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SERVICE SHEET 13
A5AN FRACTIONAL-N LOOP

REFERENCE BLOCK DIAGRAM A

Table U4-1. Recommended Performance Tests

After Adjustments or Repairs

Table 5-2. Post-Repair Adjustment Procedures
PRINCIPLES OF OPERATION
General
The Reference Divider divides the 10 MHz reference signal down to 100
kHz which is used as the reference signal to the phasze detector.
This assembly also generates the sample pulse signal that cleocks the
sample-hold circuit at the proper time.
Shaper
The shaper network consists of a dlode clamping network and a

differential amplifier. It provides the analog-to-TTL conversion.

Reference Divider

Ul and U4 form the divide-by-100 circuit which divides the 10 MH=z
input signal to produce the 100 kHz phase detector reference signal.

Sample Pulse Generator

The function of the sample pulse generator is to produce a 500 ns
pulse that is delayed by 1 microsecond from the leading edge of the
phase detector reference sighal., This is accomplished by deftecting a
state in the divide-by-100 circuit which corresponds to the desired
delay time.

8-401/402
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SERVICE SHEET 14
ABA3 FRACTIONAL-N LOOF PHASE DETECTOR

REFERENCE BLOCK DIAGRAM 4
Table #4-1. Recommended FPerformance Tests
Arter Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION
General

The purpose of the Fractional-N Loop Fhase Detector (A%A3) is to
develop the FN Loop Error Voltage which is used to tune the VCO.

This PN Loop Error Voltage (tuning voltage) is developed by
integrating currents from the Phase Detector circuit, the
Fractional-N Correction Pulse Width to Current Converters, and the
Bias Sink circuit. These currents are integrated together by the
Current Summing Amplifier to develop a veoltage. The Sample and Hold
circuit samples the voltage output from the Current Summing Amplifier
once each reference period and at the same time during each reference
period. The sampled voltage becomes the FN Loop Error Voltage.

When the Fractional-N Loop (FN Loop) is phase-Jlocked, the tune

voltage must be a constant de value. Thisz means the voltage output
from the Current Summing Amplifier must be the same at every sample
periced. In order to meet this condition the total ¢f the currents
being integrated must be the same each reference pericd. To look at
it another way, the currents entering the summing node must equal the
currents leaving the summing node in order for the tune voltage to
remain constant. This concept, that when the FN Loop is
phase-locked, the currents entering the summing node equal the
currents leaving the node is true for all conditions, that is, for
the condition when the loop runs without a fractional part and for
the condition when it has a fractional part. The difference is that
when the loop operates with no fractional part the cutput from the
Phase Detector c¢ircuit remains constant. However, when the loop
operates with a fractional part, the output from the Phase Detector
circuit no longer remains constant but varies from reference period
to reference period. To compensate for the changing phase detector
output the outputs from the Fractional-N Correction Pulse Width to
Current Converters must also change. For example, if the Phase
Detector circuit supplies less current to the summing node, the
Fractional-N Correction Pulse Width to Current Converters must supply
more current se¢ that the current entering the summing node 1is always
a constant value.

Phase Detector

The Phase Detector consists of a pair of flip-flops, UBA and B, and
gates UYD and UBC. The purpose of the Fhase Detector is to generate
a pulse width proportional to the phase difference between 1lts two
input signals, the FN Loop IF (VCO/N) and the FN Loop PM Det

8-407
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Reference (reference). Normally the FN Loop operates with a slight

phase offset when the loop is phase-locked. This phase offset is due w
to the constant current being drawn from the summing node by the Bias +
Sink circuit. Figure 8-U404 shows the phase relationship between the

VCO/N signal and the reference signal when the loop is phase-locked

and has no fractional part. Note that the two sighals are equal in
Frequency but are out of phase. This phase offset is normally about

250 ns.

FN LOQP
IF {¥CO/NY

-——
|
|
t
t
|
l
|

FN LDO?

o DET REFERENGE

{REFERENCE)

{-————————— REFERENCE PERICD
1

PHASE DETECTOR
QUTPUT (USA
PIN &}

Figure 8-404. Fractional-N Loop Phase Detector Input and Ouitput Waveforms
(Phase Locked and No Fractional Part)

This phase offset causes the Phase Detector (US5A) to generate a 25H0
ns negative-going pulse every reference period (See Figure x-xx).
The other Phase Detector output (US5B) is normally only a glitch w

(which is filtered out) when the loop is phase-locked. US5B should
only generate a pulse output during the acquisition of lock.

In a phase-locked condition the amount of current drawn from the
summing node is equal to current driven into the node. When the FN
Loor operates without a fractional part, the phase deftector generates
a constant pulse width every reference period. This results in a
constant amount of current being driven into the summing node from
the phase detector current source (IDET) each reference period.
Currents from the Fractional-N Correctilion circuit (Il, I-», and I3,)
also remain constant, therefore, the total current entering into the
summing node is always a constant value each reference period.

Now when the loop operates with a Fractional part, the VCO/N sighal
and reference signal no longer equal each other, hence the phase
detector no longer generates a constant pulse width each reference
periocd.
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NOTE

If the N-Divider (A%A2) is in the divide-by-N mode, the
VCO/N signal starts to lag the reference
frequency,which results in a series of decreasing pulse
width signals from the phase detector. Conversely, if
the N-Divider is dividing by N-1, the pulse width from
the phase detector starts to lncrease.

For example, if the N-Divider is in the divide by N mode, the output
pulses from the phase detector start to decrease in duration each
reference period. This causes the phase detector current source,
Ippp, to be connected to the summing node for shorter pericds each
reference period. At the same time correction current from the
Fractional-N Correction circuit is increasing (Correction Pulses
duration increasing). The net result is that the decreasing phase
detector current is compensated by the increasing correction currents
so that the total current contributions from the Phase Detector and
the Fractional-N Correction circuits to the summing node are always a
constant value.

Level Translators, Diode Switches and Current Sources

Following the Phase Detector are Level Translators, and Diode
Switches and Current Sources. These circuits convert the digital
outputs from the Phase Detector inte currents. There are two types
of Level Translators and Current Sources used. One type uses an
active current source and a differential amplifier arrangement to
switch the Diode Switch on and off. Q4 and U3 form an active current
source while CR17 and CR19 form the Diode Switch. Q1, Q2 and Q3 make
up the differential amplifier that translates the TTL levels to the
appropriate levels required to drive the Diode Switch on and off.
When the output from the Phase Detector goes LOW, CR1T is
reverse-biased and CR19 is forward-biased, connecting the Current
Source to the summing node. TIn the opposite state when the output is
HIGH, CR17 is forward-biased and CR19 becomes reverse-biased,
disconnecting the Current Source from the summing node.

The Levels Translator, Diode Switch and Current Source which follow
the output of US5B word in a similar manner, as described previously.
The major difference is that the active current source is replaced
simply by a resistor, and that the level shifting is done with a
diode string instead of a differential amplifier.

Out-of-Lock Detector

The OQut-of-Lock Detector monitors the two outputs from the Phase
Detector to determine if the loop is unlocked. The Out-of-Lock
Detector detects two unlock conditions. One condition is when the
pulse width from USA exceeds about 700 ns. The other condition is
when the output from USB exceeds 100 ns. Note that the Loop should
never be in a phase-locked condition when USBE generates a pulse.
Monostable U7 stretches either the 100 ns or 700 ns pulse to give a
contiuous indication that an unlocked condition exists,

8-409
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Fractional-N Correction Pulse Width To Current Converters
{Fractional-N Correction)

The purpose of the Fractional-N Correction circuit is to develop the
signals that counteract the changing phase detector output when the
loop is operating with a fractional part. The Fractional-N
Correction circuit is comprised of Level Translators, Diode Switches
and Current Sources. These circuits convert the Correction Pulses
(TTL levels) from the Accumulator (A4Al) into currents. The Level
Translators, Diode Switches and Current Sources are the same types
which follow the Phase Detector circuit. For discussion of these
circuits, refer to the Section titled Level Translators, Diode
Switches and Current Sources.

Each one of the Correction Current Sources Ij, I,, and I3, is
connected to the summing node once during each reference period. The
sequence of these currents are as follows: Correction current I,
Correction current I,, and Correction current I;. How long eacg of
the Current Sources remains connected to the summing node depends on
the negative pulse duration of its corresponding Correction Pulse.

Current Summing Amplifier

The Current Summing Amplifier is an integrator circuit. €34 is the
integrating capacitor. When the loop is phase-locked the currents
being integrated are: Ippr; I3; Ip; Ip and currents from the feedback
network €32 and R54.

Due to the different magnitudes of the various current sources and
the different times the current sources are connected to the summing
node, the output from the Current Summing Amplifier is continuously
ramping up and down. PFigure 8-U405 illustrates the integrator
waveform showing the contribution of the different currents.
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Figure 8-405. Current Summing Amplifier Qutput Waveform
showing the contributions of the different currents
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wsample and Hold

The circuits which make up the Sample and Hold cirecuit are the Diode
Switch, Differential Amplifier, Guard Voltage Network, and the Buffer
Amplifier. During each reference period, the four diodes which
comprise the Diode Switch are all forward-biased and the output of
the Current Summing Amplifier is sampled. This sample voltage (VS)
is stored in hold capacitor C47. During the hold period the Diode
Switch is reversed-biased and the hold capacitor remains stored. The
Buffer Amplifier, Ul, which follows the hold capacitor, provides
isolation and a low output impedance.

The Buffer Amplifier is a unity-gain, noninverting amplifier.
Feedback from this output is fed back to the summing node through C32
and RS54 for loop stabilizations.

Switching of the Diode Switch is controlled by the Differential
Amplifier. During the sample period, the Sample Pulse line goes
high, causing the Differential Amplifier to supply current to the
Diode 3witch. The Differential Amplifier also provides current to
the Guard Voltage Network during the hold period.

The purpose of the Guard Voltage Network is to ensure that the
voltage to be sampled does not itselfl forward-bias the Diode Switch
during the hold pericd. The guard voltages (the collector voltages
of Q7 and Qll) are balanced and centered around the last sample
voltage. About 2 ma of current flows through the Guard Voltage
network during the hold of current flows through the Guard Voltage

network during the hold period. This causes a voltage drop of 4V
(guard voltages) across CR28 and R82 and across CR27 and R81 the
guard voltages equal +6V and -2V for a sample voltage of +2 Vde
{(guard voltages = Vs + 4 Vde).

TROUBLESHOOTING

When a Fractional-N Loop problem has been traced through the block
diagram troubleshooting procedure to this assembly, use the following
procedure to isolate the cause of the problem.

1. Mount the AHA3 assembly on an extender board from the service
kit. Move the slide aswiteh on ABA3 to the TEST position (up)
which opens the loop.

Moniter TP3 with an oscilloscope. The waveform should be a
dclevel with small spikes. Measure the frequency of the signal
at pin 14 of the edge connector.

Turn the PRETUNE-GAIN adjustment on the top of the ALAS VCO
assembly while monitoring the frequency at pin 14. Move the
frequency above and below 100 kHz and check that the voltage at
TP3 goes to the values shown in the following table., If the
voltages at TP3 are normal, continue troubleshooting with step 3.
Otherwise, there is a problem with the basic phase detector
circuitry so continue troubleshooting with step X4,
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Edge Connector
Pin 14
Frequency (kHz)

>100 kHz

<100 kHz -7

Repeat the measurement made in step 2 while monitoring TP2 and
then TP1. Compare the measured values to the normal values in
the table above.

If the voltage at TP2 is not normal, the differential amplifier
or diode switeh is bad. Shorting TP5 and TPS5A together holds the
amplifier and diode switch in the ON condition for
troubleshooting.

If the voltage at TPl is not normal but the voltage at TP2 is
nermal, the problem is in Ul or asscciated circuitry.

Turn the PRETUNE-GAIN adjustment on ASA5 so the frequency at pin
14 of the AGA3 edge connector is greater than 100 KHz. Check
that there are pulses on ABA3Z TPY,

Change the fregquency at pin 1% to less than 100 kXHz. Check that
there are pulses on ABA3 TP8.

If pulses are not present at one of the test points, troubleshoot
from US to find the cause of the problem. If both pulses are
present, the problem is with U2 or asscciated components.
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SERVICE SHEET 15
ASAS5 FRACTYIONAL-N LOOPF VCO

REFERENCE BLOCK DIAGRAM 4
Table L4-1. Recommended Performance Tests
After Adjustments or Repair
Table 5-2. Post-Repair Adjustment Procedures

PRINCIFPLES OF OPERATION

General

The purpose of the VCO (ALAM) is to generate an output frequency
between 100 MHz and 200 MHz. The primary inputs are the pretune
information, Digit Frequency DFY and DF5, and the FN Loop Error
Voltage. The output from the Pretune D/A Converter is used to tune
the VCO close to the desired frequency and then the FN Loop Error
Voltage is used to phase lock the loop.

Voltage-Controlled Hartley Oscillator (VCO)

Varactors CR10, CR11l, and CR1l2, transistor Qll, and assoclated
components comprise a voltage-controlled Hartley oscillator. Three
varactors are used in parallel to provide the wide capacitance range
required to tune the VCO. Feedback is obtained by tapping the
inductive branch (L7) of the Tank Circuit. €32 and R8Y4 couple the
feedback signal back t¢ the emitter of Q11 to sustain oscillation.

The VCO is beth pret..ned and phase locked by controlling the reverse
bias voltage on the varactor diodes. An increase in the reverse bias
voltage causes a reduction in the junetion capacitance of the

varactor diodes. This reduction inereases the resonant frequency of
the Tank Circuit, causing the VCO to oscillate at a higher freguency.

Signal Splitter and Buffer Amplifiers

The signal developed across the resonant Tank Circuit is coupled to
Q6 by tapping inductor L7. Q6 amplifies the signal and applies the
signal to the center tap winding of Tl. T1 splits the power and adds
isolation between the buffer amplifiers. The output from the Loop
Buffer Amplifier is used to phase lock the loop. The output from the
Cutput Buffer Amplifier goes to the Low Frequency Loop Section where
it is combined with other signals.

Shaping Network
Due to the nonlinear tuning characteristics of the varactor dicdes a
Shaping Network is required. The Shaping Network conditions the

pretune and error signals applied to the varactor in order to ensure
that the frequency change is linear with the applied tuning voltage.

a8-417
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The Shaping Network consists of a ladder of diodes that are
reverse-biased at successively higher voltage. As the voltage at the
collector of Ql2 increases, the diodes turn on consecutively and
present a lower impedance to the tuning signal.

Current to Voltage Converter

Common-base amplifier Q12 sums the output of the Pretune D/A
Converter, current from the +20V source (R53) and the FN Loop Error
Voltage from the phase detector. The voltage at the emitter (summing
point) is always near zero volts since the base of Q12 is biased one
diode drop below ground.

Pretune D/A Converter

The output from the Pretune D/A Converter roughly tunes the VCO to a
frequency within the capture range of the phase lock loop. The
Pretune D/A Converter cannot, by itself, set the VCO precisely.

Op amp, Ul, 1s connected in the inverting amplifier configuration.
Its output voltage is programmed by Frequency Digits DFY and DF5.
Figure 8-409 is a simplified schematic of the Pretune D/A Converter
Circuit.

R21 R?d{

-—

R20

i
OPEN COLLECTOR
QuUTRUTS

Y e

0IGIT
FREQUENCY
0F4 AND I

OF%

Figure 8-409. Simplified Pretune D/A Converter Circuit

To better analyze how this circuit works, assume that the op amp (Ul)
is ideal. That is, its gain and bandwidth are both infinity, the
input currents and offset are both zero, and there is zero potential
difference between the two input terminals. The output voltage,
Egyr, 1s dependent on the feedback current, Ip, that flows through
R21 and R2Y4. 1In the ideal inverting amplifier configuration the
feedback current must equal the input current (Izy = Igp). The
magnitude of the input current Iyy is dependent on the potential
across R18 and R20. In this circuit the magnitude of Ity remains
constant at all times.

If the outputs of U2 are all HIGH (open), there is no current flowing
through the pull-up resistors, R11-R16. Hence, the input and
feedback currents equal each other. Now, when any of the outputs of
U2 goes LOW, current starts flowing into the (-) input node through
the pull-up resistors. Iy is no longer equal to Ip, Iy now
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equaling Ip + I. Since the value of Iy has to remain constant, the
feedback current has to decrease so equilibrium is maintained. A
decrease in Ip causes the output voltage, Epyr, to decrease in
magnitude.

Speed Control Circuit

The Speed Control Circuit monitors the output from the Pretune D/A
Converter circuit. When a change in the pretune voltage is detected,
the Speed Control Circuit drives the J-FET switeh (Q9) ON. UYB and
U4D are comparators. ULB detects a negative going transition while
UUD detects a positive going transition. When either transition is
detected, the monostable U3 is ftriggered. This causes comparator UlA
to go HIGH which then turns ON J-FET switch Q9.

Speed~Up Switeh and Low-Pass Filter

J-FET Q9 is connected in parallel with R42, so0 when Q9 is turned ON
C27 1s allowed to charge or discharge at a faster rate. Hence,
veltage stored on the capacitor tracks the pretune voltage at a
faster rate. Q13 and Q1Y form a buffer amplifier that couples the
pretune voltage to the emitter of Ql2.

To maintain the J-FET switeh in the ON state, the gate is biased with
a positive voltage. To turn the J-FET switch OFF, the gate 1s biased

with a negative voltage.

B-419/420
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CHANGES

On the AS5A5 schematic:
@ ASASR]-R6 - Change the value of R1-R6 to 178 chmas.
On the AS5AS5 schematic:

¢ ASASCRG-CRY - Delete CR6-CRY.

® ASASRS3 R34 R58-R61 - Change the values of these resis-
tors to those shown below:

R353 3k

R 54 100 ohins
R58 3.83k

R 39 56.2k
R&0 148 ohms
Ro6l 562k

® AS5AS5R62-R73 - Delete R62-R73.
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SERVICE SHEET 16
A5A2 FRACTIONAL-N LOOF N-DIVIDER

REFERENCE BLOCK DIAGRAM U4
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATICN
General

The purpose of the N-Divider (A5AZ2) is to divide the Fracticnal N
(FN) Loop VCO frequency (FN Loop N-Divider Drive) down to 100 kHz.
The 100 kHz ocutput signal, FN loop IF, is one input to the FN Loop's
rhase detector. The N-Divider consists of programmable digital
dividers (counters) which divide down the VC0O frequency. The
N-Divider can divide by integers from 1001 through 2000, The
frequency digits, DF3, DFY and DF5, determine the divide-by-N number.
In addition the divide by N number can be changed to N-1 by the
N-Divider Control (NDC) signal from the Accumulator (ABAl).

Yractional division is acccomplished by dividing by N for a number of
times and then by N-1 for a number of times. The fractional N is
then the average of N and N-1l. The N-Divider can divide by a
fractional part that has three significant places, for example, a
fractional N of 1000.001%.

Divide-by-10/11 Prescaler Counter

The divide-by-10/11 Prescaler Counter, Ul, is an ECL device which can
be programmed to divide by 11 or 10. At the beginning of each
reference period the divide-by-10/11 Prescaler Counter divides by 11.
It later starts dividing by 10 and remains in the divide-by-10 mode
until the end of the reference period. How long it continues to
divide by 1l is determined by the divide-by-10/11 Control Circuit.
One ocutput from the divide-by-10/11 Prescaler Counter, the Prescaled
Oscillator aignal (P3S0), goes to the Accumulator (ASAl) where it is
used as a clock. Note during the time when the Correction Pulses are
generated this clock eguals the VGO frequency divided by 10.
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Divide-by-10/11 Control Cirecuit

The purpose of the divide-by-10/11 Contrel Circuit is to control the
modulus (10 or 11) of Ul. Frequency digit DF3 along with the NDC
line determine how long Ul divides by 11 each reference period.
Frequency digit DF3 presets the Programmable Decade Counter (U8)
while the NDC line controls the terminal count of the Terminal Count
Decoder (18). ©Normally the terminal count is 18 except when the NDC
line goes high. When the NDC line goes high the terminal count
changes from 18 to 17. Changing the terminal count of the Terminal
Count Decoder (18) from 18 to 17 effectively causes the N-Divider to
divide by N-1.

U8 starts to count up from its preset value to the terminal count.
When counter U8 reaches the terminal count the Terminal Count Latch
(U7TB) iz set and on the next clock the Terminal Count Lateh output
goes high. This causes counter Ul to start dividing by 10.

Programmable Counters

The Programmable Counter counts all the pulses out of the
divide-by-10/11 Prescaler Counter. Frequency digits DFY and DF5
preset the Programmable Decade Counters U6 and U9 respectively.

These counters count from the preset count to the count of 196. The
count of 196 is determined by the Terminal Count Decoder (196). When
the count reaches 196 the Terminal Count Switch is set up to change
state on the next pulsze from Ul. The output from the Terminal Count
Switch (U3B) is fed back to reset both the Programmable Counter and
the divide-by-10/11 Control Cirecuit.

When the loop is phase-locked the output from the Terminal Count

Switch is a 50 to 100 nsg pulse with an average pulse repetition rate
of 100 kHz.

TROUBLESHOOTING

When a Fractional-N Loop problem has been traced through the block
diagram troubleshooting procedure to this assembly, use the feollowing
procedure to isolate the cause of the problem.

There are two types of procedures covered by this procedure.

1. No output pulses produced by ABAZ2 assembly. Begin
troubleshooting with section I of the procedure.

OQutput pulses produced by AGAZ assembly are at the wrong
frequency. Begin troubleshooting with section II of the
procedure,

Ne output pulses.

1. Mount the ABAZ assembly on its extender board.
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Use a logic probe and check for pulses at the outputs of U3B
(pins 9 and 7). If pulses are present, the problem is between
U3B and the edge connector. If no pulses are present, continue
with step 3.

Cheek the cutput of UZA pin 12 (TP2). This signal should be a
TTL pulse train. Check that the signal assumes valid high and
low TTL logic levels. If this signal is not normal, the problem
is in the prescaler (Ul) or translator (U24), or one of the
counters (UGB, U8B, U3B) iz pulling down the output of U2A., If
this signal is normal, continue with step 4.

Connect a Jjumper between TPY and TPUA which will allow counters
U6 and U9 to free-run. Check that these counters are counting by
touching a loglc probe to the outputs. Flip-flop U3A should be
set. The outputz of USA (pin 12) and USC (pin 8) should be
normally low but go high when the counters reach the value they
are decoding s¢ a logic probe touched to these pins should blink.

If the counter circuitry is normal, the problem is with the
terminal counter switch.

Qutput pulses of wrong frequency.

1.

2.

Mount the ARAZ assembly on its extender board.

Connect an extender cable from the service kit between AGAZJ] and
A3A4J2. This cable routes the output of the LF N-loop te the
input of the ARAZ N-divider asszembly.

Set the 8663A front panel frequency to 327.8 MHz. This sets the
ILF N-loop cutput to 200.0 MH=.

Short test points TPY and TPYA together. This heolds flip-flep
U7B in the set condition (TP1 high) which keeps counter Ul in the
divide-by-10 mode. Measure the frequency at TP2 with the high
impedance input of a frecuesncy counter. The frequency should be
exactly 20.0 MHz. If it is not, the problem 1s with flip-flop
U7TB, ceounter Ul or asscclated components.

Remove the short between TP4 and TPYA. Connect a jumper between
TP3 and ground. This holds flip-flop UT7B in the clear condition
(PPl low) which keeps counter Ul in the divide-by-11 mode.
Measure the frequency at TP2. The frequency should be 18.181818
MHz (200 divided by 11). If it is not, the problem is with
flip-flep UTB, counter Ul or assoclated components.

Remove the jumper from TF3. View the signal at TPl on an
ozcilloscope. The waveform should be a TTL negative-going pulse
approximately 1.1 microsec wide. Set the frequency increment to
100 Hz. Pushing the INCREMENT (up) key should decrease the pulse
width in 55 microsec steps.

If there are no pulses on TPl, the problem could be the pglses
coming from flip-flop U3B. Check TP3 for TTL negative going
pulses (approximately 50 microseconds wide). The normal period
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of these pulses is approximately 10 microseconds, but any period
greater than 1.5 microseconds should allow the pulses on TP1, .eJ
described above, to be produced. If the TP3 pulses are not

normal, continue troubleshooting with step 7.

Remove the jumper from TP3. Short test points TP4 and TPUA
together which makes the output of U2A (pin 12) exactly 20.0 MHz
and puts counters U6 and U9 into a free-run mode. The ocutput of
U6 (pin 12) should be a 2.0 MHz signal and the output of U9 (pin
12) should be a 200.0 kHz signal.




Model 8663A Service

10 MHz REFERENCE
FROM
REFERENCE SECTION

FN LOOP
PHASE DETECTOR

REFERENCE
{100 kHz) _ | EN LOGP

ERROR SUM LOOP
REFERENGE FRACTIONAL=-N VOLIAGE _ |—= PHASE DETECTOR

LOOP_PHA REFERENCE
DIVIBER |3 - or FHASE | 4 | (100-200 MHz,
ASA4 A5A3 AF =100 Hz
FN LOOP I
(100 kHz}

N-DIVIDER

6
A5A2

N—DIVIDER‘k ACCUMULATOR PRESCALED
CONTROL. CLOCK OSCILLATCR

CORRECTION
PULSES

ACCUMULATOR
|7

ASA|

A5A2 N-DIVIDER

FREQUENCY
SELECT
CONTROLS

DF3(1,2,4,8)

+10/11
EaDIVIDER CONTROL

NTROL CIRCUIT

INPUT
100-200 MHz
(+5 dBm)

1

I
FN_LoDP —w»- FN LOOP IF
FEEDBACK T prESEALER PROGRAMMABLE TERMINAL T 106 kHz}
COUNTER COUNTER SWITCH

‘ ACCUMULATOR
= CLOCK

PRESCALED
gEEgg;NCY | F& i - OSCILLATOR

(9-20 MHz)
CONTROLS
INHIBLT

Figure 8-413. A5A2 Fractional-N Divider Block Diagrams




Model 3663A

uz

)
o—R4 —0

O—RS5 —0O
(R4 OLE—O

/. ;gcm

$ c1g o5 C18 roa  Ro

o—lﬁ}n—ogwumggﬂ% gomS QQE R17§
OR21 & o——o

€33 chHo—o31 oR1B oot g

D000 000000 D00n

1

15

Figure 8-414. ABAZ Fractiongl-N Divider Component Locator




S o, A
- A?/ ASAZ N-DIVIDER {08662-60!48)

‘_g///t' / V TTL-To-ECL
/ TRANSLATOR N

+aviFl)

P/O ASAB
FRéng ONAL-N

LO
MOTHERBOARD
(08662-60152)

P/0
XASAZ

FREQUENCY o
SELECT

CONTROLS
FROM DCU

!
|

12€

N-DIVIDER
CONTROL
FROM ACCUMULATOR

:l?
‘NDC

TPT

il
|
1
T
|
|
|
|
< I3
|
1
|
!
1
!
i

ECL~TO-TTL
/ TRANSLATOR N

= +10/1] PRESCALER ——
COUNTER

y THEUT 10,17 CNTR
1200 MHZ Rio
FN LOOP {+5dBm} LIMITER G 4640 11,2 12
s A ‘ HIB
FEEDBACK | ce - : — S
FROM FN LOOP ¥EO 34 |

t5 [ ] _ 4840

P/O A5A6

+5Y(F 1] +5VIFI}

FREQUENCY SELECT  [/0 p/o
CONTROLS FROM we4 XA5A2 Fa-1
pe PP

U |
53 m{ Lo
2 s 4
| 4
] :30 5 DF4-4 A
DF4-8
f—ﬁzg%/
CONTROLS
FROM DCU

1 {NOTE 4) /_L<236_D_E5_1__._
115 (A2 i
I_ CEAY (27 5 DES-2

1 >
DF5-4
'<25€ +BYLF 1)

™

FREQUENCY
SELECT

b
11

) -

1 o5 ¢ DEECE Re

! 12. 1k
23 ¢

15
INHIBIT
FROM

e POWER SUPPLY DECOUPL ING =
vee

+5VI(F I}
o e TP4A  TP4
5.6 1sls]s}

3, v Vs +5ViF2)

+5V

i
1
]
t
|
t
|
|
‘- T
|

‘ ! RS
14 cz _A_ %1 —,L 1000 (NDTE %)

I
LE
3 2201 T 0.Q1IL T 0.016  —ww— HBVI(F3}
! 7
|

SERIAL F’REFIX: 2234A




+i0/11 CONTROL CIRCUIT

PROGRAMMABLE

FF

OF3-1
y.

Fa)

| co

1
3 1000p
+BVIF3)

+BY(F3)

oc

ECADE COUNTER ™

[

c2 usB

R

“Tew

g {000p

TERMINAL COUNT

+G6V(F3} _[_3__1

_ECL-TO-TTL
TRANSLATOR ~

Tr)4BVAFDD

)
640

5 42
NDC 5V IF2) g

’ TN
DECODER {18}

TERMINAL

/— COUNT —

LATCH

FF
J6

& u7B

raKO
+5v(F2)|-;1>s

2 TO 20 MMz

PROGRAMMABLE

/" DECADE COUNTER

FF

2T

+5VY{F3)

ne
c 1)
&2

R

PROGRAMMABLE COUNTER

PROGRAMMABLE
/" DECADE CDUNTER

FF

DFE-1

2T

—— TERMINAL COUNT DECODER (i

R2|
&8l

R

.l.CM

1000p
R18

C
G2

2+

usA
1 5 etNTR_[_
33

pr4-4 681
_I_ 1]

ot

4 1 Az0
pra-g__ 68!

De

_LCIT

1000p
+B5Y{F3)

De

c vae
&2

R

+5Y(F3)

l_ cie

g 10000

(i)
FE

o

u T

(23
FF

_LCIG

g 10009

oc

.L cig

g 10008

+BV(F3) —|3—

2

+5Y(F2) —Ds
TN

14}

L c20

g ionop




NGTES

Tz S5 S 357

REFER TO TABLE 8-102 FOI
OIAGRAM NOTES.

TROUBLESHOCTING VALUES |
THEY ARE ACTUAL MEASURE}
YOUR MEASUREMENTS MAY BE
DIFFERENT THAN WHAT IS

LoGIC LEVEL FOR ECL DEV
gﬁés INSTRUMENT ARE NON.

LEVEL 1§ ¢+3.8v.°

. MNEMONICS DF3-1 TO DF&-
REPRESENT THE FREQUENCY
ON THE FRONT PAMEL ANOD
8C0 WEIGHTING .

JUMPER IS INSTALLED FOR
SHOOTING PURPOSES ONLY.
scC LMLl TC 2.248 WIDE iUNthEE'HSETS FLIP-FLOPS L

@ TIL HIGH=YI+10
TERMINAL REFERENCE DESIGNAT

— COUNT == NO PREFIX S
LATCH W24 33
53 Ps,
XASA
ABAZ

tT-21
CR1-4
Li-3
R1-24

50 TO 100nS WIDE 7PI-B
173 100 KHz RATE ui-e

NOR

! MHz ) =] ASA
—— LOW-PASS —— | /0 ASAS __
FILTER FRACT=N LOGIC LEVELS
E
LA IS

HIGH S+2Y >+
LOW <40, BY <+
TERMINAL < 15 MORE NEG. TF
Jr— COUNT N » 1S5 MORE POS. TH
TRMINAL COUNT OECODER (!98) SWITCH ACCUMULATOR 1 OPEN } HIGH L
CLOCK GROUND | LOW H

¥ 0
m ACCUMULATOR

J6 ‘
(TN {17
+5V(F3) TEE“KG ush

$

T2 b T TRANSISTOR
+EVIF2) R AND INTEGRAT
CIREUIT PART WU

use REFERENCE f

5
6 DESIGNATIONS | My
+5vc Ul 1820

uz,5 1820
us,7 1820
m 1820
ue,8 1820
Ug 1920

INTEGRATED CIR
YOLTAGE ANL
GROUND CONNECT

PRESCALED
OSCILLATOR REFERENCE F
T0 DESIGNATIONS NU

ACCUMULATOR | +BVI

(9-20 MHz) D 17 Ul v

uz,4-6,8,8 | *o¥{

Y

u3,7 +Y(

v

ABAZ U2,4-8,6,8 ABAZ U1,3
CIRCULT
BOARD
TOP_VIEW  TOP VIEW 0P VIEW
igoJd Hi4 1B o4 1CeY Bis
A KEY*o : 0K
)

o}
o
o
70




NOTES 4
REFER TO TABLE 8-102 FOR SCHEMATIC Z;/f
DIAGRAM NOTES,

TROUBLESHOOTING YALUES ARE TYPICAL.
THEY ARE ACTUAL MEASURED VALUES.
YOUR MEASUREMENTS MAY SE SLIGHTLY
DIFFERENT THAN WHAT IS SHOWN.

LOGIC LEVEL FOR ECL DEYICES IN
THIS INSTRUMENT ARE NONSTANDARD
DUE TO THE SUPPLY YOLTAGE USED.
A MIGH LEVEL IS »+4.0: A LOW
LEVEL IS ¢+3.5v.~

MNEMONICS OF3- 5-8
REPRESENT THE FREQUENCY DIGITS
ON THE FRONT PANEL AND THE
8C0D  WEIGHTING.

JUMPER 1S INSTALLEQ FOR TROUBLE-
SHOOTING PURPOSES ONLY. INSTALLING
JU%PE%BSETS FLIP-FLOPS UTA,U7B,U3A
AND U

REFERENCE DESIGNATIONS
N0 PREF IX ADAG
w24 J2
53 TPS,7
XABAZ
ADAZ

ci-21
CR1~4
Li-3
Ri-24
TPI-5
ur-9

! MH
Low-Pass — P/C ASAE __

FILTER FRAGT-N LOGIC LEVELS

Pra l?oosnjnge TTL ECL
2. 3 XaEaz OETECTOR . (NOTE 3)
| 14 I6H | o+2v | »+4.0V
(100 KHz) LOW | <+0.8v | <#3.5¥

o2 POV < I8 MORE NEG. THAN

1006 3 IS MORE POS. THAN

@ ACCLMULATOR OPEN | HIGH | LOW

cLOEK

GROUND [ LOW [ HIGH

TO
ACCUMULATOR

o 17

TRANSISTOR
AND _INTEGRATED
CIRCUIT PART NUMBERS

REFERENCE PART
DESIGNATIONS NUMBERS
Y] 1820—1780
yz,5 18200686
U3, 7 1820-0629
u4 19201322
ug,8 1820-2049
ue 18241251

INTEGRATED CIRCUIT

YOLTAGE AND
PRESCALED GROUND CONNECTIONS
OSCILLATOR REEERENCE

PIN
To DESIGNATIONS NUMBERS
ACCUMULATOR FEVIF11-4,5

(9-20 MWHZ) D |7 Ui v -2

Uz2,4-5,8,9 | +9VIFI1)- 14

v -7

u3, 7 HBYIFI)- |8

v - 8

ABA2 U2,4-5,8,9 a5A2 U1,3,7
CIRCULT CIRCULT
80ARD BOARD

TOP VIE TOP VIEW TOP VIEW TOP VIEW

ref ol ore ide¥ hie 1p Ole
O kevfo

SERVICE SHEET 1 6
ABbA2
Figure 8-415. A5A2 Fractional-N Divider

Schematic
8-431/432

iulalnSnlulnls!

«@




Model 8663A Service

SERVICE SHEET 17
ASA1 FRACTIONAL-N LOOP ACCUMULATOR

REFERENCE BLOCK DIAGRAM Y4
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

FRINCIPLES OF OFPERATION
General

The purpose of the Accumulator (ABAl) is to determine when to divide
by N or divide by N-1. The Accumulator computes the phase difference
between the VCO/N (FN Loop IF) and the 100 kHz reference (FN Loop
Reference). This information is used to develop the N Divider
Control signal (NDC) and the Correction Pulses. The Accumulator
consists of three major sections which are the Algorithmic State
Machine, Summing Circuitry, and the Digital to Pulse Converter.

Algorithmic 3tate Machine

The Address Generator along with the State Controller form a small
Algorithmic State Machine (ASM). The ASM generates a set of control
signals or instructions which properly sequences the Summing
Circuitry and the Digital to Pulse Converter. The control signals or
instructions are determined by the program stored in ROM (U6).

The ASM generates a total of seventeen instructions. The seventeenth
instruction is a halt command which resets and disables the Address
Generator (Ul and U2). The ASM remains in the halt state until the
end of a reference period. A clock pulse, labeled Accumulator Cleock,
is generated at the end of each reference periocd. This pulse
restarts the Address Generator and the whole sequence is repeated
again.

Summing Circuitry

The fractional portion of the VCO frequency contains the information
needed to develop the N Divider Control (NDC) and the Correction
pulses. The fractional portion of the VCO freguency is entered into
the Accumulator in BCD form (DFO through DF2). These BCD lines, DFO
through DFZ2, carry information which corresponds to the front panel
frequency digits DO through D2. The Summing Circuitry takes the BCD
data, adds it to the previocus sum, and stores it in the Accumulator
Registers (U19, U7, and U%). Each reference period the content of
the Accumulator Registers is incremented by the fracticnal porticon.
The number stored in the Accumulator Registers corresponds to the
difference in phase between the VCO signal and the reference signal.
When the accumulated total reaches or exceeds unity an NDC signal is
generated.

8-433
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To better understand the operation of the Summing Circuit, let's go
through an example. When analyzing the operating of the Summing
Circuitry it is better to view it in terms of reference periods.
Let's assume that the Accumulator Registers initially contains the
number zero and the fractional portion equals the number 207, that
is, DF0=7, DF1l=0, and DF2=2. At the beginning of the reference
period the Input Multiplexer selects the four BCD lines which
corresponds to the DF0 and steers the BCD data to the BCD Adder. The
BCD Adder adds the DF0 number (7) to the number stored in U5. Since
U5 contains the number zero, the resulting sum is just the number
DFO0. The sum is then latched into Ul0. At the same time the
previous content stored in Ul0 is shifted into U7 while the previous
content of U7 is shifted into U5 (shift right). This sequence is
then repeated for both DF1l and DF2, respectively. Figure 8-U416 shows
the content of the Accumulator Registers after the end of one
reference period. Note at the end of the reference period, DFO is
stored in UK, DFl is stored in U7, and DF2 is stored in Ul0.

SUMMING CIRCUITRY

— SHIFT DIRECTION —i=-

r———— A UMULATOR =,
u10 [N u? 13
INPUT y o2 OF1 2 DF0
121 v o &

MULTIPLEXER
STORAGE LOCATIDN OF OFQ, &, AND 2 )
AT THE END OF REFERENCE PERIDD

Figure 8-416. Summing Circuitry Simplified Block
Diagram Showing the
Content of the Accumulator after each Reference Period

At the beginning of the next reference period DF0 is again selected
first and steered to the BCD Adder, DFO0O is added to the content
stored in US which now contains the result of the previous addition
of DF0. Again this sequence is repeated for DF1l and DF2. The net
result is that the content of the Accumulator Registers is
incremented by the fractional portion every reference period. Table
B8-401 illustrates this point.
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the three outputs. The order in which the pulses are outputed is
Correction Pulse 3, Correction Pulse 2, and Correction Fulse 1.

The Programmable Counter along with the 15 Decoder determines the
pulse width (negative going) of each Correction Pulse. The 15
Decoder cirecuit causes the counter to reset when it reaches the count
of 15, The Programmable Counter is preset by the complementad of the
BCD number stored in register U5. The Program Counter is clocked by
the Prescaled Oscillator (PSC) signal. During the interval when the
Correction Pulses are being developed, the PSO frequency equals the
FN Loop VCO frequency divided by ten. The time it takes for the
Program Counter to count from its preset value to 15 determines the
pulse width. The pulse width can be calculated by the following
formula:

Pulse Width = 10 x (number in U5 +1) x VCO Cycle Wide

For example if U5 contains the number 0, a 10 VCO cycle wide pulse is
generated. If U5 contains the number 9, a 100 VCO e¢ycle wide pulse
is generated. Note if the FN Loop operates with no fractional part,
the pulse width of the Correction Pulses remains constant from
reference period to reference period. However, if the loop is
operating with a fractional part, the Correction Pulses will vary in
duration every reference period. Also note, the pulse duration will
be the longest when the phase difference is at 1its maximum value.

TROUBLESHOOTING

When a Fractional-N Loop problem has been traced through the block
diagram troubleshooting procedure to this assembly, use the following
procedure to isolate the cause of the problem. Signature analysis is
used to troubleshoot this assembly. The normal operabtion of the ANAl
assembly provides the stimulus needed to drive the HF H004A Signature
Analyzer. Any special set-up requirements are listed under the
signature tables.

set-up

1. Mount the AS5Al assembly on an extender board from the service
kit.

Set the Signature Analyzer switches as follows:

HP 50044 Pushbuttons

START (QUT)
STOP (IN)
CLOCK (OUT)
HOLD (OUT)
SELF TEST (OUT)
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Connect the Signature Analyzer to the AHAl assembly as follows:

HP 50044 A5A1 Assembly

Ull pin 6
Ull pin 6
U2 pin 6
TPUA

Run a cable from the Signal Generator rear panel 10 MHz reference
output to the ABA2J1 connector.

Initialization

1 Set frequency to 320.0 MHz.

2. Short TPl and TP1lA. Remove any other jumpers conhected to these
test points.

3. Remove short and connect Jjumper from Ull pin 6 to TPlA.

4. Set frequency to test value.

Test Procedure
1. Touch the SA probe to +5V on the ABSAl assembly.
signature: OHAS

If this signature is correct, the set-up is correct so continue
troubleshooting with step 2. OQtherwise, there is a problem with
the set-up or the state controller circuitry on A541. SA cannot
be used until the +5V signature is correct. Troubleshoot the
state controller using the information in the timing diagram
(Figure 8-417).

0! 23456 786 91011121314 151617
TP

U5 {CTK) -J_l
092 (RER) o] T T

ug-6 €L

STATE
¥ CONTROLLER

ug1010sn QUTPUTS

19-16 {D52)

Ut G(W[T}J
vz

V15(2)
ROM
r ADDRESS
LINES

U1-9 14}

Uz {8

U218

Figure 8-417. State Controller Timing Diagram
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Check the state controller by verifying the signature at the
output of U9. Correct signatures are shown in the signature
tables,

If these signatures are correct, continue troubleshooting with
step 3. Otherwise, there is a problem in the state controller so
check the signaturez at U9 (input), U6 and Ul to isclate the
cause of the problem.

Set the 8663A front panel frequency to 320.0899596 MHz. Short
TPl and TPlA together. Check the signatures at the output of UT
and Ul0. Correct signatures are shown in the sighature tables.

If these signatures are correct, continue troubleshcoting with
step 4. Otherwise, there iz a problem in the summing circultry
so check the signatures at Uld, Uls and Ul6 to isolate the cause
of the problem.

FPerform the initialization procedure for checking U5 specified in
the signature table. Check signatures at frequency settings of
320.099960 and 320.099990 MHz. The initialization procedure must
be performed each time the frequency setting is changed.

If these signatures are not correct, U5 is the likely cause.

Otherwise, the problem is in one of the circult elements that
cannot be checked by gignature analysis. Thosgse elements not

checked by this procedure are:

Ul3A 13£:7: Ul2A

Ul 3B U8B UlzZB

UllB U3A ulzc
U3B

Set the 8663A front panel frequency to 320.0999%96 MHz. This
causes all the circuitry on the ASAl assembly to be active and a
logic probe or oscilloscope can be used to check proper circuit
operation.
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Q Accumulator {(ABAl) Signatures
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SERVICE SHEET 18
P/0 A3A3 N LOOP DIVIDER/PHASE DETECTOR

REFERENCE ELOCK DIAGRAM %
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Tabel 5-2. Post-Repair Adjustment Procedures.

PRINCIFLES OF OPERATION

General

This portion of the N Loop Divider/Phase Detector Assembly contains
the N loop programmable divider circuitry. The output (which goes to
service sheet 19) is the 10 MHz phasze detector variable (VCO
frequency divided by N). The inputs consist of the N loop divider
drive from the N Loop VCO Assembly (service sgheet 20) and the
frequency select controls from the Digital Control Unit.

The circuitry on this service sheet takes the 122 MHz to 221 MHz

N loop divider drive from the VCQO (service sheet 20) and divides it
down to 10 MHz by means of the programmable N loop divider. In order
to produce the 10 MHz output, the divider circuitry must be capable
of dividing the 122 MHz to 221 MHz input by 12.1 to 22.1 in one-tenth
of a unit steps.

In order to fractionally divide between l2 and 23, fractional-N
circuitry is utilized. The fractional-N divider employs a unique
method for generating fractional division. Contrel circuitry causes
the input freguency to be divided by one number for a measured number
of cycles and then by another number for a second pericd of cycles.
These two count cycles, when averaged over a pericd of time, result
in a fractional divide count.

Divider Circuitry

The divide by 12 to 23 circuitry is composed of Ul-U8 and Ulz., UL,
Uz, and U3 make up a divide by 3, divide by U4 circuit. The contrecl
cireuitry looks at the ocutput of this section and switches back and
forth between the two divide modes in order to produce divide values
between 12 and 23. For example, suppose a divide value of 17 is
desired. The circuit divides by four, two times, and then by three,
three times. Thus, for every 17 input pulses, one pulse is produced
at the output of UlZ2A.

Control Circulitry (For Fractional-N)

U13, Ulé, U18, Ul1l9, and U20 are the fracticnal-N control circuits.
U13-U19 vary the control signal (TPl0) to U20 so that fractional
division can be accomplished. Ul3 adds two to the input. UlS and
U19 form the accumulator circuit (Ul8 is a latch; Ul9 is an adder).
The adder's outputs are at pins 6, 7, 9, 10, and 11. Each time there

8-445
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is an output from the divider (pin 8 of U21), the count sum is added
to the least significant digit programmed. Whenever a carry OcCcurs,
the divider is triggered to divide by a number that is one greater.
Th other words, the control c¢ircuitry tells the divide by 12 to 23
section when to shift up by one divide number to achieve fractional
division.

For example, to obtain a divide by 12.1 value, the divide by 12 to 23
cireuit must divide by 12 for 9 divider output cycles and then by 13
for 1 divider output cycle. The Ul6A output at pin 5 goes to pin 13
of U20. This is the N/N+1 line. It tells the divider whether it
should divide by N or N+1. When the line is HI, the circuit is
dividing by N+1, when it is LO, the circuit is dividing by N. {See
Fractional-N Loops Section for a more detailed description of
howFractional-N works.)

Shift Register and Decoder Circuitry

The shift register and decoder circuitry in the divider section is
composed of U, U7, and UB. U6 generates the appropriate output to
control the divide by 3, divide by Y4 circuitry. When TP4 is HI, the
3/4 eireuit divides by 4. The 12/23 divide number is changed through
pin 12 of U7 and pin 6 and 9 of U8 by data from the control section
decoder formed by Ul2. This decoder decodes information from pin 2
and 14 of U20. Signals from gate UMD and pins 2, 3, 1U, and 15 of
U1l control U7 and U8, the outputs of which are decoded by U6,

ECL to TTL Translator and Sguaring Gates

Q3 and QY are buffers which convert the ECL ocutput of UlzA to TTL
levls. The actual output of the divider passes through gates UlA,
U4E, and UNC, which square up the output and change the 15% to 20%
duty-cycle of the divider output signal to 50%.

TROUBLESHOOTING

When a Low Frequency N Loop problem has been traced through the block
diagram troubleshooting procedure to this assembly, use the following
procedure to isolate the cause of the problem.

Frocedure

1. Mount the A3A3 assembly on an extender board from the service
kit. Use an extender cable in place of the short cable running
to this assembly. Look at TP1l5 with an oscilloscope. The signal
should be a 10.0 MHz TTL signal (high 80 ns, low 20 ns). Check
that the signal at UNC pin 14 is a 10.0 MHz ECL signal.

If the pulses are there and assume valid logic levels (even
though the frequency may be wrong), continue with step 2, below.
If there are no pulses (either point stuck high or low, or

.)
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doesn't assume valid logic levels), trace the signal back to find
where the signal goes bad.

Set the front panel frequency to 323.3450 MHz. Connect a cable
from A5ABJ2 (disconnect the cable that is normally connected
there) to A3A3J1. This connects the stable cutput of the
fractional N loop to the input of the divider. Measure the
frequency of the signal at TP1l5. The frequency should be 10.0
MHz (+1 count). If the frequency is correct, the divider is
functioning normally so continue with step 6, below. Otherwise,
there is a problem with the divider so continue troubleshooting
with step 3.

Set the front panel frequency to 327.80 MHz. The frequency at
TP15 should be 10.0 MHz. This frequency setting programs a
divide number of 20.0 and input fréquency (from fractional N
loop) of 200.0 MHz. If the frequency at TP15 is correct, the
problem is with the accumulator circuitry (Ul13, U19, Ul8 or Ul6).
Otherwise, the preblem is 1in the basic divider circultry so
continue troubleshooting with step 4.

Remove jumper WL (to the left of U2). The fregquency at TPH
should be 66.66667 MHz. The 34 counter is held in the
divide-by-3 mode with the jumper removed.

Connect a Jumper from +5V to the top pad where the jumper was
connected. The frequency at TP5 zhould be 50.0 MHz. The 3/4
counter iz held in the divide-by-4 mode with +5V applied.

If the counter operates normally, replace the jumper and continue
troubleshooting with step 5. Otherwise, there i1s a probklem with
Ul, U2, U3 or associated components.

Set the front panel frequency to 320.80 MHz. Set the frequency
increment to 1 MHz. Press the INCREMENT (up) and INCREMENT
{down) keys and check the frequency digit decoder outputs shown
in the table below. IFf any outputs are wrong, troubleshecot to
find the cause. Otherwize, the problem is in one of the shift
registers (U7 or U8) or the U6t decoder.
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FREQUENCY DIGIT DECODER OUTPUTS ‘
(Front-panel frequency setting = 320.80 MHz) &

Uii-15 U4-1% | U12-13 Ul2-9

W oo =] hA Lo M = O
| mp - el ol o o s g e ol
ACDmmePmng
BPmErCmEC e T
ol ol s ol o el o e ol o
fa nfiasfasiie s s Bonl el ol
oo fia sl sliac e sfiarsnlia asd
e ol ol sl el ol sl vl o

Set the front panel frequency to 326.810 MHz. This setting

programs the fractional-N loop output to 190.0 MHz and the A3A3
divide number %c 19.0, so the output of the divider should be

10.0 MHz. BSet the front panel frequency inerement to 0.1 Hz and
press the INCREMENT (up) key. The ERROR LED on top of the A3JA3 3
assembly should blink at a 100 Hz rate and the waveform at TPl w
should be a 100 Hz square wave (amplitude #0.7 Vde). Each time

the frequency is incremented, the frequency of the blinking LED

and the waveform at TFl will increase by 100 Hz. Press the

Tncrement (down) key until the frequency display is below 326.810

MHz. The LED and TPl behave exactly the same as described,

above. When the frequency is exactly 326.810 MHz, the signal at

TP1 should be a de value somewhere in the range of +0.7 Vde (most
likely wvalue is +0.7 Vde or -0.7 Vdc). The LED may be either 1lit

or off but should not be blinking. If this circuitry is

functioning normally, continue with step 7. Otherwise, there is

a problem with the phase detector circuitry so continue
troubleshooting this circuitry to find the cause.

NOTE

The waveforms shown on the schematic for TPl2 and TP13
are taken with the Phase Lock Loop in an out-of-lock
condition and are not representative of the waveforms
for step 7 of this procedure.

Set the front panel frequency to 326.810 MHz an frequency

inerement to 10 Hz. Look at TPl3 on an oscilloscope (DC coupled,

0.5 V/div vertical, 1 ms/div horizontal). There should be no

waveform present and the level should be near ground (*1/2

division with the settings given). w

Press the INCREMENT (up) key. Negative going pulses should
appear on TP13 (amplitude of approximately 1.0 V). Pressing the
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INCREMENT (up) key again should cause the frequency of the pulses

“ to increase.
Set the front panel frequency to 326.810 MHz and look at TPl2
with an oscillozcope. There should be no waveform present and
the level should be near ground (+1/2 division). Press the
INCREMENT (down) key. Fositive pulses should appear on TPl2
(amplitude of approximately 2.0 V). Look closely since they are
faint at the scope settings given, above. Pressing the INCREMENT
(down) key again should cause the frequency of the pulses to
inerease.

If either or both of these waveforms is not correct, there is a

problem 1n the frequency detector circuitry. Troubleshoot this
part of the circultry to find the cause of the problem.

8-449/450
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CHANGES

On the A3A 3 schematic:

¢ A3AIRI1-R8 - Change the value of R1-R8 to 178 ohms.
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SERVICE SHEET 19
P/0 A343 N LOOP DIVIDER/PHASE DETECTOR

REFERENCE BLOCK DIAGRAM 5
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-3. Post-Repair Adjustment Procedures,

PRINCIPLES OF OPERATION
General

This service sheet contains the circuitry for the phase detector
portion of the N loop. Inputs include the 10 MHz N loop phase
detector reference signal from the reference section (service sheet
1) and the 10 MHz phase detector variable from the N Loop Divider
(service sheet 18). The phase detector reference signal splits and
goes to both the phase and frequency detector circuits, as does the
bhase detector variable sgignal. The outputs from this section are
phase and frequency error sighals which are sent to the N Loop VCO
(service zheet 20).

Frequency Detector Circuitry

The freguency detector circulitry determines if the frequency at the
output of the N loop divider is above or below the 10 MHz reference
signal. If the N loop frequency is more than several MHz from the
reference, the loop won't lock by itself because the signal is out of
the phase detector's range. The frequency detector section
determines which direction to tune the frequency so that the signal
is within the phase detector's range. Ql and Q2 form the U45-degree
phase shifter circuits. US, U9 and Ulld are used as dual exclusive-or
gates.

Of the two U5-degree phase shifter circuilts, one shifts the detector
reference signal in the +U45-degree direction and the other shifts in
the -45 -degree direction. This puts the resulting signals to the
dual exclusive-or gates 90 degrees ocut of phase with each other. The
exclusive-or gates function similarly to double-balanced mixers. The
signals at their outputs are filtered by the 2 MHz low-pass filters.
These filtered outputs are the difference frequencies between pin 10
on U5D and the reference divider inputs to Ql and Q2. The signals
sent to the comparators are triangle waves and are measurable at TP7
and TP9, where the phase difference is still 90 degrees. Thesze
triangle waves are converted to sgquare waves by comparators Ul0 and
Ul5. The cutputs from these comparators enter Ul6, a contrel
flip-flop.

If TP1]l goes HI when TP8 is L0, then a LO is transferred to pin 9 of
Ulé6B to trigger monostable Ul7A. ULTA produces a 4.5 microsecond
pulse that turns OFF Q6 and causes CR11 and CR12 to turn ON. Q6
turns OFF when CR9 turns ON, which eccurs when pin 13 goes HI and pin
4 goes LO. Current flows from the summing junction of the N Loop
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VCO, causing the frequency to go up. At the same time, pin 5 of ULYE
is LO. This keeps CR10 OFF so that no current flows into the
junction of R119 and R120. When the loop is locked, U17A and UlTEB
are not triggered and there is no current flowing through R118, R119,
or R121. When pin 5 of U17B goes HI, current is sent to the junction
through CR10 and the frequency decreases.

Phase Detector Circuitry

The input to the phase detector section is composed of limiters Q5
and Q10. These produce square waves at TP1l4 and TP1lé. From here the
signals enter the phase detector formed by @11 and @l2z. This phase
detector acts like an exclusive-or gate. When TP14 and TP1l6 have
different voltages {either Q5 or Q10 is HI) one of the two phase
detector transistors turns ON and sums current into R85 and R86,
causing the emitter of Q9 to go HI. The output voltage from Q9 is LO
when both inputs are the same.

Q9 is used in a low impedance emitter-follower configuration and acts
to drive the 1 MHz and 6 MHz notch filters. The six notch filters
(which follow Q9) filter the spurs generated in the N loop
fractional-N circuitry. These spurs occur at sub-multiples of the
reference frequency. CRS and CR6 limit the phase range over which
the phase detector can tune the oscillator. The phase error signal
at pin 10 goes to the summing junction on the N Loop VCO Assembly
(service sheet 48).

OQut-of-Lock Circuitry
When the output of the phase detector is HI (indicating an

out-of-lock condition), the TTL level translator formed by Q8 and U2l
turns ON Q7, causing the out-of-lock lamp to light.
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CHANGES

On the A3A3 component locator:

& A3JA3RI123 - Add resistor, R123, directly above edge connec-
tor pad 12.

On the A3A3 schematic:

& A3AJIR123 - At the right edge of the schematic, in the cir-
cuitry labeled "N LOOQP QUT-OF-LOCK INDICATOR", add
resistor R123 (237 ohms) a5 a geries registor to the right of DS]
it the path leading to pin 12
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Model 8663A Service

@ SERVICE SHEET 20
— A3A4 N LOOP VCO

REFERENCE BLOCE DIAGRAM 5
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OPERATION
General

This service sheet contains the voltage controlled oscillator and
associated circuitry for the Low Frequency N Loop. There are four
frequency control inputs to this board and two outputs. The outputs
extend from 122 MHz to 221 MHz. One output is the N loop N-divider
drive, the other is the 8§ loop mixer local oscillator input. The
frequency control inputs are summed, shaped, amplified, and filtered
before being used to control the frequency of the veltage controlled
oscillator.

Current Summing Junction

The inputs to this assembly go through a summing junction and are
amplified by Q10. Q10 converts the summed currents to a control
voltage.

One of the four inputs is a pretune (pin 15) that coarsely tunes the
oscillator to within a couple of MHz of the correct frequency for
locking. The other three inputs are loop signals. The signal at pin
11 is the phase error signal from the phase detector that is located
on the N Loop Divider Board. The other two signals are from the
frequency detector circuitry on service sheets 46 and 47. One of
them sums current into the summing Jjunction and makes the frequency
decrease, the other one removes current from the emitter of Ql0 and
makes the frequency increase. These inputs are at board pins 10 and
9, respectively. The pretune line has a gain adjustment which allows
the range of the VCO to be set. The maximum tune range 1is
approximately 100 MHz with the 7 volt (maximum) pretune voltage.

Shaping Network and Buffer Amplifier

The shaping network (in the collector circuit of Ql0) is a
diode-resistor network composed of CR2, CR3, R12, R13, R16, and R19.
This network shapes the VCO pretune voltage so that a change in
voltage causes a linear change in the VCO output frequency.

Following the shaping network is an emitter-follower stage formed hy
Q6. It drives the filter network that removes the spurious signals
from the loop and drives the phase lag network consisting of R29,
R31, and Cl19. The actual varactor voltage (at TP2) goes through R33
to the oscillator tank at CR7 and CR8. This is a negative voltage of

8-461
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between -2 volts and -18 volts (-2 volts is the limit for the low y
frequency end and -18 volts is the limit for the high frequency end). &

Gain Set Switch

Q9 is a transistor switch that inereases the loop gain voltage as
determined by the conduction threshold of CR3. When Q9 turns ON, it
shunts R25 so that the gain from the emitter of Q6 to TP2 is
increased by approximately 6 dB. This causes loop gain to increase
and compensate for the decrease in capacitance of the varactors,
which occurs c¢lose to the high frequency end.

Charge-Discharge Switch

Transistors Q5 and Q8 switch current into C19 through R26 and R31.
These transistors are biased so that when the voltage at TP4 is 2

volts greater than the voltage on €19, either Q5 or Q8 turn ON and
quickly charge C19. This increases switching speed.

Voltage Controlled (Hartley) Oscillator

The oscillator itself is formed by Q7, which is a commeon gate FET
amplifier. Capacitor C22 is a bypass capacitor for the varactors.

L8 is a tapped inductor. The feedback 1loop feeds through C24 to the .
source of the FET. R27 and R28 set the de¢ current in the FET.

Signal Splitter

The output of the VCO is tapped from inductor L8 very close to ground
and goes through R34 to transformer T1, which is a power splitter.
This splitter supplies half-power to each of the two amplifiers and
provides substantial isclation between them.

Output and Loop Buffer Amplifiers

The two buffer amplifiers are identical. The loop buffer amplifier
consists of Q3 and Q1 and the output buffer amplifier consists of Q4
and Q2. The two transistors within each amplifier assembly are
cazcaded. The cutput of each amplifier is attenuated by a 3 4B pad
before being output from the assembly. One of the ocutputs is sent to
the N loop divider to provide feedback to the N loop phase detector;
the other is sent to the sum loop mixer (LO input).

Minus 26 Volt Supply
The -26 volt on-board supply is derived from the main -40 volt

supply. It is used as a reference voltage (for the frequency .}
breakpoints) by the shaping network.

8-462
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CHANGES

2441A and above On the A3A4 schematic:

= AJA4R10, R12, R13, R16, R19 - Change the values of these resistors to the
new values shown below:
R10 to 3.83k
Rl12 to 17.8k
R13 to 21.5k
R16 to 14.7k
R19 to 75k

2549A and above On the A3A4 schematic:

A3A4R1, R12, R13, R16, R24, R25 - Change the values of these resistors to
the new values shown below:

R1 to 100k

R12 to 23.7k

R13 to 348k

R16 to 31.6k

R19 to 422 ohms

R25 to 1k

2619A and above On the A3A4 schematic:

« AJA4R24, R25 - Change the value of R24 to 26.1 ohms.
Change the value of R25 to 316 ohms.

2936A and above On the A3A4'snhematic:

= A3A4R27, R28 - Change the value of B27 and R28 to 1k.
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SERVICE SHEET 21
A3A5 SUM LOOF MIXER

REFERENCE BLOCK DIAGRAM &
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIFPLES OF QPERATION
General

There are two main circuits on the Sum Loop Mixer Board. The mixer
takes the Sum Loop VCO and N Loop VCO signals, mixes them down to a
frequency band of 1 MHz to 2 MHz, and sends this band to the
frequency detector. The freguency detector is composed of U2 through
U6é. This circuit detects when the sum loop frequency is greater than
the N loop frequency and sends a Sum loop frequency error signal to
the Sum Loop VCO Assembly (Service Sheet 23).

Mixer Circuitry

The sum loop mixer RF from the Sum Loop VCO (service sheet 23) and
the sum loop mixer LO from the N Loop VCO (zervice sheet 20) enter
the board via the J2 and J1l inputs, respectively. The S loop RF
passes through a 10 dB pad and a limiter formed by Ul. Ul has a gain
of 10 dB and limits at +1 dBm. The output of this limiter stage is
then capacitively coupled to the RF input of mixer U7.

The & loop LO signal from the N Loop VCO (service sheet 20) is
limited by CR1 and CR3 and attenuated by the 3 dB pad formed by R7,
R9, and R11. The signal is then applied to the L0 input of the
mixer. The output IF from the mixer varies between 1 MHz and 2 MHz.
The output of the mixer is filtered by a 10 MHz low-pass filter
formed by C14, L3, C15, L4, and C16, and then enters the
limiter/buffer amplifier formed by transistors Q1 and Q2. The
resulting signal is the sum loop IF signal. The level of this signal
is approximately 4V p-p.

Frequency Petecting Circuitry

The frequency detecting c¢ircuit determines if the S loop frequency
exceeds the N loop frequency. The 3 loop normally extends from 120
MHz to¢ 220 MHz; the N loop's frequency range is from 122 MHz to 221
MHz. The S5 loop frequency should always be 1 MHz to 2 MHz below the
N loop frequency. If it becomes more than 2 MHz above the N loop,
the 5 loop will reverse and send the VCO in the wrong direction.

The frequency detecting circuit keeps the 3 Loop VOO frequency below
that of the N loop. The decade divider circuits (U2 and U3) divide
the outputs of the two VCOs by 10. The divided signals at TPl and
TP2 enter frequency detector Ud, which determines when the 8 loop

8-467
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frequency is greater, the output at pin 12 of Ul goes HI, causing a

frequency is greater than the N loop frequency. When the 3 loop .)
ramp voltage to be applied to pin 2 of comparator U5,

The ramp voltage at pin 2 of U5 is compared against the reference
voltage at pin 3, and a TTL pulse is generated at the pin 7 output.
This TTL pulse triggers monostable one-shot U6, producing a 3.4
microsecond pulse which is sent to the S Loop VCO as a frequency
error signal., A pulse train is output from U6 as long as the § loop
frequency i& greater than the N loop frequency. This pulse train 1is
filtered, summed with the S loop error and pretune currents, and
converted to a voltage so that it can be used to help decrease the S
Loop VCO frequency.

The frequency detector is disabled by the frequency detector enable
line (at board pin 11) when the S Loop VCO is locked. The frequency
detector enable line is also sent to pin 1¥ of U2 and U3, turning COFF
the dividers to prevent spurs from being generated.
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Service

CHANGES

On the schematic:

& MNOTES - Add NOTE 4 as follows:

4, For instruments with serial number prefixes lower than
2419A: A3ASU2 and A3A5U3 must be replaced as a set
with HP part number 1820-3517. In addition to replacing
both U2 and U3, R13 and R14 must be removed from the
board and replaced with terminal studs. The studs should
be soldered in the existing R13 and R 14 holes and the new
value of R13 and R14 (0698-3443) should be soldered to
the studs along with capacitors C24 and C25 (0160-4803).
€24 should be soldered in parallel to R13 and C25 should
be soldered in paralle] to R14.

A3A5U2 U3 - In the Table of Transistor and Integrated Cir-
cuit Part Numbers, change the part number of U2 and U3 to
1820-3517 and add the note, "Refer to NOTE 4."

On the A3AS schematic:

*

A3A5U2 U3 - Next to U2 and U3, add "(NOTE 4)".

On the A3AS component locator:

[ ]

AIASC24, C25 - Add C24 parallel to R13. Add C25 parallel
toR14,

A3ZA4AMP4-MP7 - Add MP4-7 in the mounting holes for R13
and R14. (MP4-7 are posts to which R13, Ri4, C24, and C25
are soldered.)

©On the A3AS schematic:

A3ASCL4 C25 - Add C24 (68p) in parallel with R13 and add
C25(68p) in parallel with R14. -

A3ASRI13 Rl14 - Change the value of R13 and Ri4 to 287
ohms.
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Model 8663A Service

SERVICE SHEET 22
A3A6 SUM LOOP PHASE DETECTOR AND PRETUNE

REFERENCE BLOCK DIAGRAM 5
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repalr Adjustment Procedures.

PRINCIPLES OF OPERATION
General

There are two independent circuits on the Sum Loop Phase Detector
Board. One 1s a pretune circuit that coarsely tunes the three
oscillators in the low freguency loops to within 3 MHz of the correct
frequency a¢ that the search and loek time for the loop iz decreased.

The upper portion of the service sheet shows the phase detector
circuitry. This sectlon has two inputs. One is the 8 loop IF signal
input and the other is the fractional-N loop VCO output (8 Loop phase
detector reference). The 8 loop IF signal is compared against the
reference silgnal, and error pulses are generated at the ocutput to
kKeep these two signals at the same frequency. The error pulses
generate an error voltage which is sent to the 8 Loop VCO (service
sheet 23).

Pretune Circuitry

The pretune circuit consists of transistors Ql through Ql4. Qt
through Q8 are controlled by BCD lines from the Frequency Output
Board via pins 10-13 and 25-28. The BCD weighted currents at the
collectors of transistors Q1 through Q8 in the D/A converter are
summed at TPY4. Theze weighted currents are subtracted from the
current that would normally flow through Q10 from R44 and R4S, The
net current out of Q10 appears as a voltage across Ri7. As more
transistors are turned ON, less current flows through Q10 and the
voltage across RUT7 approaches 0 volts.

Q9 sets a reference voltage that clamps the emitter of Q10 to 10
volts. Q11 and QlY form a dual emitter-follower buffer amplifier.
Its output range iz 1.2 volts to 7.0 volts. After passing through a
1 MHz low-pass filter, this voltage iz sent to the VCO summing
junetions for the N loop, & loop and FMS leoop. This pretunes the
three oscillators to frequencies where the loops should lock.

Phase Detector Circuitry

The reference signal for the phase detector circuitry comes from the
Fractional-N Loop at 100 MHz to 200 MHz. It is divided by 100 by a
circuit formed by Ul and U2 and is then sent to UlA.
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The second input to the phase detector circuitry is the sum loop IF
signal that comes from the 8 Loop Mixer Board (service sheet 21).
This signal enters the board via pin 9 and goes to pins 1 and 2 of
U3, a schmitt trigger. The input waveform is converted to a square
wave by this circuit so that it can be used by the digital phase
detector.

The phase detector is formed by flip-flops UdA, U4B and gate U3B,

One flip-flop is latched HI by the 8 loop phase detector reference
signal and one is latched HI by the S loop IF signal. Once both
flip-flops are set, the output of U3B goes HI, resetting them. As a
result, the output of the flip-flops is a signal with a pulse width
equal to the time difference between the signals driving U4A and U4B.
The pulse width is wide when there is a large phase or frequency
difference and is narrow when both signals are in phase. A ramp
shaped signal appears at TP3 and TP6 (only one; never both) depending
on the direction of the frequency phase shift.

The ramp waveform at either TP3 or TF6 is sent to the differential
amplifier integrator formed by Q13, Q15, and Ql2. The feedback loop
for this circuit is composed of C31 and R57. The cutput of the
integrator passes through R65 and R66 before leaving the board as the
error voltage to the L Loop VCO (service sheet 23). When locked,
this output (at pin 30) is 0 * 0.5 volts. Diodes CRZ2 through CRY
1limit the total voltage at C31 {in the feedback loop) so that the
charge time of €31 is not increased if a transient occurs during
locking.

Out-of-Lock Detec¢tor Cirecuitry

The out-of-lock detector formed by U3C and UKC produces a pulse that
triggers the monostable one-shot formed by Ué when the pulses from UY
are wide., U6 in turn lights the out-of-lock LED. A signal is also
output from pin 25 and is sent to the 3um Loop IF Board, enabling the
frequency detector vircuitry.
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CHANGES

On the A3AG schematic:

e A3AG6RI, R4, RS RIL RI15 R2I, R25 R28 - Change the
value of these resistors to 909 ohms.

¢ AJAGRI R7T. RIO R2Q, R24 R27 R30 - Change the value of
these resistors to 2.37k.

* A3A6R14 - Change the value of R14 to 681 ohms.

On the schematic:

® A3AGQL3 - In the Table of Transistor and Integrated Circuit
Part Numbers, change the part number of Q13 to 1354-1046.
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SERVICE SHEET 23
A3AT SUM LOQP VCO

REFERENCE BLOCK DIAGRAM %
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIFLES OF QFERATION
General

This board contains the voltage controlled oscillator and associated
circuitry for the FM Sum Loop. There are three frequency control
inputs to this board and two outputs. One output is the FM sum loop
mixer RF, the other goes to the high frequency loops section. The
frequency control inputs are summed, shaped, amplified and filtered
before being used to control the frequency of the voltage controlled
oscillator.

Current Summing Junction

The inputs are combined at the summing Jjunction before entering
amplifier Q10. Q10 amplifies the summed currents from the three
frequency contrel inputs and converts them to a control voltage.

One of the three inputs is the sum loop frequency error signal (pin
11) which comes from the Sum Loop Mixer Board (service sheet 49).
The other two are the pretune signal (pin 10) and the sum loop error
signal (pin 9). Both come from the 3um Loop Phase Detector Board
(service sheet 22). The pretune line has za gain adjustment which
allows the range of the VC0O to be set. The maximum tune rahge is
approximately 10Q¢ MHz (+1.2 to +7.0 Vde pretune voltage range).

ohaping Network and Buffer Amplifier

The shaping network in the collector of QL0 is a diode-vesistor
network composed of CR5, CR6, R13, R15, R17, and R20. This network
shapes the pretune voltage so that a change in voltage produces a
linear change in output frequency. Normally, varactors CR13 and CR1Y4
in the VCO give it a non-linear output. The dicde network, however,
cancels out the non-linearity by awitching in the diodes at the
appropriate peoints.

Following the shaping network is an emitter-follower stage formed by
Q7. This stage drives the filter network that removes the spurious
signals from the loop and drives the phase lag network consisting of
R32 and C¢20. The varactor veltage (at TP3) goes through R34 to the
oscillator tank at CR13 and CR1Y4. This is a negative voltage of -2
volts to -18 volts (-2 volts is the 1limit for the low freguency end
and -18 volts is the limit for the high frequency end).
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Gain Set Switch

Q6 is a transistor switch which increases the loop gain voltage as
determined by the threshold point of CR6. Q6 turns on and shunts R26
so that the gain of Q7 at TP3 is increased by approximately 6dB.
This causes the loop gain to increase and compensate for the decrease
in gain of the varactors, which occurs close to the high frequency
end.

Charge-Discharge Switch

Transistors Q5 and Q9 switch current into C20 through R24. These
transistors are biased so that when the voltage at TP4 is two volts
greater than the voltage at C20, either Q5 or Q9 turn on to quickly
charge C20. This increases switching speed.

Voltage Controlled {Hartley) Oscillator

The oscillator itself is formed by Q8, which is a common gate FET
amplifier. Capacitor C23 is a bypass capacitor for the varactors.
L8 is a tapped inductor. The feedback loop feeds through C25 to the
source of the FET. R28 and R30 set the dc current in the FET. R31
and R33 set the dec voltage at the gate.

Signal Splitter

The output of the VCO is tapped from L8 very close to ground and goes
through R36 to transformer T1l, which is a power splitter. This
splitter supplies half power to each of the two amplifiers and
provides substantial isolation between then.

Output and Loop Buffer Amplifiers

The loop buffer amplifier consists of Ql and Q3. The output buffer
amplifier consists of Q2 and Q4. The two transistors within each
amplifier assembly are cascaded. The output of each amplifier 1is
attenuated by a 3 dB pad before being output from the assembly. One
of the outputs is sent to the FM sum loop mixer (LO input), the other
to the sum loop mixer (RF input).

Minus 26 Volt Supply

The -26 volt on-board supply is powered by the main -40 volt supply.
It is used as a reference voltage for the frequency breakpoints by
the shaping network consisting of CR5 and CR6.
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CHANGES

All Serial Prefixes Onthe A3A7 Component Locator:

» A3A7C23, C24, C26, C27 - Delete A3AT7C23, C24, and €26, Change the
exigting C27 to C23.

2441A and above On the A3A7 Schematic:

« AJA7R12, R13, R15, R17, R20 - Change the values of these resistors to the
new values shown below:
R12 10 8.83k
R13 to 17.8k
Rib to 21.5%
R17to 14.7k
R20 to 75k

2449A and above On the A3A7 schematic:

+ ASA7B28, R30 - Change the value of R28 and R30 10 1.21k

2548A and above Onthe A3A7 Schematic;

+ ABA7R5", R10, R12, R13, R15, R17, R20 - Change the values of these

resistors to the new values shown below:

R5*t0 5.11k

R10t0 5.11k

R12 to 422k

Rl13t0 21.5k

R151t0 34.8k

R17 to 26.1 ohms

R20t0 90.9k

2936A and above On the A3A7 schematic:

+« ABA7R28, R30 - Change the value of R28 and R30 to 1k.

All Serial Prefixes On the A3A7 schematic;

« A3BATR55 - Change the value of R55 to 100,

rev.01JUL9I




;j,t;d, &-v38 SHAA /%j

P/O A3A!] A3A7 SUM LOOP VCO (08662-60140) _

LF LOOPS SECTION
MOTHERBOARD
(08663-6035)

CURRENT BUFFER
S SUMMING -_...._\ /—— AMPLIFIER _\
JUNCTION a0V

POSITION

CURRENT-

TO-YOLTAGE o ~
CONVERTER N (? ———— GAIN-SET

Eﬂﬂo?&i{.ma
FROM SUM S-AP ING % 726
LOOP PHASE : ST ONETHORK T { 1000

TP4
OETECTOR XAZAT ?gg:
a7
CRé&

LF LODPS —40v
PRETUNE R23
FROM StM op 322
LDOP PRETUNE . T

o PRTN .
221 3 RIT R20

S26, 1k $31.6x

SUM LDOP T

FREQUENCY

ERROR SIGNAL Vv -26V

[00F wiver RS

i e DISEHRROE ——
SWITCH

+3

POWER SUPPLY
/£ DECOUPLING —

Q9

R21I
36

wahbipa

<

=40V
=I0V{FI} -26vY SUPPLY —

o mh

R&
10

+i%i%m
40V

I
AN

v

-

SERIAL PREFIX: 22344




—————— BUTPUT BUFFER AWPLIF1ER
LS R4 |
100n 750

czs

- 1000p

R ey

p—————- VOLTAGE CONTROLLED (120-220 MHz) DSCILLATOR =eme——se————my

C25
220p
IL

~lpv(Fz) RBS

1€ -
R30 LY o TANK CIRCUIT =———
. 100

t620 2.24

R40
2150

R45
174 €35 ~ 10V

O.lu -
4 Bh 45
- lOVIFL) TloviFD

caz2 — SIGNAL
g 0. in g
T00kHz LPF,

22 SPLITTER \
SAIN-SET IMHz NOTCH FILTER,
SHITOH ===\ /— PHASE LAG NETWORK, —————====—=
VOLTAGE-LIMITER . /REFER T8
TE34 Tagle |
R26 16 R29 R34
1 000 - 4TH

VN 15
T S30p

|
ti4
s 1,0u

,— LOOP BUFFER AMPLIFIER ———\

REFER TO
TABLE 1|

~10V{F2)

TABLE | TUNE YOLTAGE CHECK

LR ;

F?E?TING P2 TP4 TP3 TP FREEEENCY

{MH2) (vde) (vde) (vde) (vde) {MHz )
320.0 +7.03 ~3.83 ~3.23 -3.21 120.0
320.1 +6.97 -3.85 -3.35 -3.34 121.0
320.2 +6.91 -4.08 -3.47 -3.48 122.0
320.4 +6.78 -4.33 -3.73 -3.72 124,0
320.8 +6.55 -4.85 -4.24 -4,23 128.0
321.0 +5 .44 -5, 11 -4.51 -4.,50 130.0
322.0 +5.,85 -5.46 -5.86 -5.84 140,0
324.0 +4.67 . -8.54 -8.53 160.0
328.0 +2.33 -13.8 -13.9 200.0
329.9 +1.23 . -18.0 -18.0 219.0

T 28

: {(-26.5x7vde )
o 26.5zivdc




QUTPUT
120-220MHz
(9dBm+3dB)

?/S,A% 3 %j

REFER 70 TABLE |
FM SUM LOOF
" WIXER LO

R49
480

- RES
1oviF2) 100

-0V (F2)

OUTPUT

120~220MHz

3dB (9dBmM4dB)
/7 PADTN

38 RE
1Gp IT.g

@B P 24

NOTES

. REFER TO TABLE 8-102 FOR SCHEMATIC
OIAGRAM NOTES.

TROUBLESHOOTING VALUES ARE TYPICAL.
THEY ARE ACTUAL MEASURED VALUES.
YOUR MEASUREMENTS MAY BE SLIGHTLY
DIFFERENT THAN WHAT IS SHOWN.

ASTERISK (*) INDICATES THAT
THESE PARTS ARE SELECTED IN
TEST. THE VALUES SHOWN ARE

TYPICAL. REFER TD SECTION X
FOR PROCEDURE.

. JUMPERS W1 AND W2 ARE REMOVED
FOR TROUBLESHOOTING PURPOSES ONLY.

REFERENCE DESIGNATIONS
NO PREFIX ASAIL

TP6,7,8
XAJAT

SUM _LOOP
MIXER RF

(@221 C P21

TRANSISTOR
PART NUMBERS

REFERENCE PART
DESIGNATIONS NUMBERS

1854-024T
1854-0345
| 854-0404
18530451
1855-0235
1853-0012

A3ATG3, 4
TOP VIEW
[]

£
[ CASE)
B

AZATQS
TOP VIEW
]

S

o

SERVICE SHEET 2 3
A3A7

Figure 8-438. ASA7 Sum Loop Voitage Controlled
Oscillator Schematic

8-483/484




Model 8663A Service

SERVICE SHEET 24
A3JA9 FM SUM LOOFP MIXER

REFERENCE BLOCK DIAGRAM 5
Table lU-1. Recommended Performance Tests
After Adjustments or Repairs.
Takle 5-2. Post-Repalr Adjustment Procedures.

FPRINCIPLES OF OPERATION
General

There are two separate eirecuits on this service sheet. The upper
portion of the schematic shows the integrator. The integrator takes
the FM sum loop phase and frequency error signals from the FM Sum
Loop Phase Detector Board (service zheet 25) and generates an FM sum
loop error current which is sent to the FM Sum Loop VCO Board
{service sheet 26).

The lower portion of the zschematic shows the mixer cireuitry. This
section talktes the FM sum loop VCO signal (service sheet 26) and the
sum loop VCO signal (service sheet 23) and mixes them to produce the
FM sum loop IF which is sent to the FM sum loop phase detector
{(service sheet 25).

Mixer Circuitry

The FM sum loop mizer RF (FMS loop VCO output) enters the board via
J1, passes through the 3 dB attenuator pads and a 2%0 MHz low-pass
filter before entering pin 1 of mixer Ul. The FM sum loop mixer LO
{sum loop VCO output) enters the board via J3 and is passed through a
300 MHz low-pass filter before entering pin 8 of the mixer. The
signal outputs from pins 3 and 4 of the mixer are passed through a 3
dB pad and a 40 MHz low-pass filter before leaving the beoard as the
FM sum loop IF at J2Z. The output level of this 20 MHz IF s2ignal 1is
-16 dBm +3 dB.

Integrator Circultry

QlA and Q1B form a discrete differential amplifier within the
integrator circuitry. One input to the amplifier is a frequency
error signal (pin 8); the other is a phase error signal (pin 6). The
signal at pin 8 should normally be at 0 volts when locked. AL 0
volts, CR1 and CR2 are biased OFF and the base of Q1B is close to 0
volts. The phase error signal at pin 6 operates the differential
amplifier to control the phase of the signal. The output voltage of
the differential amplifier is amplified by Q7 and Q4 and is used to
drive the voltage to current converter (Q3). The constant current
source for the converter is formed by Q6.

The FM sum loop error current which flows through pin 3 of the board
is the difference between the current flowing through Q6 and the
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current flowing through Q3. The current flowing through Q3 is
dependent on the voltage at the output of the integrator. The output
of the integrator is controlled by feedback. When Q5 turn OFF, less
current flows through Q3 for a given voltage at TP3. @5 is turned ON

and OFF by digital lines from the Microprocessor Board which enter
the FM Sum Loop Mixer/Assembly via pins 9, 10,

19, and 20,
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Model 8663A Service
CHANGES

On the A3A9 schematic:

® A3A9R7 R9-R12 - Change the value of these resistors to
those shown below:

R7 2.8k
R9 1k
R10 7.5k
R11 287k
R12 196k

On the schematic:

® A3A9Q1 - In the Table of Transistor and Integrated Circuit
Part Numbers, change the part number of Q1 to 1854-1046.
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SERVICE SHEET 25
A3A10 FM SUM LOOP PHASE DETECTOR

REFERENCE BLOCK DIAGRAM 5
Table Y4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OPERATION
General

It is on the FM Sum Loop Phase Detector Board that either the 20 MHz
continuous wave (CW)} signal from the reference section or the 20 MHz
FM signal (generated within the modulation section) is summed with
the 120 MHz to 220 MHz (1 Hz step resolution) Low Frequency Sum Loop
signal. The net result is a 100 MHz to 200 MHz CW or FM signal at
the output of the FM Sum Loop VCO (service sheet 26). This aignal is
divided by the decade divider on the same board to produce the 10 MHz
to 20 MHz (0.1 Hz step resolution) reference signal that is used by
the Output Sum Loop Phase Detector in the high freguency loops
section.

Inputs to the Phase Detector Board include the FM sum loop CW and FM
phase detector reference signals (pins 10 and 8), the FM sum lcop IF
from the Sum Loop Mixer at J1 and the FM/CW contreol at pin 15.
Qutputs include the FM sum loop phase error signal (pin 14) and the
FM sum loop frequency error signal (pin 12).

Phase Detector Circuitry

The FM sum loop IF signal passes through a 20 MHz low-pass filter and
through 60 MHz and 100 MHz notch filters before being amplified by
the 20 MHz bandpass amplifier formed by Ql. The notch filters
eliminate spurious signals from the FM Sum Loop Mixer Board.
Following the bandpass amplifier, the signal passes through a 3 dB
pad before splitting in two directions. One path is through Q2,
which toggles one flip-flop of the frequency detector formed by Ul.
The other path is to the RF input of phase detector U2 (the LO input
will be discussed subsequently). The output of the phase detector
passes through R30 and a 20 MHz low-pass filter before leaving the
board to be sent as an error signal to the integrator on the FM Sum
Loop Mixer Board (service sheet 24).

FM/CW Selector Circuitry

Selection of either the FM or CW sum loop phase detector reference
signals is handled by the FM/CW selector circuitry formed by Ul.
This selector is controlled by the FM/CW control line whiech enters
the board via pin 15. The outputs of the selector are at pins 6 and
3. These two ocutputs are wire 0ORed and the resulting signal is sent
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to the LO input of phase detector U2 and the second toggle input (pin 9
6) of frequency detector Ul.

Frequency Detector Circuitry

The frequency detector outputs a pulse whenever the FM sum loop IF
frequency differs from either the FM or CW sum loop phase detector
reference signals (whichever happens to selected). The output from
the frequency detector is sent to comparators U3A and U3B. The
square wave outputs of the comparators are sent to an inverter
circuit that sums the currents to produce a voltage at the junction
of R39 and R42. This voltage outputs as the FM sum loop frequency
error signal at pin 12. When the system is in lock, the output at
this point is about +0.5 volts. @5 is used as an OR gate for the
cutputs of the two comparators. Whenever either of the comparators
goes HI, Q5 turns on and lights the out-of-lock LED indicator.
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CHANGES

On the A3AS schematic:

& AJA10CY9 - Change the value of C9 to 110p.
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_——— - __ - __ NOTES
I. REFER TO TABLE 8-102 FOR SCHEMATIC
DIAGRAM NOTES.
20 Mz 2. TROUBLESHOOTING VALUES ARE TYPICAL
— — LOW-PASS . :
T~ PURASS /. THEY ARE ACTUAL MEASURED VALUES.
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Model 86634 Service

SERVICE SHEET 26
A3A8 FM SUM LOOP VCO

REFERENCE BLOCK DIAGRAM &
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2, Post-Repair Adjustment Procedures.

PRINCIPLES OF OQPERATION
General

The FM Sum Loop VCO utilizes back-to-back varactors instead of hypass
capacitors used on the other two VCO assemblies. This allows greater
bandwidth and higher frequency modulation of the oscillator.

There are two inputs to the Sum Loop VCO Board. One is a pretune
from the Bum Loop Phase Detector Board which enters the FM Sum Loop
Board via pin 10, This input is fed through a linearizer cireuit and
is then buffered by Q3 and Q4. The resulting veltage at TP3 is used
to pretune the voltage controlled oscillator within lock range. The
FM sum loop error current enters the board via pin 9 and passes
through a 40 MHz low-pass filter, formed by L7 and C8, before being
summed with the loop pretune signal. This signal provides fine
tuning to the VCO and guides it te final loek.

Signal splitter Tl (in the output section of this board) divides the
power of the signal tapped at L12 and distributes it to limiters UZ
and Ul. Limiter U2 has twoe outputs. One of them is a test output
with a frequency range of 100 MHz to 200 MHz. The other output is
passed through a divide-by-ten circuit to provide the 10 MHz to 20
MHz phase detector reference (0.1 Hz step resolution) signal needed
by the Qutput Sum Loop in the high frequency loops secticn. The
output of limiter Ul passes through a 300 MHz low-pass filter and
ocutputs from the board to the FM Sum Loop Mixer (service sheet 24),
providing feedback for the FM Sum Loop.

8-497/498




Model 8663A Service
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Figure 8-445. ASA8 FM Sum Loop Voltage Controlled Oscillator Block Diagrams




Model 8663A Service
CHANGES

On the A3AR schematic:

® A3ABRA4-6, Rl14 R32, R33- Change the value of these resiz-
tors to those shown below:

R4 511k

RS 348k

R& 1k

Ri4 147 ohms
R32 90.9 ohms
R33 75 ohms

On the A3A & schematic:

® AJABRS R12 - Under CURRENT-TO-VOLTAGE CON-
VERTER lccate BRé6 and change its value to 6.8k ohms. Under
SHAPING NETWORK locate R12 and change its value to 261
ohms.

rev.25ECE7 5826
8- 499A.1
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A3A8 FM SUM_LOOP VCO (08662-60143)
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NOTES

REFER TO TABLE B-102 FOR SCHEMATIC
DIAGRAM NOTES.
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Model 8663A

CHANGES

All serial prefixes

On the A3AS8 schematic:

+ 5526 - On service sheet 26 delete the page nurmber and add a revsion date in
its place of ren.20DECSS,

2533A and above

On the A3AS8 schematic:

R4-6, R14, R32, R33 - Change the value of these resistor to those shown below:

R4 5.11K

R5 3.48K

R6 1K

R14 147 ohm
Raz2 90.9 ohm
R33 75 ohm

2706A and above

On the A3A8 schematic:

R6 - R12 - Under CURRENT-TO-VOLTAGE CONVERTER locate R6 and
change its value to 6.8K ohm. Under SHAPING NETWORK locate R12 and
change its value to 261 ohm.

2846A and above

On the A3A8 schematic:

¢ R31 - In the upper right corner of the schematic change the value of R31 to 1K
ohm,

ren.20DECE8




Model 8663A Service
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Model 8663A

CHANGES

All Serial Prefixes On the schematic:

» +3V Bullet “C" - On the left side of the A4A3 schematic, change the service
sheet reference for the bullet labeled “C” to 65.

On the A4A3 schematic:

+« A4A3R2 - Change the value of R2 to 3.83 ohms.
A4A3C24 - The symbol shown for C24 (470p) is a resistor. Change the aymbol
to a capacitor symbol.
A4A3L11 - On the upper right-hand side of the schematic, change the symbol
for L11 to an inductor.

2245A and above On the schematic:

a A4AG - On the left side of the schematic, add A4A6 as shown in the figure
“P/O Figure 8-503. P/O Distributor Schematic (2245A and above)” on page
8-502.3.

NOTES - On the right side of the schematie under NOTES, add note 4 as
follows:

. The small chip components of this assembly require low-temperature soldering
techniques. Use gilver solder.

On the A4A3 schematic:

W2 - Modify the schematic as shown in the partial schematic, “P/0 Figure
8-502. P/O Diatributor Schematic (2350A and ahove),” on page 8-502.4.
NOTES - On the right side of the schematic under NOTES, add note § as
follows: '

. W2 is a quarter wavelength open-circuit coaxial stub used to attenuate a
4 MHz spur.

2350A and above On the A4A3 component locator:

+» W2 . Use the component locator “P/O Figure 8-502. P/0 A4A3 Distributor
Component Locator (28350A and above),” on page 8-502.8.

rev. 16MAY89




Model 8663A

CHANGES

On the A4A3 schematic:

« AGA3CHES5 - Add capacitor C65 (100p) from the node of R34 and L1{ to
ground,

2401A and above On the A4A3 component locator;

+» AJAJCES - Add capacit-or Cé5 between U4 and L10. (Use component locator
on page 8-502.3.)

On the A4A3 schematic:

& A4A3 - Change the part number of the A4A3 Assembly to 08663-60362
(standard) and 08663-60361 {option 002)

« A4AS3 - Modify the schematic as shown in the partial schematic, “P/0O Figure
8-503. P/0O Distributor Schematic (2451A and above),” on page 8-502.5.

« W2, NOTES - W2 and NOTE 5 were added on serial break 2350A. W2 is no
longer used; in its place is an open circuit stub (printed circunit trace). Change
NOTE 5 to read:

5. A quarter wavelength open-circuit coaxzial stub is used 'to attenuate a 4 MHz
spur, The stub is a printed circuit trace.

* AZAJCES - Change the value of C65 to 10p.
= A4A3L10 - Change the value of L10 to 1204.

2451A and above On the A4A3 component locator:

= A4A3 - Modify the component locator as shown in the partial component
locator, “F/0 Figure 8-502. P/0 A4A3 Distributor Component Locator {24514
and above),” on page 8-502.5.

O

5827
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P/O A4A3 DISTRIBUTOR ASSEMBLY

FREQUENCY
BAND SELECT

28 [ Pp=——ri

7a

.
+BYIIFI) 7

R
10k
OPTION 0Q2 DNLY

INPUT
320-640 MHz
FUNDAMENTAL. FREQUENCY 2 we
BN b haE 10 7O +2dBm OPTION

MODULATION SECTION .o Ji l %83&
45 (W Pp—-Gi——< ¢

Figure 8-503. P/O Distributor Schematic (23504 and above)

rev.16MAY89




e

Service Model 8663A

ya
: Brr
BEE
i

@F g

B

. —

P/O A4A3 DISTRIBUTOR BOARD

Figure 8-502. PfO A4A3 Distributor Component Locator (24514 and abouve)
P/O A4 A3 DISTRAIBUTOR_ASSEMBLY _ —- - )

e [} | ¥ | DE-BY - 2 T DIVIDE~BY -2 rm———smmammn,
+BY (F3)
Ai4
gL 287

12 e —d
SET

+5Y [F3) +5¥ [F4)

[ uls ",
Ci5 RiY [T
470p 61.9 £CL

1 +5Y (F2)
R32

C24
470p

+2 OR +4
PATH

+5V (F1)

+5v (F2

e 45 Y (F3)

+5V {F4)

+5V (F5)

*lca
A3y

P/O Figure 8-503. PO Distributor Schematic (2451A and above)

— —
SEATAL PREFIX: 24B1A

rev.156MAY89




g,j‘oj P/O_A4A3 DI STRIBUTOR_ASSEMBLY (0866€3-6 0348 :EXCEPT O

S
S/ 5/ 4

EXCEPT OPTION DOZ

FUNDAMENTAL FREQUENCY
BAN?IESOM HF LOOPS

SEC w31

1 (235— FREQUENCY
BAND SELECT
28 [T Pp—i—

L
+BY{(F 1) ]

RI
10k

OPTION 002 ONLY

INFUT

FUNDAMENTAL FREQUENCY S20-gio Mhz

BAND FROM PHASE

S
MODULATION SECTION ., dl

a5 [F —GaD ,\ x
f

P/0 _A4A5

PHASE MODULATION
SECTION MOTHERBOARD
{08663-60310)

PULSE
DRIVE L3
FROM

| 3.0u
(=} L
ALC c3
BPSK 104
1 37 < oRivE @ ’
!

g POWER SUPPLY DECOUPLING remmammmmmemmrmmmy

28
+5VIF ()
H Ulz-14
c7
3 0.01u

+oVIF2}
U4-16

L c8
'vr‘ 1000p
+BV(FE)
L4 R2 L&
630u 3830 3.0u
Y A Aaas
+Llea +Lca *Lop L tg
g 33u $ 33u @ 220U @ 470p
v 28

Th s

SERIAL PREFIX: 22344

U3-16




j/‘g, 5503 A

50346 1 EXCEPT_OPTION 002)

(08663-60304 OPTION 002 ONLY)

(NOTE 3}

+4SELI|2|DUBA 0 2

————msem——— DIVIDE BY 2

+BY(F3}

E3

HBVIF D)
+EV(F2) 5

RI6

0

+oV{F3}

Ril
100

{EECL)

LIMITERS (A}
TBVIF2)

El

R3
10

+8YI(F2)
cio
4T0p E2

E5
—
v

TP2
Rig

0 ,
NE ’_Efq <
" 32 OR +4 1
I\K" Al
TN

PATH
S
-

Sy
.18  4T0p
| £
U s
o i3
3 10p
2,4,6

=== PULSE DRIVERS (A} —=—\

+BY{F 1)
+5Y{F 1)

BPSK MODULATOR DRIVER
R93 +5Y(F 1)
133

RI2
619
R4
TN

RI3
133

+BV(F ()

R25
780
+SVIFI)
utz-14

BPSK DRIVE 2,3
+EVIF2}

U4~ 16

+5V{F3)

U3-16




= %2/ F- Se3

St 3yY

+2 SEL

DIVIDE BY 2

+BV(F1)

R29
R28 18 w5v(F 1)
s Bl.l

(> T

(EECL) + 4 PATH ==

c23

— 42 PATH —= 4709

+8V(F 1)

R34
10k

+5V{F 1)

LIMITERS {B)

J L
AR
-

o +2 OR +4 PATH

+HEVIF 1)

c22

——

? < o/~ BPSK MODULATOR —,

10op
& -
oY tl, 42, +4 PATH —=

R DRIVER

+5Y(F 1}

UT MIXER

+EVIF2)
ET
R3&

10

E8

<
b3

8
~, 5
3/

g PULSE DRIVERS [B] -—owmonman

+IVIFI) +OV(F )
+5VI{F 1)

R43
133

Qlt

-I: c32 ‘.
g‘lTUP <

-1y




3

_____J__<

i €33

4T0p
Jé

SELECTED
SIGHAL
FREQUENCY

LAY

P 28

NOTES

I REFER TO TASLE 8-102 FOR $CHEMATIC
DIAGRAM NOTES.

2. TROUBLESHOOTING VALUES ARE TYPICAL.
THEY ARE ACTUAL MEASURED VALUES.
YOUR MEASUREMENTS MAY BE SLIGHTLY
DIFFERENT THAN WHAT IS SHOWN.

THE A4A3 DISTRIBUTOR ASSEMBLY PART
NUMBER 15 08883-£0346 FOR STANDARD
AND OPTION 0O1 INSTRUMENTS, AND
08663-60304 FOR OPTIQN 002
INSTRUMENTS. OPTION 002 AdAZ
ASSEMBLIES INCLUDE 4 GHz PHASE MmOD-
ULATION OSCILLATOR A4A4Al. (SEE
SERVICE SHEET 45)

LOGIC LEVELS
TTL
HIGH >+2Y
L oW <+0 .8V
< IS MORE NEG.THAN
> IS MORE POS.THAN
OPEN | HIGH
GROUND |  LOW

REFERENCE DESIGNATIONS
ND PREFIX
W29, 31,82

A4AZ

€1-33,63,84
CRi-3

NSISTOR A

INTEGRATE
PART

b CIRCUIT
NUMBERS

REFERENCE
DESIGNATIONS

PART
NUMBERS

Ql,3,6,7,!1
Q4,8,9

ur,z2,8,10
U3, 4

| 853-0408
185408089

1826-0372

1820=1197

INTEGRATED

CIRCUIT

VOLTAGE AND

GROUND CD:

NNECT IONS

REFERENCE
DESIGNAT IONS

PIN
NUMBERS

U3, 4

Us

viz

- 1,3,8
7ia=11
15

HBVIFI) - 8

<7 -7

A4A3UT

A4A3UIZ, 13

)

L{

=

&-5073

SN \

|EpuRERRpan S}

e
o
OO =

[}

TOP_VIEW

(=

oW

Oouras

14
K

-}

CIRCUIT
BOARD
Tor VIEW

a otr4
EY-*0
o
o
o
o
70

A4AZUT
TOP YIEW

MCI
[«]

c o 90

2 3 4

A4A3UI,2,8,10
5 T

lz

1 i: V]
SERVICE SHEET

P/O A4A3 27

Figure 8-503. P/0 Distributor Schematic
8-503/504

3




Model 8663A

FUNDAMENTAL
FREQUENCY

P/0 DOUBLER DOUBLER
DISTRIBUTOR *) ST *2

DAUBLER PG
BANDS MULTIPLEXER
32 33 ANO POWER AMFP,

AND QUTRUT
Al2A4 A4A2 ATTENUATORS

I
PIC A4A3 RF
UHF BAND -

i

PO
DISTRIBUTOR

DOUBLER
BANDS SOURCE

UHF P/O ALZAL
MODULATOR ATI ATS

UHF
BAND SOURCE

28 |DONN CONVERTER 31
PO A4A3 BAND SOQURCE A12A2

f

P/Q
MULTIPLEXER
AND

F LF POWER AMP
AWPLIF IER

PEAK
DETECTOR
CUTPUT

DOWN
DOW COWVERTER CONVERTER CONVERTER a5
MIXER WF >—m- cLL PO AIZA)

30
A[2A3

ZND _DOUBLER
BAND ALC/AM

UHF BAND ALC/AM

IST DOUBLER BAND ALC/AM

ST DOUBLER BAND ALC/AM 37 36
P/O A4l P/O AAAI

P/O A4A3 DISTRIBUTOR

FILTER/BAND
SELECT FREQUENCY
BANI
SELECT

PIN
©I0DE SWITCH
DRIVERS

ROM

CONTROLS D

]

DOUBLER
g BANDS
| SOURCE

ATTENUATOR ATTENUATOR !
&§.048 2.54d8

SELECTED
SIGNAL =——imnt
FREQUENCY

| g UHF BAND
SOQURCE

DOWN
CONVERTER
BANI

A
AMPLIFIER
BiAS SOURCE

28
P/O A4A3

Figure 8-504. P/O A4A3 Distributor Block Diagrams




Model 8663A

Figure 8-505. P/O A4A3 Distributor Component Locator




Model 3663A Service
CHANGES

On the A4A 7% component locator:

® A4AIRGI - Change R63 to show side adjustment rather than
top adjustment.,
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Model 86634 ‘ Service

SERVICE SHEET 29
A12A5 LOW FREQUENCY DOWN CONVERTER

REFERENCE BLOCK DIAGRAM 6
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post~Repair Adjustment Procedures

PRINCIPLES OF QOPERATION
General

The Low Frequency Down Converter Board generates the 10 kHz to 120
MHz low frequency RF band. It does this by mixing the 520.1 MHz to
640 MHz down converter source signal from the Distributor Board
(service sheet 28) with the 520 MHz down converter band mixer RF from
the reference section.

The 520.1 MHz to 640 MHz down converter source sighals from the
distributor enter the Down Converter Board by way of J1l. This signal
is boosted from +1.75 dBm to approximately +11 dBm by microcircuit
amplifier Ul. The signhal is then coupled, via Cl4, to a narrow-hand
tuned amplifier formed by Q2. Tuning is accomplished by variable
capacitor C16 in conjunction with L9, The gain of this stage is
approximately 10 dB, boosting the signal to +20 dBm.

The 680 MHz low-pass filter reduces harmonics present in the output
to 40 dB below signal level. The 3 dB attenuator

attenuates the sighal output to +17 dBm and creates a better
broadband mateh to the LO input of the mixer.

The 520 MHz input from the reference section enters the Down
Converter Board via the J3 input at +1 dBm. To compensate for the
insertion loss of the AM modulator, the signal is amplified to +10
dBm by the +9 dB amplifier formed byQ6. This amplifier is biased
from the negative supply.

PIN Mocdulator

The PIN dicde AM modulator formed by CR1, CR2, CR3, and CRY,
modulates the 520 MHz input signal with the sighal from the ALC Beard
(service sheet 37). The ALC signal enters the Down Converter Board
via pin 9 and is injected between CRZ and CR3. The signal splits and
goes through both the right and left set of dicdes. The more current
that flows in the line, the lower the impedance of the dicdes. This
results in lower insertion loss and a greater amplitude output
signal.

Following modulation, the signal is amplified by the +9 dB amplifier
formed by Q5. The output of this amplifier is approximately -5 dBm.
The signal then passes through a 680 MHz low-pass filter and a 3 dB

8-509




Service Model 8663A

attenuator and is fed into the RF input of the mixer at
approximately-8 dBm.

Mixer

The mixer takes the 520.1 MHz to 640 MHz down converter source signal
and hetrodynes it with the 520 MHz reference RF to produce the 10 kHz
to 120 MHz low level down converter band. The 25 dB difference
between the LO and RF inputs of the mixer is necessary to reduce the
effect of spurs. If the difference is greater than 25 dB, the signal
will become buried in noise. Part of the effect of the ALC loop is
to ensure that the mixer operates within the 25 dB range.

The output of the mixer is about -16 dBm. Before being sent to the
output amplifier stages, it is amplified by the Low Freguenhcy
Amplifier (service sheet 30).

Bias Regulators and Down Converter Enable

The bias regulators for the two down converter source amplifiers are
formed by @3 and Qi. The down converter enable line from the
MULTIPLEXER/POWER AMP (service sheet 34) is used to switch the Down
Converter Board ON and OFF through transistor QU, which iz the ground
source for the bias regulators.

O
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Model 8663A Service
CHANGES

On the A12A5 schematic:
* A12A5R42 - Delete R42.
On the A12A5 schematic:
® AlJASJ3 - In the middle of the left side of the schematic,

above A12AS5J3, change the label to read, "Input 520 MHz (-!
dBm £.75 dRm)".
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Medel B663A Service

SERVICE SHEET 30
Al2A3 LOW FREQUENCY AMPLIFYER

REFERENCE BLOCK DIAGRAM 6
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION
General

The low level (-16 dBm typical) 0.1 to 120 MHz output from the Low
Frequency Down Converter (service sheet 29) is pre-amplified by the
Low Frequency Amplifier before it is sent to the final output
amplifiers.

Low-Pass Input Filter

The signal from the Low Frequency Down Converter enters the Low
Frequency Amplifier at J1. Here, the mixer sum frequency signal is
terminated by a 50 ohm lcad so that it will not reflect back into the
mixer. The desired difference frequency is passed through 120 MHz
and 140 MHz low-pass filters, preventing any RF or LO signals from
entering the amplifier.

Amplifier Section

The two feedback amplifiers formed by Q1 and Q3 are low in noise.

The amplifier formed by Ql has a gain of approximately 13 d4B. Buffer
amplifier Q2 minimizes loading of Q1 and matches impedance to the
next stage. The signal level at the ocutput of this buffer is -3 dBm.
The second feedback amplifier (formed by Q3) provides 7 dB of gain
and has an output signal level of about +U dBm.

Switchable Attenuators

The switchable attenuators following Q3 control the output signal
level. The attenuators attenuate at 2 dB, 4 dB, and 8 dB so that any
desired attenuation between 2 dB and 14 dB can be accomplished in 2
dB steps. These attenuators are switched in and out by the low
frequency amplifier level-control lines, which come from the DCU.

The output of the Low Frequency Amplifier Board is sent to the
Multiplexer and Power Amp Board (service sheets 34 and 35).

8-515/516
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Service

CHANGES

On the A12A3 schematic:

°

AT2A3L4 L6 - Change the value of L4 and L6 to 630u.

On the A12A3 schematic:

L

A12A3C20 - On the right side of the schematic, add C20 (22p)
from the node of R35 and K3A pin 2, to ground.

Al12A3LY -~ Change the value of L9 to 0.3%u.

Al2A3R19* R23* - Change the value of R19* and R23* to
464 chmas,

Al2A3R21* -~ Change the value of R21%* to 12.1 ohms.

A12A3R24 R27 - Change the value of R24 and R27 to 383
ohms,

Al2A3R29 R32 - Change the value of R29 and R32 to 215
ohms.

Al12A3R30 - Change the value of R30 to 26.1 ohms.

Al2A3R 34 R36 - Change the value of R34 and R36 to 110
ohms.
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RF TEST POINTS (PC BODARD CUP CONNECTORS:

EQUIPMENT OR THE CIRCUIT UNDER TEST.
USE THE SPECIAL CAPACITOR-COUPLED CABLE
ADAPTER FOUND IN THE SERVICE KIT.

NOTES

1. REFER TO TABLE 8-102 FOR SCHEMATIC
DIAGRAM NOTES.

5 TBn 5 APLITUDE SETTING 560 om 2. TROUBLESHOOTING VALUES ARE TYPICAL.
41 dBm@ AVPLITUDE SETTING +16.0 dBm THEY ARE ACTUAL MEASURED VALUES v
DIFFERENT THAN WHAT IS SHOWN.

ASTERISK (%) INDICATES THAT THESE
e AT W
©.1-120 MHz DOWN CONVERTER 3dB OF ATTENUATION. REFER 7O SECTION
MULTIPLEXER v FOR PROCEDURES.

AND_PONER AP

{5 P34

REFERENCE DESIGMNATIONS
NG PREF IX AlZ AS

Wie,|3 Jé
wal XA4AT
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JRANSISTOR PART NUMBERS

REFERENCE PART
DESIGNATIONS NUMBERS
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AI2A3K =3
TOP VIEW

SERVICE SHEET SHEET 30
A12A3
Figure 8-512. A12A3 LF Amplifier Schematic
8-519/520
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Model 8663A Service
CHANGES

On the A12A2 schematic:

® AIlZ2A2 - Modify the schematic as shown in the partial
schematic "P/O Figure 8-3515. UHF Modulator Schematic" on
page 8-522.3.
A12A2C5] - Delete C51.
Al12AJR16 - Change the value of R16 to 3.16k.
AlZA2R18 - Change the value of R18 to 1.1k,
Al2AR27 (R17) - There are two resistors labeled R27.

Change the label of the R27 resistor connected to the base of
Q4 to R17 and change its value to 1.47k,

A1IAZL 11, RY, R11 - Add an asterisk (*) to .11, R9, and
R 11, to indicate factory selected components.

AI2AZLLIE* RO9* R11* - Add "(NOTE &) next to the
reference designators B9, L11, and R11.

On the schematic:
& NOTES - Add note 6 as follows:

6. These factory selected components are connected to circuit
by sackets.
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