-3500 
Osaka ..................... 81-6-305-1802 
Sendai .................. 81-22-268-4333 
Takamatsu ............... 81-ll78-37-9972 
Tokyo .................... 81-3-344Q-3311 

KOREA 
Pusan .................... 82{51)4635-Q35 
Seoul ....................... 82(2)554-5118 

MALAYSIA 
Penang .................... 60(4)228-2514 

MEXICO 
Mexico City . . . . . . . . . . . . . . . . 52(5)282-Q230 
Guadalajara ................ 52(36)21-ll977 
Marketing . . . . . . . . . . . . . . . . . . 52(36)21-2023 
Customer Service . . . . . . . . . . 52(36)669-9160 

NETHERLANDS 
Best. . . . . . . . . . . . . . . . . . . . . . (31 )4998 612 11 

PHILIPPINES 
Manila ..................... (63)2 822-0625 

PUERTO RICO 
San Juan . . . . . . . . . . . . . . . . . . . (809)282-2300 

SINGAPORE .................. (65)4818188 
SPAIN 

Madrid ..................... 34(1)457-a204 
or ......................... 34(1)457-a254 

SWEDEN 
Solna . . . . . . . . . . . . . . . . . . . . . . 48{8)734-a800 

SWITZERLAND 
Geneva .................... 41(22)7991111 
Zurich ..................... 41(1)730-4074 

TAIWAN 
Taipei .................... 886(2)717-7089 

THAILAND 
Bangkok . . . . . . . . . . . . . . . . . . . 66(2)254-491 O 

UNITED KINGDOM 
Aylesbury . . . . . . . . . . . . . . . . 44 1 (296)395252 

FULL LINE REPRESENTATIVES 
CALIFORNIA, Loomis 

Galena Technology Group . . . . . (916)652-Q268 
NEVADA, Reno 

Galena Tech. Group . . . . . . . . . (702)746-Q642 
NEW MEXICO, Albuquerque 

S&S Technologies, Inc. . ...... (602)414-1100 
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)594-4631 
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How to reach us: 
USA/EUROPE: Motorola Literature Distribution; 
P.O. Box 20912; Phoenix, Arizona 85006. 1-800-441-2447 

MFAX: RMFAXO@email.sps.mot.com-TOUCHTONE (602) 2~ 
INTERNEl: httpJ/Design--NET.com 

JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JLDC, Toshikalsu Olsuki, 
6F Seibu-Butsuryu-Cenler, 3-14-2 TalSumi Koto-Ku, Tokyo 135, Japan. 03-3521--13315 

HONG KONG: Motorola Semiconducto<S H.K. Lid.; BB Tai Ping Industrial P811<, 
51 Ting Kok Road, Tai Po, N.T. , Hong Kong. 852-26629298 
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