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The MC12181 is a monolithic bipolar synthesizer integrating a high
performance prescaler, programmable divider, phase/frequency detector,
charge pump, and reference oscillator/buffer functions. The device is
capable of synthesizing a signal which is 25 to 40 times the input
reference signal. The device has a 4–bit parallel interface to set the
proper total multiplication which can range from 25 to 40. When combined
with an external passive loop filter and VCO, the MC12181 serves as a
complete PLL subsystem.

• 2.7 to 5.5V Operation

• Low power supply current of 4.5mA typical

• On chip reference oscillator/buffer supporting wide frequency operating
range from 5 to 25MHz

• 4–bit parallel interface for programming divider (P = 25 .... 40)

• Wide 125 – 1000MHz frequency of operation

• Digital phase/frequency detector with linear transfer function

• Balanced Charge Pump Output

• Space efficient 16 lead SOIC package

• Operating Temperature Range of –40°C to 85°C
• > 1000 Volt ESD Protection (I/O to Ground, I/O to VCC)

The device is suitable for application where a fixed local oscillator (LO) needs to be synthesized or where a limited number of
LO frequencies need to be generated. The device also has auxiliary open emitter outputs (Pout and Rout) for observing the
inputs to the phase detector for verification purposes. In normal use the pins should be left open. The Reset input is normally
LOW. When this input is placed in the HIGH state the programmable divider and reference prescaler is reset and the charge
pump output (Do) is placed in the OFF state.

The 4–bit programming interface maps into divider states ranging from 25 to 40. A is the LSB and D is the MSB. The data
inputs (A,B,C, and D) are CMOS compatible and have pull–up resistors. The inputs can be tied directly to Vcc or Ground for
programming or can be interfaced to an external data latch/register. Table 1 below has a mapping of the programming states.

Table 1. Programming States

D C B A Divider

L L L L 25
L L L H 26
L L H L 27
L L H H 28
L H L L 29
L H L H 30
L H H L 31
L H H H 32
H L L L 33
H L L H 34
H L H L 35
H L H H 36
H H L L 37
H H L H 38
H H H L 39
H H H H 40

Pinout: 16–Lead SOIC (Top View)
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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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Figure 1. MC12181 Programmable Synthesizer
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PIN NAMES

Pin Pin No. Function

OSCin 1 An external parallel resonant, fundamental crystal is connected between OSCin and OSCout to form an internal
reference crystal oscillator. External capacitors C1 and C2 are required to set the proper crystal load capacitance
and oscillator frequency (Figure 2). For an external reference oscillator, a signal is AC–coupled into the OSCin
pin.  In either mode a 50kΩ resistor must be connected between OSCin and OSCout.

OSCout 2 Oscillator output, for use with an external crystal as shown in Figure 2.

VP 3 Positive power supply for charge pump.  VP MUST be greater than or equal to VCC.  Bypassing should be placed
as close as possible to this pin and be connected directly to the ground plane.

VCC 4 Positive power supply. Bypassing should be placed as close as possible to this pin and be connected directly to
the ground plane.

Do 5 Single ended phase/frequency detector 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.

GND 6 Ground.  This pin should be directly tied to the ground plane.

Fin 7 Prescaler input – The VCO signal is ac–coupled into the Fin Pin.

Fin 8 Complementary prescaler input – This pin should be capacitively coupled to ground.

GND 9 Ground.  This pin should be directly tied to the ground plane.

Rout 10 Open emitter test point used to verify proper operation of the reference divider chain.  In normal operation this pin
should be left OPEN.

Reset 11 Test pin used to clear the programmable divider and prescaler (Reset = H).  When the Reset is in the HIGH state,
the charge pump output is disabled.  The Reset input has an internal pulldown. In normal operation it can be left
open or tied to ground.

Pout 12 Open emitter test point used to verify proper operation of the programmable divider chain.  In normal operation
this pin should be left OPEN.

D
C
B
A

13
14
15
16

Digital control inputs for setting the value of the programmable divider.  A is the LSB and D is the MSB.  In normal
operation these pins can be tied to VCC and/or ground to program a fixed divide or they can be driven by a CMOS
logic level when used in a programmable mode. There is an internal pull–up resistor to VCC on each input.
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Figure 2. Typical Applications Example

161 OSCin A

152 OSCout B

143 VP C

134 VCC D

125 Do Pout

116 GND Reset
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C2

C1
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VCC
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Passive
Filter

VCO
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NC

NC

CMOS Logic
Levels or VCC
and/or GND

R1 is 50kΩ (Nominal)
C1/C2 depend on crystal selected

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit

VCC Supply Range 2.7 5.5 VDC

VCCmax Maximum Supply Range 6.0 VDC

VPmax Maximum Charge Pump Voltage VCC to +6.0 VDC

TA Temperature Ambient –40 85 °C

TSTG Storage Temperature –65 150 °C

Vinmax Maximum Input Signal (Any Pin) VCC+0.5V VDC
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ELECTRICAL CHARACTERISTICS  (VCC = 2.7 to 5.5V; VP = VCC to 5.5V; TA = –40 to +85°C)

Symbol Characteristic Min Typ Max Unit Condition

ICC Supply Current for VCC 4 mA Note 1

IP Supply Current for VP 0.5 mA Note 1

OSCin Input Frequency Range 5 25 MHz Note 2

Fin RF Input Frequency Range 125 1000 MHz Note 3

Vin Fin Input Sensitivity 100 1000 mVP–P Note 4

VOSC OSCin Input Sensitivity 500 2200 mVP–P Note 4

IOH Output Source Current (Do) –2.8 –2.2 –1.6 mA Note 5, VCC=VP=5.5,
VDo=2.75V

IOL Output Sink Current (Do) 1.6 2.2 2.8 mA Note 5, VCC=VP=5.5,
VDo=2.75V

IOZ Output Leakage Current (Do) 0.5 15 nA VCC=VP=5.5,
VDo=2.75V

VDo Charge Pump Operating Volt 0.5 VP–0.5 V

VIH Input HIGH Voltage (Reset, A, B, C, D) 0.7 VCC V

VIL Input LOW Voltage (Reset, A, B, C, D) 0.3 VCC V

IIH Input HIGH Current (Reset, A, B, C, D) TBD µA

IIL Input LOW Current (Reset, A, B, C, D) TBD µA

Vout Output Amplitude (Pout, Rout) 800 mV Note 6

1. VCC and VP = 5.5V; Fin = 1.0GHz; OSCin = 25MHz; Do open.
2. Assumes C1 and C2 (Figure 2) limited to ≤30pF each including stray capacitance in crystal mode, AC coupled input for external reference mode.
3. AC coupling, Fin measured with a 1000pF capacitor.
4. Signal AC coupling in input.
5. Min and Max values are targeted at <±30% of nominal.
6. Minimum resistor value of 20kΩ to ground.

Figure 3. Typical Loop Filter Topology
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE

CASE 751B-05
ISSUE J

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)

PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION.  ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
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DIM MIN MAX MIN MAX
INCHESMILLIMETERS

A 9.80 10.00 0.386 0.393
B 3.80 4.00 0.150 0.157
C 1.35 1.75 0.054 0.068
D 0.35 0.49 0.014 0.019
F 0.40 1.25 0.016 0.049
G 1.27 BSC 0.050 BSC
J 0.19 0.25 0.008 0.009
K 0.10 0.25 0.004 0.009
M 0  7  0  7  
P 5.80 6.20 0.229 0.244
R 0.25 0.50 0.010 0.019
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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
specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time.  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 authorized 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 create a situation where personal injury
or death may occur.  Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and        are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed : Motorola Literature Distribution; JAPAN : Nippon Motorola Ltd.; Tatsumi–SPD–JLDC, 6F Seibu–Butsuryu–Center,
P.O. Box 20912; Phoenix, Arizona 85036. 1–800–441–2447 or 602–303–5454 3–14–2 Tatsumi Koto–Ku, Tokyo 135, Japan.  03–81–3521–8315

MFAX: RMFAX0@email.sps.mot.com – TOUCHTONE 602–244–6609 ASIA/PACIFIC : Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 
INTERNET: http://Design–NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong.  852–26629298
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