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PRODUCT WARRANTY 

Frederick Electronics Corporation warrants 
all new products of its manufacture to be 
free from defects in material and workman­
ship and will, without charge, within one 
year from date of shipment, repair or re­
place, f.o.b., Frederick, Maryland, all or 
any part thereof found to be defective. 
This warranty shall not, however, apply to 
any FEC products subjected to improper use, 
tampering, negligence, or accident; and 
Frederick Electronics Corporation does not 
authorize any person to assume for it any 
liability in connection with its products 
other than herein expressed. 

PROPR IETARY INFORMATION 

This document contains Frederick Electronics 
Corporation proprietary data, and is not to 
be copied, reproduced, used or divulged to 
unauthorized persons, in whole or in part, 
without proper authorization in writing from 
Frederick Electronics. This information is 
the property of Frederick Electronics 
Corporation which reserves all rights to it. 
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Figure 1-1. Model 1SSQA Frequency Synthesizer 
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1.1 PURPOSE OF EQUIP�ffiNT 

SECTION I 

INTRODUCTION 

The Model lSSOA Frequency Synthesizer is designed for opera­
tion with the FEC Model 1500 Series FSK Receivers to accur­
ately tune the Receivers to signals throughout the range of 
10 kHz to 30 MHZ. 

The Receivers use a narrow-band first IF filter centered on 
9 MHz. The plan of the Receiver is such that for signal 
frequencies between 0 and 13 MHz, the local oscillator (LO) 
is 9 MHz above the incoming signal frequency or in the range 
of 9 to 22 MHz. For signal frequencies between 13 and 30 MHz, 
the LO is 9 MHz below the signal frequency or between 4 and 
21 MHz. Thus the Frequency Synthesizer covers a range of 4 
to 22 MHz. 

Six rotary switches on the front panel digitally control the 
Synthesizer frequency in steps of 10 MHz, 1 MHz, 100 kHz, 
10 kHz, 1 kHz, and 100 Hz. A 10-turn vernier control potentio­
meter can also be selected in place of the 1 kHz and 100 Hz 
switches to provide continuous tuning of the output frequency 
with a tuning sensitivity of 1 kHz per turn. Logic built 
into the Model lSSOA introduces the required 9 MHz offset 
permit ting the controls to be set for the desired Receiver 
frequency. 

The Synthesizer produces a nominal 1 volt peak-to-peak output 
into a 50 ohm load at two separate rear panel connectors. 
These outguts are electrically isolated from each other and 
have a 90 phase difference. 

1.2 PHYSICAL DESCRIPTION 

The Model lSSOA Synthesizer contains easily removable printed 
circuit boards which are separated into high and low fre­
quency circuits. 

The high frequency circuits consist of boards for a main 
Voltage-Controlled Oscillator (VCO) AS, a programmable divider 
A2, and a pulse phase comparator A4. The HF circuits control 
the VCO output frequency in response to different positions 
of the front panel 10 MHz, 1 MHz, 100KHz, and 10KHz switches. 
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The low frequency circuits consist of boards for an offset 
voltage-controlled oscillator and mixer A3, a programmable 
divider A7, and a pulse phase comparator A8. The LF circuits 
control the frequency of the offset oscillator to determine 
the 1 kHz and 100 Hz component of the output signal. The off­
set oscillator can be controlled by either the front panel 
1 KHz and 100 Hz selector switches or by the front panel 
10-turn VERNIER control. 

The Synthesizer is conveniently packaged for mounting in a 
standard 19" equipment rack. The unit measures 19" wide, 17" 
deep, and 1 3/4" high and weighs approximately 10 lbs. 

Wiring is accomplished with small Molex connectors to avoid 
grouping of critical HF signal wires thus minimizing RF inter­
action in the Synthesizer. Critical circuits are also isolated 
and filtered to prevent audio or RF interference with their 
normal circuit functions. The Power Supply utilizes series­
regulators to prevent intercoupling resulting from line or 
load variations. 

1.3 SPECIFICATIONS 

General specifications for the Synthesizer are listed in 
Table 1-1. 

Table 1-1. Specifications For Model 1550A 
Frequency Synthesizer 

ELECTRICAL 

Receiver Range Covered . . . 10 kHz to 30 MHz 

Receiver IF Frequency . . . 9 MHz 

Receiver Conversion Plan .. 9 MHz above received frequency in 
range 10 kHz to 13 MH z  

Synthesizer Output Range 

9 MHz below received frequency in 
range 13 MHz to 30 MHz 

4 to 22 MHz with fine tuning in 
100 Hz steps 

Frequency Selection . . . .  Dialed to direct operating frequency 
of Receiver (10 kHz to 30 MHz) 
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Table 1-1. Specifications For Model 1550A 
Frequency Synthesizer (cont.) 

Frequency Control 

Vernier Mode . 

Digital Mode . .  

Frequency Stability 

Vernier Mode . . 

Synthesized from internal reference 
crystal oscillator and vernier offset 
oscillator 
Synthesized from internal reference 
oscillator 

TCXO frequency standard stability 
±100 Hz from 0° to 50° C 

Digital Mode . . . . . .  Determined by TCXO frequency standard 
option: 

Frequency Accuracy 

Vernier Mode . . 

TCXO Part Bl690-l gives ±lPPM from 
0° to 50° c 

TCXO Part Bl690-2 gives ±lPPM from 
0° to 25° C/±O.SPPM from zso to 500 C 

TCXO Part Bl690-3 gives ±O.SPPM from 
0° to 50° C 

100 Hz after calibration at operating 
temperature 

Digital Mode . . . . . .  ± 3  Hz after calibration at operating 
temperature 

Settling Time Of HF 
Phase -Lock Loop . .  

Settling Time Of LF 
Phase-Lock Loop . .  

Output Levels . 

Less than 1 second 

. Less than 1 second 

. Two, individually adjustable up 
to nominal 1 volt peak-to-peak 

Load Impedance . . . . . . .  Nominal 50 ohms unbalanced 
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Table 1-1. Specifications For Model 1550A 
Frequency Synthesizer (cont.) 

Spurious Output . . .  

Suppression. 

. .Non-Harmonic: 55 db down 

. .Harmonic: 31 db down for 2nd and 3rd, 
36 db or bet ter for 4th and higher 

Input Power . . . . . . . . . 115/230 vac 

ENVIRONMENTAL 

Operating Temperature 

47 to 63 Hz single phase, 
25 watts maximum 

Range . . . . . . . . . . . 0° to 50° C 

Relative Humidity . . . . .  Up to 95% 

MECHANICAL 

Dime nsions. 

Mounting 

Weight . . . . . .  . 

.19 inches wide 
1-3/4 inches high 
17 inches deep 

.Fixed or slide mounting in a 
s tandard 19-inch equipment rack 

.10 pounds 

Electrical Connections . .  RF Outputs: Two female BNC on 
rear panel 

1-4 

AC Power: 3-prong plug on rear 
panel 

1 

1 

1 

1 

1 

1 

1 

1 

] 

] 

] 

] 

l 

J 

J 

J 

J 

J 



r 

r 

r 

f 

( 

r 

{ 

f 

{ 

' ' 

( 

{ 

l 

{ 

l 

l 

l 

l 

l 

2.1 INSPECTION 

SECTION II 

INSTAL L ATION 

After removal from its shipping container the unit should be 
inspected. If any physical damage is found, file a written 
claim with the shipping agency. Send a copy of this claim 
to Frederick Electronics Corporat ion, P. 0. Box 502, 
Frederick, Maryland 21701. 

2.1.1 EQUIPMENT SUPPLIED 

Equipment supplied includes those items listed in Table 2-1. 

Table 2-1. Equipment Supplied 

Number Of 
Shipping Boxes 

Contents 

1 1 Model lSSOA Frequency 
Synthesizer 

2 Instruction Manuals 

NOTE 

More than one unit may be 
packed in a single container 
when bulk orders are shipped 
to a common point. 

2.1.2 EQUIPMENT REQUIRED BUT NO T SUPPL IED 

Equipment required but not supplied includes those items listed 
below. 

1. Coaxial cables to connect Synthesizer to Receiver. 

2. Four rack mounting screws. 
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2.2 POWER REQUIREMENTS 

The Synthesizer is shipped re ady to op erate directly on 105-
130 vac, 47-63 Hz current. Power is applied to the Synthe­
sizer by plugging i ts power cord into an ac outlet. Pro­
vision is also made in the Synthesizer for operation from a 
230-volt source by reposi tioning swi tch Sl located on Power 
Supply bo ard Al. 

~ 
Swi tch mus t  be in correct position 
before the Synthesizer can op erate 
on 230 volts. Serious damage will 
result if the unit is connected to 
230 volts wi thout this change. 

2.3 MOUNTING 

The Synthesizer is designed to mount in a standard 19-inch 
equipment rack. A vertical rack space of 1-3/4 inches is 
required. 

2.4 OU TPUT CONNEC TIONS 

The Synthesizer is designed to deliver RF ou tpu ts into 
co axial transmission lines having an imp edance of 50 ohms. 
Connections from the Synthesizer to the associated Receiver 
are provided at BNC jacks loca ted on the rear p anel of 
the unit. 

The coaxial cables used to connect the Synthesizer to the 
Receiver should b e  of high quality in order to minimize 
radiation of the output signal. It is particularly impor­
tant that the BNC connectors at the cable ends b e  well 
a ttached so that there is good electrical continuity betwe en 
the shield braid of the coaxial cabl e and the external 
housing of the connector. De tailed information on trans­
mission lines can b e  found in the Radio Amateurs Handboo k  
and the ARRL Antenna Handbook, both published by the 
American Radio Relay League, Newington, Connecticut, U.S.A. 
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The Synthesizer will not be harmed if the outputs are open 
cir cuited o r  tempo rarily short circuited. Figure 2-1 below 
shows a Model 1550A connected to a pair of Model 1500B Re­
ceivers in a typical space diversity system. 

Figure 2-1. Typical Syn thesizer Connections 

2.5 INITIAL TESTS 

After the Model 1550A is properly installed, tests should be 
con ducted to insure that the unit is operating proper ly. 
Operating steps are provided in Sectio n  3 and Minimum Per­
formance Tests are provided in Section 5. 
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SECT ION II I 

OPERATION 

3.1 CONTROLS AND INDICATORS 

Op erating controls and indicators are located on the front 
pan el of the Model lSSOA and the functions are listed in 
T able 3-1. 

T able 3-1. Controls And Indicators 

CONTROL OR 
I NDICATOR 

POWER Lamp D Sl 

LOSS OF LOCK Lamp D S2 

OPER SBY Switch Sl 

Mode Switch S2 

HF Selector Switches 
(Sl-S4 on board A2) 

FUNCTION 

Lights when ac power is applied to the 
Synthesizer. No po wer switch is pro­
vided. 

Lights to indicate a malfunction in 
the VCO phase-lock loop. Also lights when 
OPER SBY switch is in SBY position. 

SBY position removes de power from the 
VCO to disable the Synthesizer outputs and 
lights LOSS OF LOCK lamp. OPER po-
sition applies de power to VCO to gene­
rate the Synthesizer outputs. 

VERNIER position selects VERNIER control 
of 0 to 10 kHz compon ent of output 
frequency. 

1 KHz-100 Hz position selects 1 KHz and 
100 Hz switches to control 0 to 10 kHz 
component of output frequency. 

10 MHz switch Sl selects receiver 
frequency range of 0 to 9 MHz 
(position 0), 10 to 19 MHz (position 1), 

or 20 to 22 MHz (position 2). 

1 MHz switch S2 selects frequency 
compon ent over range of 0 to 9 MHz in 
1 MHz steps. 

100 KHz switch S3 selects frequency 
component over range of 0 to 900 kHz 
in 100 kHz steps. 
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3-2 

T able 3-1. Controls And Indicators (cont.) 

CONTROL OR 
INDICATOR I FUNCTION 

HF Selector Switches 
(cont.) 

LF Selector Switches 
(Sl-S2 on board A7) 

VERNIER Control R3 

3.2 USE OF CONTROLS 

10 KHz switch S4 selects frequency 
component over range of 0 to 90 kHz 
in 10 kHz steps. 

1 KHz switch Sl selects frequency com­
ponent over range of 0 to 9 kHz in 
1 kHz steps. 

100 Hz switch S2 selects frequency 
component over range of 0 to 900 Hz 
in 100 Hz steps. 

A llows continuous tuning of receiver 
frequency over a range of 0 to 10 kHz. 

The frequency selector switches may be set in any sequence to 
dial the desired receiver frequency. If the desired 
frequency is 15.7374 the first four digits are selected by 
setting the switches as shown below. 

10 MHz switch to 1 = 10.000 MHZ 

1 MHz switch to 5 � 05.000 MHz 

100KHz switch to 7 = 00.700 MHz 

10 KHz switch to 3 = 00.030 MHz 
15.730 MHZ 

The last two digits of the desired frequency can be selected 
with either the 1 KHz and 100Hz selector switches or the 
continuous tune VERNIER control depending on the setting 
of the mode switch. 
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When the digital mode is selected, the last two digits are 
determined by setting the 1 KHz-100 Hz switches as shown below. 

1 KHz switch to 7 = 00.0070 MHz 

100 Hz swit ch to 4 = 00.0004 MHz 

00.0074 MHz 
+15.7300 MHz 

15.7374 MHz 

When the VERNIER mode is selected, the last portion of the 
frequency is dialed by rotating the VERNIER control to a 
reading of 7.40 as shown below: 

This position sets the offset oscillator to within 100 Hz of 
7.4 kHz to produce approximately the same output frequency as 
selected above by the 1KHz-100Hz switches. Further 
adjustments of the VERNIER frequency control can be made on 
the basis of the received signal quality from the receiver. 

The digital mode provides considerably improved stability 
over the VERNIER mode and, thus, should normally be selected. 

However, it is often convenient for the operator to tune the 
receiver with the VERNIER control if the exact received 
frequency is not k nown. After the receiver is tuned the 
1 KHz and 100 Hz selector switches are set to the VERNIER 
reading and the Synthesizer is switched to the 1 KHz-100 Hz 
position. 

Digital logic built into the Synthesizer automatically 
produces the frequency offset required to convert the 
received carrier to the 9 MHz IF of the receiver. The 9 MHz 
offset is above the dialed frequency in the range of 
0 to 13 MHz and below the dialed frequency in the range 
of 13 to 30 MHz. 

3-3 



In the above example, since the received frequency is in 
the range of 13-30 MHz, the actual Synthesizer output 
frequency will be 9 MHz below the received frequency or 
6. 7374 MHz. 

3. 3 OPERATING THE SYNTHESIZER 

Before operating the Synthesizer, make sure that it is 
properly installed as described in Section II of this 
manual. Review the associated Receiver instruction man­
ual to become familiar with Receiver tuning procedures. 
Then proceed as follows: 

1. Check that POWER indicator lamp is lit. 

2. Determine operating frequency for associated Receiver. 
Set mode switch to VERNIER position. 

NOTE 

Synthesizer can be set 
directly to digital position 
when precise Receiver Frequency 
is known. 

3. Set frequency selector switches and VERNIER control 
to match desired Receiver frequency. 

4. Set Receiver controls for operation from a remote 
oscillator (crystal switch to position R on Model 
1500). 

5. Apply power to Receiver and tune preselector to oper­
ating frequency. 

6. After preselector is tuned, carefully adjust VERNIER 
control on Synthesizer for a maximum signal amplitude 
on Receiver S-Meter. Note reading on VERNIER dial and 
set 1 KHz and 100 Hz switches to VERNIER reading. Set 
mode switch to 1 KHz-100 Hz position. 

7. Adjust Receiver audio output level and BFO settings 
to suit the associated demodulator input requirements. 
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4.1 INTRODUCTION 

SECTION IV 

THEORY OF OPERATION 

The Model 1550A Synthesizer uses a modified version of a 
digital phase-lock loop principle. Its operation may be 
described in terms of four frequency variables defined below 
and the digital frequency division ratio N of a set of high 
speed counters where N depends on the setting of the 10 MHz, 
1 MHZ, 100 KHz, and 10 KHz frequency selector switches. 

F0 = the actual output frequency of the Synthesizer generated 
by a HF voltage-controlled oscillator (VCO) in the range 
of 4 to 22 MHz. 

Fd = an offset frequency in the range of 20 to 30 kHz produced 
by a LF voltage-controlled oscillator. 

Fth = an approximate 5 kHz tachome ter frequency or PRF (Pulse 
Repetition Frequency) generated from the resultant of 
Fo-Fd by the HF divide-by-N logic. 

2 

Frh = a 5 kHz reference frequency generated from a 4 MHz 
crystal oscillator frequency standard. 

The main voltage-controlled oscillator of the Synthesizer 
operates at F0• A sample of the Fo signal is mixed in a single 
sideband mixer with Fd to produce a result Fo-Fd which is 
divided first by 2 and again by factor N to produce the 
frequency Fth given by 

Fth = Fo-Fd 
2N 

A HF pulse phase comparator compares Fth with Frh to generate a 
control voltage input to the main VCO which maintains the two 
frequencies in exact agreement. Thus, the VCO phase-lock loop 
in effect solves the equation 

Frh = Fo-Fd 
2N 
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which can be rearranged to the form 

F0 = N(2Frh) +Fd 

The second equation shows that the actual output frequency 
can be adjusted by varying N through various integer values 
and/or by varying Fd (offset frequency). For the numerical 
example where the output frequency F0 is 6.1374, the solved 
values are 

N - 611 

Fd - 27.4 kHz 

The frequency Fd is developed by a similar LF phase comparison 
when the digital mode is selected. The LF frequency variables are 
defined below and the digi tal division ratio N depends on the 
set tings of the 1 KHz and 100Hz frequency selector switches. 

Fdl 

Ftl 

Frl 

= The actual offset oscillator output frequency before 
a division by four or Fdx4. Covers a range of 80 to 
119.6 kHz. 

= an approximate 400 Hz tachometer frequency generated 
from Fdl by the LF programmable divide-by-N logic. 

= a 400 Hz reference frequency generated from a 4 MHz 
crystal oscillator frequency standard. 

A sample of the offset oscillator output (Fdl) is divided by 
factor N to produce Ftl given by 

Ftl = Fdl 
rr 

A LF pulse phase comparator compares Ftl with Frl to produce a 
control voltage to the offset oscillator which maintains Ftl and 
Frl in exact agreement. Thus, the LF phase-lock loop solves the 
equation 

4-2 

Frl = E..dl 
N 

or 

Fdl = N(Frl) 
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The equation shows that the actual output frequency Fdl is 
also adjusted by varying N through various integer values. 

When the VERNIER mode is selected the LF digital loop is 
disabled and the offset oscillator output frequency is con­
trolled directly by the VERNIER potentiometer impedance. 

4.2 FUNCTIONAL DESCRIPTION 

A block diagram of the Model lSSOA is shown in Figure 4-1. 
The heart of the Synthesizer is the main Voltage-Controlled 
Oscillator (VCO) which can be electronically tuned over the 
range 4 to 22 MHz. The VCO develops two constant amplitude 
outputs which are nominally in phase quadrature (i.e., goo 
phase difference). Referred to as the P-phase and Q-phase, 
these outputs are supplied through buffer amplifiers to two 
output connectors on the rear of the Synthesizer chassis and 
to a Single Sideband (SSB) Mixer. 

A second pair of inputs to the SSB mixer is developed from 
the offset oscillator whose output frequency Fd can be tuned 
between 20 and 30 kHz. A divide-by-4 counter at the output of 
the offset oscillator develops a pair of quadrature outputs at 
frequency Fd. The mixer difference frequency is applied 
through suitable interfacing circuitry to a high-speed divide­
by-2 counter. The counter output drives the HF programmable 
digital divider with a division ratio N which is determined 
by the setting of the 10 MHz, 1 MHz, 100 KHz and 10 KHz front 
panel switches. 

The HF programmable divider output produces the tach signal Fth 
which is compared with the crystal reference signal Frh by a 
pulse phase comparator. The comparator produces a control 
voltage that varies as a function of changes in Fth· The 
phase-lock voltage controls the output frequency F0 from the 
VCO to maintain continuous agreement between Fth and Frh· 

When the front panel switches are repositioned the phase 
comparator will tune the VCO output frequency until Fth is 
returned to approximately 5 kHz. Thus, by appropriately 
wiring the programmable divider a Synthesizer output F0 is 
generated which is directly related to the settings of the 
frequency switches and the offset oscillator. 

The offset VCO frequency is controlled either by the con­
tinuously adjustable VERNIER potentiometer or by the LF 
programmable digital phase-lock loop. The LF phase-lock 
loop is similar in operation to the HF p hase-lock loop. 
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In the digital mode, Fdl signals between 80 to 120 kHz are 
connected directly from the offset oscillator to the 
LF programmable divider. The selected divider ratio pro­
duces an output signal which is compared with the 400 Hz 
reference signal Frl by the LF pulse phase comparator. 

The comparator generates a voltage representative of the 
frequency difference between Ftl and Frl which causes an 
electronic vernier circuit to adjust the oscillator output 
accordingly. Phase-lock is obtained when the oscillator 
produces an output frequency which divided by N is �400 Hz. 
Thus, when the 1 KHz-100 Hz switch settings are changed the 
comparator output adjusts the oscillator frequency until 
phase-lock is again obtained. The digital offset mode 
offers frequency accuracy on the order of ±3 Hz versus a 
vernier mode accuracy of ±100 Hz. 

A LOS S OF LOCK detector monitors both phase comparators 
to indicate when the Synthesizer is on frequency. 

4.3 

4.3.1 

DETAILED CIRCUIT ANALYSI S 

VOLTAGE-CONTROLLED OS CIL LATOR (Figure 6-1) 

The main VCO operates directly at the output frequency of the 
Synthesizer as determined by two RC all-pass sections con­
nected to the HF phase-lock feedback loop from the phase com­
parator. Each all-pass section has a normalized transfer 
function 1-s/l+s where s = jF/F0 and contributes a go

0 
phase 

shift at the tuned center frequency F0• Thus, the conditions 
for oscillation at frequency F0 are satisfied because the 
buffer amplifiers introduce an additional net phase shift of 
180° and the loop gain is unity. 

The VCO is contained on board AS and consists of two identical 
all-pass networks, feedback amplifier Ql4, emitter followers 
QlO and Ql3, and output amplifiers Qll and QlS. One all-
pass section is driven by emitter follower Ql3 and consists 
of unity amplifier qg, voltage tuning control Field Effect 
Transistors (FET) Q2-Q3-Q4, and tuning capacitor CS. The 
other all-pass section is identical to the fir st and consists 
of Ql2, QS-Q6-Q7, and C21. 

Each all-pass network introduces a goo phase shift from input 
signal to output signal when the oscillator frequency is F0• 
This phase shift is produced by tuning the RC networks in the 
bases of qg and Ql2. Since the emitter follower outputs are 
applied to both the base and emitter of amplifiers qg and Ql2 
a goo shift is obtained at the output only when the tuned 
base circuits produce the same drive to qg and Ql2 as the 
emitter coupling. Thus, the strength of the 180° shift imposed 
by the base drive equals the strength of the 0° shift imposed 

4-5 



by the emitter drive producing a net result of goo phase 
shift at the collectors of qg and Ql2. Feedback amplifier 
Ql4 completes the phase-shift loop by introducing a 180° shift 
with unity gain to produce a 3600 phase-shift which reinforces 
oscillation at frequency F0. 

goo + goo + 1800 = 360° reinforces oscillation 

For convenience, the all-pass section built around qg is dis­
cussed in the following circuit analysis. 

At frequencies well below the tuned frequency F0, the base of 
qg is effectively grounded through RS and the parallel conduc­
tance of Q2, Q3, and Q4 because the reactance of CS becomes 
large compared to the net resistance to ground. Since the base 
of qg is near ground, RF signal current at the emitter is un­
restricted by base drive causing the resultant current flow 
from Ql3 to the collector of qg to induce an in-phase voltage 
at the collector of qg. Because of the oo phase-shift of both 
all-pass sections and the additional 1800 phase-shift introduced 
by feedback amplifier Ql4, the feedback signal opposes oscilla­
tion at frequencies below F0 . 

oo 
+ oo + 1800 = 1800 opposes oscillation 

At frequencies well above the tuned frequency F0, capacitor CS 
becomes a virtual short circuit so that the voltage at the emit­
ter of Ql3 is coupled to the base of qg. In this frequency range, 
qg operates as a common-emitter stage with emitter degeneration 
provided by Rg. The nominal gain remains unity but a voltage 
phase-shift of 180° is introduced thru qg and the feedback loop 
will not sustain oscillation at frequencies above F0. 

1800 + 1800 + 1800 = oo 
+ 1800 = 18Q0 opposes oscillation 

At the selected frequency F0 , where the capacitive reactance of 
CS just equals the net resistance of RS in parallel with the 
associated PET's, the phase-shift through amplifying stage qg 
is goo. The signal, phase-shifted by this amount, is then buf­
fered by emitter follower QlO and applied to the second all�pass 
stage consisting of transistor Ql2 which similarly introduces 
a go0 phase-shift. 

The resistance seen by capacitors CS and C21 is voltage­
controlled by the parallel connected PET's. The PET's have 
drain-source conductance that is nearly a linear function of 
the voltage applied to the gates. Increasing the reverse 
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bias on these gates reduces conductance, increases the re­
sistance, and thus lowers F0• Since the total range of 
conductance in the PET's exceeds 10 to 1, the result is an 
electronic tuning range which is approximately 10 to 1. 

To ensure that the phase-lock loop has the required control 
range and damping factor, the control voltage produced by the 
pulse phase comparator is conditioned before being applied to 
the control junctions of the tuning PET's. The required 
filter consists of R2, R3, and C9. High frequency components 
are rolled off in this filter by means of the series resistance 
R2 and the shunt capacity C9. By introducing a low value 
resistance R3 in series with C9, phase lead compensation is 
obtained which tends to improve the damping factor of the loop. 
In normal operation with the loop locked, the variations in the 
control voltage applied to the oscillator are insufficient to 
forward bias either CR2 or CRl, which are in shunt with R2. 
Thus, the full filtering effect of R2 is realized. However, 
when the Synthesizer is first turned on or when it is switched 
from one frequency to another, a large momentary error signal 
is generated in the phase-lock loop. Under these conditions, 
a large value of R2 would make the Synthesizer slow to acquire 
the desired output frequency. By limiting the voltage drop 
across R2, CRl and CR2 reduce the effective value of R2 thus 
increasing the bandwidth of the feedback loop during frequency 
acquisition. 

The oscillator produces quadrature outputs, designated the 
P-phase and the Q-phase, which are buffered by emitter followers 
Qll and QlS, respectively. The outputs are applied to wide­
band amplifiers having a nominal gain of 5. The P-phase wideband 
amplifier (see Figure 6-1, Sheet 2) consists of a complementary 
differential stage (transistors Ql6 and Ql7) driving an 
output stage (Q18-Ql9). A divider network, R27 and R25, monitors 
the average push-pull output level to provide negative feed-
back to Ql6. The Q-phase amplifier is functionally identical 
but consists of Q22-Q23 and Q24-Q25. By using negative feed­
back to simultaneously amplify and attenuate the RF signal, 
the VCO is isolated from signals which might otherwise leak 
through the output amplifiers in the reverse direction. 

The push-pull output is further isolated by a pair of com­
plementary emitter follower circuits consisting of Q20-Q21 
and Q26-Q27 for the P-phase and Q28-Q29 and Q30-Q31 for the 
Q-phase outputs. 

One of the complementary outputs of each phase is applied 
to the SSB mixer circuit where it is heterodyned with the off­
set oscillator output. 
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The other output of each phase is applied to a rear panel 
BNC connector via a RF low-pass filter network and an output 
level potentiometer. The filter networks block harmonics above 
22 MHz. 

The Q-phase output is connected to Jl and the P-phase output 
is connected to J2 . The F signal is injected at the receiver 
remote oscillator input ana replaces the standard Local Oscil­
lator signal. 

The P-phase amplifier also drives a VCO level control circuit 
through C2 0 (see [l] Figure 6-1, Sheet 1). In this circuit, 
CRS and CR6 charge Cl8 to a voltage which is equal to the 
sum of a de bias determined by potentiometer Rl8 and the peak­
to-peak amplitude of the RF output of the wideband amplifier. 
If the output amplitude increases beyond the preset point, 
series diodes CR3 and CR4 become slightly forward-biased. 
These diodes act partly as clippers and partly as variable 
resistance elements. The level at the diode junction is ac 
coupled by Cl7 into the collector load of Ql2 with the result 
that, as the diodes conduct more heavily, loop gain in the 
phase-shift oscillator is reduced thus lowering the level of 
oscillation. In this way, the level of oscillation is stabi­
lized at a value which depends on the setting of potentiometer 
Rl8. 

Since short-term freque ncy stability is extremely important 
in the VCO, the oscillator circuit must be well protected 
against audio or RF interference. Interference conducted 
through the Power Supply leads is shunted with RFI filters 
11-12 and the associated capacitors in the +12 and -12 volt 
lines. 

Further isolation is provided by 114-Cl and Ll5-Cl2 . Ll 
together with C2 and C4, form an RFI filter for the +12 volt 
supply. The -12 volt supply is similarly filtered. 

RF harmonics generated by the VCO are reduced by two special 
filter circuits. The first filter connects at the junction of 
Ql3-Ql4 and is tuned with R75 to reduce harmonics when the 
output is in the range of 4 to 13 MHz. The second filter (one 
each output line) is a low-pass filter which reduces harmon­
ics i n  the range of 13 to 22 MHz. 

Adjustment procedures for the VCO are provided in Section 5 
of this manual. 
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4.3.2 HF PHASE-LOCK LOOP 

The HF p hase-lock loop consists of the SSB mixer, the pro­
grammable divider, and the pulse phase comparator. 

4.3.2.1 SSB MIXER. Refer to Figure 6-2. The SSB mixer is 
contained on board A3. The mixer, which consists of two 
balanced modulators (Q2-Q3 and Q9-Ql0), and a combiner (Q4-QS), 
heterodynes the P-phase and Q-phase outputs of the VCO and 
the offset oscillator to produce a difference frequency 
of F0-Fd. The operation of the mixer is expressed in the 
following trigonometric development. 

Let 8 = 2TIF0t be the phase of the VCO and let T = 2TIFdt be the 
phase of the offset oscillator. In terms of these variables, 
the P-phase and Q-phase outputs of the VCO can be written as 
cos 8 and sin 8 respectively, while the analogous quantities 
for the offset oscillator outputs are cos T and sin T. The 
first balanced modulator, Q2 and Q3, has an output propor­
tional to the product of sin 8 sin T. The output of the 
second modulator Q9 and QlO, is expressed as the product 
of cos 8 cos -r. 

Using a trigonometric identity, these two outputs can be ex­
panded as follows: 

2•cos8 COS T = COS (8 + T) + COS (8 - T) 

2·sin8 sin-r =-cos (8 + -r) + cos (8 T) 

When these two outputs are added together in combiner Q4 and QS, 
certain terms cancel leaving the result cos (8 - -r) or a sine­
wave of frequency Fp - Fd. This is the desired clock input 
to the HF programmable divider. 

4.3.2.2 HF PROGRAMMABLE DIVIDER. Refer to Figure 6-3. The 
high-speed programmable divider consists of four presettable 
decade counters Z8 thru Zll. These counters operate in a 
nines-complement mode. Since overflow occurs at count 9999, 
the complement of the desired division ratio is preset into 
the dividers by the front panel switches. For example, a 
division ratio of 1492 is obtained when the nines-complement 
counters are preset to 8507 with the 10 MHz, 1 MHz, 100 KHz, 
and 10 KHz front panel frequency switches. 

Because the Synthesizer must introduce a ±9 MHz differential 
between the dial readings and the actual output frequency F 0 , 
the outputs of the 1 and 10 MHz switches are decoded to produce 
the appropriate offset. The offset decoding is accomplished 
using a combination of the wiring of the 1/10 MHz switches and 

4-9 



the logic of a set of NAND/NOR gates. The plan of the receiver 
is such that for operating frequencies between 0-13 MHz the 
dividers are preset to produce an F0 signal which is 9 MHz 
above the operating frequency. The dividers are preset to 
produce an F0 signal which is 9 MHz below the operating fre­
quency in the range of 13-30 MHz. 

The decoded preset bits corresponding to 10 MHz steps are 
set into ZB, the first counter. Similarly, the preset bits 
corresponding to 1 MHz increments are set into Z9. 

Since the 10 kHz and 100 kHz step counters are not involved in 
the 9 MHz IF offset, the front panel switches are wired directly 
to the counter BCD preset inputs. 

Table 4-1 lists the bits preset into each decade counter at 
the different HF frequency selector switch settings. 

To compensate for the 20-30 kHz offset introduced by the offset 
oscillator, the Ql and Q2 outputs of 10 kHz divider Zll are 
wired into NAND gate Z6-B so that an output pulse is generated 
at the count of 9997 instead of the normal 9999. The output 
of Z6-B is inverted by Z7-B to produce a �5 kHz tachometer pulse 
train (Fth) at the selected frequency. 

Because the counters will not operate reliably at 22 MHz, the 
RF clock signal from the SSB mixer is divided by two in flip-flop 
Zl2 before application to the decade counters. Since the Fth 
output is 5 kHz, each increment in N corresponds to a 10 kHz 
shift in the VCO output frequency. 

When the Synthesizer is locked on frequency, the tachometer 
repetition rate of approximately 5 kHz is continuously 
compared with the reference 5 kHz signal by the Pulse Phase 
Comparator to control the VCO frequency. 

4.3.2.3 PULSE PHASE COMPARATOR. Refer to Figure 6-4. The 
pulse phase comparator produces an output control voltage 
which varies proportional to the phase difference of the tacho­
meter signal (Fth) and the reference pulse train CFrh). As Fth 
gains in phase, the output voltage increases in the negative 
direction thus reducing the VCO frequency F0• 

The pulse phase comparator consists of tach pulse ramp generator 
Ql-Q2-Q3, differentiator QB, differential amplifier Q4 thru Q7, 
sample and hold circuit ClO-Cll and Q9, output amplifier QlO­
Qll, and loss of lock detector Q12-Ql3 and SCR Ql4. 

4-10 

, 

1 

1 

1 

1 

1 

) 

] 

] 

1 

] 

] 

J 

J 

J 

J 

J 

J 



�����--------------

� 
I 

I-' 

I-' 

Table 4-1. Decade Counter Preset Bits 

10 MH.z Dial 1 MH.z Dial 100 kHz Dial 

0 Dial 11 Dial 12 Dial Diall Z9 Preset Diall ZlO Preset 
Setting 1 Setting I Setting S�t-J Bits S�t- I Bits 

-------------- t1ng
l 

t1ng
l Z8 Preset I Z8 Preset I Z8 Preset 

Bits Bits Bits 
PgP1P2P3 No.IP0P1P2P3 No. I P0P1P2P3 No. I P0P1P2P3 No. I P0P1P2P3 No. 

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

I 

� I 
� I 
8 I 8 
8 I 8 
8 I 

1 0 0 0 
0 1 1 1 

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

1 0 0 1 

1 0 0 1 
1 0 0 1 

1 0 0 1 
8

1
1001 

I 

� I 
1 0 0 1 
1 0 0 0 

� I 
1 0 0 0 
1 0 0 0 

9 I 1 0 0 0 
9 1 0 0 0 
9 I 1 0 0 0 
9 1 0 0 0 
9 I 1 0 0 0 
9
1

0111 

1. Logic level 1 is � + 5  volts 
Logic level 0 is � 0 volts (gnd) 

o : 000 0 0 : 1001 9 0 
8 1 1 0 0 1 9 1 1 0 0 0 
8 � I 1 0 0 0 8 2 I o 1 1 1 

8 0 1 1 1 7 3 0 1 1 0 
8 4 I 0 1 1 0 6 4 I o 1 o 1 

8 5 0 1 0 1 5 s 0 1 0 0 
8 6 I 0 1 0 0 4 6 1 o o 1 1 
8 7 0 0 1 1 3 7 0 0 1 0 
8 81001 0 2 8 1 o o o 1 
7 9

1
0 001 1 9

1
00 00 

2. Inputs to P0, P1, P2, and P3 connections are BCD preset inputs 

3. Division factor is 9's complement of number preset into counter 

4. No. column is decimal equivalent of preset number 

9 
8 
7 

6 
5 

4 

3 

2 
1 
0 

10 kHz Dial 

Diall Z11 Preset 
S�t-1 Bits 
t1ng 

I 

I P0P1P2P3 No. 

0 : 1 0 0 1 9 
1 1 0 0 0 8 

� I 0 1 1 1 7 

0 1 1 0 6 

i I 0 1 0 1 5 

0 1 0 0 4 

610 011 3 

7 0 0 1 0 2 
810 0 01 1 
9 

I 
o o o o 0 



The pulse phase comparator operates as a phase discriminator 
when the VCO is locked on frequency and as a broad range 
frequency discriminator when establishing lock during 
frequency changes. During normal operation, ClO is charged 
via Q6 and RIO and is reset by QS when the sawtooth ramp at 
C7 turns on Q4. The result is a sawtooth waveform at ClO 
that is synchronized to the F

th 
input. 

The synchronizing Fth sawtooth is generated by ramp generator 
Ql-Q2-Q3. Ql acts as a current source that linearly charges 
C7 toward ground potential. The ramp appearing on C7 is 
periodically reset to -12 volts by the positive pulses applied 
to the base of Q3 from the tachometer input. During phase-lock 
the ramp on C7 charges up to within a few volts of ground 
which turns on Q4 and, thereby, switches on QS. QS discharges the 
ramp voltage on ClO. 

Ripple at 5 kHz in the comparator output must be minimal to reduce 
sidebands in the Synthesizer output. This is achieved by the 
sample and hold circuit in the comparator. The reference 
clock pulses Fth are differentiated by C6-R13 and amplified by Q8 
to produce negative-going pulses of large amplitude which 
momentarily switch on FET Q9. When Q9 turns on, the instan­
taneous ramp voltage on ClO is transferred to Cll. To further 
minimize ripple, charging of ClO is momentarily halted while 
Q9 is conducting so that Cll sees a constant voltage on ClO. 
This is accomplished by switching off Q7, which momentarily 
interrupts the flow of charging current through RIO. 

To prevent drift between sampling times, the voltage on Cll 
is monitored by a high impedance PET source follower QlO. 
Qll provides amplification and level shifting required to 
interface the de control level with the VCO input. 

During frequency switching, large disparities can occur be­
tween Fth and Frh' Were these two frequencies to be compared 
in a simple phase discriminator, the result would be a 
rapidly varying phase signal which would average nearly to 
zero in the loop filter, and the loop would not lock up. To 
avoid this problem, the comparator operates as a broad range 
frequency discriminator while attempting to phase-lock. 

If, during a change in switch settings, Fth is substantially 
above Frh' C7 is reset prematurely to -12 volts and Q4 never 
switches on. Thus, ClO is not reset, and the voltage sampled 
by Q9 is consistently large and negative. This action forces 
the comparator output to rise negative and rapidly tune the 
VCO down in frequency as is required to reduce F

th
' 
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If Fth is substantially lower than Frh' Q4 and QS remain 
conducting for substantial intervals holding ClO at a large 
positive potential. Thus, when Q9 samples ClO, the positive 
voltage transferred to Cll holds the pulse phase comparator 
output near the positive limit of its voltage range which 
rapidly increases the frequency of the VCO. 

In this way, gross frequency errors are quickly corrected. 
When the Ft and Frh signals near agreement, the comparator 
reverts to R phase aiscriminator mode and phase-lock results. 

To detect a loss of lock condition, a sample of the comparator 
phase-lock voltage is ac coupled through Cl4 to the base of Ql2. 
In the frequency discriminator mode, the ac amplitude swing of the 
comparator output voltage reaches several volts causing Ql2 to 
conduct, which turns on Ql3. Q13 triggers SCR Ql4, which turns 
on the LOSS OF LOCK indicator. Since the lamp supply voltage 
is the unfiltered output of the 5-volt rectifier,this voltage 
goes to zero 120 times per second allowing the SCR to turn off 
after forward bias is removed from its gate input. A similar 
lamp driver in the LF Pulse Phase Comparator also turns on the 
LOSS OF LOCK lamp if the offset oscillator loses lock. In 
addition, the LOSS OF LOCK lamp is turned on when the OPER SBY 
switch is placed in SBY. 

4.3.3 OFFSET OSCILLATOR (Figure 6-2) 

The offset oscillator is a voltage-controlled oscillator 
that is tuned by either a phase-lock loop control voltage de­
rived from the LF programmable divider setting or a voltage 
derived directly from the front panel VERNIER dial setting. 
The mode of control for the oscillator is selected by placing 
front panel switch S2 in the 1 KHz-100 Hz position to use the 
p hase-lock loop or in the VERNIER position to use the VERNIER 
control. 

The control voltage input linearly tunes the oscillator over 
a range of 80 to 120 kHz. The circuit consisting of Qll thru Q14, 
and Z2 form a RC relaxation oscillator. The oscillator drives 
a pair of J- K flip-flops (Zl) which divide the 80 to 120 kHz 
output by four to produce quadrature square wave outputs over 
a range of 20 to 30 kHz. The quadrature outputs are filtered 
by low-pass networks (R21-C9 and R22-Cl0) to produce approximate 
sinewave signals. 

The oscillator uses Cl2-Cl3 as the reactive element to generate 
an output frequency proportional to RC. Cl2-C13 charges thru Z2-A 
at a rate determined by the control voltage generated in the 
phase-lock loop in the digital mode or by the impedance of 
vernier potentiometer 1R3 in the VERNIER mode. By changing R 
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with 10-turn linear potentiometer 1R3 the output frequency 
becomes a linear function of the shaft rotation. By changing 
the effective R with the control voltage input, the frequency 
becomes a function of the division ratio N selected by the 
1 KHz and 100 Hz switch settings. 

The negative-to-positive ramp buildup at Cl2-Cl3 is compared 
with the voltage at the junction of constant current so urce Z2-B 
and R36 across the emitter-base junction of Ql2. When the 
positive-going charge at C12 drops below the negative voltage 
at the base of Q12, Q12 turns on. The collector drop at Q12, 
turns on Ql3 which causes Q12 to saturate. The negative 
current thru Q12 quickly returns Cl2 to a full negative charge 
and automatically turns off. A short negative pulse is produced 
at the junction of Q13 and R36 during this reset operation. 

These pulses are coupled to the base of Q11 by C20 and momen­
tarily turn off Qll. The positive output pulses drive divide­
by-four flip-flops Zl-A and B. The control voltage input in 
either mode linearly adjusts the output pulse rate by changing 
the charge rate of Cl2. 

In the VERNIER mode, trim potentiometer R29 adjusts the oscil­
lator center frequency and trim potentiometer R30 adjusts the 
oscillator range at the extreme ends of the control range. 
In the digital mode, potentiometer R2 on the LF programmable 
divider adjusts the phase-lock voltage input to the offset 
oscillator. Since there is interaction between these trim 
controls, a tuning procedure is provided in Section 5. 

4.3.4 LF PHASE-LO CK LOOP 

The LF phase-lock loop contains a programmable divider and a 
pulse phase comparator. The LF phase-lock loop is similar to 
the HF Phase-Lock Loop in that the offset oscillator output 
(80 to 120 kHz) is divided by a programmable divider and com­

pared to a reference frequency to produce a stable phase-lock 
loop at any selected output frequency. 

4.3.4.1 LF PROGRAMMABLE DIVIDER. Refer to Figure 6-5. The 
LF divider consists of three decade dividers Z1, Z2, and Z3 
contained on board A7. The dividers are programmable, modulo­
N counters which are programmed by the 1 KHz/100 Hz switches 
in a manner similar to the HF dividers. However, the LF modules 
operate in a 1's complement mode instead of a 9's complement 
mode. Thus, the binary preset inputs to the modules match the 
desired division factor (i.e., preset binary 8 produces a divi­
sion of 8). The counters produce division factors between 200 
and 299. 
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Table 4-2 lists the bits preset into each counter at different 
settings of the selector switches. The last counter module Z3 
is hard-wired to produce a division of 200. 

Table 4-2. LF Divider Preset Bits 

1 KHz Dial 100 Hz Dial 

Dial Z2 Preset Decimal Dial Z1 Preset Decimal 
Setting Bits No. Settings Bits 

·HO +20 +40 +80 +1 +2 +4 +8 

0 I 0 0 0 0 
I 

0 0 
I 

0 0 0 0 
I 

I I I I 

1 
I 

1 0 0 0 I 1 1 I 1 0 0 0 I 

I 
I 

I I 2 0 1 0 0 
I 

2 2 0 1 0 0 

I I 
3 I 1 1 0 0 I 3 3 1 1 0 0 

4 I 0 0 1 0 I 4 4 I 0 0 1 0 I 
I 

I 
1 I 

5 1 0 1 0 
I 

5 5 1 0 1 0 

I I I 

6 
I 

0 1 1 0 I 6 6 0 1 1 0 
I I I 

7 I 1 1 1 0 7 7 1 1 1 0 I 
I l I 

8 0 0 0 1 
I 

8 8 0 0 0 1 I 
I I 

9 
1 

1 0 0 1 I 9 9 1 0 0 1 I 

l I 
l 

I 

Notes: 

1. Divider Z3 preset inputs are fixed at 0100 or decimal 2 

2. Logic level 1 is � +5 volts 
Logic level 0 is � 0 volts (gnd) 

3. Division factor is 1's complement of number preset into 
counters 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
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The net result at the output of the divider is approximately 
a 400 Hz tach signal Ftl when the offset oscillator is locked 
on. The Ftl output is compared to a 400 Hz reference clock 
Frl by the LF Pulse Phase Comparator. The comparator pro­
duces the required phase-lock voltage which holds the offset 
oscillator on frequency. 

4.3.4.2 LF PULSE PHASE COMPARATOR. Refer to Figure 6-6. The 
LF pulse phase comparator produces a control voltage which 
varies proportional to the phase relationship of the tachometer 
signal Ftl and the reference signal Frl· The control voltage 
increases in a negative direction as Ftl gains in phase. 

The LF comparator uses the same board as the HF Comparator 
with component values to match the lower frequency operation. 
The board is designated AS and consists of tach pulse ramp 
generator Q1-Q2-Q3, differentiator Q8, differential amplifier 
Q4 thru Q7, sample and hold circuit Cl0-Cl1 and Q9, output 
amplifier Q10-Q11, and loss of lock detector Q12-Q13 and SCR 
Q14. 

The negative control voltage output from the comparator is 
returned to an electronic vernier circuit on the LF divider 
board A7. The attenuator consists of FET stage Q1, fixed 
resistances which are selected by the 1 KHz switch, and ad­
justment potentiometer R2. The conduction of Q1 is controlled 
by the comparator output to control the net positive voltage 
applied to the fixed resistances. As the phase difference 
between Ftl and Frl increases the comparator output rises 
negative causing Q1 to conduct more. This lowers the current 
flow to the offset oscillator with the result that C12-C13 
in the oscillator charges slower which reduces the output 
frequency. 

4.3.5 FREQUENCY STANDARD (Figure 6-7) 

The frequency standard board A6 produces a 5 kHz reference 
signal Frh and a 400 Hz reference signal Frl for comparison 
with the two phase-lock loop tachometer signals Fth and Ftl' 
respectively. 

The frequency standard consists of a 4 MHz crystal oscillator 
module TCXO, a +100 counter Zl-Z2, a +8 counter Z3-A, and 
another + 100 counter Z3-Z4. The additional +2 counter Z3-B 
is not used. 
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The TCXO module mounts on the component side of £requency 
standard board A6. Different options are offered depending 
on the stability required over the temperature range of the 
Synthesizer. The following options are currently offered. 

FEC Part No. FREQUENCY STABILITY TEMPERATURE RANGE AV. PPM/o C 

Bl69a-l ±lPPM (lxla-6) ao to sao c 4xlo-s;o c 

B1690-2 ±1PPM ao to 2S° C 4x1o-s;o c 

±a.SPPM (Sxla-7) 2S0 to sa0 c 2x10-8/0 c 

B1690-3 ±a.SPPM ao to sao c 2xl0-8/0 c 

Options can be ordered with stability up to the state of the art 
limit of ±0.3PPM (3xla-7) or an average PPM/° C of 1.2xl0-8/° C 

over the temperature range of ao to sa° C. Option Bl69a-2 offers 
optimum performance versus cost and is installed if the customer 
has no optional requirements. 

The first �1aa counter Zl-Z2 and the �8 counter Z3-A are connected 
in series to provide the S kHz ref erence signal Frh to the HF Pulse 
Phase Comparator. The two 7laa counters are connected in seri es 
to provide the 4aa Hz reference signal Frl to the LF Pulse Phase 
Comparator. 

An optional jumper position on the board permits selection of 
either a S kHz or a 25 kHz output from ZS-A but the 2S kHz posi­
tion is not used in the 1SSOA. 

4.3.6 POWER SUPPLY (Figure 6-8) 

The Model lSSaA uses +5 volts for the IC logic circuits and ±12 volts 
for the analog circuits. The pow er supply utilizes operational 
amplifi ers to regulate these output voltages against load and line 
variations. 

The +12 volt output is referenced to zener diode CR7 which 
receives pull-up current from the +12 volt output through R9. 
CR7 holds the non-inverting input of Zl at a fixed voltage. The 
inverting input is obtained from the +12 volts via precision 
divider R3-RS. A Darlington pair consisting of Ql and Q2 serves 
as the current passing element. 
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The -12 volt supply is referenced to the +12 volt opera­
tional amplifier Z2 and voltage divider RlO-Rll. The +5 
volt output is referenced to the +12 volt output by Z3. 

Since greater currents are required from the 5-volt supply 
this supply contains a choke input filter. 

RF bypass capacitors across each of the rectifier diodes 
prevent these diodes from presenting a variable RF impedance 
to the VCO which could produce unwanted frequency pulling. 
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SECTION V 

M AINTENANCE 

5 .1 GENERAL 

The maintenance information presented in this Section will 
help assigned personnel to keep the Synthesizer in proper 
operating condition. Since the Synthesizer is a low level, 
solid-state device, no preventive maintenance is recommended. 
Service technicians should possess a thorough understanding 
of the Synthesizer operation before attempting corrective 
maintenance. 

I WARNING I 

The rear portion of the Synthesizer 
chassis and power supply board Al 
contains ac voltages as high as 230 
volts. THESE VOLTAGES ARE ALWAYS 
HAZARDOUS TO LIFE. Exercise extreme 
caution in these areas. 

5. 2 CORRECTIVE MAINTENANCE 

Corrective maintenance involves obs ervation of the operating 
conditions of the Synthesizer to localize a malfunction. To 
assist the technician in de tecting a malfunction a Minimum Per­
formance Procedure is provided which will usually indicate a 
malfunctioning unit. A Troubleshoo ting Chart is also provided 
to help l ocalize a malfunction to a specific circuit. 

5.2.1 REQUIRED TEST EQUIPMENT 

The following test equipment or its equivalent is required 
to service the Synthesizer. 
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Table S-1. Required Test Equipment 

EQUIPMENT I MAN UFACT URER & TYPE 

AF VTVM 

VOM 

Os ci llos cope 

Frequency Counter 

Attenuator 

Spectrum Analyzer 

Variac 

Small N on-Inductive Tuning 
Tool 

Dummyload (Coaxial SO�, l/2W 
connected to a BNC) 

HP 400 

Triplett 630 

Tektronix 453 

HP 52451 

Kay 30-0 

HP141T + 8552B +8553 B 

Powerstat VS3PN116B 

N.A. 

N.A. 

Before starting the Minimum Performance Tests, be certain 
that the HP524SL Counter is turned of for at least 72 hours 
and the Synthesizer is turned on for at least 1 hour. 

5.2.2 MINIMUM PERFORMANCE TEST 

Proceed as follows: 

1. Connect test equipment as shown in Figure 5-l. Set 
variac to approximately 115 vac. 

2. Rotate frequency selector switches and VERNIER control to 
00.0000 MHz settings. Set mode switch to 1 KHz-100Hz 
position. Check that output is 9.0000 MHz ± 3 Hz. 

3 .  Slowly change variac setting between 105 and 125 vac. 
Check that output remains stable and within frequency 
tolerance at both OUTPUT 1 and OUTPUT 2. Return variac 
to 115 vac position. 

4. Set mode switch to VERNIER position. Check that output 
is 9.000 MHz ±100 Hz. Repeat step 3. 
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5. R otate frequency selector switches and VERNIER control 
to 13.0005 MHz settings. Set mode switch to 1 KHz-100Hz 
position. Check that output frequency is 4.0005 MHz ±3 Hz. 
Repeat step 3. 

6. Set mode switch to VERNIER position. Check that output is 
4.0005 MHz ±100 Hz. Repeat step 3. 

7. R otate frequency selector switches and VERNIER control 
to 12.9999 MHz settings. Set mode switch to 1KHz-100Hz 
position. Check that output frequency is 21.9999 MHz ±3 Hz. 
Repeat step 3. 

8. Set mode switch to VERNIER position. Check that output is 
21.9999 MHz ±100Hz. Repeat step 3. 

9. If the signals at OUTPUT 1 or OUTPUT 2 disappear or 
deteriorate, or if phase-lock cannot be maintained , 
the unit is defective. See paragraph 5.2.3 for 
troubleshooting information. 

10. If Synthesizer is substantially out of tolerance the 
unit may require alignment. The unit can also lose 
phase-lock if it is substantially out of alignment. 
See paragraph 5.2.4. for alignment information. 

5.2.3 T ROUBLE ISOLA TION 

The technician will frequently detect obvious faults such as 
cracked or burned resistors, swollen capacitors, or burned 
insulation by beginning his troubleshooting routine with a 
visual inspection. Table 5-2 l ists the probable causes of 
phsical damages common to different electronic components. 

Follow the visual inspection by measuring the Power Supply 
voltages at board lAl (N0917). With a nominal 115 vac or 
230 vac input, the de supply voltages should be as follows: 

MEASUREMENT 
POINT 

Pin 4 of J4 

Pin 2 of J3 

Pin 1 of J2 

LEVEL 

+12 to +13.5 volts with ripple of less than 
4 millivolts RMS 

-12 to -13.5 volts with ripple of less than 
4 millivolts RMS 

+5 volts ±.5 volts with ripple of less than 
4 millivolts RMS 
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COMPONENT 

Resistors 

Capacitors 

Transformers 

Connectors 
and jacks 

Switches and 
controls 

Indicator 
lamps 

Wiring and 
cables 

Solder 
connections 

Table 5-2. General Inspection Procedures 

CONDITION 

Discolored, swollen, 
or cracked 
Cracked or broken 

Leakage, bulging, 
split case, or 
broken end seals 

Discolored insula­
tion or windings, 
leakage 

Bent pins, charred 
insulation, marred 
threads, moisture, 
dirt, or grease 

Broken, worn, bent, 
or dirty 

Broken 
Burnt out 

Cut or frayed insu­
lation, broken wires 
or connect ions 

Loose or corroded 
connections, cold 
solder joints 

CAUSE 

Overheated due to 
overload 
Improper handling 

Physical damage 
or dielectric 
breakdown due to high 
voltage or improper 
handling 

Overheated due to 
current overload 

Improper handling 

Rough handling or 
normal wear 

Rough handling, 
excessive current, or 
normal wear 

Improper handling 

Improper soldering 

CORRECTION 

Locate and correct over­
load condition. 
Replace resistor. 

Check for high voltage 
condition and repair. 
Replace capacitor. 

Locate and correct over­
load. Replace transfor­
mer if destroyed. 

Straighten pins, clean 
or replace part. 

Clean, straighten, or 
replace. 

Replace lamp. 

Repair or replace. 

Clean and resolder. 
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If the visual or voltage checks do not reveal the trouble, 
proceed with Table 5-3 Trouble Isolation Chart. The Trouble 
Chart uses a Symptom, Malfunction, Probable Cause approach 
to isolate a trouble to the possible defective circuits. 
After the trouble is isolated to a circuit, use the schematic 
diagrams and an oscilloscop e to locate the exact trouble. 
Use the waveforms shown on the schematics to test the impor­
tant points in each circuit. 

5.2.4 ALIGNMENT 

The Synthesizer is carefully aligned at the factory with 
precision test equipment. Realignment will be necessary 
only if the Synthesizer is tampered with or component parts 
are replaced. Before attempting to align a malfunctioning 
Synthesizer always investigate and elimi nate all ot her possible 
causes for the malfunction. Only qualified technicians should 
ever align the Synthesizer. 

NOTE 

Alignment is a last resort, not a 
method of troubleshooting. 

Figure 5-2 shows the location of the various test and adjust­
ment points. To begin alignment place the Synthesizer in a 
test location convenient to the required test equipment. Re­
move top cover from unit. Also remove RF shield from VCO board 
lAS (N0920). 

Before attempting to align the Synthesizer, be certain that test 
equipment and unit have been turned on for at least 1 hour. 

NOTE 

HP5245L counter must be turned on 
for at least 72 hours before the 
Frequency Standard Adjustment can 
be performed. 

5.2.4.1 FREQUENCY STANDARD ADJUSTMENT. Proceed as follows: 

1. Connect frequency counter to Jl on the rear panel. 
Remove cover screw from TCXO module located on FREQ 
STD board A6(N0980). 

2. Set frequency selector switches to 12.0000 MHz settings. 
Set mode switch to 1 KHz-100 Hz position. 

3. Adjust TCXO for an output frequency of 21.000 MHz ±1 Hz. 

4. Replace cover screw in TCXO and disconnect frequency 
counter. 
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SYM PTOM 

1. No signal at OUTPUT 1 
(R1 control full 
clockwise). Normal 
signal at OUTPUT 2 .  

2. N o  signal at OUTPUT 2 
(R2 control full 
clockwise). Normal 
signal at OUTPUT 1. 

3. No signal at OUTPUT 1 
or OUTPUT 2(R1 and 
R2 controls full 
clockwise). 

4. OUTPUT f requency 
approximately 10% 
higher than selected 
frequency at all 
dial settings 

Table 5-3 Trouble Isolation Chart 

MALFUNCTION 

Q-phase output circuit 
defective. 

P-phase output circuit 
defective. 

VCO circuit not 
operating. 

Frh reference signal is 
not sampling phase 
comparator. 

PROBABL E CAUSE 

a. Isolation amplifier circuit 
on N0 920 defective. 

b. Level potentiometer 1R1 or 
output connection defective. 

a. Isolation amplifier circuit 
on N0920 defective. 

b. Level potentiometer 1R2 or 
output connection defective. 

a. OPER-SBY switch in SBY. 
b. VCO circuit on N0920 

defective. 
c. HF phase comparator output f rom 

N0921 defective. 

a. Frequency standard board 
N0980 defective. 

b. Frh differentiator circuit on 
phase comparator board N0921 
defective. 

c. Sampling circuit on HF phase 
comparator board N0921 
defective. 
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Table 5-3. Trouble Isolation Chart (cont.) 

SYMPTOM 

5. Output frequency 
approximately 27 MHz 
(±2 MHz and unstable) 
at all frequency 
dial settings. 

6. Output frequency 
20-30 kHz low but 
stable at all dial 
settings. VERNIER 
or 1 KHz-100 Hz mode. 

7. One or more dial 
settings of the 
10 MHz, 1 MHz, 
100 KHz or 10 KHz 
switches produces in­
correct output fre­
quencies. Other dial 
settings are normal. 

MALFUNCTION 

VCO not receiving control 
voltage from HF pulse phase 
comparator. 

Offset oscillator signal 
is not present at mixers. 

Dividers not operating 
correctly on defective 
dial settings. 

PROBABLE CAUSE 

a. Mixer circuit on N0922 
defective. 

b. Divider circuit on N0918 
not producing Fth' c. Ramp generator c1rcuit on 
HF phase comparator board N0921 
defective. 

d. Differential amplifier on 
HF phase comparator board N0921 
defective. 

a. Offset oscillator circuit on 
N0922 defective. 

b. +4 counter on N0922 defective. 

a. HF divider circuit on NQ918 
defective. 

b. Switch connections to dividers 
on N0918 unsoldered or broken: 
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00 

8. 

9. 

1 0. 

Table 5-3. Trouble Isolation Chart (cont.) 

SYMPTOM 

In 1 KHz-100 Hz mode 
only, output frequency 
20-30 kHz low but stable 
at all dial settings. 
VERNIER mode normal. 

Output frequency approx­
imately 1 kHz off frequency 
and unstable at all set­
tings of the 1 KHz and 
100Hz switches. Other 
switches change output 
frequency by correct 
amount. 

One or more dial settings 
of the 1 KHz or 100 Hz 
switches produces in­
correct output frequen­
cies. Other dial set­
tings are normal. 

MALFUNCTION 

Offset oscillator 
not receiving any 
phase-lock voltage. 

LF phase-lock loop not 
functioning properly. 

Dividers not operating 
correctly on defective 
dial settings. 

a. 

b. 

a. 

b. 

c. 

d. 

e. 

a. 

b. 

PROBABLE CAUSE 

Electronic vernier 
Ql on N0919 is shorted. 
Phase-lock voltage con­
nection to offset oscil­
lator broken. 

LF divider N0919 not 
producing Ftl pulses. 
Ramp generator on LF phase 
comparator N0983 defective. 
Differential amplifier 
on LF phase comparator 
N0983 defective. 
Frequency standard signal 
Frl defective. 
F 1 sampling circuit on 
LP phase comparator N0983 
defective. 

LF divider circuit on N0919 
defective. 
S witch connections to 
dividers on N0919 unsol­
dered or broken. 
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5.2.4.2 OFFSET OSCILLATOR ADJUSTMENT. Proceed as follows: 

a.Vernier Mode 

1. 

2. 

Connect frequency counter to TP1 on MIXER/OSC board 
1A3 (N0922 ). Set mode switch to VERNIER position. 

Rotate VERNIER dial to setting 10. Adjust CENTER 
FREQUENCY potentiometer R29 for a frequency of 
3 0,020 Hz ±10 Hz. 

3 • Rotate VERNIER dial to setting 00. Adjust RANGE 
potentiometer R30 for a frequency of 19,980 Hz ±10 Hz . 

4. Since the two adjustments interact, repeat Steps 2 
and 3 until both frequencies are within the stated 
tolerance. 

NOTE 

Rotating R29 clockwise increases oscillator 
center frequency; rotating R30 clockwise 
decreases the range covered by VERNIER dial 
and increases oscillator frequency. 

b.Digital Mode 

1. Connect VOM to J2 pin 1 on LF Programmable Divider 
board 1A7 (N0919). Set mode switch to 1KHz- 100Hz 
digital position. 

2. Set 1KHz and 100Hz selector switches to 0 positions. 

3. Adjust R2 on board 1A7 for exactly +4.0 vdc on VOM. 

5.2.4.3 VCO ADJUSTMENT. Proceed as follows: 

1. Connect test equipment as sho wn in Figure S-3. 
Adjust R2 on rear panel to full counterclockwise 
position. 

2. Rotate AGC potentiometer Rl 8 on N0920 to approximately 
center position. Rotate WAVEFORM potentiometer R75 on 
N0920 to full clockwise position. 

3. Adjust R75 counterclockwise until LOSS OF LOCK indi­
cator just goes off. Rotate front panel 1 MHz control 
through positions 0-9 and check that indicator stays off. 
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4. Tune Synthesizer to 12.0000 �lliz (21,000,000 Hz output). 

5. Adjust Rl8 for a 1.05 ±.05 volt peak-to�peak level on 
oscilloscope. Move dummy load and oscilloscope to Jl 
and adjust Rl (on rear panel) for a 1.05 ±.05 volt peak­
to-peak level. 

6. Disconnect oscilloscope and dummy load. 

5.2.4.4 VCO HARMONIC/SPURIOUS OUTPUT TESTS. Proceed as follows: 

1. Connect test equipment as shown in Figure 5-4. 

2. Set spectrum analyzer for 0-100 MHz scan width with a 
scan time of 0.1 seconds or slower. Monitor VCO output 
with analyzer while changing the 10 �lliz and 1 MHz switch 
settings between 4 to 21 �lliz in 1 MHz increments. 
Observe that the harmonic/spurious outputs are below 
the primary output by the following amounts: 

a. 2nd/3rd harmonics down at least 31 db. 

b. 4th and higher harmonics down at least 
36 db. 

c. Any spurious outputs down at least 55 db. 

3. Rotate frequency selector switches and VERNIER con­
trol to 12.0000 MHz settings (21,000,000 Hz output). 

4. Set analyzer for a 1 kHz bandwidth, a 10 kHz per 
division scan width, and a 0.2 second per division 
scan time. Observe that the 20 kHz sidebands are at 
least 55 db below primary output frequency. 

5. Switch spectrum analyzer and counter connections on 
output connectors and repeat Steps 2 thru 4. 

5.2.5 REPAIR PROCEDURES 

The 15 50A Synthesizer is designed for ease of subassembly re­
moval and installation and will pose no problems for an ex­
perienced technician. Replacement of component parts is also 
routine with the exception of the front panel VERNIER control. 
The VERNIER control must be removed and replaced as discussed 
in paragraph 5.2.5.1 to prevent loss of dial calibration. 
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5.2.5. 1 REPLACING THE VERNIER CONTROL. Proceed as follows: 

1. Rotate VERNIER dial to 0 position. Remove #4-40 
HOLDING SCREW from clip on inside rear of chassis. 
Using .050 HEX KNOB WRENCH attached to clip on in­
side rear of chassis, unscrew either #4-40 Allen set 
screw 1 turn. DO NOT rotate set screw more than 1 
full turn. Insert holding screw in set screw slot and 
tighten. If holding screw will not catch, tighten set 
screw 1/2 turn and insert set screw. 

2. Loosen second #4-40 Allen set screw and remove VERNIER 
dial. Dial will require light pressure to remove from 
keyway and shaft. 

3. If only VERNIER dial is being replaced, proceed to Step 7. 

If potentiometer is being replaced, proceed to Step 4. 

4. Unsolder and remove wires connected to potentiometer. 
1R3. Mark position of each wire as it is removed. 

5. Remove nut, washer, and snap-on assembly holding 
potentiometer to front panel and remove potentiometer. 
Install new potentiometer and secure to panel. Be 
certain that lugs on potentiometer are canted to side 
toward board Nb922 in order to clear the top cover. 

6. Connect and solder wires removed in Step 4 to new 
potentiometer. Rotate potentiometer shaft to its 
counterclockwise stops . 

7. S lide VERNIER dial onto potentiometer shaft until it 
rests lightly against front pan el. Apply light pres­
sure and rotate knob COUNTERCLOCKWISE until index 
seats in keyway. 

~ 
DO NOT ROTATE CLOCKWISE! 

8. Press knob into keyway to seat assembly. A slight 
snap will indicate proper seating. 
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9. Tighten Allen set screw not containing holding screw. 
This locks VERNIER dial to the potentiometer shaft. 
Remove #4-40 holding screw from dial and tighten 
#4-40 Allen set screw. 

NOTE 

If a new VERNIER dial is installed, 
#4-40 set screw must be inserted 
after holding screw is removed. 

10. Replace holding screw and Allen wrench in HOLDING 
SCREW and HEX KNOB WRENCH clips on inside rear of 
chassis. If potentiometer was replaced, perf orm 
the Vernier Adjustment procedures discussed in 
paragraph 5.2.4.2. 
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Set to 
115 Vac 

Figur e 5-l. 

Model 1550 S ynthes izer 

Output 2 Output 1 

RZ JZ Rl Jl 

� 

CHl 

Oscilloscope 

Initial Settings 
CHI VOLTS/DIV-50MV 
MODE-CHI 
INPUT-DC 
SWEEP TIME-l)lsec 
TRIGGERING-INT 

� 

Frequency 
Counter 

Initial Settings 
Sens1 ti vi ty- .1 
Timebase-ls 
Function -Frequency 

Connections For Minimum Performance Tests 
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OUTPUT 1 OUTPUT 2 

II 
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SET SCREWS 

Figure 5-2. Board Locations And Adjustment Points 
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LOSS OF LOCK 
Indicator 

Figure 5-3. 

Model 1550 Synthesizer 

CHl 

Oscilloscope 

Rl 8 � !'--- ­
"" AS 

Output 2 
� 

Output 1 

R2 J2 
� 
Rl 

I 
___ _j 

Dummy 
Load 
SOQ 

Step 6 

Initial Settings 
CHl VOLTS/DIV-SOMV 
MODE-CHl 
INPUT-DC 
SWEEP TIME -l�sec 
TRIGGERING-INT 

Connections For VCO Adjustments 
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Initial Settin§s 
Scan W1dth-O-l OMHz 
Scan Time-O.lsec 

Spectrum 
Analyzer 

Model 1550 Synthesizer 

Output 2 Output 1 

� (i) 

Insert 20db 

Attenuator 

RZ JZ 

Dummy 
Load 
son 

Initial Settings 
Sensitivity-.1 
Timebase-ls 
Function-Frequency 

Rl 

Frequ enc y 
Counter 

Figure 5-4 Connections For VCO Harmonics/Spurious Output Tests 
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---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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� WIRE TYPE 
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Figure 6-9. Model 1550A Chassis Wiring Diagram 
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4 3 #'4·40x V4 M 11<1 
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.30 J IG2S·U,·I CO,YN£CTOII P/.1/G - 4 PIN I 
28 ?6 162S-JH·I CONNECTOII PLI/G- .3 /'Ill' MOLU ,_ 

28 I 7SO .JTAA'IJOrr WINCNESTE. l:l 

27 I MST213N SW/T(N IJPEJT-WIIIT£ CAP IlL CO Sl' 
u 6 30-J·IG lrN()8 RO/JAI.O I?AYTH£011 --
23 I .302/ COUIJITER LJ/AL AMf'IIENOL 

24 I SP-1 STIIAIN 1/fLJH hEYCC -
2J I 17237 POW£!? COR/' 1t1Tfl PLIIG 8ELIJ£N P.J 

22 2 C L t/-1011 POTENTIOMETFR !OO.JJ._ A-8 H/112 
21 1 �1018-102 fJ:JTEIITf(}ME!Etf !k. .Jl !r) Till?. AM!'HENOL H.J 

20 I J42004 ,<i/SENOL0£1/ II/4A '/4 ,Ct/SE L/7-F/JS£ Xrl 
19 I ]IJ.Jl5 FLJSE, l!BA SLO·Eit.O ;;r-rus£ n 
18 z BS02 1/VO!ICT)R 2.5 MH MILL Eli' Ll L2 

IT I 16 2·84j0-532 LAAfPHOLDlR CREEN LENS fJIAL CO XDS2 
IG I !G 2-84J0·9J I LAAIPHOLEER RED LENS' DIAL CO LJIOSI 
IS 2 :JSO LAMP CE !JSI.JJ$2 
14 I MISJG-GS CONA!EC TOR AC JAC/r CIRCLE F ,JJ 
/J 2 [I.S'-71:-6&7-8 COII'I/IECTOfi'. BNC FEMALE IJACE I·J.2 

12 4 5/fK-S/0 CAPACITOR .0/MF 111'11 SPI?AGUL CJ.I(IAATJCS CI·C4 

In II I C2460 ASS'' 1"-"EQtiENCY SUNI)M'I) FEC N0980 cN61 AG 

10 I .02/b" 7 ASS'Y. fiF VCO A/0920 02172 AS 

9 I C2J9t ASS'Y. PIIASE COMPA#AT[,Q JY0.921 IJ21TJ 114 
B I IJ 21GG ASS'Y. MIX£R OFFSET OSC A-0922 D2171 AJ / 
7 1 /J21GS ASS'Y HF IWO/Jf?AMMEO 0/VIfJ' /¥0.918 1)2170 "2 ' 
6 I D21G4 A.SS'Y POWER StJPPL Y k'O 817 !J21G.9 Af I 
s z 811S2 BAll riiO,YT P.AAIEL 

4 I 8/S12 SHIELD PO W £!? 

� 
J I C0706 C'OVER TOP 

2 I c 2402·2 CHASSIS 

I I Ci'464 F/IO,YT AfNEL ENOI?AV£0 FEC 
"'" !t�QD "'"'"THO Dt:IC"I�ION 

.. ' ... """'TL.SI"CC 0111 I"INiaM I"INISM � C«;TS1'M ��""' 

l 
Figure 7-1. Parts List 
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iJ6VOOR SLI;;L,;}, � ��-
!OtekWI'ISJ.IEI? 

®--� 
IAISTAit k/ITJ-1 00!0 .Si.O£ '\ �.........___�--
DOWN'. i/SE ITEM 46 
8FThJC£1./ TP./lA/SIS"TOR 
4!VO !IC#T S!AIK. 

c.1VOTES� 

I. SO-./E'MATIC RFF: 0ZI69. 

?. UNLESS OTJ..IC/?kJ!S£ SPEC/FICO 
OR!LL I'ILL 110/ES ,</!!55 t:OSZ)OR 

4110 !AISTilLL ITEM' 45. 

& :VF 70 (.0?8)DR-IILL !.C.'s 

� /V!! 5i' f.OS3JOR 

0 N! 49 (073)0R 

Cll ;{!e 43 f.088)0R 

• N• 300?6'JOR 

• ,.ve ?Z(.!57JOR 

t A/!! II (./9/) OR 

QS 
ZN49i'l 

@. 

Figure 7-2. 
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Power Supply P.C. Board Assembly 1A1 
D2164B 
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52 " "lilT 1\E')(. 2.-SG." S/l�,t,F st. 'STI... 
51 " WASiiER NO. t 51'\.IT LOCI( P"e&.BRt. 
50 " :I CREW . 2-St.• 3/IH� BO.Mn Sit. ':ITt. 
49 2 "018· lo"aA CLAMP CA.PACITOR AtxiAT 
4<1 I <#OI<D -2.8A. CLAMP CAPlC\TOI< AUGAT 
47 I RC?.'l.GF410J RESISTOR 47..,. IW !>"7o A-B 
46 4/R SIL!CON CRF.4SE" 
45 ,4/1? 46410 Gli'!PlET BERG 

44 4 NUT NP 6-3ex 1/4 A. F. 
4.3 6' NUT N!! 4-4tJx '14 A. F. 
42 5 W/?S,<,IER /11:' 6 F.!AT 
41 4 � N 9 6' !IVT Ti!t! Til 
10 2 I ;(/1 4 FLAT 
,].') s W/?S,<,IFI? ;V!!'4 !!IT T{){)T/1 
.38 4 SCREW N� 6'·3Zx 7/8 ffd lid 
.JT I -� N!!'6·3Zx 5f;6.5'dk'd 
36' 2 j N9 4-40 X 1/t� ffd f-fd 
35 6 SCREIJ A/04-4o,!Yarur lid. 
34 24 ZOS9 EYELET ST!HPSOA.. 

33 4 124/l-/2 J'TAN!JOFF CTC 

32 6' M !I3 -!02-ET J'TA%£ ?IN, �EMALE BEAO·C/IA/11 
.f/ 2/ /?82-3 ET S TA%£ PI IV, MALE 8EAO-CIIAIII 
3() J LA/14/C/Y INT£6'1/AT£!) CI/IC!/!T NATIONAL 
2.9 I TA-12.21'2. 1/Y£!!/CTO/Y T!IANS-!NC. 

28 I TA-12 2.11 TIYA!VJ'FORMER 11/AA'S-IffC. 
27 I 0-/ZG .J'ti'/TC/1 OPOT J'L/L!£ CO#!-W!I?T 
u s !IC2NFSBI<I !?ES/ST0/1 S80JL, I/2W, J"7. AB 
2S I /?COTCFJ"IM SIOJI /4/fl S% 

21 I IICON.F4TI<I 110JL S% 

2.3 I I/C07$FI02<1 /!( S% 
2:1. J /ICoT6'F!iJIJ /OOJ/. S% 
21 z /ICOTC/'2 2/J 2ZOJ/. S7. 

20 I 19COTCF £'81<1 6'80Jl. J"7. AB 
18 I l/,f8!JLJJOIOF .3 0/JI /'7.. COI/N!!IC 
18 I 11/ICO!JToOOr 7.SOJL 17. j 
17 3 /?;1/CO!JS /!OF J"/!Jl. 17. r 
IB 4 /?/11800 /00/F I K I/41V. I% COR/1/,VC 

IS :1. 4SS� 1/ESISTOII, 7.5 J2 sw Oil MITE STYLE 99S·S8 

/4 I 2#380<0 T 1/AI'I.S IS' TO/I /'.1/P MOTOIIOLA 

IS 2 2#.3904 � N/'.11 � 
12 J 2.114.921 T//AIYJ'/STOI/1 ;11/1.1/ /HJfiJIICLA 
II I I!V82JA !JIOIJE. Z£.11£11, C.ZV, S?. .SEMCNI 

10 ; 1!114tJ02 LJIOIJ£, II£ C 11 Fl E II MOTOIIOLA 
8 fJ .08JS!SI!!PJl CAPACITO!? ,OMIF!J, ;j}%,2SJI ElliE 
8 I !.JiJMTC90JSI/2 47A1F!J, .JSY S PI/A GIJ£ 
7 I !S002ZGX!JO!S8 Z2 MFLJ, ISJI SP!/ABIJ£ 
c 3 MTI'ZOTMO/SP!C 20/J)I.FfJ, lSI/ MALLORY 
s I J9tJ/28CO/,YU I 200 JIF!J IS II SP!/AC/IE 
1 z 3B!JI08G02SCL4 CAPAC/TOll, IOOOMFO, 2.fV SPIIACIJE 

3 I 81/TJ SWI!C/1 PLATE FEC 

2 I 814{!4 h'EAT S!!llff rEC 
I I #08/T /'C BOA/10 �EC SC!i. 02169 

IT£M REO 0 PA. .. T NO 0£SCRIPTION 
MATL MAT"L SPEC OR 

FINISH FINISH SPEC CKT SV� 
M"O CAT PART NO 

Figure 7-2. Parts List 
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C6 
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B 

.05) • • 

� @
@ � FEED-1HRU 

l&o 

6 

SOlDER_ 51".ND·OFF 
iRA.C� Slt>E 

1\:0TES: 
I. DRILL ALL HOLES UNLESS 

OTHERWISE SPEC I FlED NO. ss(.os2) DIA. 

8 DRILL ALL I.C.PADS N0.70 (.028) 01A. 
• DRILL f-I0.\1 (.l�l)DIA. 
8 DRILL NO. S'L(.M,l) DIA. 
a DRILL NO. 43(0M)Di"· 
2.. REt. S.CHEMA.\1( D2.tlO 

Z3 

t.l 

@ 
@ 

@ 
@ 

��� 
"' 

� it ,_ 
fgj � tt s� 

@ 

T 

2:4 

1 7 4 30 1 � 
• 1:2. 

�!t ��=�O"OO �������� 

3 '4 SHAFT lENGTH 
YPICI>.l 4 P', �cE� 

4 
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Figure 7-3. HF Programmable Divider P.C. Board Assembly 1A2 
D2165C 
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{ 
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!A JSR -3Z5-3o-lloolfx-w 
J.�/1.:- ��-}0 -Jtoorlx-c, 
.JLf?.- ;25- 304IOONx-C. 

.... 
111,4 

22 
21 
20 
!9 
/8 
17 
/6 
IS 

14 
IS 
12 

II 
10 

J 
8 
7 

,._f) 
�s 
--4 

3 
2 
I 

ITEM 

Rc� 7G-Ft.gZJ 
2 D D 3.3 

I 2N23�JI/ 
I I IV J/4-

A/f( 
A(R 
Aj R 4�4!0 

4- M?J-102.-ET 

5 1162-3-ET 

4 124C-IZ 
I L/78-.9020-SJX 

4 LIT8·3310-59X 

I SA1140ZAI 

I SN7140N 
I SA17400AI 

4 SA174JOAI 
/. . 
I 

t--2 

18 RCOlCI' IOJJ 

/0 .SBSSYSIISOJi! 
I ;110.9/BA 

REQ 0 PMn NO 

ft<"TOR &.B!r50J�->([.., A.B 
IAIOI/CTORS, 3 . .9-;-A !YY 7.fO#ICS 

TfiANSI5TOR NP!V Tli!I?C)I!Lb 

0100£ &E 
iN5UL,�TEO ;-tJ8l'k(1TEFLON ALPI-IA 
HZ+ CiAUGE 8U3 WIRE BELOEN 
'>RI?LETS a=R� 
STAkE PIN !'£MALE 8EA/J C!IA! 1Y 
STAkE PI/V MALE BEAD C'IA/# 
STA/VfJOFF C TC 

/!YTE!J!IATEu ::IIi::!! IT FAift/1/L/J 
FA!!IC/f/L/) 
#AT!MAL 

� 
, 

1/VTE!i!/ATEO CI/ICLIIT #�T/ONAL 
SWITCH I Z POS. I SEC PC ITT Jf##I,YC 
Svr!TCH 12 POS JSEC, PC Ill JfiUI#C 
SWITCH, 12 POS., 4 SEC PC Ill J[N,Y/-¥G 
1/ESISTOR IOH S% !/4 w AB 
CAPACITOA' .05Aif'LJ · ZSV LJISC Ell!£ 
t'?C . .80.4/fiJ FEC Stil. 1)2/ TO 

D£SCRIPTION MA:FI..IIt"OR MAT"L SPEC OR FINISH FINISH SPEC C:I<T SYM CAT PART NO. 

Figure 7�3. Parts List 



NOTE5: 
I. DRILL ALL HOLES UNLESS 

OTHERWISE SI''<.CFIED N0.55(.052)01A. 
e DRILL NO. 70(.02.&) DIA . 
.t. DRILL NO.I I(.!'!!) DIA. 
e DR,ILL NO.SZ.(.O!:ol)DIA. 
• ORI LL NO. 43(. Of,� )011>.. 
2-. REF. SCI-IEMA,Ti<: D2.ill 

Figure 7�4. 

(0� '</ 

40 

'--SOLDER LEADS OF COMPONENTS ON 
COMPONENT SIDE, • 7 PLACfS 

.t. 

jS) SOLDER STANO-Of!"s 
TO 80-'RO. 4l'l-'C.ES, 
TRACK AND COMPONENTS I DE 

{)� "� 

SSB Mixer/Offset Oscillator P.C. Board Assembly 1A3 
D2166C 
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r 
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{ 

I 
4-2 3 DD-3.9 iNDUCTOR 3.9 /f/C/?OHEII/1/ES ;1/)'T;'MKS 
41 I RN,OD 17BZF RE:51.5ToR f7, 8 K. /4W i 7. CG;W 
40 I RNt;OD49�1F RESISTOR,, •'/.1 � K '/1W ;-;, C•ilv' 

I 
3'i I RN(.OD2432F R£.515TOFi Z"f.3K Y4w' l"o C<SW 
38 l"'IR 4'-410 G;Rif'LET jj"£R(i 

JT !£ /ffJ 2 -J-ET STAff£ PIN MALE 8EAO :.M!¥ 

Jll 10 M.JJ-102-ET J'TAK £ Pill r'EirlAL£ BEAD Cll!i/1/ t 
3S 4 124C-12 J'TAIVIJOr'F C TC 

34 I TD 4-01 INT. CKT DUAL TRANSISTOR SPRAGUE 
JJ I SNIS808JIY INTUIIATE/J CIIICI/IT !YATI�ff'AL 

JZ I (.6WRSK POTENT!OM£TEI? 51( BECK. MAN 

31 I <>6WR2K POTEAIT!OMETE!r ZK &ECKMAN 

30 2 ll!v'llODIOOIF I?ES/STOI? I)( • 1/4111. I% c c JY 
I 

29 I lr#6'0C2431r' z.43ff . 14'w 1% caw 

28 J i?COTCF 3JOJ JJ.Q 1L4W S% 48 

27 2 IOJJ I 0/f 

26' { 
2S I 47Jj 47/( 
24 4- 4 71J +70JI 

23 2 JJ!i/ JJO.P. 

22. I 122J /. 2 /( 

21 2 6'8/J 6'80Ji. t 
20 4 IZJJ I Zlf 
1.9 2 {,8�J 6811' 

t 
18 2 414J 470)( 

11 2 3.92J 3.9/f 

16' 3 I?C01CF 10 2J I?ESIJ'TOII /If ;i1W sz AB 
/.0 I PCR?00-.00/JO,B CAPACITOR,-00068 MF Z '1· COV f'AKTRON 
14 4 Z#S-453 Tlr.4#S!.JTOI? FET !Y t'h'AAI J'/{;{C10LA 

IJ 2 2#SU'I FET I' CIIAII .uo.-Mo:A 

12 4- 2AI.J.'}IJ4 I #P/JI !VAT/OiVAL 

II 2 2N.J30G TI?ANS/.JTO!/ P;VI' #AT/MAL t 
10 I S082-28!0 2100£ HOT CARRieR. HP : 

.9 J ISOC!CI!f!JIJ208 CAPAC/TO/I /OMFLJ 201/ SPIIACIIE 

8 ' S8JSYSI!i0Jl . 0/A!Fb,;iJ%, 2S!I ElliE 

1 I CM06FD82fG03 820FF -' '7• so�v £LMENCO 

.. 2 !JIIl·IS-4TIJ 47JPF. S7.. S!JOY EL/A£,YC!J t 
s ' 
4 2. OM-IS-JJOJ JJ PF S'7. S!lOY £1,�£Nt0 
3 4 !SOb!MXBOISA 2 IMFLJ 1.0 y JPI/ACJ[ 

2 3 fJJI-II-C80J CAPAC!TM fl8PF, .07. IO:JY ELU;VCiJ 

I I IY0.922A P.C. 80AIILJ FEC SC!i. !)2/71 l 
ITEM R£Q 0 PART NO 0£SCRIPTION M.a.�FLI'tOR; MAT'l. SPEC OR FINISH FINISH SPEC CI'(T SYM CA.T PA.RT NO 

-----��� 

t 

t 
Figure 7-4. Parts List 
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NOTES 

/, .5CI-IC:M.4T/C REF OZ/79. 

2 .. t/NL ES� OTI-IC:Rh/1..5[ SPFOFIC:D 

OR!LL .4LL 1-/0LES /llf? 5.5 (. OSZ) OR 

4A./O IA/ST.4t.L 6"R!PLET #SO 46410 . 

• N!' 52 £.06..1) OR 

(0 /1/f 41 f.089) OR 

.A N !'II (.1.91) DR 

SOLDER TI?4CK .SIDE 

4 PL.4CCS 

rnR.JO 
�Jl 

VIEW '.4' 

Figure 7-5. HF Pulse Phase Comparator P.C. Board Assembly 1A4 
C2396C 
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JcL I RCo7GrJlZJ Rt£-s sinR 3. 7 k' t/4wS"2 Afl 
' 

40 #II? 46410 CI?!PL.E:T If ERG 
3.9 -f !24C-!2 S !All' iJO.FF CTC 

-38 T M:JS-102-ET STAit'E PIIV FEMALE BEAD CIWH 
-37 9 I/C2-.S -ET STAit'E PIIV, #tAL£ �EAO CIIA!# 
J6' z !?CO 76'F 6'8 JJ RESISTOR. o80Ji. I/4W. Sf; A8 

-35 I 33.JJ S.JK 

34 I IZSJ 121( 

JJ 2 I04J 100)( 

S2 2 IOSJ /0)( 

Sf I S84J .3.90)( 

so I 4TSJ 4.7/YI 
28 I 472J 4.71( 

28 2 IS2J /..f)( 

27 I /01<.1 IOO.fl_ 

26 I 202<.1 2}( 

2S I 242J 2, 41( 

2-f z !5SJ l.frf 

2.3 � 'Rr:o7Gf'S.32J 3,Sff I w..Y 1/-R 
22 I IliVboDI1R3F !ISK I £,.,;I% Co£1f1NG-
'll s Rco71iFIS2J /,,J/r I ,.,;S"A, A8 
20 3 � IOZJ //( 1 r 
/.j I 1/COTCFS//J RES/STOII 5/0Jl 1.'4W. .f% AB 
18 4 2#.3806' T/?A!VSISTOII p,yp #AT!O#AL 
1 7 s 21VS.904 IVP!V AIAT!t!AIAL 
18 I 21VS06'0 -SCI? MOTMOLA 

IS I 2#4248 P#P #.41/P#AL 

14 I 21VJJ82 IYPAI #ATIOIYAL 

IS I 2#.S4S8 FET. IV Ch'AAI. MOTil!IPLA 
12 I 2#0"461 T/?A#SIST0/1 -FET. P CHAN. MPTPIIPLA 

I I s /;1/914 0/00£ G£ 
10 I OIYI-16"'/ZOJ CAPAC/TO!/ ;z PF. sr. sccJI ELMEAICO 
8 I /M0-1-ZOJJ ,02 MFO,S"Z IOOJI � 
8 I OM-IS 41/J 4TO PF. S% SOOJI ELME#CO 
7 I {'f(06'BX472!f 4 TOO ?I': 10% 20/JY E: /liE 

6 I 1JIYI-!8-20ZF 2000/"F I 7. SOil// ELME#CO 
s 3 fJM-IS"-102 J 1000 PF. S% S00/1 � 
1 I iJ!YI-IS-.33/J JSOPF. S% SOOY EUIEIYCIJ 
3 4 S83SYS"/1103l ,01 AIFO ;§3 '%. 2SP' ElliE 
2 2 'J()t)I06'X90ZOBZ CAPAC/TO!? /OlAF[)- 20V SPRAG/I£ 

I I 11'0821 PC BOAR[) FEC SC!t. iJZ/1.9 

!TIM Jti:QD ,.AitT NO DUCI'ti,.TION MA,!;:;_OR �T.L,.�= ""- ,.,,...,..a; ClOT .... 

Figure 7-5. Parts List 
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�C!Uh 7NC 

FiJi([:::(!� ('CHF: 
�-':f£[. 

NOTES: 

3(, 

I. DRILL ALL HOLES LJNLESS 

• 

OTHE!<.V;ISE SPEC IFI�D NC. 55(.052) Dl"- • 

• DRILL NO.I I (.1 �1) "St. 

4 DRILl NO. S7.(.0�l', Di 
II �RiLl NO 410 \-0e>�; [jl( 
• DR1 LL IVo 'lo (.oge� Dli' 
2. SCHFM/,TIC Rt:. _ �\l1_ 
3. BOARD (1AST£fi /3/728 

4-2 

���R61 

cY 

& Cfo,N PcBoA£D B<�oC? 11>'5TALLwG 
;1'£ms 14 # 15. 

Figure 7-6. 

\ 
'4-3 /3 19 8 31 � 28 

• 

FcED-THR4 

• 

38 .50LOER !lROt/NO 

STA'tVOOrr ON 

TR!lCK I (0/'1PONE/YT S!IJE 

(4 PL4CES) 

to tef?.!rl,NhL 1 

!rem !Yo 48 
/115EF..1' IN 

F1£L£r, SoLDc�<> 
!NP/�<G'. 

55 

)VOTE: BE;fll> C4-S OUTWARD SO 

LIS WILL nr 8ETWEEII 
C-/S(Cii!; 

Main Voltage-Controlled Oscillator P.C. Board Assembly lAS 
D2167B 

-
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!;!) 2 73F22JIIF 
.H- 4- SI'JS'S)'SI/o03r 
S3 IA/11 
S2 '/R 
Sf 2 20{,9 
so {," RG/74/V 
f9 2 /S6/·TL8 
4-B 3 !StO- TL 8 
1-7 I f{,2S-31i-l 
H 5 DD J.9 
H 3 /)/'!IS -3JOJ 
-�-� � /)lf/.S-20/J 
4-3 2 /J/1/S-5'/.0J 
42 2 I/C07GF470J 
41 e f/C07GF 27i!F 
4-0 { RC07GF IDOJ 

39 A(R 4(,410 
38 4 124C 12 
37 7 M8.J-Io2-ET 
.3/i' 10 /16'2-.J ET 
35 I SVZSII 

34 
33 3 Rt'07CF8Z!J 
32 2 li't'07CI'!S2J 
31 4 !i'C07CI'471J 
30 I IIC0701'S6'2J 
29 I S Y !OJ I 
zs I !!CO lCI' !6'/J 
27 2 1/#8002 740F 
ZB I IICOTG'I' .JJIJ 
25 2 RCOTCI'222J 
24 2 !IC07CI' 2 ZOJ 

23 .J IIC07CI'I02J 
22 I IIC01GI'/81J 
21 z !ICOTCI'332J 
20 z !ICOTCI'S!2J 

NJ 14- 1/COTC/'2 ZIJ 
18 I !IC07CI'411u 
17 6 RCOTCF/0/J 

IC 10 2N.J.JOfl 

14\ IS 2 B /CBB-2 
;4 14 4 8-16'86'-/ 

13 /3 21Y.JJ04 
I 2 8 B-IBBS 
If I S082·3080 

/0 /0 IN'l14-
9 2 81683 I 
8 I OM!S-18/U 
7 B !JMIS-4-30J 
6 I RCD7GFZD!d 
s 2 DMIS-330J 
4 6 S81SlSt1104Z 

3 34- S83SYSt!IOJl 
2 3 IS00/06'< 902082 
I I #0.920 

�M� PART NO 

1/IP//CTOR, l.l !f/1 I.Ot! I'IA 
CI/MCI TOR, .os-111rc, ;�;�zs 
li/131/VG, I' G-11- Jl/lT.TEFLON 
T/J81¥G, /fMT S/t/1/;.t)(f/Bl£ 
EYELET 

C 1/B L E, S/flfL OE/J I {O!YJ. 
/'JIJI, r£!1/ILE 
1'/!Y, !Y/li£ 
[d!VIVECTt!li, 3 ?IN 
/!Y/JJJC'TOR, 3.9 '?# 
Clifi/C ;roll, 391'1, S%,,-oo y 
U !'1/C I TOR, 20oFt, 5"%,soov 
CIII'RC/T0/1, S(,i'f', S%,s--cy 
!/ESIST0/11 4-7�, S%1 1/4# 
R£5/Sl Oil, 2.7X, 57-, 1/0¥ 
;9FSISTOR, j!J.n..., S"lo, 1/41'1 
G RtPLETS 
STAIVOOFI', 6'-3 Z < .J/8 
FUifAL£ STAKE PI# 
41ALE STAir£ PI# 
/IE SIS TOll 2SCJi. VMIJBLE J/21'! 

! 

f 
R£S!STOR 

820Sl S%,1/4W 
!.SX S%, !/4W 

4 70JI. S%, 1/4vY 
S.6'JC S%, I/4W 

!O!r Vl/fi/,18L£ 1/2 W 
!COJI, s;:;, I/4W 
2 74.2. 17., J;w 
3302 . .. :r �J l/4W 

2. 2)( Sf-1 I/4W 

2 ZJL, Sf- I/4W 
II( Sf- V4W 

!BOJ/. S1o 1/4111 
J.J/{ S%, I/4W 
S.!K S%, !/4W 

ZZOJI S% 1/4 W 
470!: S% 1/4W 
!OOJ/. S% I 4 w 

TIIAci!SISTO!I, PIYP 
Tf?A/VS, !V CIIAiV, /1/CH P/,VC/hJrF 

TliA;YJ'., IY CIIA# i OW PJ,YC!iO'I" 

TRA;VSISTOR, NPIY 
IIYOUCT0/1 Iii' Ci!Oif'E AJ'S'Y. 
0100£ PliV 
0100[ 

CAPAC/TO/I .J.JPI' II!PO 

CAPACITOR, !80PF, SZ, SOOV 
CAPACITOR, 4-JPF, 6-%, S00/1 
RESISTOR,200 S2.1 '14k'1 S"% 
CAPACITOR, 33 PF, S'% SOO V 
C4PACITCJ!i 0./MFO. -za% ZSY 

CAPAC/TO/I .0/MFO 't '(, 2SV 

CAPACITOR !OMFO, 201' 
PC BOAI/D 

DESCRIPTION 

Figure 7-6. 

-- - - - -- � � � � 

MILLER 
ERIE 

1/LP!iil 
f/LI'Ifll 

ST!I'If'St:.N 

fJEi DEJV 
NO LEX 
/'fCJLEr 
/'1t!LE.!' 
#YUi!!Vf{. 
iLNEIVCO 
EL/1£/VCO 
ELifE#CO 

ITB 
lB 
JB 

B�RG 
{' TC 

!3£4/J CflrJ/ 
BEAO ;!1,!! 

AB 

�B 
CGW 
AB 

AB 

t!4T/O,VAL 
FEC .!?ED DOT 
I'FC 8�'N !JOT 

!VAT/O;J!AL 
FFC 

H[W. PAC!f. 
GC 
FE<: 

ELIUYCO 
EL/I1E1YCO 
45' 
EL,ffE;YCO 

ERI£ 

ERIE 
SPRAC/JE 

FEC SCI!. 02172 
MAT.L OR MAT"L SPEC OR 

FINISH FINISH SPEC CKT SYM 
MFR CAT PA.RT NO 

Parts List 
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!A/STALL 'v./1/?E To 

TERMIIJ;;Ls (ITEM 1/J) 

,t�NO INSERT IN 

EYELETS SOLDER 

SOLDER ON TRACK 
SlOE. I PUlCE 

-NOTES· 

. 
D 

� Cl + 
Ll 

EJ 
·u 

51-/IELO 

I 
!!!?_. 

CUT C)" 

2 -._/ 

"' '-' 

(Q') 
'._/_ 

'-smcE /s·4BOI/E 
P.C B04RO BEFORE 

SOLOER!N6 PINS. 

I. ITEM Z IS SELEC TED FROM 81690 OEPEA/0/Ncj av 
'CUSTOMER OPTION:: SEE JOB ORDER FOR PROPER ITEM. 

C'. SC/.IEM.4TIC REF: C?46/. 

3. UNLESS OTf.IERWISE SPEC!FIEO DRILL 4LL f.IOLES 

11/95.5(.052) OR AND 111/ST4LL 46410 CR!PLET. 

A ,{1'9 70 1.0?6') OR 

0 ;V'e 60 (.040) OR 

$ A/? 55 f.05Z) OR 
@ IV'"' 52 (.063) OR 
@ A/� 43 ( .08'7) OR 
e N!e 40 (.098)0R 
• AI<' II (.(91) OR 

4. ct.E41.1 .4SS'Y BEFORE INST4LL4TIOIV OF ITEM 2. 

WoMPER .tiS FoLLows: ;ssoA-5kf.l� 
ls7s-c5kll" 

2? 
21 
?0 
19 

18 
17 
16 
15 
14 
13 
12 
II 
/0 
9 
8 
1 

_§_ 
5 

4 
3 
e 
I 

tTf.hil 

R/R 
4/R RNFI00-1/8 
11/R 

1011 RG·/74/U 

.4/R 46410 
3 S6064 
4 2069 
4 1246-12 
I ltJF/O.J/11 
I 00.3.9 
2 16?5-3R-I 
4 1561-Tt.8 
6 1.560-TLB 
3 M93-IOZ-ET 
.] R62-.J-ET 
I .511749311 

4 5,1/743011/ 
I RCC?CF3R3J 

C' 5002?6X9015/J, 
4 5d55Y5U50.Jl 

I SEE 11/0TE 1 
I A/0980 

AEQ 0 P-'lltT NO 

WIRE.N9??C.4 SOLID TI/INEO 
TU811VG I-IE4T Sf.IRIA!k'llBLE 
TUBI#G 16617 1(1/?TURflL TeFLON 
C48LE 
CRIPLFT 
eYELET 
eYELET 
ST/?A/OOFF 
/I(IOL/CTOR 

11./0UCTOR 
COI(IN'ECTOR 

TERMINAL FEMALE 

TERMI1114L M/!LE 
5TAKEPIN FFM4LE 
ST/!KEP/11/ MALE 

/A/TE6R/1TEO CIRCUIT 

/,1/TEGR/?TEO C'!RCL/IT 

RESISTOR. 3.3S2,'14W5'%. 
C4P-4CITOR> i'2Uf'. 151/ 
C/1P.4C/TOR .05Ltf'.Z5V 
/1.5"SEM15LY TCXO 
P.C.B0.4RO 

DESCRIPTION 

- � 

Jl{Pt./4 

/?,4YCLAO 
!lLP!-14 

BELDEN 

BERG 
us 

STit!IRS'Otli 
ere 

#ILLER 
k'YTAl:WI<% 
MOL EX 
MOL EX 
MOL.EX 
8-CIIIIIN' 
8·Ct/AIN 

1.14T!O#AL 
!114_TIONI1t. 

48 
SPR4GL!E 

ERIE 
FEC 
FFC 
MA,!�'R u" MAT"L SPEC OR 

CAT PART NO 

Figure 7-7. Frequency Standard P.C. Board Assembly 1A6 
C2460 

_..., - � 

,.�ISH F'INISH PI:C: CKT IYM 



10 

9� 

21 

-NOTES· 

I. 50-IEM/lTIC REF IJZZ87. 

2. S/.IF/11? Pel? 80.L?ROM4'STe!? 81744. 

3. t/N!.ESS OTJIEPwi.SE SPeCIFieD 

DRILL 4'Lt. /./0/ES' #"'55 (.052JDR 
/1#0 IJ/S'T/llt. 46410 $'R!P/eT: 

/lLL I.C • .s ·#9 70f.02c5) IJR 

Sw!TOI SECTIONS·#" 55 (.OS?) DR 

@ #9 5Z (.06'3) IJ!? 

@ #9 41 (.063) OR 

A. J/9 !/f./31) DR 

Figure 7-8. 

5 

17 !6 

© 
@ 
@ 

I 

fll TYP ST/lA!OtiP 

�ESISTOR MTG. 

LF Programmable Divider P.C. Board Assembly 1A7 
D2288 

, 

1 

1 

1 

1 

] 

1 

6) ] 

] 

) 

] 

1 

] 

%J 

,] 

J . 

J 

J 

J 



( 

[ 

l 

l 

( 

l 

l 

t 

l 

t 

l 

?I 
zo 
/:3 

18 

' 17 JSR-3c5-30-510011X-t'/l/?k'­
JSR-3Z5-30 -41001/X-OllfC l6 

15 
14 

13 
12 
I I 

10 
9 
8 
7 
6 
5 
4 
3 
2 

I 
ITEM 

.4/R 46410 
4 1?46-k' 
6 M:33-102-ET 

6 1?62-3-ET 
I 

I 

I 2N5461 
I ?/J3904 

3 MC4016P 
z 15001MX90?08Z 
? �6'55Y5US0Ji 
I 66w!?Sk 
I RC07GF!Z3J 

2 47ZJ 

3 CZZJ 
I /OZJ 
I ?71J 
9 IOIJ 

I :JJOJ 
I RC07GF.3R3J 

I 1110913 
REa o ?ART NO 

GRIPLcT BeRG 
ST411DOFF CTC 
ST.4KF PIN, FFM4LE l6'F40 (H'h'IN 

5TH'I(E PI I/, MJlL E 8E!10C!IIl!AI 
Sh/ITCJI, IZ P06',5SFCTIOA!.PC TT JFAIII!h'6!. 3/4"0LITEC? !-l,t;FT !.0-1/cn.; 
Sh/ITCI!, I? POS,4 SECTION_ PC !TTJFIINIIIQ .i;4"0t.!TEI1 "114FT !.E. 'CTH' 
TR/?NSISTOR VWOTOR0!4 
TR/11/S/S TOR MOTOR0(.4 
/MTE"GR/lTED L!RCLIIT MOTOROL/1 
C/?P.4CITOR, /Oaf', ZOV SPR/?GUE 
C/lP/?CITOR .05u>' ?SV FRIE 

POTENTIOMETER, 5K 8£CKM4N 

RESISTOR, IZK f4w, 5% 48 

4.7K 

?.ZK 
//( 
!.'70Sl. 
!OOSl. 

33Q 
RESISTOR 3.3 S2 f/41</ 5 9i. 48 
P.C. BOPRD FEC 

DESCRIPTION 
MAT LOR MAT L SPEC OA' 

I'"INISH F"INISH SPEC CKT SVM L__ "'" CAT PART NO 

Figure 7-8. Parts List 



NOTES 

I • .5CH't:M.4T!C .REF DZ282. 

Z. t/11/L ESS OT.LIERH/1.5[ SPFCir!t:D 
fJRILL .4L.L 1-/0Lt:S ;1/?.5.5 (. 05c) OR 
.41.10 IA/ST4LL 6'R!PLET ,A/9 45410 • 

• II/? 5Z f.06.J) OR 

0 N!> 41 f.CJ89) OR 

A IV'? II (.I!JI) DR 

10 ar + I c4 

rO'J 
•"-/ 

SOLDER T/?4CK .SIDE 
4 Pt..4CC:S 

Figure 7-9. LF Pulse Phase Comparator P.C. Board Assembly 1A8 
C2467A 



,...... ,__ ,__ ,.....- - - - - - - - - - - - � - -· ........ 

40 /1/R 46410 Cf?IP!.ET 8ERC 
-3.9 1 124t-IZ ST/1/YiJOFF CTC 

.JR T .MJJ-102-ET STAffF PI-t' FEMALE 8EA!I CHAIN 

.31 8 /1{;2-.3 -ET STII!f£ PIN. A1AL l 8EA!I CHAIN 

Jt z RC07CFC81J /?£SIS' TOR 680.51..1/411( S't 118 

35 I JJSJ JSK 

34 I 123J UK 

3J ;:_ 104J 100!( 
32 2 !OJJ !O!f 

Jl I 384J S.JJJf 

J<.? I 4TSJ �.TM 

Z.9 I 4 72J �.71( 

28 2 IS.ZJ l . .f",'( 

27 I 101..1 IOO.JI. 

2G I 202..1 2_)( 

2.f I l_ .. 2./ 2 ... ;r 

24- 2 IS3J /.J"Ir I 
2J 4 3J2J .3 •• 3/r 

22 I 124J 120/r 

21 .] 132J 1.3h 
20 J 102J 1,1( 

1.9 I RC07GFZ7/J I?ESISTO� i?OJl. I.'IW. .J"% AB 

18 4 2/YJ.JOG T 1/AIY.S IS TOll P!YP #ATIONAL 
17 s 2 /YJ.J0-1 NP;Y AIATIONAL 

1/l I 2NS06'0 -.SCIP MPTM!ILA 

IS I 21¥4248 f'NP NHIMAL 

14 I 21¥.3392 NPN NATIOKAL 
IJ I 21YS4S.9 -FE T. N ClfAN. MtJTO!IPiA 

12 I 2-t'S4GI TI/11/Y.SISTOA -FET. I' CHAN. ,t�PTORILA 

I I s /A/914 0/00E �£. 
10 I .:'M-IS-1.?/JJ CAPAC/TO/I li' p;:: .;:;: ,f/l/}1' ELMENC!l 

9 ( MF575 .n .Z? MFD, 5%,/001/ P.4KTRON 

8 c IMD-I-253J .025MFD 5% IMV ELMENLD 

T z ClftJC8X472)( 4 7/XJ PF Ill'& 2/lOY EAIE 

� 

s 2. IJ.H-IS-102 J 10/lO PI': .;r, .J"IJQY 

4 I OM-IS-.JJIJ .J3tJPF. .J"% SIJOY EL;I/ENCO 

J + SBJSJ'S/11031 .OIMFf! ;§3t u.r ERIE 
2 2 :J"tJf!ltJGX 902/lBZ CAPAC/TO!? IOMF!J- 2/lV SPIIt1(JUE 
I I N0983 PC BOAI?iJ FEC SCH.DIU7l'J 

I TIM "EQD .. A .. T NO oaac"'"'ON ...... .!;.. 0111 tg.-r;'-,.a:,:t: .. _ II'INJ8HP'CC -··· 

Figure 7-9. Parts List 
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MARKING THIS SllRFACt 

IO INCLUDE FEC. 
.750 --- PAR\ �>lUMBER 
1__ __e:_b_ z.o ty\P,)(. 

'-i' �-� �.l.,SOOJ 

/l, /l ;_� rl\ ; 

• 2.15 ---1 
±.01 

.40±,01 � -, -- --·� I " 
It I �u ll '\_tR.EQU't.NC'( 
\-- .ll5 --1 J-- l.f>SO --J 

TYP. -.IO+.OI 

\!LIM 

-.03 
.032 D\k 
TOLERANCE ON TERMINAL Pit-\ lOCAI!ON ±:.oOS 

TER��INAL COt�NECT\ON� 
I.OSC. B+ (NOM.+12.V) 
2..GROUND 
3.RF, TTL/ DTL COMPATIBLE OUTPUT ( FANOUTOF6TzLGAiES) 
4.LOGJC B+(NOM+-SV) 
S.GROUND 

APPLICATION NOTES 
I.OSC, B+ '/lUST BE HELDt 27o OVER 

TEMPERATURE R,A.NGE. 
LOAD IS I 5 Mt>- MM. 

2..LOG!C B+ MU'5TBE HELD WITHtN±.5"?o 
OVER T£MPERATURE RANGE. 
LOAD IS 15 tviA t.�P.;Y--. 

:3.A�!NG CHARA.CiER.ISTIC c:: np�Er 
� TYP. 

FIRSi YEAR I PPM 0.5 PPM 
FIVE YE.AR. 4 PPM I PPM 

FREqUENCY TRIM LIFE 8 YtAR.S 10 YEAR'S 
4. DlME_NSI01-!S S\-\OWN /.\RE FOR F.E..C. A F'P_\..IC.ATIQN LN FORMI\T\()N. 

-3 MCI63'X2-022.6 4,000.000 
-2 MC I(, 3X 2.-0'21 G 4,000.000 
-I MC \\,3�'2.-0ZOG 4,000.000 
ITEM MC �Q��l���I<O\\IC.S Fll.E��;\-IC\1 

0° T0+55°C. 
+2.5' TO +�?·,� -0-" TO + t s0 

o• TO+ 5:'i°C 
TEiv'IPERI>.T'lRE I'(At-<c,.e 

!O.S PPM 1S><Io-7J 
i�-5��� �f�'�:�\ 
i-IPPM (l'f..\0-'-) F'J_�$\.lE�C:�.,s;����rk 

Figure 7-10. TCXO Crystal Oscillator Assembly 
B1690A 

NOTE5 
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/lOT£: 

/ T!-IESE TltA#SISTOI?S TO BE SELECTED !3Y 
FEC FOI? Pllv'NI OFF(GATE SOI//?CE C!JTOFI') 
VOLTACE, W!T/1/!V I?ANCE, I!VO!CATEO !3Y 
SELECT/0/Y F!TOM LOT OF TYPE Z!VS"4S.9, 
SELEC TIO/V 8ASEO 0/V //ALl/£ OF VCS Ft?l? 

10� !0 I'!A/JC WIT/I lOS �12 VOC. AFT£!? 
SELECT!O# COL 01? CODE WIT/I DOT OF 
I'A/II"T FOI? IL!E/1/TIFICAT/ON: 

-

-2 

-; 

- - - - - - - - - -

2 NS4S.9 

100)( 

Sir 
+ 

�2M� 
�----��----------�--------_.���� �· � 

IOM.R. 

+ 12 1/lJC 

0 1?£7 

PI?OBE C/VO 

EJI6'88-2 FET, /1/Cfl PI!VCII OFF (4,S·B.O Y) MOTOI?OLA 

EJ JCBG-1 /TT, lOW PIA/Cfl O,C7(:?.0-3.2SJI.; /YIOTO!/OLA 

L!C 

SCOPE 

PI#C'fl OFF AT lOOM// 

2#S4S"8 SEE NOT£ 

2NS4.f'8 SEE /YOTE 

� 

81686-/: c/?OWN (VCS=2,0 TO 3.2S) 
/316'86'-2: REO (VCS=4.S TO 8.01/) ITEM 1/Ef{O PART #0. IJESCI?IPTIOIY MFI? CAT. PART !YO. FI/VISH FIN. SPEC. C'!IT S/!11 

Figure 7-11. 2N5459 Transistor Control Drawing 
B1686 




