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NOTES
1.

For an explanation of schematic symbols,

see "SCHEMATIC DIAGRAM NOTES" in Section 8.

Chassis ground is achieved by mechanical contact through
nuts holding PC board to frame.
Printed circuit trace inductor.

Tl is realized with semi-rigid coax cable. Inner
conductor acts as transformer primary, outer ground
shield acts as transformer secondary.

+11V is located on AC ground plane.
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Model 8657B . ' Service

Service Sheet 9
LOW FREQUENCY LOOP VOLTAGE CONTROLLED OSCILLATOR

PRINCIPLES OF OPERATION

General

The Low Frequency Voltage Controlled Oscillator (VCO) and Limiter Amplifier generate the 60 to
110 MHz signal that is mixed with 800 MHz on the Multiplier Assembly to lock the High Frequency
Loop. The VCO is phase locked to the instrument’s 50 MHz frequency reference by the Fractional-N
phase lock loop. The Fractional-N phase lock loop and the YCO’s frequency are controlled by data
from the Microprocessor.

60 to 110 MHz VCO

The VCO is a tuned collector oscillator with transformer feedback. The transformer T1 is a piece of
semi-rigid coax cable. The outer jacket is the primary and the center conductor is the secondary. The
outer jacket primary is a 25 nH inductor and together with varactors CR1 through CR10 forms the
tuned resonant circuit for the oscillator. Ten varactors are needed to achieve the tuning capacitance
of 75 to 300 pF. Transistors Q1, Q2, and their associated components form an inverting amplifier with
approximately 20 dB of gain. Positive feedback for oscillation is provided by feeding the amplifier
output to the resonator by way of R11, while the input is connected to the secondary.

The VCO’s frequency from 60-110 MHz is controlled by the tune voltage from the Fractional-N
phase lock loop. The tune voltage is applied to the resonant circuit varactors through inductor L1.

. The frequency is approximately 60 MHz with the tune voltage at +9V and approximately 110 MHz
with the tune voltage at —6V. ,

The +11V supply is the internal virtual ground for RF signals and is a stable dc voltage for the
oscillator. Biasing for Q2 is provided through the primary (outer jacket) of T1 and resistors R3 and
R7. Biasing for the base of QI is provided by resistors R12 and R13 through the center conductor
(secondary) of T1.

Resistors R2 and R21 with their respective capacitors C5 and C15 are for oscillator stability. C18,
C6, and C7 are dc-blocking capacitors.

Limiter Amplifier

The VCO’s output is ac coupled to limiter amplifier Q3. The bias voltages of Q3 are set by resistors
R9, R10 and R11. Collector to base diodes CR11 and CR12 limit the collector swing to + one diode
drop.

The output of the Limiter Amplifier is ac coupled by capacitor C10 to the Fractional-N phase lock
loop Buffer Amplifier Q47 shown on Service Sheet 10 and to the 110 MHz Low-pass filter.

110 MHz Low-Pass Filter and Attenuator Pads

The input Attenuator of R14, R15 and R16 sets the input signal level to the Low-Pass Filter and
provides impedance matching. The filter passes the 60 to 110 MHz VCO signal and rejects its
harmonics. Capacitor C14 and inductor L7 form a series resonant circuit for adjusting the filters
frequency response. The adjustment optimizes the filters rejection at 120 MHz. The output of the
filter is fed to J1 through the level-setting attenuator formed by R18, R19, and R20.

Service Sheet 9-1
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TROUBLESHOOTING

Procedures for checking the A3Al Low Frequency Loop Oscillator circuits are given below. The
areas or points to check are marked on the schematic by a hexagon with a checkmark and a number
inside, for example, </ 1_» Fixed voltages are shown on the schematic inside a hexagon, for example,
Transistor bias voltages are shown without tolerances.

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

Digital Multimeter ... ....ovtriii i it iienae st renessoronssanrosnncsnanans HP 3466A
Measuring ReECEIVET .. ...ttt ettt iteannsnsonnanaanenan HP 8902A
SenSOr MoOAUIE ..ottt ittt itr ittt tee i taeennnasenesssosnnssnnnennssnsons HP 11722A
Adapter Probe . ... it e i ittt e e i, HP 1250-1598
Adapter N(f) to BNC(m)...... e e e e e e e HP 1250-0077
Adapter BNC(f) to BNC(f) .............. At ettt ettt e et e, HP 1250-0080
Cable BNC(M) t0 SMOC(f) . ..o ivtti ittt iee et aeaiiiiiiieenananaannns HP 08662-60075

{Z1>Voltage Controlled Oscillator, Limiter Amplifier and 110 MHz Low-Pass Filter

1. Set the Signal Generator as follows:

|- o115 1 Lo 200NN P 80 MHz

. 411 0 £ L LU —10 dBm

J1 0 Y0 101 Y T o U Off
2. Set the measuring receiver with the sensor module precalibrated as follows:

L 3TN =3 o (=) ¢ | AU RF POWER

13’ 2 P LOG

3. Zero the measuring receiver and wait for the zero LED to go out.

4. Change the Signal Generator’s frequency to 90 MHz. This ensures the frequency of the Low
Frequency Loop VCO to be 60 MHz.

Service Sheet 9-2
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Model 8657B Service

5. Measure frequency, tune voltage and power levels at each point indicated in Table 1.

‘ NOTE
/

When probing the VCO with the covers removed, a frequency shift may be
introduced.

6. Measure Residual FM using the measuring receivers 300 Hz and 3 kHz high-pass and low-pass
filters, and RMS Detector. The Residual FM should be less than 3 Hz for all frequencies.

7. Measure Residual FM using the measuring receivers 50 Hz and 15 kHz high-pass and low-pass
filters and RMS Detector. The Residual FM should be less than 5 Hz for all frequencies.

Table 1. VCO Frequency, Power Output and Tune Voltage.

Frequency (#ikz) VCO Tune Power Level
Front-Panel | VCO Output | Yolage at C18 at Ji1
Setting (at J1) (Vde) (dBm)
90 60 +9 to +7 —45to0 —6.5
85 65 +8to +6 —45t0 —6.5
80 70 +6 to +4 —45t0 —6.5
75 75 +5 to +3 —4.5to —6.5
70 80 +35t0 15 —5.0to —7.0
65 85 +2.0 t0 0.0 —5.0to —7.0
60 90 +1.0to 1.0 | —55t0 —7.5
55 95 —05t0—25 | —55t0 —7.5
‘ 50 100 —-15t0-35 | —55t0 —7.5
45 105 -30t0 5.0 | -55t0 —7.5
40 110 —5.0to —7.0

’

Service Sheet 9-3
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Service Sheet 10

‘

LOW FREQUENCY LOOP DIVIDE-B PRESCALER

Y-2, AND
PRINCIPLES OF OPERATION

General

The VCO’s output, 60 to 110 MHz, passes through Buffer Amplifier Q47, and is divided-by-2 at
U46A. The output frequency of the Divide-By-2 circuit is 30 to 55 MHz, and is the clock for the
Prescaler. The Prescaler divides the 30 to 55 MHz frequencies by 9, 10 or 11. The Prescaler is
a variable 4-t0-6-bit ring-counter followed by a divide-by-2 circuit. In the divide-by-10 mode, the
ring-counter is set to modulus 5, and the Divide-By-2 circuit makes the total divisor equal to 10.
In the divide-by-11 mode, the ring-counter is set to modulus 6 for one cycle, and to modulus 5
for another cycle of the Prescaler. After 2 cycles, the result is a divide-by-11. In the divide-by-9
mode, the ring-counter is set to modulus 4 for one cycle, and to modulus 5 for another cycle of the
Prescaler. After 2 cycles, the result is a divide-by-9.

The modulus of the ring-counter is controlled by the Remove Cycle, and the Add Cycle control
inputs. A high on the Remove Cycle control input changes the modulus of the Prescaler to 6, by
controlling the K input of U54A. As long as the Remove Cycle control input is high, the modulus of
the Prescaler is 6 for one cycle, and 5 for another cycle; the Prescaler divides-by-11. A high on the
Add Cycle control input changes the modulus to 4, by controlling the K input of U54B. As long the
Add Cycle control input is high, the modulus of the Prescaler is 4 for one cycle, and 5 for another
cycle; the Prescaler divides-by-9. If both inputs are high, the Prescaler modulus is 4 (an unwanted
state).

. The Remove and Add Cycle inputs are used for the following purposes:

o The Remove Cycle, Divide-By-11, is set high by the Fractional-N IC to generate fractional
frequencies, and by the FM Digital circuits to control frequency modulation.

o The Add Cycle, Divide-By-9, is set high by the FM Calibration circuits and by the FM Digital
circuits to control frequency modulation.

Buffer Amplifier and Divide-By-2

The VCO’s output, 60 to 110 MHz, is ac coupled by C204 to the base of Buffer Amplifier Q47. Q47 is
dc biased at the collector for approximately +3.5 Vdc. The VCO’s input voltage causes the collector
voltage to cross valid ECL logic levels < +3.3V and > +4.2V. The ECL high and low output clocks
the divide-by-2 master-slave D flip-flop U46A on each low to high transition. Thus, the output of
U46A toggles dividing the input frequency by 2, and making the output frequency 30 to 55 MHz.
Transistor Q51 translates the ECL logic levels to TTL logic levels. The output of U46A toggles Q51
on and off changing its collector voltage from approximately 0 Vdc (TTL low), to approximately
+3.5 Vdc (TTL high). Buffer Driver Q56 buffers the output of Q51, and with U51D provides the
drive required for the Prescaler.

Prescaler

The 30 to 55 MHz output clocks the Prescaler. U49, U50, and U54 have their set and reset inputs
disabled; thus, their output state is dependent upon the J, K, and clock inputs.

Service Sheet 10-1
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Service Model 8657B

Divide-By-10

The Prescaler divides-by-10 when the Add Cycle control input, and the Remove Cycle control input
are both low. The ring-counter modulus is 5 for all cycles of the Prescaler. The timing diagram for
this mode is shown in Figure 1.

The J inputs to US5A and U55B are low, and the K, set, and reset inputs are hard-wired high.
US55A and US5B are clocked on the high to low transition of US0A’s Q output, the output of the
ring-counter. The high K and low J inputs of U55A and U55B sets their Q outputs low and not
Q outputs high, but only after the ring-counter has completed a cycle and is reset. After the first
Prescaler cycle the output state of U55A and U55B does not change when clocked. The inputs to
US1B are both high, its output and the K input of U54A is low. With the J input of US4A connected
to +5 Vdc, its Q output is clocked high on the next YCO divide-by-2 clock at time T1. The inputs
to US1C are high at pin 9 and low at pin 8, its output and the K input of U54B is low. Since the
J input to U54B was just clocked high, the next clock pulse at time T2 sets its output high. The
output of U54A remains high until the Remove Cycle control input is set high. The high Q output
of U54B is clocked through the ring-counter to the Q output of U50A at time T3. The low output
of U50A sets the input of U51C at pin 9 low, its output and the K input of U54B is set high. The K
inputs of U49A, U49B and US50A are set high by the Q output of U50A, on the next VCO divide-by-2
clock their Q outputs are all toggled low at time T4. The output of the ring-counter sets the J and
K inputs of the divide-by-2 flip-flop US0B high. U50B is toggled at the end of each ring-counter
cycle when both J and K inputs are high at time T4. The Q output of U54A remains high, and on
the next clock the Q output of U54B is clocked high at time T5 and the high is clocked through
to US0A. The cycle is repeated until a high is received at the Remove or at the Add Cycle control
input instructing the Prescaler to remove or add a cycle.

vCo 1 2 3
DIVIDE-BY-2
CLOCK

1 42 13 14 15

] 1
o
US4A Y
PIN § V l
[

U548 L]
PIN 9

U49A L]
PINS T 1

e paak el Bl

U498
PIN 9

|

I

L

{

I
USOA |
PIN 5 |
|

1

1

|

|

i

|

]

A

usoe
PIN 9

U55A
PIN &

HIGH

us58
PIN 9

-.'_...__...;?__

wfor — emfles — e — -

LOW

Figure 1. Divide-by-10 Timing Diagram.
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Divide-By-11

. The Prescaler divides-by-11 when the Remove Cycle control input is high, and the Add Cycle control
. input is low. The ring-counter’s modulus is changed to 6 for one cycle, and to 5 for the next cycle
of the Prescaler. The timing diagram for the divide-by-11 mode is shown in Figure 2.

With the J and K inputs to U55A high, when clocked the outputs toggle for each Prescaler cycle. The
ring-counter’s modulus also toggles from 6 to 5 each Prescaler cycle, and the Prescaler divides-by-11.
This cycle is repeated until the Remove Cycle control input is set low. U55A is clocked on the high
to low transition of US0A’s Q output; at T2, the end of the Prescaler cycle. At time T1 the input at
pin 5 of U51B is high, and the input at pin 6 is low. The K input to U54A is low and remains low
until the not Q output of US5A is clocked low at time T2. The ring-counter remains in modulus 5
for the next cycle of the Prescaler. The K input to U54A is still low and at time T2 its Q output
remains high. The Q output of U54B is toggled low, the not Q output of US5A is toggled low, and
the Q output of U5S0B is toggled high. The VCO frequency is divided-by-5. At time T3, the Q output
of USQA is high, and the not Q cutput is low. Both inputs to U51B are low, its output and the K
input of US4A is high. The J and K inputs to U54A are both high and, its Q output is toggled low
by the next clock at time T4. The K inputs of U49A, U49B, and U50A are set high by the high Q
output of US0A. The next VCO divide-by-2 clock at time T4 toggles their Q outputs low. The Q
output of USOA also sets the J and K inputs of the divide-by-2 J/K flip-flop U50B high at time T3.
Its output is toggled low at time T4. The Q output of U5S4A remains low for one clock cycle, and is
clocked high at time T5. The J and K inputs of U54B, U49A, U49B and US0A remain low. Their
output does not change states when they are clocked. On the next clock, U54A’s Q output is toggled
high and is clocked through the ring-counter to the output of US0A. The modulus was changed to
6 for this Prescaler cycle with the added clock to toggle US4A. Figure 2 shows the 6 clock cycles
between time T4 and T6. The high Remove Cycle control input is set low and the J input of U55A
is low. The Q output of US0A clocks the not Q output of US5A high at time T4. The K input of
US4A is low, and its output remains high. The ring-counter’s modulus is changed to § at time T6,
and remains in modulus 5 until an active Remove or Add Cycle control input is received.

vco 1 2 3 4 5 6 7 B8 8 10 11 12 13 14 15

DIVIDE-BY-2 [ M N A A L L L Lt

CCLOCK v v v k0 0w b

(I I I A R D D O R I e R R

US4A L L L L L T f LA D B S §

PINS 1 1 1 1t 1 1 H | I S I N R A |

{ N T I R I D e R D R RS DY N R B |

Us4B s I s e e i NN WY e s i N '

PINO 1 1 1 1 v 1 v b1 [

| IR N KR NN N B | | I I R B | |

U4sA T I T T 1 | T T 1 |

PINS 0 0 10 0 00t

[ IR N R N N U I N I I R R R |

U498 |5 i T T S s i T R e i O Y

PINS ¢ 0 0 1 00t

| N R R I R A I I D R e D |

UsoA L M4 1 3 e 1 4 4 1 i1

PINS ¢ ¢ 0 0 0 0

| I O Y (N U T N N R A S B R N N |

Ll i

[ | I N A R R

[T T T T T I

[ [ L . e
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T1 T2 T3 T4 715

Figure 2. Divide-by-11 Timing Diagram.
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Divide-by-9

The Prescaler divides-by-9 when the Add Cycle control input is high, and the Remove Cycle control
input is low. The ring-counter’s modulus is changed to 4 for one cycle, and to 5 for the next cycle
of the Prescaler. The timing diagram for the divide-by-9 mode is shown in Figure 3.

With the J and K inputs to US5B high, when clocked, the outputs toggle for each Prescaler cycle.
The ring-counter’s modulus also toggles from 4 to 5, and the Prescaler divides-by-9. This cycle is
repeated until the Add Cycle control input is set low. At time T1, both inputs to US1C are low and
its output is high. The K input to U54B is still high at time T2. At time T2 the Q output of U55B
is toggled high, and the Q output of U50A is toggled low. The ring-counter’s modulus is still 5. The
K input to U5S4A remains low, and its output remains high. The Q output of U54B is toggled low.
The Q output of U55B is toggled high, and the Q output of U50B is toggled high. At time T3, the
Q output of US0A is high, and the not Q output is low. The input of US1C at pin 9 is low. The
input at pin 8 is high, set high by the Add Cycle input latched into US5B at time T2. The output
of USIC (the K input of U54B) goes low. The Q output of U54B will not change when clocked at
time T4. The K inputs of U49A, U49B and US50A are set high by the high Q output U50A at time
T3. The VCO divide-by-2 clock at time T4 toggles their Q outputs low, and toggles the Q output
of US0B low. The ring-counter’s modulus is 4. The Q output of U54B is not reset low at time T4.
The Q output of U49A is toggled low for one cycle at time T4, and high at time T5. The high Q
output of U49A is clocked through to the Q output of US0A at time T6. The high Add Cycle input
is removed, and the Q output of U55B is clocked low at time T4. Both inputs to US1C are low at
time T6. U51C’s output, the K input to U54B is high. Therefore, on the same clock that toggled
the Q outputs of U49A, U49B, and U50A low, the output of U54B is toggled low at time T7. On
the next clock the Q output of U54B is clocked high, and the high is clocked through to USOA. The
ring-counter’s modulus is changed to 5 at time T7, and remains in modulus 5 until an active Remove

or Add Cycle control input is received.
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Figure 3. Divide-by-9 Timing Diagram.

Service Sheet 10-4

www.valuetronics.com



Model 8657B ) Service

TROUBLESHOOTING

) Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are given below.

‘ Areas or points to check are marked on the schematic by a hexagon with a checkmark and a number
inside, for example, <Z1» The frequencies shown on the schematic for Test Points 29, 30, and 31
are present when the Low Frequency Loop is locked.

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

Frequency COUNTET ... ..uininneieaneanenneeonsaastsesessosasannnssssoaanssss HP 5328A

OSCIILOSCOPE . « v tteeeeeeannnectsessseeeeeeoosaansanaceossssssnnanssunannnees HP 54100A

Oscilloscope Active Probe ... . HP 54001A
1> Buffer Amplifier

1. Remove jumper A3W6 (refer to Service Sheet 14). The VCO TUNE voltage goes to
approximately 0.0V.

2. Connect the frequency counter to A3TP29 and measure the VCO frequency. The VCO
frequency should be 96 MHz +7 MHz.
NOTE

The ground connection to the counter probe must be as short as possible. If the

‘ counter does not count the 100 MHz, check the signal with the oscilloscope.
Signal level is approximately 0.6 Vpp at A3TP29, and at ECL levels (low <

+3.3V, high > +4.2V).

{2>Divide-BY-2 and ECL to TTL
" 1. Connect the frequency counter to A3TP30 and measure the YCO frequency divided-by-2.
2. If the frequency is not correct, the outputs of Q51, and U51D should be checked.
a. Q51’s base VCO frequency is divided-by-2 and is at approximately 2.2 to 3.4 Vpp.
b. Q51’s collector voltage is at approximately 0.0 to 2.4 Vpp.
c. US1D at pin 13 is approximately 1.0 to 3.4 Vpp.

o2

{3 Prescaler
1. Connect the frequency counter to A3TP31, and measure the VCO frequency divided-by-20.

2. If the frequency is not correct, check the frequencies shown in Tables 1, 2, and 3. (The
frequencies shown in the tables are approximate, and are dependent upon the frequency of the
Low Frequency Loop VCO when the VCO TUNE voltage input is approximately 0.0V.)

Service Sheet 10-5
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Service Model 8657B

NOTE

Jumper A3W6 must be removed. The VCO TUNE voltage is approximately
0.0V. The VCO frequency should be 96 MHz +7 MHz (refer to check 1). In
the active state, the outputs of the J/K flip-flops are changing and not fixed
at a TTL high or a TTL low.

Tuable 1. Prescaler J/K Flip-Flop Output Add and Remove Cycle Controls Inactive Low.

J/K Flip-Flops
J/K Ouiput
Flip-Flops

Stale | Frequency

US5A Pin 6 | Inactive —_
U55B Pin 9 | Inactive —
US4A Pin 5 | Inactive —_
U54B Pin 9 | Active 10 MHz
U49A Pin 5 | Active 10 MHz
U49B Pin 9 | Active 10 MHz
USOA Pin 5 | Active 10 MHz
US0B Pin 9 | Active 5 MHz

3. Remove A3WS$, and connect U55A pin 3 to +5 Vdc. (The frequencies in Table 2 are
approximate, and are dependent upon the Low Frequency Loop VCO frequency when the
VCO TUNE voltage input is approximately 0.0V.)

Table 2. Prescaler J/K Flip-Flop Output Add Cycle Control (Inactive Low) and
Remove Cycle Control (Active High).

J/K Flip-Flops
JfK Output

Flip-Flops [~ Frequency

US5A Pin 6 | Active 4.5 MHz
U55B Pin 9 | Inactive —
US54A Pin 5 | Active 45 MHz
U54B Pin 8 | Active 9 MHz
U49A Pin 5 | Active 9 MHz
U48B Pin 9 | Active 9 MHz
U50A Pin 5 | Active 9 MHz
US50B Pin 9 | Active 45 MHz

4, Remove A3W7, and connect U55B pin 11 to +5 Vdec. (The frequencies in Table 3 are
approximate, and are dependent upon the Low Frequency Loop VCO frequency when the
VYCO TUNE voltage input is approximatel\y) 0.0v.)

Tuble 8. Prescaler J/K Flip-Flop Output Add Cycle Control (Active High) and
Remove Cycle Control (Inactive Low).

J/K Flip-Flops
JIK Qutput

Fllp-Flops "giatg Frequency

U55A Pin 6 | Inactive —
Us55B Pin 9 | Active 5.5 MHz
U54A Pin 5 | Inactive —
U54B Pin © | Active 5.5 MHz
U49A Pin 5 | Active 11 MHz
U49B Pin 9 | Active 11 MHz
US0A Pin 5 | Active 11 MHz
Us0B Pin 9 | Active 5.5 MHz

Service Sheet 10-6
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Model 8657B

A3 Component Coordinates (1 of 3)

Service

ComP XY COmMP XY ComP XY CcomP XY COMP X,Y COomP XY
‘ Ci E1 C213}| C,1 C513 A4 CR1 D,2 FL1 E2 Q10 D4
c2 D,2 C300| D2 C514 A3 CR2 D,2 FL2 E2 Qn D4
c3 E?2 Cc301 Cc3 C515 A4 CR3 D,2 FL3 D,2 Q12 A4
C4 D2 c302| C3 C516 A3 CR4 D,2 FL4 D,2 Q13 B4
C5 D1 Cc303| D3 Cc517 A3 CR5 E1 Q14 B4
. C6 D,2 Cc304| D3 C518 B3 CRé D1 a Eé4 Qi1s B.4
Cc7 D1 Cc305| D3 C519 A3 CR7 D2 J2 A4 Q16 C4é
cs D1 Cc306| C2 C520 A3 CR8 D,2 J3 A4 Q117 C4
Cc9 D,2 C307| C3 cs521 A3 CR9 E1 J4 C2 Q18 C4
C10 D,2 Cc308| C3 C600 B3 CR10 | D1 J5 C1 Q19 D4
Ci1 En Cc309| C3 C601 B3 CR11 DA J6 D1 Q20 D4
C12 D1 Cc310| G2 C602 8,3 CR12 D11 J7 EN Q21 D4
C13 D2 Cc311 C1 C603 B3 CR15 E1 J8 E2 Q22 B4
C14 D2 Cc312| C1 C604 B,3 CR16 D1 Q23 C4
Ci15 D1 C313| C2 C605 B3 CR17 E2 L1 E2 Q24 (oX)
Ci16 D,2 C400| B3 C606 B3 CR18 D2 L2 D,2 Q25 Cé4
c17 D1 C401 D4 C607 B3 CR200| C,1 L3 E2 Q26 B4
ci18 E1 C402| C4 C608 B3 CR201}] C,1 LS E2 Q27 B4
Ci9 E2 C403| C3 C609 B3 CR400f B4 L6 E2 Q28 (oX]
c20 Ez2 C404| B4 C610 C3 CR401] C4 L8 D,2 Q29 A4
c21 | Et C405| C3 Cc611 C4 CR402} C4 L200 Eé4 Q30 A4
c22 E.2 C406| C4 C612 Cc3 CR403| C4 L201 E4 Q31 A4
c23 E1 C4071 C4 C613 B3 CR404| C4 1202 Eé4 Q32 A4
C24 E2 c408| B3 Cé14 B3 CR405] B4 L203 Eé4 Q33 B.4
c25 En C409| B4 C615 B,2 CR406| B4 L204 (o8 Q34 A3
‘ C26 E2 C410| C4 C616 B3 CR500| B4 L300 C1 Q35 B3
c27 D C411 B4 c617 B,2 CR501| B4 _L400 B4 Q36 B3
c28 E2 C412| C4 ce18 B3 CR502| A4 - L401 D4 Q37 A3
Cc29 D1 C413| B4 c619 B3 CRS503| A4 L402 Cc3 Q38 A3
C30 E1 C414| B4 C620 B2 CR504| B4 L403 Cc3 Q39 A3
Cl100 | A3 C415| B4 ce21 B,2 CR505| B4 L404 C4é Q40 A3
c101 A2 C416| B4 C700 E3 CR506| B4 LS00 B.4 Q41 A3
C200 | E4 C500] A4 C701 E3 CR600| B,3 L501 Ad Q42 A3
C201 E4 C501 | A4 C702 E3 CR602| B3 L502 A4 Q43 A3
C202 | E4 C502| B4 C703 E2 CR700| D4 L503 A4 Q44 A3
C203 | E4 C503| A4 C704 E3 CR701] D4 Q46 A2
C204 | Bt C504| A3 C705 E4 CR702] D4 (@) A4 Q47 C1
c205 | C2 C505| B4 C706 E4 CR703] D4 Q2 Ad Q48 C2
c206 | C1 c506| B4 C707 D4 CR704] D4 Q3 D4 Q49 D1 -
c207 | C1I C507 | A4 C708 D4 CR705| D4 Q4 A4 Q50 E1
Cc208 | C1 c508| B3 C709 D4 CR706] D4 Q5 B4 Q51 C1
c209 | C1 C509| B3 C710 D4 CR707| D4 Qs B4 Q52 D1
Cc210 | C1 C510| A4 c711 D4 Q7 B,4 © Q53 D1
c2tt1 | Ci C511 B3 - CT12 D4 Q8 Cé Q54 En
c212 | C1 C512| A3 C713 Eé DS500] A3 Q9 C4 Q55 E1

www.valuetronics.com
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Service

A3 Component Coordinates (2 of 3)

Model 8657B

comP | xYy |[comp| xYy |[comp| xv |[comp| xv ||comp| xY¥ |l comp| xv
as6 | ¢ R207| C1 R431 | B4 Rs23 | A4 Rse8 | A3 rR719 | D4
R208| C1 R432 | C3 Rs24 | A4 Rs69 | B3 R720 | Es4
R1 D2 R209| B, R433 | D4 || Rs2s | A3 RS70 | A3 R721 | D4
R2 D.2 R210| C1 R434 | C4 R526 | A4 R600 | B3 R722 | D4
R3 D.2 R211| €1 R435 | C3 R527 | A3 rReot | B3 R723 | D4
R4 E2 R300| ¢3 R436 | B4 Rs28 | A3 Re02 | B3 R724 | D4
RS D.2 R301| c3 R437 | B4 R529 | A4 Reo3 | B3 R725 | D4
R6 D1 R302| ¢3 R438 | D4 || Rs30 | A4 Reos | B3 R726 | D4
R7 D.2 R303| c3 R439 | c3 R531 | A3 R605 | B3 R727 | D4
R8 D1 R304| c3 R440 | cs4 R532 | B3 Reos | B3 R728 | D4
R9 E1 R305| C2 Re41 | B4 R533 | A4 Reo7 | B3 r729 | Ds
R10 | D2 R306| D2 Res2 | cse R534 | A3 Re08 | A3 R731 | D4
R11 | D2 rR307| c1 Ras3 | B4 || rs35 | A3 Reos | B3 R732 | c4
R12 | D2 R308| C1 R444 | B4 R536 | A4 R610 | B3 R733 | D4
R13 | D1 R400| c4 Ras | B4 || r537 | A4 rRet1:| B3 R734 | D4
R14 | D2 R401| C4 Rass | B4 || Rs3s | A3 Re612 | ¢3 R735 | c4
R15 | E1 R402| B4 Rasa7 | Ba R539 | A3 Re13 | B3 R736 | D4
R16 | D,1 Rao3| B4 Ras8 | B4 || R540 | A4 Re14 | B3 R737 | c4
R17 | D1 Raoa| B4 R449 | B4 R541 | A3 R615 | B3 R738 | D4
R18 | E1 R405 | B4 R450 | B4 R542 | A3 R616 | C3 R740 | D4
Rig | D1 R406| C4 Ras1 | c4 || Rs43’| A4 R617 | B3 R741 | Ea4
R20 | D,1 R407 | C4 Ras2 | c4 || Rs4s | A3 R618 | B3
rR21 | D11 R408| C4 Rsoo | A4 || rRsas | As- || Re19 | B3 TP B.4
rR22 | D1 R409| B4 rso1 | A4 || Rs46 | A3 R620 | B3 TP2 A4
rR23 | E1 R410| C4 rRso2 | A4 || r547 | A4 Re21 | B2 TP3 D4
R24 | E1 Ré11| c4 Rso3 | A4 || Rs4s | A3 R622-| B3 TP4 D4
R2s | E2 Ret2| B4 rRsos4 | A4 || r549 | A3 R700 | E4 TPS D4
R26 | E2 R413| c4 rsos | A4 || msso | A3 R701 | E4 TP6 D4
R27 | E2 R414| B4 rsos | A4 || mss1 | A3 R7o2 | Ea4 TP7 c4
R28 | D2 R415| c4 rso7 | A4 || rss2 | A4 rR7o3 | E4 TP D4
R29 | D1 Ré16| c4 rsos | A4 || mss3 | A3 R704 | D4 TP9 D4
R30 | D1 R417| C4 R509 | A4 || R554 | A3 R705 | E4 TP10| B3
R31 | DA R418| c4 rs10 | A4 || rss5 | A3 R706 | D4 ™11 | A3
R32 | D1 R419| B4 Rs11 | A4 || Rss6 | A3 || R707 | B4 12| A3
R33 | D2 R420| B4 rs12| A4 || rs57 | A3 R708 | E4 TP13| B3
R100 | A2 Ré21| c4 R513| A4 || Rsss | A3 R709 | D4 P14 | B3
R101 | A2 R422| C4 Rs14 | A4 ||l Rsse | A3 R710 | D4 P15 | €3
R104 | A2 R423| c4 R515 | A4 || Rsso | A3 R711 | D4 TP6| c3
R200 | B2 R424 [ C4 R516 | A4 Rs61 | A3 rR712 | B4 17| ¢3
R201 | ¢ R425| ca4 R517 | A4 R562 | A3 R713 | D4 TP18| D3
R202 | c2 Raze| ca4 R518 | B4 RS63 | A3 R714 | D4 P19 | D3
rR203 | c2 Ra27 | c4 R519 | A4 Rs64 | A3 R715 | D4 TP20 | ©3
R204 | ¢ Razs| ca4 Rs20 | A4 Rses | B3 R716 | ca4 ™w21| ¢3
R205 | €1 Ra29 | B4 Rs21 | A3 R566 | A3 R717 | D4 P22 | A3
R206 | C1 R430| c3 rRs22 | B4 Rs67 | A3 R718 | E4 TP23 | A3
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Model 86578

A3 Component Coordinates (3 of 3)

Service

v comp | xv |[come| xv |[comp]| xv |/ comp | xy |l comp| XY

. TP24 | €3 u3s c2
TP25 | C3 u3s D.2
TP26 | C2 u37 €2
P27 | C2 u3s c2
TP28 | C2 u3s c2
TP29 | C2 U40 D,2
TP30| C.1 u41 c2
P31 | c1 us2 c2
TP32| D1 u43 c2
TP33 | EA1 1773 c2

u45 D2

Ul Ad u46 c
u2 B4 U47 C11
u3 C4 u4s D1
U4 D4 us9. | c1
us D.4 us0 c1
us C4 Us1 c,1
u7 B4 us2 D1
us cé Us3 EA1
U9 A4 Us4 C.1
-uU10 | D4 Us5 c.1
Uit | D4
vtz | E3 VR300| C3
U3 | B3 VR400| B4
uisa | B3 VR401| Ca4

‘ uis | E3 VRS00| A3
vie | E3 VR601| B3
utiz | c3
vis | D3 || wi B.3
vie | E3 w2 c3
u20 | E3 w3 A3
u21 | A3 w4 B3
u22 | B3 W5 A3
u23 | b3 W6 A2
U2 | D3 w7 D,1
u2s | E3 ws c1
u2e | E3 wo C4
u27 | 83 wio | cs4
uzs | c3 W11 B4 )
U290 [ D3
uso | b3 Y1 E2
ust | E3 voo | c2
us2 | E3
uss | B3
U4 | B3

www.valuetronics.com
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P/0C A3Al P/0 A3 LOW FREQUENCY LOOP ASSEMBLY (@8657-68118)
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I ] 4 U46A X1 X1s 051 CR281 056 > — ¥ »- ¢ > t — ~% = -+ e . -0 11 |
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Component Locator

NOTES

1. For an explamation of schematic symbols,
"SCHEMATIC DIAGRAM NOTES" in Section 8,

. Nominmal value of RF choke is 2.5-6uH.

see

round is achieved by mechanical contact through

nuts holding PC board to cover and W4.

. Reference désignations on this service sheet C

ing from 308 to 399 only.

2
3. Chassis
4

have numbers ran
5

., CR, L, R and VR

. Jumper for TP16-19 Is installed only for troubleshooting.

LOGIC LEVELS

TTL CMOS
HIGH 2y 3.5V
LOW a.8v 1.3V

1S MORE NEG. THAN
IS MORE POS. THAN

QOFEN HIGH UNDEF .
GROUND | LOW LOW

Service

Model B8657B
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Model 8657B Service

Service Sheet 11

LOW FREQUENCY LOOP FRACTIONAL-N, DIVIDE-BY-N,
AND DIGITAL TIMING LOGIC

PRINCIPLES OF OPERATION

General

Serial data is generated by the main Microprocessor A13U14 (refer to Service Sheet 17) A13U14
writes data to the Serial I/O Control Register A13U16 (refer to Service Sheet 18). Serial Low
Frequency Loop data is passed through the LF Loop Serial Data Bus Buffer A13U4B (refer to
Service Sheet 18) when it is enabled. Serial Data is transferred to the Low Frequency Loop
when its frequency is changed, when frequency modulation (AC or DC) is selected, turned off,
changed or calibrated, or when phase is incremented or decremented. An Out-Of-Lock status bit is
transferred from the Low Frequency Loop to the Microprocessor Assembly during diagnostic tests.
An automatic indication that the Low Frequency Loop is out-of-lock is displayed on the A3 assembly
by a lit LED. Serial LF Loop Data (LDA) is clocked into the LF Loop Microprocessor A3U28 by
the LF Loop Clock (LCL). Serial LF Loop Data is clocked into the LF Loop Microprocessor by
active low LCL pulses. At the completion of the data transfer, the LF Loop Serial Data Bus Buffer
is disabled and the LF Loop Clock is discontinued. Timing for data transfer and clock generation is
firmware controlled.

Microprocessor

Serial LF Loop Data written to the LF Loop Microprocessor, U28 at pin 9, consists of instructions
and data. The LF Loop Microprocessor uses a firmware routine to input the serial data, and to
‘ handle all timing constraints. Instructions and data transferred to the LF Loop Microprocessor
tell the LF Loop what operations to perform. For example, some instructions select frequency
modulation and calibration. Instructions and data sent to the Fractional-N Controller tell it what
operation to perform. The LF Loop Microprocessor stores the data sent over the serial data bus and
very quickly transfers it to the Fractional-N Controller as a series of four-bit words. The first word
transferred is always an instruction followed by a 70 us wait to assure that Fractional-N Controller
has received a Cycle Start Pulse. Sixteen data words are then sent followed by an instruction word
" to define the data, and an instruction to terminate the data transfer.

The Microprocessor has three I/0 Ports. Two eight-bit ports PA, PB and one four-bit port PC. The
eight-bits of I/O port PA and four-bits of I/Q port PB function as outputs. PAO (pin 20) through PA3
(pin 23) transfer instructions and data words to the Fractional-N Controller, Ul7. PA4 (pin 24) is
the external clock (EXT CLK) that clocks the data words into the Fractional-N Controller, and PA5S
(pin 25) is the instruction valid (INST VLD) input that clocks the instructions into the Fractional-N
Controller. Outputs PA6 (pin 26), PA7 (pin 27) and PB0 through PB3 (pins 12 through 15) enable
frequency modulation, turn frequency modulation off, select DC FM and activate B+C(L) and
S(L)/H1 control lines for frequency modulation calibration. The other four PB I/Q Ports function as
inputs. TP18 (PB5) and TP17 (PB6) are connected to ground to initiate microprocessor controlled
service routines. The LF Loop Microprocessor mode input TP26 must also be grounded. TP16
(PB7) is not used. See Table | for further information.

With TP19 (PB4) connected to ground and TP26 not grounded the frequency switching speed is
increased by eliminating the FM calibration cycle. Jumper W2 connecting the B+C(L) to U22 (refer
to Service Sheet 14), must be removed also. The FM Calibration DAC (U34) is then set to 75% of its
range. To exit the service routines, the instrument’s POWER switch is set to STBY and then to ON.

An external 4 MHz crystal Y300 is directly connected to the LF Loop Microprocessor (pins 4 and
‘ 5). Capacitor C301 is used to keep the frequency stable. The Microprocessor converts the 4 MHz
crystal to a 1 MHz clock.

Service Sheet 11-1
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Service Model 8657B

Tuble 1. LF Loop Microprocessor Initiated Tests.

Tesi Point TP26 LF Loop Microprocessor .
Grounded | Grounded Test Initiated ‘
Yes Increment Signal Generator's fre-

quency by 10 MHz. An FM cali-
bration is performed every
100 mSec until ground is removed.

TP17 Yes “Signature Analysis

TP18 Yes Low Frequency Loop VCO's fre-
quency is set to 66.80001 MHz

TP1¢ No No FM calibration with VCO’s fre-
quency changed, switching speed
is increased.

The LF Loop Microprocessor can be RESET by briefly shorting TP21 (Reset) to TP20 (ground).
The mode input for the LF Loop Microprocessor is the PC2 input (pin 10). The mode input is
high for normal Low Frequency Loop operation. The special Low Frequency Loop service mode is
entered when the instrument is powered up with the mode input TP26 grounded. Then, the LF Loop
Microprocessor will not receive data or clock inputs from the main Microprocessor (A11U9). TP26
is grounded when TP17 or 18 are grounded to access the Low Frequency Loop service routines.

Fractional-N Controlier

Six of the eight inputs to the Fractional-N Controller (U17) are the four data inputs (C1-C4), the
instruction valid input (INST VLD), and the external clock input (EXT CLK). The other two inputs

are the chip clock input (CHIP CLK), and the cycle start input (CYCLE START). CHIP CLK is the ‘
LF Loop VCO frequency divided-by-20, and is the output of the Prescaler at pin 9 of U50B. The 6
Chip Clock frequency varies from 3.0 to 5.5 MHz and is the clock for the Fractional-N Controller.

Cycle Start is the LF Loop VCO frequency divided-by-N.F. (refer to Block Diagram 3).Cycle Start

is synchronized with the Chip Clock by the Cycle Start Synchronization flip-flop U19A. The Cycle

Start input initiates a Fractional-N Controller cycle. The Cycle Start pulse is one Chip Clock long

(refer to the Low Frequency Loop Timing Diagram, Figure 1). At the termination of the Cycle Start

pulse, the Sample and Hold pulse at pin 11 is active for two Chip Clocks. The Low Frequency Loop

VCO control voltage from the integrator is stored on the Sample and Hold Capacitor C519 (refer

to Service Sheet 13). One Chip Clock after the Sample and Hold Pulse is terminated, the Bias Pulse

at pin 10 is active for thirteen Chip Clocks. The Bias pulse is synchronized with the Chip Clock at

flip-flop U6B (refer to Service Sheet 12), initiating the Delayed Bias Pulse. During the Bias Pulse, a

current resets the LF Loop Integrator. The Integrator is readied for the next output from the Phase

Detector. The Fractional-N Controller Analog Phase Interpolation (API) outputs, at pins 2 through

6, are active during the Bias Pulse. Each of the five API outputs is pulse width modulated to sum

the correct current into the Integrator to compensate for Fractional-N (F.N.) variations in phase
differences. F.N. phase difference variations occur when the LF Loop VCO frequency is not an

even multiple of the 100 kHz reference. The Fractional-N Controller keeps track of the F.N. phase
difference between the VCO divided-by-N.F. and the 100 kHz reference. When the phase difference

changes by 360/N degrees, the Prescaler is instructed to remove a cycle. A cycle is removed by the

Prescaler to compensate for fractional frequencies. A cycle is removed or added by the Prescaler -
when frequency modulating at large modulation indexes (m). The LF Loop Integrator is reset during

the Bias Pulse by the Bias Current. Therefore, all Chip Clocks must be of equal length when Bias

Current is on, and the Prescaler does not remove or add cycles. The Bias Pulse directs the Bias

Current to the Integrator and closes the API FET switches (refer to Service Sheet 12). When the FET

switches are open, the API currents are directed to the Phase Detector and FM Current Switches

(refer to Service Sheets 13 and 14). Otherwise the API currents are directed to the API switches. /-
The Integrator is reset before the next input from the Phase Detector is received. The Fractional-N .
Controller determines the pulse width of the API Pulses, and terminates the API Pulses one Chip >
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Clock before the end of the Bias Pulse (refer to Figure 1). The pulse width of the negative API Pulses
varies when a fractional frequency is selected. A fractional frequency is any LF Loop frequency
that is not an even multiple of the 100 kHz reference. The timing of the Remove Cycle input to the

‘ Prescaler is initiated when the API 1 pulse goes high. The data sent to the Fractional-N Controller
includes the divide number for the Divide-By-N-Counters, U24, U30, and U36. The data is received
as a four bit BCD number, changed to its nine’s complement and sent serially least significant digit
first to the nine’s complement latches U23 and U29. The data is clocked into the latches by the
Fractional-N Controller’s divide-by-N clock output. The nine’s complement data is then loaded into
the Divide-By-N-Counters each 100 kHz cycle of the Low Frequency Loop, every 10 us. U24, U30,
and U36 function as up counters, their faster mode of operation.

Divide-By-N

The Divide-By-N-Counters use “Prescaler Counting” to divide the Low Frequency Loop VCO’s
frequency to 100 kHz pulses. The VCO frequencies of 60 MHz to 110 MHz are divided-by-N.F. (N.F.
refers to the possible fractional division ratios using Fractional-N technology) to output a pulse every
10 ps. Prescaler counting does not require the use of high-speed counters for direct counting. The
VCQO’s frequency is divided-by-2 and the Prescaler divides this frequency by 11 when the 100 kHz
counter is counted, and by 10 otherwise.

Figure 2 shows the output of the counters when the Signal Generator’s RF output is 800.2 MHz.
The frequency of the Low Frequency Loop VCO is 99.80 MHz; 49 Chip Clocks are required for the
10 us Low Frequency Loop cycle. The VCO frequency of 99.80 MHz divided-by-2 is 49.90 MHz.
Less two 1 MHz counts for Cycle Start Synchronization, and reloading data into the Counters will
give a divide number of 479 to the 100 kHz VCO Divided-By-N.F. input to the Phase Detector. The
nine’s complement of 479 is 520. At the completion of the Cycle Start Pulse (U19A), the first seven
Chip Clocks count the | MHz counter from 2 to 9. This counter is then repeatedly counted from 0
to 9, ten Chip Clocks, for the remaining Chip Clocks in a 10 us cycle. Four clocks from the 1 MHz
counter count the 10 MHz counter from 5 to 9, and nine Chip Clocks count the 100 kHz counter
‘ from 0 to 9 once each Low frequency Loop cycle.

The Chip Clock is the Low Frequency Loop VCO frequency divided-by-20 or divided-by-22. The
VCO frequency is divided-by-22 when the 100 kHz counter is counting and the Prescaler’s modulus
is 11. The frequency of the Chip Clock is 4.990 MHz for 40 Chip Clocks and each clock is 0.2004 us.
The frequency of the Chip Clock is 4.536 MHz for 9 Chip clocks and each clock is 0.22044 us.

(0.2004 pss x 40) + (0.22044 s x 9) = 10 ps

The nine’s complement data held in the Latches (nine’s Complement) is loaded into the 100 kHz,
1 MHz, and 10 MHz up Counters when their load input at pin 11 is set low. When the counters are
loaded their carry output at pin 12 is set low. The enable input at pin 4 of the 100 kHz counter is
active low and is controlled by its carry output at pin 12. The enable input at pin 4 of the 1 MHz
counter is tied low and is therefore active. The enable input, at pin 4, of the 10 MHz counter is
controlled by the Ripple Count output of the 1 MHz counter at pin 13. The Chip Clock input to
the counters will begin to count the 100 kHz and 1 MHz counters up as soon as the data is loaded.
At this time, the 10 MHz Counter is not enabled to count. Refer to the Counter Timing diagram,
Figure 2. The 100 kHz Counter is enabled when its carry output is low. The carry output is set low
on each cycle when the data is reloaded. The low carry output at pin 12 is connected to the enable
input at pin 4. The low carry output that enables the 100 kHz Counter is also gated through the
remove cycle gates of U41A, U41B, and U51A to set the Remove Cycle input to the Prescaler high.
Each cycle of the Prescaler that the Remove Cycle input is high, the VCO Divided-By-2 input is
divided-by-11. The Chip Clock counts the 100 kHz counter up to nine. The carry output and enable
input are set high, and the counter is disabled until the next Low Frequency Loop cycle. The high
carry output sets the output of U41A low, and the low is gated through the remove cycle gates to
. set the Remove Cycle input to the Prescaler low.

Service Sheet 11-3
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Figure 1. Low Frequency Loop Timing Diagram.
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Figure 2. Counter Timing.

When the 1 MHz counter, U30, is counted up to nine, its ripple count output at pin 13 goes low,
and the 10 MHz counter is enabled for one count. Each time the 1 MHz counter is counted up to
nine, the 10 MHz counter is counted up one count. The carry output of U30, the | MHz counter,
at pin 12 goes high for one count. The high output is one input to the AND gate U18C. The 1 MHz
‘ counter continues to count, and the 10 MHz counter is counted up to nine. The carry output at
pin 12 is high. Both inputs to AND gate U18C are high at this time and its output is high. The D input
to UI9A is set high, and on the next Chip Clock the Q output is set high initiating the Cycle Start
Pulse. The not Q output of UI9A is low and the load enable input at pin 11 for the 1 MHz and the
10 MHz counters is low. The data in Latch, U23, is loaded in the 1 MHz and 10 MHz counters. The
two counters are ready for the next Low Frequency Loop cycle. The carry output of the counters is
set low when they are reloaded. The inputs to AND gate U18C are low and the output of U18C is
" returned to the low state. On the next Chip Clock, the outputs of U19A are set pin 5 low and pin 6
high terminating the Cycle Start pulse and disabling the 1 MHz and 10 MHz counters load input.
The Cycle Start Synchronization circuit, U18C and U19A synchronize the Cycle Start pulse with the
Chip Clock which is required for high speed operation of the counters. The synchronization takes
two Chip Clocks, and the number loaded into the 1 MHz counter is two less. When the RF output
frequency of the Signal Generator is 733.2 MHz, the frequency of the Low Frequency Loop VCO’s
frequency is 66.8 MHz. The nine’s complement loaded into the latches is 685. The Low Frequency
Loop VCO frequency is divided-by-2 (refer to Service Sheet 10), for a frequency of 33.4 MHz. Then
2 MHz is subtracted for Cycle Start Synchronization, 33.4 MHz — 2.0 MHz = 31.4 MHz. The nine’s
complement of 314 is 685.

Digital Timing Logic
The Cycle Start pulse is received by the Fractional-N Controller, and a Low Frequency Loop cycle
is started. The Fractional-N Controller sends out the Sample and Hold, Bias, and API outputs as
previously described. When the negative API 1 pulse is terminated, the low to high transition clocks
the Edge Detector’s U39A output at pin 5 high. The high output is applied to the D input of U39B.
U39B’s output at pin 9 is clocked high, and its output at pin 8 low by the next Chip Clock. The
low output at pin 8 is applied to the Reset input of U39A at pin 1, and the output at pin 5 of U39A
. ) is reset low. The D input of U39B then goes low. On the next Chip Clock, the output at pin 9 of
U39B is set low

Service Sheet 11-5
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and the output at pin 8 high. The positive pulse which was generated from pin 9 of U39B is applied
to the Timing Latches shift register U42 at pin 2. The pulse is clocked through the shift register, by
the Chip Clock(L), to the outputs at pins 15, 14, 13, and 12. The output at pin 15 sets U43B’s input
pin 5 high and, enables a frequency modulation remove cycle high input at pin 4 to be gated to the
Prescaler. The output at pin 14 sets U43D’s input at pin 12 high, and enables a Fractional-N remove
cycle high input at pin 13 to be gated to the Prescaler. The output at pin 13 sets U43C’s input at
pin 9 high, and enables a frequency modulation add cycle high input at pin 10 to be gated to the
Prescaler. The output at pin 13 is also applied to the J input of Synchronization J/K flip-flop U47A
to resynchronize the Low Frequency Loop VCO Divide-By-N.F. input to the Phase Detector. The
output at pin 12 is applied to the D input of U44B. On the next Chip Clock, the high D input is
clocked to the output at pin 9, and the output at pin 8 is clocked low. The output’s of U44B are at
this state for one cycle of the Chip Clock(L). The high output pulse from pin 9 of U44B is applied
to the NOR gates U41A, and U35D to set their outputs low. The low output of U35D resets Cycle
Remove Latch U38B. The low output pulse of U44B at pin 8 resets Cycle Add/Remove Latches
U38A, and U44A. It also resets the Cycle Start Synchronization flip-flop U19A, and enables the load
input at pin 11 of the 100 kHz counter.

The instructions to add or remove a cycle are latched into the Cycle Add/Remove Latches U38A,
U38B and U44A. Cycles are added or removed during frequency modulation. Cycles are also
removed when the Low Frequency Loop VCO is operating at a fractional frequency. The Fractional-
N Controller U17 determines when a cycle is removed for fractional frequencies. The active Cycle
Remove output at pin 12 clocks the Remove Cycle Latch U44A, The D input at pin 1 of U44A is
tied high and is clocked to the output at pin 5. This is one input to AND gate U43D. As described
above the output at pin 14 of the Shift Register U42 gates the output of U43D high which gates the
output of NOR gate U41B low. The low output of U41B gates the output of US1A high and the
Prescaler removes a cycle.

The High Threshold and Low Threshold inputs are activated during frequency modulation (refer to
Service Sheet 15). The High Threshold cycle remove control is the D input at pin 12 of the Cycle
Remove Latch U38B. The high D input is clocked to its output at pin 9 by the Cycle Start pulse. The

- output at pin 9 is one input to AND gate U43B, and is the Remove Cycle input to the FM Digital

Circuits. As described above the output at pin 15 of the Shift Register U42 gates the output of U43B
high which gates the output of NOR gate U41B low. The low output of U41B gates the output of
USI1A high and the Prescaler removes a cycle. Refer to the Timing Diagram, Figure 1. The Low
Threshold cycle add control is the D input at pin 2 of Cycle Add Latch U38A. The high D input
is clocked to its output at pin 5 by the Cycle Start pulse. The output at pin 5 is one input to AND
gate U43C, and is the Add Cycle input to the FM Digital Circuits. As described above the output at
pin 13 of the Shift Register U42 gates the output of U43C high, and the Prescaler adds a cycle.

Synchronization

The Synchronization J/K flip-flop’s U47A and U47B resynchronize the Low Frequency VCO
Divided-By-N.F. output pulse to the Phase Detector (refer to Service Sheet 13). As described above,
the output at pin 13 of Shift Register U42 is applied to the J input of J/K flip-flop U47A at pin 3. The
K input is then low. The next high to low transition of Chip Clock(L) clocks the output at pin 5 high
and the output at pin 6 low. The high output at pin 5 is applied to the J input of J/K flip-flop U47B
at pin 11. The K input at pin 12 is then low. The high to low transition of the VCO Divide-By-2
input at pin 13 clocks the output at pin 9 high. The output at pin 5 of U47A is also its K input at
pin 2. The J input was set low when the high pulse of the Shift Register U42 was clocked through
the register. The next high to low transition of Chip Clock(L) clocks the output at pin 5 low and
the output at pin 6 high. The next high to low transition of the VCO Divide-By-2 input clocks the
output at pin 9 of U47B low. When the output at pin 9 of U47B is high, transistor Q48 is turned off.
The collector is connected to ground through resistor R308 and R500 (refer to Service Sheet 13).
The output of Q48 is approximately 0.0 Vdc. On the high to low transition of U47B’s pin 9 output,
Q48 is turned on and its output is pulsed to approximately +4V. The Phase Detector is clocked on
the low to high transition of the output of Q48. Capacitor C312 turns transistor Q48 on and off very
quickly.
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TROUBLESHOOTING USING SIGNATURE ANALYSIS

Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are given below.

‘ The areas or points to check are marked on the schematic by a hexagon with a checkmark and a
number inside, for example, <Z1). Troubleshooting is done on the LF Loop Microprocessor using
Signature Analysis. The LF Loop’s Microprocessor troubleshooting routines are used to check the
Fractional-N Controller and the Divide-By-N-Counters.

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

SIgNature ANAlYZEr . ......outii ittt HP 5005A
AUAIO SOUTC. oot e ettt e ettt e et et e e e i i e i e HP 8903B
Frequency COUNLET . ... ..ouuette ettt ittt e et eaa ittt aanaanes HP 5328A
0T o Loy oT o o - L R R T HP 54100A
Oscilloscope Probe. . .......cooiiiiiiiienn, e e e et a e e e HP 54003-61617
Oscilloscope Active Probe, Chan 1 ... ... it HP 54001A
Oscilloscope 1 Megohm Probe Pod, Chan 2 . ........ .o HP 54003A

{J1>Low Frequency Loop Microprocessor

1. Connect the signature analyzer as follows:

GND ......... N ettt i iee e e GND (See Note below)

] 5 < DSA CLK A3TP24

B N 17N 40 OGP DSA S/S A3TP25

1o 0 ) > IS DSA §/S A3TP25
NOTE

Connect to ground as close fo the circuitry being probed as possible. Bad
grounding can cause unstable signatures.

2. Set the signature analyzer’s controls as follows:

L0} ) <R ORGP Positive Edge

ST AR T oot e i e e Positive Edge

3 0 = g Negative Edge
CAUTION

The LF Loop Clock input (LCL) at pin 2 and the LF Loop Data input (LDA)
at pin 9 from the A11 Assembly must be opened before A3TP17 and A3TP26
are connected to ground. Open LCL and LDA inputs by removing W16 from
A11J4. The LF Loop Microprocessor U28 does not require data from the
main Microprocessor to run the signature analysis checks.

Service Sheet 11-7

www.valuetronics.com



Service , Model 8657B

3. Set up the Signal Generator as follows:
a. Connect A3TP26 to A3TP20 (ground).
b. Connect A3TP17 to ground. Use the jumper provided. .
c. Turn the Signal Generator;s POWER switch to STANDBY and then back to ON,

4. Connect the signature analyzer probe to each node indicated in Table 2 and verify that each
signature is correct and stable.

The alternate Microprocessor signatures at pins 14 and 20 to 27 check the input at pins 2, 8 to
11 and 16 to 19. When the input is low, the signature at the related pin is the alternate signature.

Table 2. Low Frequency Loop Microprocessor Signatures.

Node Normal | Alternate | Altemnate Signature
A3U28 Pin | Signature | Signature | Determining Factor
i

#1 0000 -

#2 7U39 0000 Pin tied low

#3 7U39 -

#6 0000 --

#7 7U39 --

#8 0000 --

#9 0000 7U39 Pin pulled high
#10 7U39 0000 Pin tied low
#11 7U39 0000 Out-of-lock LED on
#14 0021 0020 Pin 2 low

#15 0010 40C5 RAM error i
#16 7U39 0000 Pin tied low ‘
#17. 7U39 0000 Pin tied low
#18 7U39 0000 Pin tied low
#19 7U39 0000 Pin tied low
#20 2050 2052 Pin 8 low

#21 102C 1029 Pin 9 low

#22 0816 0814 Pin 10 low

#23 0408 040A Out-of-lock LED on
#24 0201 0205 Pin 16 low

#25 0106 - 0102 Pin 17 low

#26 0085 0081 Pin 18 low

#27 0044 0040 Pin 19 low
#28 7U39 --

5. After the signatures are taken, remove A3TP26 and A3TP17 from ground. Store the jumper
between the ground pins of A3TP16-19.

Turn the Signal Generator’s POWER switch to STBY and then back to ON.

Service Sheet 11-8
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2> Fractional-N and Latches

1. Set the Signal Generator’s POWER switch to STBY.

2. Connect A3TP26 to ground. Connect A3TP18 to ground using the jumper provided.
3. Set the Signal Generator’s POWER switch to ON.
4

. The LF Loop’s Microprocessor troubleshooting routine is now entered as a result of completing
step 2. The nine’s complement data loaded into the Divide-By-N-Counters is 685, and the LF
Loop VCO’s frequency is set to 66.8 MHz.

If the LF Loop VCO’s frequency is not 66.8 MHz, check the nine’s complement data loaded
into the nine’s Complement Latches. The nine’s compliment data should be as follows:

a. 100 kHz DIGIT: U29 pin 2 (H), pin 7 (L), pin 10 (H), pin 15 (L)
b. 1 MHz DIGIT: U23 pin 12 (L), pin 15 (L), pin 16 (L), pin 19 (H)
¢. 10 MHz DIGIT: U23 pin 2 (L), pin 5 (H), pin 6 (H), pin 9 (L)
5. Use the oscilloscope to check that the API outputs of U17 at pins 2 to 6 pulse low every 10 ps.

6. Use the oscilloscope to check that the Bias output of Ul7 at pin 10 pulses high for 13 Chip
Clocks every 10 ps.

7. Disconnect A3TP20 from A3TP26. Disconnect A3TP18 from ground.

< 3>Counters and Cycle Start Synchronization

1. Remove jumper A3W6 (refer to Service Sheet 14). The VCO TUNE voltage goes to
approximately 0.0V.

2. Connect the frequency counter to A3TP29 (60 to 110 MHz) (refer to Service Sheet 10) and
‘ measure the VCO frequency. The VCO frequency should be 96 MHz +7 MHz.

3. Subtract the YCO frequency from 1050 MHz and select the difference frequency as the RF
output frequency of the Signal Generator to 5 significant digits, for example, 950.73 MHz.

a. RF Qutput Frequency = (800 — YCO) +Notch Filter Frequency
b. The Notch Filter Frequency is 250 MHz
¢. RF output Frequency = 800 — VCO + 250 = 1050 — VCO

d. The nine’s complement data in the nine’s Complement Latches is the data required to
lock the Low Frequency Loop VCO. ’

4. Set the Oscilloscope as follows:

Chan 1

L) 1 4 T« T Normal
O 0 D174 Cn
40 ) 5 17 5 1 1.0V
L) 2 0.0v
Chan 2

L0 T Y oY T Normal
L0 I T o) On
0 ) 0 1 5 2.0V
OFE SE T . i LoV

Service Sheet 11-9
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Timebase

R 1O 5 ) /PP 1.0 us
) 21 57N (P 0.0s
Delay Ref @t....couiietiiiiinetreieetiitereantiiiiineeeasinseesossnasessnnnnsenans Left
SWEED o eeett it e Trg’'d
Trigger

Trigger Mode .. ....ooveiiiii ittt . e eeeeraeaa Edge
B o TG0 P Chan 1
TRIG LEVEL . ittt iiiitiiiiieieaaannnsaeeesstsoeennsnsssessssnssnssssesnans L.5v
10} oY Pos
Display

Display MoOde ..ottt e i it i et e Normal
DISPLAY TIME................. e e e 200 ms
N0 LAY e3 == o A U P ON
(€5 ¢ 5 ) (=3O U ON

- 5. Connect Chan 1 to A3TP15 (CYCLE START), and Chan 2 to pin 12 of each Counter A3U24,
U30, and U36.

Figure 2 shows the oscilloscope display for the 1 MHz, 10 MHz, and 100 kHz Counters for a
VCO frequency of 99.8 MHz. With a VCO frequency of 96 MHz +7 MHz the oscilloscope
display of the Counter output is the same except for timing.

Edge Detector, Timing Latches, and Synchronization

1. Remove jumper A3W6 (refer to Service Sheet 14). The VCO TUNE voltage goes to
approximately 0.0V,

2. Timing pulse generation and clocking is checked.

3. Set the Oscilloscope as follows:

Chan 1

L @! 0 .Y Y 2 O Normal
10l T I 0 T3 ) - On
/0 5 1377 .3 /2 2.0V
OF F SET ..ottt ittt ettt ettt et ttae e eieeeanaesaensaoonesennnanannans 0.0V
Chan 2 '

Ch 2 MOAe o oot e e i et Normal
L0 W20 0 1123 F- On
T4 5 1127 5 ) /S P 2.0V
OF FSET .ot itiit i tteteeeenneeesssaseseeeuaeeeeaassssossosenssennssennneessnnnons 1.0V
Timebase

1) 2074 ) /278 200 ns
5.1 23 57 "/ 0.0s
Delay Ref at. .. .vvetit ittt ittt ttrtiiiiiineaaeiaesesestsatsossssensesns Left
R « TP e e Trg'd
Trigger

05 7o =, . U Y (S R Edge
B 5 T30 C S Chan 2
TRIGLEVEL .................. e et e ner et et ateeraae e e e 200 mV
Slope ...ovvii e et Pos
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Display

Display Mode .. .ovutti i e e Normal
F0 1] o 07 L P 200 ms
‘ ] 6] TR T ¢ 1 ON
GIatiCle . .t e e ON

4. Connect Chan 1 to A3TP31 (CHIP CLOCK) (refer to Service Sheet 10), and Chan 2 to A3TP27
(START SHIFT). The Start Shift pulse should be present and have a pulse width of one Chip
Clock.

5. With the Chan 1 probe, check that the pulse is clocked through the Timing Latches, U42, U44B
and Synchronization flip/flop U47. The VCO divide-by-N.F. output of Q48 is a narrow pulse.

{I5>Cycle Add/Remove Latches and Add/Remove Cycle Gates

1. Remove jumper A3W6 (refer to Service Sheet 14). The VCO TUNE voltage goes to
"~ approximately 0.0V.

2. The 100 kHz Counter remove cycle pulse is checked.

3. Set the Oscilloscope as follows:

Chan 1
(0 I Y . LT e Normal
L0 D 1) 2P e tereeeeateeeaea, On
L0 ) 5 17 5 ) 2.0V
L0 ) o) Y 2 0.0v
Chan 2
0 T Y [ Yo L O Normal
. (0 A D) On
40 ] 5 74 D ) 2.0V
L) 3 SN Al N 1.0V
. Timebase
) 31 07 D ) AP e 1.0 ps
L) 7 T 0.0s
Delay Ref al. . ... i e e Center
R} =T« T Trg’d
Trigger
Trgger Mode . . o e e e Edge
0 5 - {2 Chan 2
T RIG LEVEL .ttt e et e ettt ettt et e et annns 1.5V
] U+ Pos
Display
Display Mode ... it e e e e e e e Normal
L0 ) o N 0. - 200 ms
R NN T ¢ + i ettt ON
L) ¢ T+ 3 ON

4, Connect Chan 1 to A3TP27 (START SHIFT), and check that the 100 kHz Counter remove
cycle pulse is gated through U41A, U41B and U51A.

Service Sheet 11-11
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5. Replace jumper W6.

. Set the function generator as follows:

3T L1 1=3 ¢ Lo S PSP 20 Hz
7S 1.41V

. Connect the function generator to the Signal Generator’s MOD INPUT/ OUTPUT connector.

. Set the Signal Generator as follows:

=00 11 =) 1 (o) S Any
0 ) 110 U (<3O Any
Y oY LUY X & U )« P U0 g FM, 5 kHz
I 100 ¢+ 3 External

. Connect Chan 2 to U38A, U38B, U43C, U43B, U51A, and A3TP1S5, and check that the Add

and Remove Cycle pulses are gated through them.
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A3 Component Coordinates (1 of 3)

Service

comp | xy |lcomp| xv | comp| xv ||comp| xv J{comp| xv || comp| xv
‘ i E1 c213| ¢ cs513 | A4 || cmi D.2 FL1 E2 Q10 D4
c2 D.2 c300| D2 cs14 | A3 || cr2 | D2 FL2 E.2 an D4
c3 E2 c301| c3 c515 | A4 || crR3 | D2 FL3 D2 Q12 A4
c4 D2 c302| c3 c516 | A3 || cra | D2 FL4 D.2 Q13 B.4
cs5 D1 c303| D3 c517 | A3 || crs | E1 a4 | B4
cs D.2 c34| D3 cs18 | B3 || cré | D1 J1 E4 Qis B4
c7 DA caos| D3 csto9| A3 || crR7 | D2 J2 A4 a6 | ca
cs D.1 c306| c2 cs20 | A3 || cr8 | D2 J3 A4 a17 C4
c9 D2 c307| c3 cs21 | A3 || cre | En J4 c2 a8 | c4
cio | b2 c308| ¢3 csoo | B3 || cr1io | D1 J5 c1 Q19 D4
cit | Ed c309| ¢3 csot | B3 || crR11 | D1 J6 D,1 Q20 D4
ci2 | b1 c310| c2 ceo2 | B3 || cri2 | D1 J7 E1 Q21 D4
c13 | D2 c3t1| ¢ c603 | B3 || crR15 | E1 J8 E2 Q22 B4
ci4 | b2 c312| ¢ ceos | B3 || cr16 | D1 a3 | c4
cis | b1 c313| C2 ceo5 | B3 || cr17 | E2 R E2 Q2 | c4
cié6 | D2 c400| B3 ceos | B3 || cr18 | D2 L2 D2 Q25 c4
c17 | ba c401| D4 cso7 | 83 || cre200| c1 L3 E2 Q26 B4
cis | E1 c402| c4 ce08 | B3 || cre2ot| ci L5 E.2 Q27 B.4
cl9 | E2 cs03| c3 cs09 | B3 || craoo| B4 L6 E2 a2 | ca
c20 | E2 cs04 | B4 cs10 | ¢3 || crao1| ca L8 D2 Q29 | A4
c21 | En cao5 | C3 ce11 | ca || crao2| ca 1200 | E4 Q30 | A4
c22 | E2 ca06 | C4 ce12 | c3 || craos| ca 201 | E4 a3t A4
c23 | E1 ca07 | c4 c613 | B3 || craos| ca || 202 | E4 Q32 A4
c24 | E2 c408| B3 ce14 | B3 || craos| Ba 203 | E4 Q33 B4
c2s | En ca09 | B4 c615 | B2 || crace| B4 204 | c1 a3 | A3
. c26 | E2 c410| ca4 c616 | B3 CR500| B4 L300 | c1 Q35 B3
c27 D,1 C411 B.,4 C617 B,2 CR501 B4 L400 B,4 Q36 B,3
ces | E2 c412| c4 cei8 | B3 || crsoz| A4 L401 | D4 Qa7 A3
c29 | b1 c413| B4 c619 | B3 || crso3| A4 o2 | ¢3 Qs | A3
c30 | Ed c414| B4 c620 | B2 || crso4| B4 o3 | c3 Q39 A3
cio0 | A3 c415| B4 ce21 | B2 || crsos| B4 L4o4 | cae a4 | A3
clol | A2 c416| B4 cro0 | E3 || crsoe| B4 Ls00 | B4 Q41 A3
c200 | E4 c500 | A4 c7o1 | E3 || creoo| B3 501 | A4 Q42 A3
c201 | E4 cs501 | A4 cre2 | E3 creoz| B3 502 | A4 a3 | A3
c202 | E4 cs502| B4 c703 | E2 CR700| D4 1503 | A4 a4 | A3
c203 | E4 cs503| A4 cros | E3 CR701| D4 Q46 | A2
c204 | B1 cs04| A3 cros | E4 CR702| D4 al A4 Q47 ci
c205 | c2 c505| B4 cro6 | E4 || cr7o3] D4 Q2 A4 o8 | c2
c206 | C1 c506 | B4 c7o7 | b4 || cr7o4| D4 a3 D4 Q49 D1
c207 | c1- || cs07| A4 cros | D4 || cr7os| D4 Q4 A4 aso | E1
c208 | C1 cs08| B3 cro9 | D4 || cr70s] D4 as B4 as1 e
c208 | c1 cs09 | B3 crio| o4 || cr7o7| D4 Qs B4 Qs2 D1
c210| c1 c510| A4 c711 | D4 a7 B4 as3 | D1
c211 | ¢ cs11| B3 cr12 | pa a8 c4 as4 E1
c212 | ¢1 cs12| A3 c713 | Ea Dss00| A3 a9 ca ass EN

www.valuetronics.com
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Service

A3 Component Coordinates (2 of 3)

Model 8657B

compP xY COmMP XY COMP XY COMP XY cOompP X,V compP XY
Q56 Cc1 R207| Ca R431 B4 R523 A4 R568 A3 R719 D4
R208| C.1 R432 Cc3 R524 A4 R569 B,3 R720 E4

R1 D,2 R209| B, R433 D4 R525 A3 R570 A3 R721 D4
R2 D,2 R210| C1 R434 C4 R526 A4 R600 B3 R722 D4
R3 D,2 R211| Cn1 R435 c3 R527 A3 R601 B3 R723 D4
R4 Ez2 R300| C3 R436 B4 R528 A3 R602 B3 R724 D4
R5 D,2 R301| C3 R437 B4 R529 A4 R603 B3 R725 D4
R6 D1 R302| C3 R438 D4 R530 A4 R604 B.3 R726 D4
R7 D,2 R303| C3 R439 C3 R531 A3 R605 B3 R727 D4
R8 D1 R304| C3 R440 C4 R532 B3 R606 8.3 R728 D4
R9 E1 R305] C2 R441 B.4 R533 A4 R607 B3 R729 D4
R10 D2 R306| D,2 R442 C4 R534 A3 R608 A3 R731 D4
R11 D,2 R307| C1 R443 é,4 R535 A3 R609 B,3 R732 C4
R12 D,2 R308| C,1 R444 B4 R536 A4 R610 B3 R733 D.4
R13 D1 R400| C4 R445 B4 R537 A4 R611 B3 R734 D4
R14 D,2 R401| C4 R446 B4 RS38 A3 R612 C3 R735 (o)
R15 E1 R402| B4 R447 B.4 R539 A3 R613 B3 R736 D4
R16 D1 R403| B4 R448 B4 R540 A4 R614 B3 R737 C4
R17 D1 R404| B4 R449 B4 R541 A3 R615 B,3 R738 D4
R18 E1 R405]| B4 R450 B4 R542 A3 R616 C3 R740 D4
R19 D1 R406] C4 R451 C4 R543 A4 R617 B,3 R741 Eé
R20 D1 R407| C4 R452 c4 R544 A3 R618 B3 .
R21 D1 R408| C4 R500 A4 R545 A4 R619 B3 TP1 B4
R22 D1 R409| B4 R501 A4 R546 A3 R620 B3 TP2 A4
R23 E,1 R410| C4 R502 A4 R547 A4 R621 B2 TP3 D4
R24 E1 R411| C4 R503 A4 R548 A3 R622 B3 TP4 D4
R25 E2 R412| B4 R504 A4 R549 A3 R700 Eé4 TPS D4
R26 E2 R413| C4 R505 Ad RS50 A3 R701 Eé TP6 D4
R27 E?2 R414| B4 R506 Ad RS51 A3 R702 Eé4 TP7 Cé4
R28 D,2 R415| C4 R507 A4 R552 A4 R703 E4 TP8 D4
R29 D1 R416| C4 R508 A4 R553 A3 R704 D4 TP9 D4
R30 D1 R417| Ca4 R509 A4 R554 A3 R705 E4 TP10 B3
R31 D1 R418| C4 R510 A4 RSS5 A3 R7086 D4 TP11 A3
R32 D1 R419| B4 R511 A4 RS556 A3 R707 B4 TP12 A3
R33 D.2 R420| B4 R512 A4 R557 A3 R708 E4 TP13 B3
R100 | A2 R421| C4 R513 | - A4 RS58 A3 R709 D4 TP14 B3
R101 | A2 R422| C4 R514 A4 RS559 A3 R710 D4 TP15 Cc3
R104 | A2 R423| C4 R515 A4 R560 A3 R711 D4 TP16 Cc3
R200 | B,2 R424| C4 R516 A4 RS61 A3 R712 B4 TP17 C3
R201 | C1 R425| C4 R517 A4 RS562 A3 R713 D4 TP18 D3
R202 | C2 R426| C4 R518 B4 R563 A3 R714 D4 TP18 D3
R203 | C2 R427 | C4 R519 Ad R564 A3 R715 D4 TP20 c3
R204 | C1 R428| C4 RS20 A4 RS565 B3 R716 Cé TP21 C3
R205 C1 R429| B4 R521 A3 R566 A3 R717 D4 TP22 A3
R206 | C,1 R430| C3 R522 B4 R567 A3 R718 E4 || TP23 A3
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Model 8657B

A3 Component Coordinates (3 of 3)

Service

, comP | %Yy ||comp| xv |lcomp| Xy {[comp| xY |[[comp| xv
‘ TP24 | ¢c3 U3s c2
P25 | €3 u3s D.2
TP26 | C2 U3z E2
P27 | C2 u3s c2
TP28 | C2 U39 c2
TP29 | ¢c2 u40 D.2
P30 | C1 U41 c2
™31 | c1 || uae c2
TP32| D1 U43 c2
TP33| E1 U44 c2
U4s D.2
Ul As U46 c
U2 B4 u47 C1
us c4 u4s D.1
U4 D,4 U49 C.1
us D.4 Us0 ci
Us ca4 Us1 c1
u7 B4 uUs2 D1
us c4 Us3 E1
U9 Ad Us4 C1
uto | b4 Us5 c1
Uil | D4
vi2 | E3 VR300| c3
viz | B3 VR400| B4
ui4 | B3 VR401| C4
‘ uis | E3 VR500] A3
vie | g3 vReol| B3
uiz | ¢c3
uvis | b3 w1 B3
uis | E3 w2 c3
v2o | E3 w3 A3
u21 | A3 wa B3
u22 | B3 W5 A3
u23 | D3 w6 A2
u2¢ | b3 w7 D1
uss | E3 ws C.1
u2e | E3 wo c4
u27 | B3 wio | ca
u2s | c3 w11 B4
‘v29 | D3
uso | D3 Y1 E2
ust | E3 Y300 | c2
us2 | E3
uss | B3
uss | B3

N\
g
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Component Locator

1.

NOTES

For an explanation of schematic symbols,
see "SCHEMATIC DIAGRAM NOTES" in Section B.

Chassis ground is achieved by mechanical contact through

nuts holding PC board to cover and W4

Isolation (guard) trace.

Reference designations on this service sheet C, CR, L, R and VR
have numbers ranging from 488 to 499 only.

LOGIC LEVELS
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Model 86578 Service

Service Sheet 12

LOW FREQUENCY LOOP ANALOG PHASE INTERPOLATION (API),
CURRENT SOURCES, CURRENT SUMMING, AND BIAS

PRINCIPLES OF OPERATION

General

The Bias pulse from the Fractional-N Controller U17 is the D input at pin 12 of D flip-flop U6B.
CHIP CLOCK at pin 11 clocks the high D input of U6B to the output at pin 9, Delayed Bias. The
Bias and Delayed Bias pulses remain high for 13 CHIP CLOCK pulses. The Fractional-N Controller
sets its BIAS output high one Chip Clock after its Sample and Hold output was set inactive (low).
The Integrator’s correction voltage has been stored on the Sample and Hold capacitor. See Figure 1,
the Low Frequency Loop Timing Diagram. The Integrator is reset before the next phase correction
input is received from the Phase Detector. The Delayed Bias Pulse resets the Integrator by directing
Bias Current to the Integrator. Figure 2 shows the API and Bias Currents.

Bias Control

Bias Pulse Off

The Bias pulse from the Fractional-N Controller is off, low. The low Delayed Bias output at
pin 9 of U6B sets the base of emitter follower Q33 to approximately —1.6V. The emitter voltage
is approximately —1.0V. Bias current-steering diode CR405 is turned on, and CR506 is turned off
(refer to Service Sheet 13). The Bias Current is directed to the Bias Control transistor Q33.

‘ Bias Pulse On

The Bias pulse from the Fractional-N Controller is on, high. The high Delayed Bias output at pin 9
of UGB sets the base of Q33 to approximately +3.0V. The emitter voltage increases to approximately
+3.7V. Q33’s increased positive emitter voltage turns Bias Current steering diodes CR405 off and
CR506 on. The Bias Current is directed to the Integrator.

Current Routing Control

The base of Q28 is biased at approximately +5 Vdc from the +5 Vdc (F2) supply voltage through
resistor R408. The collector of Q25 is connected to —15 Vdc (F1). The base voltage of Q18 is biased
at approximately +1.2 Vdc divided from the +15 Vdc by resistors R424 and R426 to ground.

Bias Pulse Off

The Bias pulse from the Fractional-N Controller is off, low. The low Delayed Bias pulse output at
pin 9 of UGB turns off Q28. The emitter voltage of Q28 is approximately +5V, divided from the
+15 Vdc supply voltage by resistors R411 and R413. The dc¢ bias for Q25 is divided from the —15 Vdc
(F1) supply voltage by resistors R416 and R417 to ground. The base voltage of Q25 is approximately
—1.9V. Q25 is turned on since its emitter is connected to +15 Vdc by R421. The voltage on the
emitter is approximately —1.2V. The emitter voltage of Q25 is also the emitter voltage of Q18, and
the negative emitter voltage turns Q18 off. Its collector voltage is —7.5V, divided from the —15 Vdc
(F1) supply voltage by resistors R422 and R423 to ground. The —7.5V is connected to the gates of
FET switches, Q15, Q16, and Q17 turning them off. With the FET switches turned off the current
for the current sources of U3 is directed to Q3 and Q21 (refer to Service Sheet 15), and Q5 (refer to
Service Sheet 13).

Service Sheet 12-1
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Service Model 8657B

Bias Pulse On

The Bias pulse from the Fractional-N Controller is on, high. The high Delayed Bias pulse output
at pin 9 of U6B turns on Q28. When the Delayed Bias pulse goes high, the emitter voltage of Q28
increases to approximately +5.7V. Transistor Q28 is turned on and the collector voltage increases .
to approximately +5.7V. The collector voltage of Q28 is the base voltage for Q25, and is used to
turn Q25 off. Q25 is turned off during the Bias pulse. With Q25 turned off its emitter voltage goes
positive. The emitter voltage of Q25 is also the emitter voltage of Q18, and is used to turn Q18 on.
When Q18 is turned on, its collector increases from approximately —7.5V to approximately +2V.
The three FET switches, Q15, Q16, and Q17 are turned on. The current for the current sources
from U3 is directed from the three API transistors, Q22, Q23, and Q24. The API transistors Q22
(API 1), Q23 (API 2), and Q24 (API 3) are turned on, When the the API transistors are turned on
API current steering diodes CR400, CR401 and CR403 are turned off.

During the Bias pulse from the Fractional-N Controller the Analog Phase Interpolation (API) pulses
are also active. The API pulses are controlled by the Fractional-N Controller. The API pulses
control the amount of phase correction current subtracted from the Bias Current during the Bias
pulse. The Bias Current resets the Integrator after the Integrator voltage has been stored on the
Sample and Hold capacitor (refer to Service Sheet 13). The Integrator’s voltage is dependent on the
phase difference between the VCO and the reference signals. The Fractional-N Controller controls
the pulse duration for each of the 5 API signals. When the Low Frequency Loop VCO is tuned to a
whole number, multiple of 100 kHz, the API pulses are active for a fixed length of time during each
Bias pulse. The phase of the Low Frequency Loop VCO is not changing in relation to the 100 kHz
reference. The length of the API pulses change when the Phase Increment mode is selected, and
the phase of the RF output is incremented. :

When the Low Frequency VCO is operating at a fractional frequency, the length of time each API

pulse is active varies from one cycle to the next cycle. The Low Frequency Loop VCO is not tuned

to a whole number multiple of 100 kHz. The API pulses when viewed with an oscilloscope are not

nice and steady, but are changing each cycle. The phase between the Low Frequency Loop VCO
divided-by-N.F. and the 100 kHz reference is continually changing. When the phase difference '
between the 100 kHz reference, and the VCO divided-by-N.F, signals changes by 360 degrees, a cycle

is removed by the Prescaler. The Fractional-N Controller measures the phase difference between the

VCO divided-by-N.F. and the reference signals, and it controls the Prescaler. Each time a cycle is

removed by the Prescaler, the phase difference between the VCO and reference returns to the same

nominal offset.

The API pulses compensate for the Fractional-N phase changes between the Low Frequency
Loop VCO and the reference. When the Bias pulse is high, the Integrator is reset. API current is

. subtracted from the Bias Current. The API pulses are active low and the Integrator’s output voltage
is offset. The Integrator’s output voltage is offset to compensate for the Phase Detector’s output that
results from the fractional frequency phase difference between the VCO Divided-By-N.F., and the
100 kHz reference.

When transistor Q22 is turned off by the API 1 pulse, the API 1 current steering diode CR400 is
turned on. APT 1 current to Current Buffer Q7 and part of Current Source U3 is summed with
the Bias Current at Current Summing Amplifier U7. The two currents are summed together for the
length of time the API 1 pulse is active. Q22 is turned on, turning off CR400 and steering the API 1
current through Q22.

The API pulses are active low and are controlled by the Fractional-N Controller. The D input to

UGA, part of the API Digital Control circuits, is high when API 1 is not active. The high D input

is clocked to the output at pin 5 by the Chip Clock. The +15 Vdc is divided by R405 and R409 to

the +5V at UGA pin 5. The base of Q22 is approximately +6V. Its emitter voltage is approximately

+5.4V. Q22 is turned on, and CR400 is turned off since the anode of CR400 is connected to the

virtual +5 Vdc summing node through resistor network of R435, R439, and R415A and B. A low

API 1 pulsed input at pin 2 of UGA is clocked to the output at pin 5. The +15 Vdc is divided o
to approximately OV at pin 5 by R405 and R409. The base of Q22 is approximately +3V, and the '
emitter voltage wants to decrease to turn on Q22. But when its voltage gets to approximately +4.4V ;

Service Sheet 12-2
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Model 8657B Service

CR400 is turned on. Q22 is turned off until the API 1 pulse returns high. Transistors Q23 and Q24
operate the same for API 2 and 3 currents. The amount of the API currents is precisely controlled
’ by the current sources, by the adjustments, and by resistor R415.

The four Current Sources of U3, and the three Current Buffers Q7, Q8 and Q9 are always turned
on. The base of all transistors in U3 are biased at —8.2 Vdc, and are controlled by the 6.2V Zener
diode VR401, and the diode voltage drop of CR404. Their emitter voltages are then —8.8 Vdc. Each
Current Source produces a precise amount of current determined by the voltage drop of each emitter
resistor (1.15k for 5.4 mA, 2.3k for 2.7 mA, and 12.1k for 0.5 mA). When API 1 is active, the 5.4 mA
of the Current Source is divided by resistors R435, R439, and R415A and B. The current summed
with the Bias Current is approximately 54 gA. The actual value of the current is adjusted by R439 for
minimum API 1 spurs. When API 2 is active, the 2.7 mA of the Current Source is divided by resistors
R432, and R415C and F. The current summed with the Bias Current is approximately 5.4 pA. The
actual value of the current is adjusted by R432 for minimum API 2 spurs. When API 3 is active the
2.7 mA of the Current Source is divided by resistors R452, R51, and R415D and R415E. The current
summed with the Bias Current is approximately 0.54 pA. The actual value of the current is adjusted
by R452 for minimum API 3 spurs. When API 4 is active, the low output of U8 at pin 7 causes a
current to flow from the +5 Vdc to the low at pin 7. The current is divided by resistors R429, R414,
and R406. The current summed with the Bias Current is approximately 50 nA. The actual value of
the API 4 current is adjusted by R414 for minimum API 4 spurs. When API 5 is active, the low
output of U8 at pin 10 causes a current to flow from the +5 Vdc to the low at pin 10. The current
is divided by resistors R436, and R441. The current summed with the Bias Current is approximately
5.0 nA. The API 5 current is not adjustable. '

The API currents are summed with the Bias Current at the Current Summing Amplifier U7. The
currents are summed into the virtual +5 Vdc node at pin 2 of U7, and all of the current flows
through FET Q26 to the Integrator. This all occurs during the Bias pulse. The length of time that
the Bias pulse is active varies depending upon the Low Frequency Loop’s VCO’s frequency, 60 to
110 MHz. After 12 Chip Clocks the API pulses are all turned off, and at the completion of the 13th
‘ Chip Clock the Bias pulse is turned off. The Integrator is reset and ready for the next input from the
Phase Detector. When the Bias pulse is turned off, the Delayed Bias pulse at pin 9 of U6B also goes
low. Q33 is turned on, CR405 is turned on, and CR506 is turned off. The Bias Current flows through
Q33. The FET switches Q15, Q16, and Q17 are turned off by the —7.5V at the collector of Q18.

A Bias Current of 0.5 mA is continually provided by Q27, and is controlled by the 0.5 mA from the
Current Source U3 and Q14. Transistor Q14 senses variations in the +5 Vdc summing node and

~ compensates for the variations. The +5 Vdc of the summing node must be kept constant to prevent
spurs on the RF output of the Signal Generator.
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Figure 1. Low Frequency Loop Timing Diagram.
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Figure 2. Low Frequency Loop API and Bias Currents.
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BLESHOOTING

Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are given below.
The areas or points to check are marked on the schematic by a hexagon with a checkmark and a
number inside, for example, </1_» Transistor bias voltages are shown without tolerances. If the
Low Frequency Loop does not lock, circuit problems could be in the Bias Control, in the Current
Routing Control, in the Current Sources, in the API 1 current or in the Bias Current. If spurious
signals (spurs) are high, the problem could be in the Current Routing of API Currents or in the API
Current Sources.

TROU

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

Digital Multimeter .. ....ouettt ittt iiiace ettt iateannnsnneeanaeeans HP 3466A
OSCHI O8O . v vttt iiie ittt ieerteeeieeeeeeaeaasasesssasanesnsessessosasansonns HP 54100A
Oscilloscope Active Probe Chan ..., ... oottt iiienreneenns HP 54001A
Oscilloscope 1 Megohm Probe Pod Chan 2.........cciiiiiiiiniiiiienrnnnnnenn. HP 54003A
OsCilloSCOPE PrODe. . .o v ittt it it et sttt ittt HP 54003-61617

{1 Bias Control and P/O Current Routing Cénﬁr@ﬂ

1. Check the Bias pulse at pin 12 of U6B, and the Delayed Bias pulse at pin 9. The pulses are at
TTL levels and 13 Chip Clocks long. If the Low Frequency Loop is not locked, and the pulses
are still 13 Chip Clocks long, but the pulse width changes as the frequency of the Chip Clock
changes, refer to Figure 1 and continue with check 1.

2. The pulse at TP10 (BIAS SW) is a TTL high during the Bias pulse, and should be the same
pulse width as the Bias pulse. Bias Current steering diode CR405 is turned off.

3. The pulse at TP7 (DELAYED BIAS) is approximately OV during the Bias pulse, and
approximately —7.5V when the Bias pulse is off.

4. Transistor Q28 is on, Q25 is off, and Q18 is on during the Bias pulse.

{Z2>API Digital Control and P/O Current Routing Control

1. Enter a frequency of 100 MHz from the keyboard. The Low Frequency Loop does not have
to be locked.

2; Check the low API pulses at the outputs of U6A and U8. The pulses are at TTL levels and
12 Chip Clocks long. If the loop is not locked, the pulses are still 12 Chip Clocks long but vary
as the frequency of the Chip Clock changes.

3. Check that transistors Q22, Q23, and Q24 are turned off and API current steering diodes CR400,
CR401, and CR403 are turned on when their API pulses are active low.

Service Sheet 12-6
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<{I3>Current Sources and Current Dividers
1. Enter a frequency of 100 MHz from the keyboard.
‘ 2. Measure the dc voltages for the Current Sources and the Current Buffers.

3. Measure the voltage drop across the Current Source’s emitter resistors and calculate the current
through the resistors.

4. Measure for a voltage drop across resistors R415A, B, C, D, E, F, when the API pulses are
active low.

> Current Summing and Bias
1. Measure the dc voltages of Q14, Q27, and Q26.
2. Measure the reference voltage +5V (Ref).
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A3 Component Coordinates (1 of 3)

comp XY ComMpP XY COMP XY COMP XY COMP XY ComP XY
. C1 E1 c213} Ci1 C513 A4 CR1 D.2 FL1 Ez2 Q10 D4
c2 D2 C300f D,2 C514 A3 CR2 D,2 FL2 Ez2 Qit D4
Cc3 E2 C301 Cc3 C515 A4 CR3 D2 FL3 D,2 Qi2 A4
C4 D,2 C302] C3 C516 A3 CR4 D,2 FL4 D,2 Q13 B4
C5 D1 C303f D3 C517 A3 CR5 E1 ' Qi4 B4
ce D,2 Cc304| D3 C518 B3 CR6 D1 J1 E4 Q15 B4
c7 D1 C305| D3 Cc519 A3 CR7 D2 J2 Ad Q16 C4
c8 D1 C306| C2 C520 A3 CR8 D2 J3 A4 Q17 C4
0] D2 C307| C3 Cc521 A3 CR9 E1 J4 C2 Qis Cc4
C10 D,2 c308| C3 C600 B3 CR10 D1 J5 C1 Q19 D4
Ci1 En C309| C3 C601 B3 CR11 D1 Jé D,1 Q20 D4
C12 D1 C310] C2 C602 B,3 CR12 D1 J7 E1 Q21 D4
Cci13 D2 C311 C1 - C603 B3 CR15 En J8 E?2 Q22 B4
Ci4 D2 Cc312| Cna C604 B3 CR16 D1 . Q23 Cc4
Ci5 D1 C313| C2 C605 B3 CR17 E2 L1 E2 Q24 C4
Ci16 D2 C400| B3 C606 B3 CR18 D2 L2 D,2 Q25 C4
c17 D1 c401 D4 C607 B3 CR200{ C1 L3 E?2 Q26 B4
Ci8 E1 C402| C4 C608 B3 CR201| C1 L5 Ez2 Q27 B4
c19 E2 C403| C3 €609 B3 CR400| B4 L6 E,2 Q28 ‘C4
c20 Ez2 C404 | B4 C610 C3 CR401| C4 L8 D2 Q29 A4
C21 E1 C405| C3 C611 C4 CR402| C4 L200 E4 Q30 A4
c22 Ez2 C406| C4 C612 C3 CR403] C4 L201 E4 Q31 A4
c23 EA1 C407 | C4 C613 B3 CR404| C4 L202 E4 Q32 A4
C24 E?2 c408| B3 C614 B3 CR405| B4 L203 E4 Q33 B4
C25 E,1 C409 | B4 C615 B2 CR406| B4 L204 C1 Q34 A3
‘ C26 E2 C410| C4 C616 B3 CR500{ B4 L300 C1 Q35 B3
c27 D1 C411 B4 C617 B2 CR501| B4 L400 B4 Q36 B3
c28 E?2 C412| C4 C618 B3 CR502| A4 L401 D4 Q37 A3
Cc29 D1 C413| B4 ce19 B3 CR503] A4 L402 Cc3 Q38 A3
C30 E1 C414| B4 €620 B2 CR504| B4 L403 Cc3 Q39 A3
C100 | A3 C415| B4 c621 B2 CR505| B4 L404 C4 Q40 A3
ci101 A2 Cc416| B4 C700 E3 CR506| B4 L500 B4 Q41 A3
C200 | E4 C500] A4 C701 E3 CR600| B3 L501 Aéd Q42 A3
C201 E4 C501 Ad C702 E3 CR602| B,3 L502 A4 Q43 A3
C202 | E4 C502| B4 C703 E2 CR700|] D4 L503 A4 Q44 A3
C203 | E4 CS03| A4 C704 E3 CR701} D4 Q46 A2
Cc204 | B, C504 | A3 C705 E4 CR702| D4 Qa1 A4 Q47 C1
C205 | C2 C05| B4 C706 E4 CR703| D4 Q2 A4 Q48 C2
C206 | C1 C506| B4 C707 D4 CR704] D4 Q3 D4 Q49 D,1
C207 | C1 C507 | A4 C708 D4 CR705| D4 Q4 A4 Q50 E1
c208 | C1 Cc508| B3 C709 D4 CR706| D4 Q5 B4 Qs1 C
.C209 | C1 Ccs509]| B3 Cc710 D4 CR707| D4 Q6 B.4 Q52 D1
c210 4 CA1 C510| A4 cn D4 Q7 B4 Q53 D1
c21 C1 Cc51 B.3 C712 D4 Qs C4é Q54 E1
c212 | C1 C512| A3 C713 EA4 DS500f A3 Q9 C4 Q55 E,1
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A3 Component Coordinates (2 of 3)

Model 8657B

comp | xv |[comp| xv ||comp| xv ||comp| %Y || comp| XY || comP| XV
as8 | ¢ R207| C1 Re31 | B4 R523 | A4 Rses | A3 R719 | D4
R208| C1 Raz2 | c3 R524 | A4 Rses | B3 R720 | Es4
R1 D.2 R209| B.1 R433 | D4 Rs25 | A3 R570 | A3 R721 | D4
R2 D.2 R210| C.1 R434 | C4 RS26 | A4 Reoo | B3 R722 | D4
R3 D2 R211| ¢1- R435 | C3 Rs27 | A3 Reol | B3 R723| D4
R4 E2 Raoo| c3 || Ress | B4 R528 | A3 Re02 | B3 R724 | D4
R5 D2 R301| c3 R437 | B4 R529 | A4 R603 | B3 R725 | D4
R6 D.1 R302| C3 R438 | D4 RS30 | A4 Reos | B3 R726 | D4
R7 D.2 R303| C3 R439 | C3 R531 | A3 Reos | B3 R727 | D4 .
R8 D.1 R3c4| c3 R440 | c4 Rs32 | B3 R606 | B3 R728 | D4
R9 E1 R30s| C2 R441 | B4 R533 | A4 Reo7 | B3 |l. R729 | D4
R10 | D2 R306| D2 R42 | c4 RS34 | A3 R608 | A3 R731 | D4
R11 | D2 R307| C.1 R443 | B4 R535 | A3 Reo9 | B3 R732 | ca
R12 | b2 R308| C1 Ré44 | B4 R536 | A4 rReto | B3 R733 | D4
R13 | D1 R4o0| cs4 R445 | B4 RS37 | A4 Rei1 | B3 R734 | D4
R14 | D2 R401| C4 Ress | B4 R538 | A3 R612 | C3 R735 | c4
R15 | E1 R402| B4 R447 | B4 R539 | A3 Re13 | B3 R736 | D4
R16 | D1 R403| B4 Re48 | B4 Rs40 | A4 R614 | B3 R737 | ca
R17°| D11 R404| B4 R449 | B4 RS41 | A3 Reis | B3 R738 | D4
R18 | E1 R405| B4 R450 | B4 R542 | A3 Rei6 | c3 R740 | D4
R19 | DA R406| c4 Res1 | ca R543 | A4 R617 | B3 R741 | E4
R20 | D.1 R407 | C4 R452 | C4 R544 | A3 R618 | B3
R21 D1 R408| C4 R500 | A4 R545 | A4 Reig | B3 TP1 B4
R22 | D1 R409| B4 RS0t | A4 RS46 | A3 Re20 | B3 P2 Ad
R23 | E1 R410| C4 R502 | A4 Rs47 | A4 Re21 | B2 TP3 D.4
R24 | E1 R411| C4 R503 | A4 || rRs48 | A3 Re22 | B3 P4 D4
R25 | E2 R412| B4 R504 | A4 Rs49 | A3 R700 | E4 TP5 D4
R26 | E2 R413| c4 R505 | A4 R550 | A3 R701 | E4 TP6 D4
R27 | E2 R414| B4 R506 | A4 RS51 | A3 R702 | E4 TP7 ca4
R28 D,2 R415 C4 R507 A4 R552 A4 R703 E.4 TP8 D4
R29 | D1 R416| C4 R508 | A4 R553 | A3 R704 | D4 TP9 D.4
R30 | D1 R417| C4 R509 | A4 RS54 | A3 R705 | E4 TP10 | B3
R31 | D1 R418| C4 R510 | A4 RSs5 | A3 R706 | D4 P11 | A3
R32 | D1 R419| B4 R511 | A4 Rss6 | A3 R707 | B4 TP12 | A3
R33 | D2 R420| B4 R512 | A4 Rss7 | A3 R708 | E4 TP13| B3
R100 | A2 R421| C4 R513 | A4 R558 | A3 R70e | D4 TP14 | B3
R101 | A2 re22| ca R514 | A4 Rsse | A3 R710 | D# TP15 | C3
R104 | A2 R423| C4 R515 | A4 RS60 | A3 R711 | D4 P16 ] c3
R200 | B2 Ré24| c4 R516 | A4 R561 | A3 R712 | B4 17| C3
R201 | C1 R425] C4 R517 | A4 Rse2 | A3 R713 | D4 TP18| D3
R202 | G2 R426| C4 R518 | B4 RS63 | A3 R714 | De TP19 | D3
R203 | C2 Ra27| caé R519 | A4 RS64 | A3 R715 | D4 TP20| ¢3
R204 | C1 Razs| ca R520 | A4 || rses | B3 R716 | C4 P21 | ¢3
R205 | c.1 R429| B4 R521 | A3 R566 | A3 R717 | D4 TP22 | A3
R206 | C.1 R430| C3 R522 | B4 Rs67 | A3 R718 | E4 TP23 | A3
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A3 Component Coordinates (3 of 3)

Service

. comp | %Y |[comp| xv |[comp]| xvy |[comp| xyv |[comp| xy¥
‘ TP24 | C3 uss | c2
TP25 | C3 use | D2
TP26 | C2 vs7 | E2
TP27 | C2 uss | c2
TP28 | C2 use | c2
TP29 | C2 vso | D2
TP30| C1 U4t c2 ;
P31 | ¢ us2 | c2
TP32 | D1 usz | c2
P33 | Ed uss | c2
uss | D2
U1 As use | ci
u2 B4 vaz | ca
us cé vss | D1
U4 D4 uss | ¢
us D4 uso | ci
ue c4 US1 c1
u7 B4 us2 | b1
us c4 usa | E1
us Ad usé | ¢
uto | D4 uss | ¢
Ut | D4
viz | E3 VR300| C.3
viz | B3 vR400| B4
us | B3 VR401| C4
‘ uts | €3 vRsoo| A3
ute | E3 vreo1| B3
uiz | ¢3
vis | b3 || wi B.3
ute | E3 w2 c3
uzo | E3 w3 A3
u2t | A3 wé B3
u2 | B3 W5 A3
u2s | b3 || we A2
u2s | D3 W7 D1
uzs | E3 w8 c1
uze | E3 wo c4
u27 | B3 wio | ca
uze | c3 w1l | B4
u29 | D3
vzo | D3 Y1 E2
ust | E3 v300 | c2
uz2 | E3
usd | B3
uss | B3
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P/0 A3 LOW FREQUENCY LOOP ASSEMBLY (@8657-60118)
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NOTES

1.

o G wN

For an .explanation of schematic symbols,

see "SCHEMATIC DIAGRAM NOTES" in Section 8.

Nomimal value of RF choke is 2.5-6uH.

Chassis ground is achieved by mechanical contact through

nuts hoiging PC board to cover and W14.

Isplation (guard) trace.

Reference designations on this service sheet C. CR, L. R and VR
have numbers rangina from 588 to 599 only.
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Service Sheet 13

LOW FREQUENCY LOOP PHASE DETECTOR, INTEGRATOR,
AND SAMPLE AND HOLD

PRINCIPLES OF OPERATION

General

The Phase Detector determines the phase difference between the VCO Divide-By-N.F., and reference
inputs. The VCO Divide-By-N.F. input pulse is the Low Frequency Loop VCQO’s frequency divided
by an integer (N.), and a fractional part (F.) for fractional frequencies (refer to Block Diagram 3).
The Phase Detector’s output pulse width is proportional to the phase difference between the VCO
Divide-By-N.F., and the reference inputs. The pulse width determines the length of time current is
supplied by the Integrator to ramp its output voltage up. The Sample and Hold circuits stores the
Integrator’s output voltage on the Sample and Hold Capacitor. The voltage stored on the Sample
and Hold Capacitor is the tune voltage for the Low Frequency Loop VCO.

Phase Comparator

The Phase Comparator determines the phase difference between the VCO Divide-By-N.F. input and
the Reference input. The pulse width of the Phase Detector output represents the phase difference
between the two input signals. The phase of the VCO Divide-By-N.F. leads the phase of the reference
when the loop is locked. ‘The clock enable inputs at pins 6 and 11 of ECL Master-Slave Dual D
flip-flop UlA and UlB are dc biased just below the ECL low threshold, <3.3V, by dividing the
+5 Vdc. The +5 Vdc is divided by resistors R502 and R504 for UlA, and resistors R503 and R505
for U1B. The common clock input at pin 4 of UlA and pin 9 of UlB are both held low by internal
. pull-down resistors. With the common clock inputs low, UlA and U1B are clocked on the low to
high transition of the clock enable inputs at pin 6 of UlA and pin 11 of UlB. The logic levels at
each D input is clocked to the Q open emitter outputs. The Low Frequency Loop VCO’s output
frequency is divided to narrow pulses at a 100 kHz rate. Resistor R500 is an approximate 50 ohm
termination’ for the VCO Divide-By-N.F. input pulses, and capacitor C500 ac couples the pulses to
the clock enable input at pin 6 of UlA. UlA is clocked on the low to high transition, and when
high resets U1B. The set input at pin 12 of U1B, and the reset input at pin 4 of UlA are held low by
- internal pull-down resistors. Resistor R501 is an approximate 50 ohm termination for the 100 kHz
Reference input, and capacitor C501 ac couples the Reference to the clock enable input at pin 11.
The Reference input clocks U1B on the low to high transition, and when high it sets UlA.

VCO Divide-By-N.F. Leads Reference

The VCO Divided-By-N.F. input pulses at a 100 kHz rate leads the 100 kHz Reference input in
normal operation. When the Low Frequency Loop is locked and the VCQO’s frequency is 100 MHz,
the 100 kHz pulses lead the Reference pulses by approximately 8 degrees, 0.22 us. When the VCO’s

frequency is 60 MHz, the VCO Divide-By-N.F. pulses leads the Reference pulses by approximately
13 degrees, 0.37 us.

When the VCO Divide-By-N.F. input leads the Reference input, normal operation, the VCO Divide-
By-N.F. input at pin 6 clocks UlA on the low to high transition. When high, the VCO Divide-By-N.F.
pulse resets U1B. When U1B is reset the output at pin 15 is low, and the output at pin 14 is high. The
low D input at pin 7 of UlA is then clocked to the output at pin 2 and is applied to the D input at
pin 10 of UlB. The Reference pulse at pin 11 of UlB clocks the low D input of U1B to the output
at pin 15 and sets UlA. The output at pin 2 of UlA is set high and the output at pin 3 is set low.
The next YCO Divide-By-N.F. input pulse clocks the low D input of U1A to the output at pin 2, and
resets the output at pin 15 of U1B low. Therefore, the output at pin 15 of U1B is always low when

‘ the VCO Divide-By-N.F. input leads the Reference input. Refer to the Timing YCO Divide-By-N.F.
Leads Reference, Figure 1.
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Figure 1. Timing VCO Divide-By-N.F. Leads Reference.

The low output at pin 15, and the high output at pin 14 of U1B is the bias voltage for differential
switch transistors Q1 and Q2. The low output at pin 15 turns Q1 on, and the high output at pin 14
turns Q2 off. CR503 is turned on, and CR505 is turned off. The diodes remain in this condition
unless the Reference input pulse leads the VCO Divide-By-N.F. pulse.

The VCO Divide-By-N.F. pulse clocks the low D input to the output at pin 2 of UlA, and the output
at pin 3 of UlA high. The low output at pin 2, and the high output at pin 3 of UlA is the base
voltage for differential switch Q12 and Q4. The low output at pin 12 turns Q12 on, and the high
output at pin 3 turns Q4 off. With no current through Q4, the bias voltage on the base of Q5 is
approximately —0.4V and the emitter voltage is then approximately —1.0V. The —1.0V turns CR502
off, and turns CR504 on. The anode voltage of CR504 is approximately 0.0Y. When the Bias pulse
and API pulses are inactive (refer to Service Sheet 12), the 5.4 mA’s of API 1 current is directed from
the node between diodes CR502 and CR504. With CR504 on, the Integrator supplies current for the
API 1 current source. The Integrator’s output voltage is ramped to a voltage dependent upon the
phase error between the YCO Divide-By-N.F. input and the Reference input. The Reference pulse
sets UlA’s output at pin 2 high and the output at pin 3 low. Transistor Q12 is turned off, and Q4 is
turned on. The current through Q4 biases the base of Q5 at approximately +1.6V, and the emitter
voltage is approximately +1.0V. The +1.0V turns on CR502, and API 1 current is then supplied by
Q5. When CR502 is turned on, CR504 can not be turned on. Refer to the Low Frequency Loop
Timing Diagram, Figure 7.

Reference Leads VCO Divide-By-N.F.

The VCO Divided-By-N.F. input pulses at a 100 kHz rate leads the 100 kHz Reference input pulses
in normal operation. If the Reference pulses leads the VCO Divide-By-N.F. pulses, the speed-up
circuit of Q1 and Q2 will tune the VCO until the VCO Divide-By-N.F. input leads the Reference
input. When the Reference input leads the VCO Divide-By-N.F. input, the Reference clocks U1B on
the low to high transition and when high it sets UlA. The high D input at pin 10 of U1B is clocked
to the output at pin 15, and the output at pin 2 of UlA is set high. The VCO Divide-By-N.F. input
will clock the high D input of UlA to the output at pin 2, and will reset U1B. The output at pin 15
of U1B is then reset low. The next Reference input clocks the high D input of UlB to the output
at pin 15, and set the output at pin 2 of UlA high. Therefore, the output at pin 2 of UIA remains
high as long as the Reference input leads the VCO Divide-By-N.F. input. Refer to Figure 2.

Service Sheet 13-2
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Figure 2. Timing Reference Leads VCO Divide-By-N.F.

The speed-up circuit consists of differential switch Q1 and Q2, and diodes CR503 and CR505. The
speed-up circuit tunes the frequency of the VCO quickly until the VCO Divide-By-N.F. input to the
Phase Comparator leads the Reference. The high output at pin 15, and low output at pin 14 of UIB
is the base voltage for the differential switch. The Reference input clocks the output at pin 15 high,
and the output at pin 14 low. The high output at pin 15 turns Q1 off, and the low output at pin 14
turns Q2 on. The collector voltage of Q2 rises above 0.0V. CR503 is turned off, and CR505 is turned
on. Current is directed through CR505 to the Integrator and the VCO’s frequency is increased.
The VCO Divide-By-N.F. input resets the output at pin 15 of UlB low, and the output at pin 14
high. Q1 is turned on and Q2 is turned off. With no current through Q2, CR503 is turned on and
CR505 is reverse biased at approximately 0.5V. The speed-up circuit is active (on) until the VCO
Divide-By-N.F. input leads the Reference input.

‘ The high output at pin 2, and low output at pin 3 of UlA is the base voltage for the differential
switch, transistors Q12 and Q4. The output at pin 2 remains high, and Q12 is off and Q4 is on.
The current through Q4 biases the base of Q5 at approximately +2.0V, and the emitter is biased at
approximately +1.0V. The +1.0V turns CR502 on to supply current to the API 1 current source.
When CR502 is turned on, CR504 can not be turned on. All current going to the Integrator is from
the speed-up circuit.

This condition exists until the VCO Divide-By-N.F. input leads the Reference input, and lasts for
a number of milliseconds. The number of milliseconds is dependent upon the amount the YCO
frequency is changed.

Unlock Detection Comparators

The Low Frequency Loop Unlock Detection Comparators, U9A and U9B, detect when the loop is
unlocked, light the unlock LED, and send an Out-Of-Lock (L) input to the Low Frequency Loop
Microprocessor. The positive input at pin 4 of U9A is fixed at approximately —0.3 Vdc divided from
—15 Vdc by resistors R525 and R527. The negative input at pin 10 of U9B is fixed at approximately
+0.87 Vdc divided from +5 Vdc by resistors R524 and R526. Resistor R521 and capacitor C504
average the voltage at the collector of Q2 to detect an out-of-lock condition. Resistor R523 and
capacitor C507 average the voltage at the emitter of Q5 to detect an out-of-lock condition. When
the loop is unlocked, either the negative input at pin 5 of UA can go positive or the positive
input of U9B can go negative switching their output low, detecting an out-of-lock condition. The
comparator’s output that is switched low is dependent upon which input is leading. If the Reference
input pulse is leading the VCO Divide-By-N.F. input pulse, comparator U9A is switched. If the VCO
Divide-By-N.F. pulse is leading, the Reference pulse U9B is switched. The negative input of U9A
is approximately —0.5V when the loop is locked and changes to approximately +0.6 when the loop
. is unlocked. The Reference leads the VCO Divide-By-N.F.. The positive input at pin 9 of U9B is
approximately +1.0V when the loop is locked and changes to approximately —1.0V when the loop
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is unlocked. The VCO Divide-By-N.F. leads the Reference. In either case, the LED is turned on,
and the OQut-Of-Lock (L) input to the Microprocessor is low.

Integrator '

The Integrator is a wide bandwidth fast settling Operational Amplifier and consists of dual FET U32,
transistors Q29, Q30, and Q31. The Integrator’s output voltage is determined by parallel capacitors
C508 and C509, and the input current. There are two current inputs to the Integrator, Bias Current
and Phase Detector controlled API 1 Current. After the Integrator’s output voltage has been sampled
by the Sample and Hold Circuits, Bias Current ramps the Integrator’s output voltage down to reset
the Integrator. The Phase Detector’s output pulse controls the length of time API 1 Current is
supplied by the Integrator. The Integrator’s output voltage is ramped up to a voltage dependent
on the pulse width of the Phase Detector’s output. The pulse width is determined by the phase
difference between the VCO Divide-By-N.F. and the input pulses.

FET Q32, is a common source, unity gain, high input impedance Buffer Amplifier for the Differential
Pair Q31C and Q31D. The gate at pin 3 of the dual FET Q32, is connected to ground, and the gate
at pin 6 is fixed at approximately 0.0V by feedback around the operational amplifier. The sources
at pins 4 and 1 are biased slightly above ground by approximately 1 mA of current through resistors
R529, R540, and the FET’s. The bias voltage for the dual FET sources is also the base voltage
for the Differential Pair Q31C and Q31D, and sets their bias conditions. Current through Q31C
and Q31D is approximately 4 mA each. The input at pin 6 of Q32 appears amplified and inverted
at the collector of Q31C and drives the emitter of Q30 like a common base amplifier. The input
also appears amplified but not inverted at the collector of Q31D, and drives the base of Q30 like
a common emitter amplifier. Driving both the emitter and the base increases the dc gain of the
stage. Bias for Q30 is set by the collector currents of Q31C and Q31D. Transistor Q29, is an active
load and current source for Q30. Q29 has a high output impedance so the load that Q30 sees
is primarily the input impedance of the Darlington dual emitter follower output stage Q31A and
Q31B. Transistor Q30 supplies most of the voltage gain of the amplifier. At higher frequencies the g
gain is reduced by capacitor C513 shunting part of the signal to ground. Additional compensation ‘
is provided by capacitor C510 which shunts high frequency signals on the collector of Q31D (base
of Q30) to ac ground. Although Q30 is driven as a common emitter and common base amplifier, at
higher frequencies Q30 functions only as a common base amplifier with all of its input at the emitter.
Emitter follower Q31A is biased by approximately 3 mA of current through resistor R559. Emitter
follower Q31B is biased by approximately 6 mA of current 1 mA through resistor R556 and 5 mA to
the Sample and Hold Circuit. The output impedance of an emitter follower can look inductive and
cause ringing when driving capacitive loads. To correct for this condition, RC networks of R557,
C516 and R565, C518, connected to the output of the emitter followers Q31A and Q31B, makes
their output impedance look resistive at high frequencies.

Frequency Compensation RC Circuit of resistor R534 and capacitor C511 add Integrator gain at low
frequencies and improves the stability of the phase lock loop.

Sample and Hold

The Sample and Hold Circuit is activated by the Sample and Hold pulse, active high for two Chip
Clocks, from the Low Frequency Loop Fractional-N Controller. (Refer to Service Sheet 11, and
the Timing Diagram Figure 7.) At the termination of the Phase Detector pulse, the Integrator’s
output voltage is representative of the phase difference between the VCO Divide-By-N.F., and the
Reference input pulses to the Phase Detector. The first two Chip Clocks of each cycle, activates the
Sample and Hold Circuit, and the Integrator’s voltage is stored on the Sample and Hold capacitor
C519. The VCO is then phase locked to the correct frequency.

The TTL high (>42.0V) Sample and Hold Pulse from the Fractional N Controller, turns Q44 off.

Its base voltage is changed from approximately —0.6V to approximately +1.5V. When transistor Q44

is turned off, transistors Q40 and Q41 are also turned off. When transistors Q40 and Q41 are off, )
the two FET switches Q34 and Q37 are closed (turned on). The Integrator’s output volitage is then ‘
applied to capacitor C512 and to the Sample and Hold Capacitor C519. The capacitors then charge
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to the output voltage of the Integrator. Transistor Q43 is turned on when transistor Q44 is turned off.
Q43’s base voltage changes from 0.0V to approximately +0.3V. When transistor Q43 is on, transistor

‘ Q39 and Q42 are also turned on.

When the Sample and Hold pulse is terminated, the base of transistor Q44 changes from
approximately +1.5V to approximately —0.6V. Q44 is turned on. The base voltage of transistors
Q40 and Q41 is less negative, and they are turned on. When Q40 and Q41 are turned on, the gate
of FET switches Q34 and Q37 is 8V to 10V below their source voltage. The FET switches are
opened (turned off). The Integrator’s output voltage at this time is not sampled. Transistor Q43 is
turned off when transistor Q44 is turned on. Q43’s base voltage changes from approximately +0.3V
to 0.0V. When transistor Q43 is off, transistors Q39 and Q42 are also turned off. One transistor of
each differential pair, Q39 and Q40, Q41 and Q42, Q43 and Q44, is on while the other transistor is
off. With one transistor of the differential pairs always on, there is a constant current through their
~ emitter resistors R542, R560, R544, and a constant voltage on their emitters.

Capacitor C517 reduces a spur caused by the gate to drain capacitance of FET switch Q37. The gate
to drain capacitance of Q37 provides an ac path to the Sample and Hold Capacitor C519 each time
FET switch Q37 is closed.

The gate voltage is changed at the start of each Sample and Hold pulse, and FET switch Q37 is
closed. Differential pair Q41 and Q42 are always in opposite states of on and off. Capacitor C517
provides an ac path to the Sample and Hold Capacitor and an equal but opposite polarity pulse is
applied to C519. Resistor R562 is adjusted so that the pulses are equal, and since they are opposite
in polarity the pulses cancel. The adjustment of R562 determines the voltage at the collector of Q42
and the amplitude of the pulse. .

FET switches Q34 and Q37 must be biased when they are switched on during the Sample and Hold
cycle. They are biased where Vgs is just below 0.0V. The output voltage of the Integrator is at
the correct level to bias Q34, and the Sample and Hold voltage on C519 is at the correct level to
bias Q37. When the Low Frequency Loop is locked, the two voltages are equal. The Integrator’s

‘ voltage is connected to the gate of Q34 by resistor R541, and the Integrator’s cycle is shown by the
waveform at TP11. Figures 3 and 4 show the waveform at TP11 and TP12 with the Low Frequency
Loop locked and a Signal Generator RF output frequency of 950 MHz. In Figures 5 and 6, the
Signal Generator’s RF output is 990 MHz. The voltage level shifts as the VCO’s TUNE YOLTAGE
is changed to tune its frequency 100 MHz to 60 MHz.

o s ] s

-
o

0.5V ' 0.5V

—
~

Figure 3.0scilloscope Display of TP11 (dc coupled), Figure 4.0scilloscope Display of TP12 (decoupled)
‘ W3 in W3A position, Low Frequency Loop locked, W3 in W3A position, Low Frequency Loop locked,
Signal Generator’s frequency 950 MHz. Signal Generator’s frequency 950 MHz.
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Figure 5. Oscilloscope display of TP11 (dc coupled) Figure 6. Oscilloscope Display of TP12 W3 toW3A
W3 in W3A position, Low Frequency Loop locked, position, Low Frequency Loop locked,
Signal Generator’s frequency 990 MHz. Signal Generator’s frequency 990 MHz.

To apply the Sample and Hold voltage to the gate of Q37 is more difficult. By connecting the source
of Q37 to the collector resistors of Q41 and Q42 the Sample and Hold voltage would be connected
to the gate of Q37. However, one transistor of the differential pair Q41 and Q42 is always on and
the Sample and Hold Capacitor C519 would be quickly discharged through either Q41 or Q42. The
voltage on the Sample and Hold Capacitor must be constant between samples so that the VCO
frequency does not change. To prevent the voltage on C519 from changing, C519 is connected
to a unity gain high input impedance Buffer Amplifier U21. The output of the Buffer Amplifier
is connected through transistor Q38 back to the collector resistors of Q41 and Q42. The Sample
and Hold voltage biases the gate of Q37 during the Sample and Hold pulse, and will not discharge
the Sample and Hold Capacitor C519. Transistor Q38 reduces the amount of current U2l must
supply. The output of U2l is also the TUNE VOLTAGE for the Low Frequency Loop VCO, and
the Pedestal adjustment is adjusted for a continuous Sample and Hold voltage.

Two FET switches Q34 and Q37 are used to reduce feedthrough of the Integrator’s voltage when
the FET switches are off. With the FETs turned off there is still approximately 1 to 2 pF of
source-to-drain capacitance. The FET’s source-to-drain capacitance forms an ac voltage divider
with capacitors C512 and C519 isolating the Integrator’s changing voltage during the time of each
cycle that the Sample and Hold operation is turned off. If the feedthrough was not reduced, there
would be high 100 kHz and API spurs.
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Figure 7. Low Frequency Loop Timing Diagram.
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TROUBLESHOOTING

Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are given below.
The areas or points to check are marked on the schematic by a hexagon with a checkmark and a ‘
number inside, for example, </ 1 » Transistor bias voltages are shown without tolerances.

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

Digital Multimeter . ....... .o i it et et e HP 3466A
L0 1T LT3 o Y HP 54100A
FrequencCy CoUnter .. .vutiii et te e iteeenesrnereaeeeaeeneeuaaeaeeneeaennaans HP 5328A
AUQIO SOUICE . . oottt ittt it ittt tstaeteeensasensnenesnesesnsnenennnns HP 8903B
Oscilloscope 1 Megohm Probe Pod Chan 2....... ... ..ottt iiiiiianennn, HP 54003A
OSCIlloSCOPE Probe. ..ot ii ittt ettt e e e e e et e HP 54003-61617

{ZT>Phase Detector, Integrator, Sample and Hold

1. The Phase Detector, Integrator, and Sample and Hold circuits are checked for proper operation
with the Low Frequency Loop unlocked.

2. Remove jumper AIW6 (refer to Service Sheet 14). The TUNE VOLTAGE input to the Low
Frequency Loop VCO at feedthrough capacitor C100 goes to approximately 0.0V (refer to
Service Sheet 9).

3. Set the RF output frequency of the Signal Generator to 990 MHz. ‘

4. Set the Oscilloscope as follows:

Chan 1

LO) T 0 1T ¢) 7 O off
Chan 2

Ch 2 MoOde . .ot e e e e e e Normal
L@ (W B T+ - A N On
R0 5 17 5 ) /2 AR 500 mV
L. 2 2N 3.0v

" Timebase

) S 5 ) 20 ns
DL AY ittt ittt it it ittt trteteaesaettenesasoansonssaarsaasassssssnnssns 0.0s
Delay Ref Al . ..ottt i ittt ieerreaeentsassosssossossnnsssnnanns Center
L= =) « e Trg'd
Trigger

THgEer MOde . . ottt it ittt it taeeeeneneennnessonrosnsoansnnans Edge
Trg Src ..ooii it i i i i ettt tieeieae et e et e, Chan 2
TRIG LEVEL ..ottt ittt ittt ettt ettt atesessesssoessenseessesennenasnnas 3.5v
(0] 03 Y= U Pos
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Display

Display Mode ....coiiiir i i e Normal
‘ DISPLAY TIME . oo oo e e, 400 ms

RO+ AT v1 2= =)« N P Off

GAtIC R & o oottt e e eee s e eee et eaeeasesnsonsesnsensesssaansnseanensssnasanaanns On

5. Check for the VCO Divide-By-N.F., and the 100 kHz Reference pulses at pin 6 and pin 11 of
Ul. The pulses are ECL logic, appear every 10 us, and are narrow. They must be present for
the Phase Detector to work.

6. Set the Signal Generator’s frequency increment to 10 MHz.

7. Connect Chan 2 to W5. If the voltage displayed on the oscilloscope is +10V, increment the
Signal Generator's frequency DOWN 10 MHz. The voltage on the oscilloscope should change
to —10V. If the voltage displayed is —10V increment the frequency up and voltage should
change to +10V.

8. The voltage on the oscilloscope should change from +10 to —10V as the frequency is
incremented UP and DOWN 10 MHz. The Phase Detector, Integrator and Sample and Hold
circuits are all working correctly. The +10V to —10V is the maximum swing of the Integrator.

{2>Phase Detector

1. With the Low Frequency Loop VCO and Signal Generator set-up the same as for steps 2 through
3 of (/1 the Phase Detector is checked.

2. Increment the frequency UP 10 MHz. The VCO Divide-By-N.F. input is leading the Reference
input. ‘

3. Set the Oscilloscope as follows:

‘ Chan 1

Ch 0 1303 3 I R Ooff
Chan 2
(@ 1 W70 O Y (=3 AP Normal
01 W20 0 113 On
D0 5 174 ) | R R R 500 mV
O F S E T ottt ettt ee et atseseeesasneeeeenaneseeaneesasnestsasssnsnsanennsenns oV
Timebase
367 0) \ AP 10 s
DE LAY oottt e e e et e e 0.0s
Delay Refat. ... ..ottt i it i Left
0 2=y + JEPS PP Auto
Trigger
THEEEE MOGC -« + - e e e et e e e e e e e e e et e Edge
0 ¢ T < Chan 2
TRIG LEVEL ..ttt ittt ittt iaesaseeeaasonssaasoasesseesssnarsnssnnnes 500 mV
10 1 57 =S I Pos
Display
Display MOde .......iiitiiiiiiiiiiiiiiiiiiiieiaaes ettt e naasans Normal
DISP LAY TIME ...ttt ittt tre e eeeaasneasnseanersscsssanesssanaanns 200 ms
‘ SDHE SCIEEM . . v vttt ittt e e e et e et ie ettt et e e it tatasaaanasaeaannnes off
GOTALICIE + v vt s oo te s e et s s s e ensnnesseneonsansnssesanasossasssssensneansasnssasnanns On
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Service : Model 8657B

4. Connect Chan 2 to TP1 (PHASE DET). The pulses at TP1 should be from +1V to —1V and
are unstable since the loop is not locked.

5. If the pulses are not present at TP1, check that the output of UlA is changing between ECL ‘
high and low.

6. Check that the base of Q4, and Q12 is being pulsed from approximately +3V to approximately
+4V. Check that the base of QS5 is being pulsed from approximately —0.6V to approximately
+2V. Check that the base of Q6 is being pulsed from approximately —2V to approximately
+0.6V.

7. Pin 9 of U9B is also pulsed, and the out-of-lock LED (DS500) is on.

8. Connect Chan 2 to TP2 (SPEEDUP). The pulses at TP2 should be approximately 0V to 45V
and unstable since the loop is not locked.

9. If the pulses are not present at TP2, check that the output of UlB is changing between ECL
high and low.

10. Check that the base of Q1 and Q2 is being pulsed from approximately +3V to approximately
+4V.

11. Pin 5 of U9A is also pulsed and the out-of-lock LED (DS500) is on.
12. Reinstall jumper A3W6.

I3 Integrator

1. Remove jumper A3W1 from position W1A and install A3W1 in position W1B. Remove A3W3
from the W3A position.

2. Connect a 1 kHz 0.1V signal from the audio source to A3WI.

Table 1. Integrator Voltages with W1 in W1B Position. ‘

Transistor Emitter (Vdc) Base (Vdc) Collector (Vdc)

Q31C Pin 10, —0.75 Pin 9, —0.025 Pin 8, +12.5
Q31D Pin 12, —0.75 Pin 13, —0.025 Pin 14, +12.0

Q30 — +125 — #1198 — +13
Q29 —  -132 — -125 — +13
Q31A Pin 3, +0.5 Pin 2, +1.2 Pin 1, +14.0
Q318 Pin 5, —0.007 Pin 6, +0.6 Pin 7, +14.0

3. Connect Chan 2 of the oscilloscope to TP13. The output at TP13 should be a 500 mVpp, 1 kHz
signal.

4. Measure the transistor voltages according to Table 1.
5. Reinstall A3W1 to position W1A (normal operation).

{Z<Sample and Hold
1. Install A3W3 in the W3B position. +5V(F2) is thus connected to the input of the Sample and

Hold circuit. ‘

2. Connect Chan 2 of the oscilloscope to TP23. The output at TP23 should be +5V (+5V at W5),

Service Sheet 13-10
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Model 8657B Service

3. If +5V is not present at TP23, check the Sample and Hold pulse at TP22 (SAMPLE). Verify
that the waveform in Figure 8 is correct. (The VCO frequency with W6 removed and the Signal
‘ Generator’s frequency will affect the time between pulses.)

Service Sheet 13-11
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4. Verify that the waveform in Figure 9 is correct.
5. Verify that the waveform in Figure 10 is correct. .
6. Reinstall A3W3 in the W3A position. ‘

— 2 ' ——]vl‘—zus

Figure 8.0scilloscope Display of TP22, Sample and Figure 9. Oscilloscope Display of TP11, W3
Hold Pulse, W6 removed, Signal Generator’s in position W3B (service position),
frequency is 960 MHz, Low Frequency Signal Generator’s frequency 960 MHz. ‘

Loop is unlocked.

—|  |je—2us

l—

0.5v

Figure 10. Oscilloscope Display of TP12, W3 in position W3B
(service position), Signal Generator’s frequency 960 MHz.
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A3 Component Coordinates (1 of 3)

Service

COmMP XY COMP XV COMP XY COWMP XY COMP XY COomMP XY
. C1 E1 c213] C1 C513 A4 CR1 D2 FL1 Ez2 Q10 D4
c2 D,2 C300| D2 C514 A3 CR2 D2 FL2 E2 Qi1 D.4
Cc3 Ez2 C301 | C3 C515 A4 CR3 D,2 FL3 D2 Q12 A4
C4 D2 Cc302| C3 C516 A3 CR4 D2 FL4 D2 Q13 B4
C5 D1 C303| D3 C517 A3 CR5 E1 Q14 B.4
C6 D2 C304| D3 C518 83 CR6 D1 J1 Eé Q15 B4
c7 D1 C305| D3 C519 A3 CR7 D,2 J2 Ad Q16 C4
c8 D,1 c306| C2 C520 A3 CR8 D2 J3 A4 Q17 Cé4
Cc9 D2 C307| C3 C521 A3 CR9 E1 Jé C2 Q18 C4
ci0 D2 c308] C3 C600 B3 CR10 | D, J5 C1 Q19 D4
Cci1 E1 C309| C3 C601 B3 CR11 D1 Jé D1 Q20 D4
c12 D1 C310] C2 C602 B3 CR12 D1 J7 En Q21 D4
(K] D2 Cc311 Ci ce03 | B3 CR15 EA J8 E2 Q22 B4
C14 D2 C312| C1 Ce04 B3 CR16 DA Q23 C4
C15 D1 C313| C2 C605 B3 CR17 E2 L1 Ez2 Q24 C4
Cc16 D2 C400| B3 C606 B3 CR18' | D2 L2 D2 Q25 Cé
C17 D1 C401 D4 C607 B3 CR200| C,1 L3 E2 Q26 B4
cis E1 c402| C4 ce08'| B3 CR201| C1 L5 E2 Q27 B4
c19 Ez2 C403] C3 C609 B3 CR400] B4 L6 Ez2 Q28 C4
C20 Ez2 C404 | B4 C610 c3 CR401| C4é L8 D2 Q29 Aéd
c21 E1 C405| C3 cé11 C4 CR402] C4 L200 Eé4 Q30 A4
c22 E2 C406| C4 Cc612 c3 CR403 Cé 1201 E4 Q31 A4
c23 E1 C407 | C4 C613 B3 CR404| C4 » L202 E4 Q32 A4
C24 Ez2 Cc408| B3 C614 B3 CR405| B4 L203 E4 Q33 B4
C25 E1 C409| B4 C615 B2 CR406| B4 L204 C1 Q34 A3
' C26 E2 C410| C4 C616 B3 CR500| B4 L300 C1 Q35 B3
. C27 D1 Cc411 B4 Cc617 B2 CR501] B4 L400 B4 Q36 B,3
cas E2 C412| C4 C618 B,3 CR502| A4 L401 D4 Q37 A3
c29 D1 C413} B4 Cce19 B3 CR503| A4 L402 c3 Q3s A3
C30 E1 C414]| B4 C620 B,2 CR504] B4 L403 Cc3 Q39 A3
Cil00 | A3 C415| B4 C621 B,2 CR505| B4 L404 (oX.3 Q40 A3
C101 A2 C416| B4 C700 E3 CR506] B4 L500 B4 Q41 A3

- C200 | E4 C500 | A4 Cc701 E3 CR600| B3 L501 Aé Q42 A3
Cc201 E4 C501 A4 Cc702 E3 CR602|] B3 L502 Ad Q43 A3
C202 | E4 cs502 | B4 C703 Ez2 CR700| D4 L503 A4 Q44 A3
C203 | E4 C503| A4 C704 E3 CR701| D4 Q46 A2
C204 | B cs04| A3 C705 E4 CR702] D4 Q1 Ad Q47 C1
c205 | C2 C505| B4 C706 E4 CR703] D4 Q2 Ad Q48 C2
C206 | C1 C506| B4 Cc707 D4 CR704| D4 Q3 D4 Q49 D1
c207 | C1 C507 | A4 C708 D4 CR705| D4 Q4 Ad Q50 E1
c208 | C1 cs08| B3 C709 D.4 CR706] D4 Q5 B4 Q51 C1
c20 | C1 Cc509| B3 Cc710 D4 CR707| D4 Qs B4 Q52 D1
c210 | C1 C510| A4 Cc711 D4 Q7 B4 Q53 D1
c211 (o8 c5M1 B3 C712 D4 Qs C4é Q54 E1
c212 | C1t C512| A3 Cc713 E4 DS500] A3 Qg9 C4 Q55 E1
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A3 Component Coordinates (2 of 3)

Model 8657B

COMP XY COomMP XY COMP XY COMP XY COomMP XY COMP XY
Q56 Ci1 R207| C1 R431 B4 R523 A4 R568 A3 R719 D4
R208| C.1 R432 Cc3 RS24 A4 R569 B3 R720 E4
R1 D,2 R209| B R433 D4 RS525 A3 R570 A3 R721 D4
R2 D2 R210] C1 R434 C4 R526 Ad R600 B3 R722 D4
R3 D,2 R211| C1 R435 Cc3 R527 A3 R601 B3 R723 D4
R4 E2 R300| C3 R436 B4 R528 A3 R602 B3 R724 D4
RS D,2 R301| C3 R437 B.4 R529 Aé R603 B3 R725 D4
R6 D,1 R302| C3 R438 D4 R530 A4 R604 B3 R726 D4
R7 D2 R303|] C3 R439 Cc3 R531 A3 R605 B3 R727 D4
R8 D1 R304| C3 R440 Cé RS32 B3 R606 B3 R728 D4
Rg E1 R305| C2 R441 B4 R533 A4 R607 B,3 R729 D4
R10 D,2 R306| D,2 R442 C4 R534 A3 R608 A3 R731 D4
R D2 R307| C1 R443 B4 RS35 A3 R609 B3 R732 C4
R12 D,2 R308| C1 R444 B4 R536 A4 R610 B,3 R733 D4
R13 D1 R400| C4 R445 B4 RS37 A4 R611 B,3 R734 D4
R14 D,2 R401| C4 R448 B.4 R538 A3 R612 C3 R735 (o)
R15 E1 R402| B4 R447 B4 R539 A3 R613 B3 R736 D4
R16 D1 R403| B4 R448 B.4 R540 A4 R614 B,3 R737 C4
R17 D1 R404 | B4 R449 B4 R541 A3 R615 B3 R738 D4
R18 E1 R405| B4 R450 B4 R542 A3 R616 Cc3 R740 D4
R19 D1 R406| C4 R451 Cé R543 A4 R617 B3 R741 E4
R20 D1 R407| C4 R452 Cé4 R544 A3 R618 B3
R21 D1 R408| C4 R500 Ad R545 A4 R619 B3 TP1 B4
R22 D1 R403| B4 R501 Aé R546 A3 R620 B3 TP2 A4
R23 E1 R410| C4 R502 Aé R547 Ad Reé21 B2 TP3 D4
R24 E1 R411| C4 R503 A4 R548 A3 R622 B3 TP4 D4
R25 Ez2 R412| B4 R504 Ad R549 A3 R700 E4 TPS D4
R26 Ez2 R413| C4 R505 | - A4 R550 A3 R701 E4 TP6 D4
R27 Ez2 R414| B4 R506 A4 R551 A3 R702 E4 TP7 (oX)
R28 D,2 R415| C4 R507 A4 R552 Aéd R703 E4 TP8 D4
R29 D1 R416| C4 R508 A4 ~R553 A3 R704 D4 TP9 D4
R30 D,1 R417| C4 R509 A4 RS54 A3 R705 E4 TP10 B3
R31 D1 R418] - C4 R510 A4 R555 A3 R706 D4 TP11 A3
R32 D1 R419) B4 R511 A4 RS556 A3 R707 B4 TP12 A3
R33 D,2 R420| B4 R512 A4 RSS7 A3 R708 E4 TP13 B3
R100 | A2 R421] C4 R513 A4 R558 A3 R709 D4 TP14 B,3
R101 | A2 R422| C4 R514 A4 RS59 A3 R710 D4 TP15 C3
R104 | A2 R423| C4 R515 A4 R560 A3 R711 D4 TP16 C3
R200 | B2 R424| C4 R516 A4 R561 A3 R712 B4 TP17 C3
R201 | C1 R425| C4 R517 A4 R562 A3 R713 D4 TP18 D3
R202 | C2 R426| Ca4 R518 B4 RS63 A3 R714 D4 TP19 D3
R203 | C2 R427| C4 R519 A4 R564 A3 R715 D4 TP20 Cc3
R204 | CA1 R428| C4 R520 A4 RS65 B,3 R716 (oX) TP21 Cc3
R205 | C,1 R429| B4 ~R521 A3 R566 A3 R717 D4 TP22 A3
R206 | C,1 R430| C_3 R522 B4 R567 A3 R718 Eé4 TP23 A3
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A3 Component Coordinates (3 of 3)

Service

- comP | xY |[comp| xv |[comp| xv |[comp| xv |[comp| xv
‘ TP24 | ©3 uss | c¢2
TP25 | C3 use | D2
TP26 | C2 us7 E2
TP27 | C2 uss | ce2
TP28 | c2 use | c2
TP29 | c2 uso | D2
TP30| C1 u41 c2
TP31 | ¢ us2 | c2
TP32 | D11 usz | c2
P33 | E1 uss | c2
u4s D.2
u1 A4 use | c1
u2 B4 var7 | ¢
u3 ca uss | D
U4 D.4 u4g9 C.1
us D4 uso | ca
us ca Us1 c.1
u7 B4 Us2 D.1
us c4 usa | En
ue A4 usa | c1
uto | D4 uss | ©1
ut1 | b4
vz | E3 vR300| €3
vz | B3 VR400| B4
U4 | B3 VR401| c4
. uts | E3 VR500] A3
ute | E3 VR601| B3
u17 | ¢3
uis | D3 w1 B3
ule | E3 w2 c3
u20 | E3 w3 A3
21 | A3 w4 B,3
u22 | B3 W5 A3
23 | b3 w6 A2
va | D3 w7 D1
us | E3 ws c1
uze | E3 W9 ca
v27 | B3 wio | ca
u2 | ¢c3 wit | Ba
u29 | b3
vz | b3 Y1 E2
ust | E3 vaoo | c2
us2 | E3
vz | B3
uss | B3
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NOTES

1.

2
3.
4

For an explanation of schematic symbols,

see "SCHEMATIC DIAGRAM NOTES"

in Section 8.

Chassis ground is achieved by mechanical contact through
nuts holding PC board to cover and W4,

Isolation (guard) irace.
Reference designations on this service sheet C, CR, L, R and VR
have numbers ranging from 688 to 699 only.
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Service Sheet 14

LOW FREQUENCY LOOP FREQUENCY MODULATION CALIBRATION
PRINCIPLES OF OPERATION

General

The voltage-to-frequency conversion of the Low Frequency Loop’s VCO is dependent upon its
output frequency. The purpose of FM Calibration is to make the VCO gain seen by the Low
Frequency Loop appear constant. To guarantee calibrated frequency modulation at all frequencies,
the loop must compensate for the VCO’s nonlinear gain. The VCO Tune Voltage, and the Frequency
Modulation signal are summed together at the FM Summing Amplifier U33A. The Low Frequency
Loop adjusts the level of the inputs to the VCO by setting the bits of the FM Calibration DAC. The
adjusted level at the output of the Current-To-Voltage Converter is the level required to lock the
VCO at the correct frequency, and to have calibrated frequency modulation. An FM calibration is
performed and the FM Calibration DAC is set each time the Low Frequency Loop VCO’s frequency
crosses a predetermined boundary, every 200 kHz.

When the Signal Generator’s RF output frequency is changed, and the VCO’s frequency crosses
a 200 kHz boundary, the Low Frequency Loop data is latched into the Latches (refer to Service
Sheet 11). The Low Frequency Loop’s Microprocessor sets the Add Cycle input to the Prescaler
high, divide-by-9. The loop adds two cycles and the frequency of the VCO is offset 200 kHz, F-
200 kHz. The FM Calibration circuits store the Tune Voltage on capacitor C604. Immediately after
the Tune Voltage is sampled, the Add Cycle input to the Prescaler is set low and the VCO returns
to the frequency it was set to before the 200 kHz offset. The Tune Voltage difference between the
200 kHz offset, and the correct VCO frequency is detected by capacitor C604. The difference of the

. two tune voltages is input to the Analog-To-Digital Converter U22. The analog input voltage and
the internal reference voltage determines the digital data, and stores the data in its DAC. The digital
output sets the gain of the FM Calibration DAC U34 from 0.46 to 0.97.

The Offset Current circuits sums in an offset voltage at the output of the FM Calibration DAC U34,
The Offset Voltage reduces the voltage required at the input of the DAC to tune the Low Frequency
Loop VCO over its frequency range of 60 MHz to 110 MHz.

FM Summing, D to A Conversion

The Low Frequency Loop VCO’s Tune Voltage is filtered by the 5 kHz Low Pass Filter, R608 and
C607, and is connected through input resistor R609 to the input of the FM Summing Amplifier U33A
at pin 1. The 5 kHz Low Pass Filter filters digital noise. The frequency modulation signal is summed
at the input of U33A with the VCO’s dc Tune Voltage. When frequency modulation is selected at
the front-panel or over the HP-IB, the two inputs are summed together. When FM is not selected,
the FM Enable input from the microprocessor is set high and switches U13A and U13D are both
off. When Frequency Modulation is selected the FM Enable input at pin 1 of U13A and pin 16 of
U13D is low. The two switches are closed and the frequency modulation input is summed with the
VCO Tune Voltage. Tune Voltage gain of the FM Summing Amplifier is approximately 1.5, and FM
signal gain is approximately 0.68. The VCO Tune Voltage is applied to the Vref input at pin 15 of
the FM Calibration DAC U34. The bits of the DAC are set during the FM Calibration cycle. The
Tune Voltage input is attenuated by the DAC and is dependent on the DAC bits set. The output
current of the DAC at pin | is converted to a voltage by the Current-To-Voltage Converter U33B.
The Tune Voltage output of U33B at pin 10 is applied to the Lag-Lead circuit of R619, R621, C620
and C621 to attenuate the DAC and amplifier noise by 33 dB. The output tunes the Low Frequency
Loop VCO to the correct frequency, corrects for phase errors, and frequency modulates the VCO
when FM is enabled. The VCO Tune Voltage is also applied to Inverting Amplifier U27B for FM
‘ Calibration.
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FM Calibration

FM Calibration compensates for the non-linearity of the VCQ’s varactor diode. The varactor diode
changes the frequency of the VCO a different amount for a fixed change in tune voltage as the VCO ‘
is tuned over its frequency range. The FM Calibration cycle sets the VCQ’s gain by setting the bits

of the FM Calibration DAC. The YCOQ gain seen by the Low Frequency Loop appears constant over

its frequency range of 60 MHz to 110 MHz. The FM Calibration Cycle is initiated each time the

frequency of the Low Frequency Loop VCO crosses a predetermined boundary of 200 kHz.

During the FM Calibration cycle, the following sequence of events occur controlied by the Low
Frequency Loop Microprocessor. Figure 1 shows the timing diagram of the FM Calibration cycle.

At time T1, the Low Frequency Loop Microprocessor U28 (shown on Service Sheet 11), sets the
DCFM bit high. DCFM is enabled.

At time T2, the FM Enable bit is set high. If frequency modulation was enabled, it is disabled. The
output of the Current-To-Voltage Converter U33B is always connected through resistor R601 to the
input of of the Inverting Amplifier U27B at pin 7. The FM Calibration bit from the Microprocessor
sets the add cycle bit high. The Low Frequency Loop VCO’s frequency is offset by 200 kHz. The
S(L)/H1 is set low and the base voltage of Q36 is changed to approximately —0.7V divided from the
—15 Vdc supply voltage to the low input by resistors R602 and R603. Q36 is biased on and FET
switch Q35’s gate voltage is approximately 0.0V turning Q35 on. The offset VCO Tune Voltage is
stored on capacitor C604. The B+C(L) bit is set high. The high input at pin 11 of the Analog-
To-Digital Converter blanks and opens its outputs, and readies U22 for the next analog to digital
conversion. With the digital output of U22 tri-stated (open), the data input to the FM Calibration
DAC is determined by the pull up resistors of R615 to +5 Vdc and pull down resistor R616 to ground.
The FM Calibration DAC bits 0 through 6 and 8 are high and bit 7 is low. The FM Calibration DAC
U34 is set at 0.75 of its maximum value of 1.0 or 191/256.

By time T3, the frequency of the Low Frequency Loop’s VCO has settled to a frequency of F-

200 kHz. The 200 kHz offset is the result of the active Add Cycle high input to the Prescaler to .
divide its input by nine. The S(L)/H1 bit is set high by the Low Frequency Loop Microprocessor

and the voltage at the base of Q36 changes to approximately +1.4V. Q36 is biased off and the gate

voltage of FET switch Q35 changes to approximately —12.0 Vdc divided from —15 Vdc to ground

by resistors R605 and R606. Q35 is turned off, opened. The tune voltage for the VCO frequency of

F-200 kHz is stored on capacitor C604. .

At time T4, the FM Calibration add cycle bit is reset low, and the Prescaler divides-by-10. The
frequency of the VCO moves to and settles at frequency F. The VCO Tune Voltage has changed by
the amount that was required to offset the VCO’s frequency by 200 kHz. The change in the Tune
Voltage is detected by capacitor C604 and applied through the Tune Voltage Step Amplifier Ul4 to
the analog input at pin 13 of Analog-To-Digital Converter U22. With the FET switch Q35 open, the
output of capacitor C604 is connected to a high impedance, and any change at the input is a change
at the output. The voltage across the capacitor must remain constant. There is not a current path
for C604 with Q35 open.

At time TS5, the; voltage at the output of capacitor C604 is amplified by the Tune Voltage Step
Amplifier Ul4 and applied to the analog input at pin 13 of the Analog-To-Digital Converter.

Diode CR600 and Zener Diode VR601 prevent the analog input at pin 13 of the Analog-To-Digital
Converter from going below approximately +3V. If the input was allowed to go to 0V, the bits to
the the FM Calibration DAC could all be set to 0. The DAC would be set for maximum attenuation
and the loop would not lock.

At time T6, the B+C(L) bit is reset low. On the high to low transition, the Analog-To-Digital
Converter U22 starts a new conversion. The Analog-To-Digital Converter is an 8-bit successive
approximation A/D Converter consisting of a DAC, voltage reference, clock, comparator, successive
approximation register, and output buffers. The Analog-To-Digital Converter’s internal reference )
voltage is compared to the analog input voltage by the internal successive approximation register to ‘
set the bits of the internal DAC. The bits latched in the internal DAC are the inputs for the FM
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Calibration DAC. The output is dependent upon the analog input. With the offset control input at
pin 15 of U22 connected to ground, U22 is operating in the unipolar mode. The A/D’s input voltage
‘ range is 0.0 Vdc to +10.0 Vdc. The time required for an A to D conversion by U22 is 40 us.

At time T7, the FM Enable bit is returned to the state it was at before the FM Calibration cycle was
initiated. As shown in the FM Calibration Timing Diagram Figure 1, the FM Enable bit is set low.
Frequency modulation is enabled.

At time T8, the DCFM bit is returned to the state it was at before the FM Calibration cycle was
initiated. As shown in the FM Calibration Timing Diagram Figure 1, the DCFM bit is set low.
DCFM is disabled. The FM Calibration cycle is complete.

0C EM ] v [ S—

ADD | it )

CYCLE !

ggl‘)/ — " i

FM ::

ENABLE p— . L
T4 T2 13 T4 5 T6 T7 T8

Figure 1. FM Calibration Timing Diagram.

‘ Offset Current

The Low Frequency Loop VCQO has the maximum Hz/Volt tuning sensitivity at 60 MHz. This
requires that the FM Calibration DAC setting be 0.5 of its range. The VCO tuning voltage for 60 MHz
is approximately +9.0V. With the DAC set at 0.5, the voltage input to the DAC would have to be
+18.0V. The +18.0V is greater than the possible output voltage swing of the circuit’s operational
amplifier. The Offset Current circuit compensate for this problem by summing in an offset voltage

" proportional to the VCO’s frequency at the input of the Current-To-Voltage Converter U33B. The
D1 bit from the 10 MHz counter’s latch is used to determine if 6V is summed at the input of U33B.
The bit determines if diode CR602 is turned on or off. When the diode is off, D1 data bit at pin 9
of U13C is low and the switch is closed. The +5 Vdc at pin 10 of U13C is switched through the
switch to bias diode CR602 off. When the D1 data bit is high, the diode is on and an offset voltage is
summed into the input of U33B. Data bit D1 controls CR602 and when D1 is high, CR602 is biased
on and current through R622 sums 6V offset into the input of U33B. When the VCO frequency is
60 MHz; the D1 data bit is high. Diode CR602 is biased on and a 6V offset is summed into the
input of U33B. The 6V offset voltage is summed with the output of the FM Calibration DAC. The
YCO Tune Voltage for a VCO output frequency of 60 MHz is approximately +9V. The gain of the
DAC is set at 0.46, and the DAC input voltage is —8.0 V. The DAC gain and input voltage will vary
because of the Low Frequency Loop FM calibration. The offset voltage summed into the input of
U33B varies from +6V to 0V as the VCO is tuned across its frequency range. The offset voltage is
6V for VCO frequencies from 60 MHz to 84 MHz, and 0V for 84 MHz to 110 MHz.
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TROUBLESHOOTING

Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are given below.
The areas or points to check are marked on the schematic by a hexagon with a checkmark and a
number inside, for example, /3 »

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

Digital Multimeter ... ..ottt i it it it i e et e e e HP 3466A
O  OSCOPE . v v vttt it ittt ettt aeeeneenseneneoneseenesesnsnasnsnsaanannns HP 54100A
Oscilloscope 1| Megohm Probe Pod Chan 2.ttt HP 54003A
OSCHIOSCOPE PrODE. .t v it ittt iit it inreneeneneeunseesesennssnsncannons HP 54003-61617
AUdIO SOUICE. . ittt ittt ittt ettt iieesesenesesnesneseeesasoasoesesasoensenans HP 8903B

{Z1>FM Summing

1. Remove jumper W3 from the W3A position, and install it in the W3B position (refer to Service
Sheet 13). Remove jumper W6 from the A3 Assembly. +5 Vdc is connected to the input of the
Sample and Hold circuits by W3. When the Sample and Hold circuits are working correctly,
+5 Vdc is input to the FM Summing Amplifier.

2. Set the Oscilloscope as follows:

Chan 1

0 T8 T o PO off
Chan 2

Ch2Mode.......... [ e e Normal
L0 U D T o - 7 On
VOLTS/DIV .. e e e 5.0V
OFFSET ....... e e e e e e ov
Timebase

Y 21 074 0 /O 500 ns
DE LAY ittt ittt ittt eseeenennssaseeseeeesaneesensaseeiesessseonenacnanaens 0.0s
Delay Ref at..ooiitiitiie ittt ietstneteaereaatosssossnssnsssssssssnsnsnns Left
R 2= =)« X Auto
Trigger

B o775 . oY« =3 Edge
1) ¢ -0 Chan 2
TRIG LEVEL .ttt it ittteteneeenesaseesesosessesesaasesnasnaaenaeaans 0.0V
Slope .......covvvvnn.. ettt aa ettt e et Pos
Display , '
DISPIAY MOGE .. v ettt ettt e ettt e e et e e e e e e etatesasasaenanaens Normal
DISP LAY TIME ..ottt ettt tttieeeaesasssesnesenesaeseeannanaanns 200 ms
) F1 AN o1 (= =1 + LN ettt Ooff
L6 ¢ 15 1) U e Grid
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3. Connect Chan 2 to pin 12 of U33A. If the amplifier is operating correctly, the output voltage
of U33A is approximately —6.8V.

. 4. Set the Signal Generator as follows:
(=0 |1 U= o 20N Any Frequency
N v ) ) 1 T U P Any Amplitude
JF CaYs LV F: e o U FM 50 kHz
ST o vt ettt ettt ieeasetaeteennesnnasoeesenesonasaesanesososnssanssns 1 kHz (Int.)

5. Set the oscilloscope’s Chan 2 OFFSET to —5.0 V.

6. Connect Chan 2 to pin 12 of U33A. Check the oscilloscope for a 1 kHz signal of approximately
0.2 Vpp.

7. If a modulation signal is not present, check the Out-Of-Band FM Input switches by inserting a
1 kHz, 10 mV signal at hard-wired jumper W11.

{Zz>D to A Conversion

1. With jumper W3 in the W3B position as for {/ 1 remove jumper W2 the B+C(L) input to
U22, and remove jumper W4 the offset input to U33B. With the outputs of U22 open, the
input to the FM Calibration DAC U34 is determined by resistors R615 and R616.

2. Set the digital multimeter function to dc and Range to Auto.
3. Connect the digital multimeter to jumper W6 at the output of U33B.

4. Ground the inputs of the FM Calibration DAC at pins 4, 6, 7, 8, 9, 10 and 11, and connect
pin 5 to +5 Vdc one at a time. The dc voltage level on the digital multimeter will changes as
each pin 4, 6, 7, 8, 9, 10 and 11 are connected to ground, and as pin 5 is connected to +5 Vdc.

NOTE

. When the least significant bits are grounded, the voltage change is only a few
millivolts.

5. Reinstall the jumpers W2, W3, and W4 (put W3 in the W3A position).

Z3D>FM Calibration

1. The FM Calibration circuits are checked by placing the Low Frequency Lodp in the repeatable
FM Cal mode. An FM Calibration is performed every 100 ms.

2. With the instrument ON, connect TP26 to ground (refer to Service Sheet 11). Increment the
Signal Generator’s frequency by 10 MHz. The Signal Generator will then be in the repeatable
FM Cal mode.

3. Remove jumper W6 and connect a 100 Hz, 200 mV peak signal to the input of U27B at pin 7.
This connection can be made at the socket of jumper W6, VCO Tune input.

4. The 100 Hz input causes the input to the Analog-To-Digital Converter to change, and the
output bits to change.
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5. Set the oscilloscope as follows:

Chan 1

L@ T 1Y (Y I P Normal
L0 T B D T o) Off
R0 5 7 0 ) 2.0V
L0 ) o SN D PN 0.0V
Chan 2 _

@) T8 (oY - Normal
L0 T D T3 A On
R0 5 7 5 ) 2.0V
OF S ET .o e e e 0.0V
Timebase

SE DIV L i e e e e 50 ms
) 1 5. N 0.0s
Delay Ref at. ... ittt e e e e e e e Left
R « S Trg'd
Trigger

Trigger Mode ... ..ot e e e e Edge
7 . Chan 2
TRIG LEVEL | it e et ettt ettt et ennsnnnenens 1.0V
13 L0 TS Pos
Display

DSplay MO ...t e e et s Normal
ISP LAY TIME .. ittt ettt teeteseneoroaeennanaennns 200 ms
R o) LA T T ¢ off
L€ ¢ 11 [ Grid

6. Check the S(L)/HI and B+C(L) inputs. Pulses are TTL level and at every 100 ms.

7. Check that Q36 is pulsed on and off and that the Gate voltage of Q35 is switched from
approximately 0V to approximately —15V. Q35 is gated on and off.

8. Connect Chan 2 to W2, B+C(L), input. Set Chan | Display On and connect it to TP14. The
signal at TP14 is randomly pulsed high when the B+C(L) input is low.

9. Connect Chan 2 to the output of the Analog-To-Digital Converter (U22) at pins 2 through 9.
The output bits randomly change when the B+C(L) input is low. The Analog-To-Digital
. Converter does a conversion.

10. Remove the ground from TP26. Re-install W6, and turn the Signal Generator to STBY, and
back to ON to exit the FM Cal mode.
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{2 0Offset Current
1. Remove jumper W1 from the W1A position, and install W1 in the WI1B position (refer to

.‘ Service Sheet 13).

2. Jumper W4 must be installed.

3. The voltage input to the FM Calibration DAC at pin 15 is 0.0V. The output of the Current-
To-Voltage Converter is the offset voltage from the Offset Current as the Signal Generator’s
frequency is changed.

4. Set the Signal Generator as follows:
a. Frequency to 45 MHz

5. If the offset voltages shown in Table | for Wé (pin 1), at the input of U33B, are correct the
voltages for Ul3 are correct. Change the Signal Generator’s frequency as indicated in Table 1
and measure the voltage levels as indicated.

Table 1. Input and Output Voltage of Offset Circuits.

U13 and W6 with W4 Installed
Signal Generator

Frequency (MHz)

Pin 8 Pin 11 W6 Pin 1

45 0 45
70 +5 o | 46

(=]
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Model 8657B

A3 Component Coordinates (1 of 3)

COmMP XY CcomP XY COMP XY COmMP XY COMP XY COMP XY
. C1 E1 c213| Ci C513 A4 CR1 D,2 FL1 E2 Q10 D4
c2 D,2 C300| D2 C514 A3 CR2 D,2 FL2 E2 an D4
Cc3 E2 C301 Cc3 C515 A4 CR3 D.2 FL3 D,2 Q12 A4
C4 D,2 c302| C3 C516 A3 CR4 D2 FL4 D,2 Q13 B4
C5 D1 Cc303| D3 C517 A3 CRS En Q14 B4
Cc6é D,2 C304| D3 C518 B3 CR6 D1 Ji E4 Q15 B4
Cc7 D1 Cc305| D3 C519 A3 CR7 D,2 J2 A4 Q16 C4
Cc8 D C306| C2 C520 A3 CR8 D2 J3 Aéd Q17 (oX)
C9 D,2 C307] C3 C521 A3 CR9 E1 Jé C2 Q18 (oX)
c10 D,2 c308] C3 C600 B3 CR10 D1 J5 C1 Q19 D4
c11 E1 Cc309| C3 Ce01 B,3 CR11 D1 J6 D1 Q20 D4
C12 D1 Cc310] C2 C602 B3 CR12 D1 J7 E1 Q21 D4
Cci13 D,2 C311 c1 C603 B,3 CR15 E1 J8 E2 Q22 B4
Cl14 D,2 C312] C1 Ce04 B3 CR16 | D1 Q23 C,4l
C15 D1 C313)] C2 C605 B3 CR17 E2 L1 E2 Q24 C4
Ci16 D,2 C400| B3 C606 B3 CR18 | D2 L2 D2 Q25 (oX)
c17 D1 C401 D.4 Cce07 B3 CR200| C1 L3 E2 Q26 B4
ci18 E1 Cc402| Cé C608 B3 CR201{ C.1 L5 E2 Q27 B.4
C19 E2 C403]| C3 C609 B,3 CR400] B4 L6 E2 Q28 C4 -~
c20 E2 C404| B4 C610 Cc3 CR401] C4 L8 D,2 Q29 Ad
c21 | EAa C4051 C3 ce11 Cc4 CR402} C4 L200 E4 Q30 Ad
. C22 E2 C406| C4 C612 c3 CR403}] C4 1201 E4 Q31 Ad
ca3 E1 C407| C4 C613 B,3 CR404) C4 L202 E4 Q32 Aé
C24 E2 c4081 B3 C614 B3 CR405] B4 L203 Eé Q33 B4
C25 E1 Cc409| B4 C615 B,2 CR406{ B4 L204 C1 Q34 A3
‘ C26 E2 C410| Cé C616 B3 CR500] B4 L300 C1 Q35 B,3
c27 D1 C411 B4 ce17 B2 CR501} B4 1400 B4 Q36 B3
c28 E2 C412| C4 Cc618 B3 CR502f A4 L401 D4 Q37 A3
Cc29 D1 C413| B4 C619 B,3 " CRS03 A4 L402 Cc3 Q38 A3
C30 E1 C414| B4 -C620 B2 CR504| B4 L403 C3 Q39 A3
Cl00 | A3 C415| B4 C621 B,2 CR505| B4 L404 C4 Q40 A3
ci101 A2 C416| B4 C700 E3 CR506| B4 L500 B4 Q41 A3
C200 | E4 C500| A4 Cc701 E3 CR600| B3 L501 A4 Q42 A3
c201 E4 C501| A4 C702 E3 CR602| B,3 L502 A4 Q43 A3
C202 | E4 C502| B4 C703 E2 CR700| D4 L503 A4 Q44 A3
C203 | E4 C503| A4 C704 E3 CR701| D4 Q46 A2
C204 | B C5041 A3 C705 E4 CR702| D4 a1 A4 Q47 C
C205 | C2 C505] B4 || C706 E4 CR703] D4 - Q2 Ad Q48 C2
Cc206 | C1 C506| B4 c707 D4 CR704{ D4 Q3 D4 Q49 D1
C207 | CA C507 | Aé C708 D4 CR705| D4 Q4 A4 Q50 E1
c208 | C1 csos| B3 C709 D4 CR706{ D4 a5 °| B4 Q51 Cc1
c209 | C1 cs509| B3 C710 D4 CR707| D4 Q6 B4 Q52 D,1
c210| C1 C510| A4 C711 D4 Q7 B4 Q53 D1
c211 (oR] C511 B3 C712 D4 Qs (oX ) Q54 E1
c212 | C1 C512| A3 c713 E4 DS500] A3 Q9 C4é Q55 E1l
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A3 Component Coordinates (2 of 3)

Model 8657B

COMP XY COMP ): 84 COMIP 3wy COMP XY COomMP XY. COoMP XY
Q56 C,1 R207 C1 R431 B,4 R523 Aéd R568 A3 R718 D4
R208 C/1 R432 Cc3 R524 Aéd R569 B3 R720 E4
R1 D,2 R209 B,1 R433 D4 R525 A3 R570 A3 R721 D4 -
R2 D2 R210 Cc1 R434 C4é4 R526 A4 R600 B3 R722 D4
R3 D,2 R211 C1 R435 C3 Rb527 A3 R601 B,3 R723 D4
R4 E,2 R300 C3 R436 B.4 R528 A3 R602 B.3 R724 D4
RS D2 R301 Cc3 R437 B4 R529 Aé R603 B3 R725 D4
R6 D1 R302 c3 R438 D4 R530 Ad R604 B3 R726 D4
R7 D,2 R303 c3 R439 C3 R531 A3 R605 B,3 R727 D4
R8 D1 R304 c3 R440 C4 R532 B3 R606 B,3 R728 D4
R9 E1 R305 C,2 R441 B4 R533 Ad R607 B.3 R729 D4
R10 D,2 R306 D,2 R442 Cé R534 A3 R608 A3 R731 D4
R11 D,2 R307 C,1 R443 B4 R535 A3 R609 B,3 R732 C4
R12 D,2 R308 C1 R444 B4 R536 Aéd R610 B,3 R733 D,4
R13 D,1 R400 c4 R445 B.4 R537 A4 R611 B,3 R734 D4
R14 D,2 R401 (o) R446 B4 R538 A3 R612 Cc3 R735 C4
R15 E R402 B4 R447 B4 R539 A3 R613 B,3 R736 D4
R16 D1 R403 B4 R448 B4 R540 A4 R614 B,3 R737 c4
R17 D1 R404 B4 R449 B4 R541 A3 R615 B,3 R738 D4
R18 E1 R405 B4 R450 B.4 R542 A3 R616 c3 R740 D4
R19 D1 R406 C4 R451 C4 R543 Ad R617 B,3 R741 E4
R20 D1 R407 C4 R452 C4 R544 A3 R618 B,3
R21 D,1 R408 C4 R500 A4 R545 A4 R619 . B,3 TP1 B.4
R22 DA R409 B4 R501 Ad R546 A3 R620 B,3 TP2 A4
R23 E,1 R410 cé R502 A4 Rb47 Ad R621 B,2 TP3 D4
R24 E R411 [oX 3 R503 A4 R548 A3 R622 B.3 TP4 D4
R25 E,2 R412 B4 R504 A4 R549 A3 R700 E4 TP5 D4
R26 E,2 R413 C4 R505 Ad R550 A3 R701 Eéd TP6 D4
R27 E.2 R414 B.4 R506 Ad R551 A3 R702 Ed4 TP7 C4
R28 D,2 R415 c4 R507 A4 RbB52 A4 R703 E4 TP8 D.4
R29 D1 R416 C4 R508 A4 R553 A3 R704 D4 TP9 D4
R30 D1 R417 c4 R509 A4 R554 A3 R705 E4 TP10 B3
R31 ‘DA R418 C4 R510 A4 R555 A3 R706 D4 TP11 A3
R32 D1 R419 B4 RS511 A4 R556 A3 R707 B4 TP12 A3
R33 D2 R420 B4 R512 A4 R557 A3 R708 Eé4 TP13 B,3
R100 A2 R421 C4 R513 A4 R558 A3 R709 D4 TP14 B,3
R101 A2 R4é2 C4 R514 A4 R559 A3 R710 D4 TP15 c3
R104 A2 R423 oX} R515 Ad R560 A3 R711 D4 TP16 Cc3
R200 B2 R424 C4 R516 A4 R561 A3 R712 B.4 TP17 Cc3
R201 (o | R425 cC4 R517 A4 R562 A3 R713 D4 TP18 D)3
R202 C,2 R426 Cc4 R518 B4 R563 A3 R714 D4 TP19 D.3
R203 c2 R427 C4 R519 A4 R564 A3 R715 D,4 TP20 c3
R204 C1 R428 C4 R520 A4 R565 B,3 R716 [oX 3 TP21 Cc3
R205 cA R429 B4 R521 A3 R566 A3 R717 D4 TP22 A3
R206 (ofh] R430 C3 R522 B.4 R567 A3 R718 E4 TP23 A3
Service Sheet 14-10 .
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A3 Component Coordinates (3 of 3)

Service

comP | xv |{comp| xvy |[comp| xy |[comp| xy |[comp| xvy
‘ TP24| C3 uss c2
TP25 | €3 u3s D2
TP26 | C2 us7 E2
_ P27 | C2 u3s c2
P28 | c2 U39 c2
TP29 | c2 u40 D2
TP30| C1 U4 c2
TP31| C1 U42 c2
TP32 | D1 U43 c2
P33 | E1 Ud4 c2
u4ds D.2
Ut A4 U46 ci
U2 B4 u47 c1
U3 C4 u4s D1
U4 D4 U4 c
Us D4 uso c
us C4 us1 C1
u7 B4 Us2 DA
us c4 us3 E1
U9 A4 us4 ci
“uvio | D4 uss ci
Ul | D4
Uiz | E3 VR300| C3
uis | B3 VR400| B4
U4 | B3 VR401] C4
‘ uts | E3 VRS00{ A3
uts | E3 vRe01| B3
vz | ¢3
vis | b3 w1 B3
uie | E3 w2 c3
u20 | E3 w3 A3
u21 | A3 W4 B3
u22 | B3 W5 A3
u23 | b3 || ws A2
us | o3 w7 DA
u2s | E3 ws ci
u2e | E3 wo c4
vz | B3 wio | ca4
u2s | c3 w11 B4
u29 | 03
uso | D3 Y1 E2
ust | E3 Y300 | c2
us2 | E3
uss | B3
ud | B3
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P/0 A3 LOW FREQUENCY ASSEMBLY (@8657-60118)
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see "SCHEMATIC DIAGRAM NOTES" in Section 8.
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round is achieved by mechanical contact through
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Service Sheet 15 -

|

LOW FREQUENCY LOOP IN-BAND FREQUENCY MODULATION
PRINCIPLES OF OPERATION

General | . N

Phase detector range, integrator range, and phase lock loop bandwidth are limétations of frequency;
modulation in a phase lock loop. These limitations are overcome with the addition of circuits to add
a cycle and remove a cycle of the Low Frequency Loop’s VCO frequency at the Prescaler, and to
precisely reset the Integrator (refer to Service Sheet 13). The FM input is applied to Integrator U5,
When the output of Integrator U5 crosses the high threshold, +1V, the High Threshold Comparator.
is set and a Remove Cycle control pulse is generated. The Remove Cycle control pulse is gated t0!
the Prescaler, and a cycle is removed from the VCO Divided-By-N.F. signal. When the output of
the integrator crosses the low threshold, —4V, the Low Threshold Comparator is set and an Add
Cycle control pulse is generated. The Add Cycle control pulse is gated to the Prescaler, and a cycle,
is added to the VCO Divided-By-N.F. signal. When a cycle is removed or added, a precise current
is directed to the FM Integrator U5. Just enough charge is added to or removed from the Integrator(
to offset the 360 degrees of phase caused by adding or removing a cycle by the Prescaler. . . :

The FM section operates in a sampled mode. At the time each sample is taken the effects of the
Remove Cycle or Add Cycle and the resetting of the integrator have settled. When. DC ™M 1s
selected and a dc voltage is applied to the MOD INPUT/OUTPUT connector, the dc voltage offsets
the VCO frequency a proportional amount. The drift of Integrator US, without feedback, offsets the
VCO center frequency when a dc voltage is not present at the MOD INPUT/OUTPUT connector

With ac FM, it is desirable to frequency modulate the VCO and keep the center” frequency locked
to a stable reference. R ,\Jf c;
EL2 3 0

To prevent integrator US’s offset currents from being translated into a frequency shift dun'ng ac FM,

a feedback voltage to the integrator proportional to the phase offset of the Low Frequency Loop

VCO is needed. The Up/Down Counters and DAC reconstruct a staircase voltage approximation

of the total VCO phase offset caused by the frequency modulation Remove Cycle and Add Cycle

control inputs to the Prescaler. This voltage is fed-back to the integrator. The resistor network of
" R722, R726, and R734 provides feedback to fill in the spaces between the steps.

The FM Reset Timing and Current Switches reset the Integrator. The Up/Down Counters, Phase
Deviation DAC, and Current-To-Voltage Converter keep track of the number of times and the
direction which Integrator US is reset. The High and Low Threshold Comparators determine when
the Integrator is reset and when a frequency modulation remove or Add Cycle control pulse is
generated. Figure 1 shows the timing diagram for square wave in-band frequency modulation.

FiM Control Gates and Switches

The FM OFF instruction from the Microprocessor U28 at pin 27 (refer to Service Sheet 11), is hlgh
when FM is off. With FM selected the FM OFF input at pin 2 of NOR gate Ul5A is low and the
output at pin 1 is high. The load input at pin 11 of the Up/Down Counters, U20, U26, and U32,
is high and data at the inputs is not loaded into the Counters. The high output of U15A is also the
input of U15B at pin 5 and sets the Buffered FM OFF output at pin 4 low. The low Buffered FM
OFF to switch U4B at pin 8 closes the switch to connect the output of the Integrator U5 at pm 6
to the base of Q10.

The DC FM instruction from the Microprocessor U28 at pin 26 is high when DC FM is selected.
When the DC FM instruction is high Up/Down Counter U20 is disabled and switch U4A is opened.

‘ ' When the DC FM instruction is low and DC FM is not selected, the Up/Down Counters are enabled,
and switch U4A is closed.

Service Sheet 15-1
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SQUARE WAVE
INPUT

SQUARE WAVE
INTEGRAL

INTEGRATOR é};fli/i 7444
reuve ovore ||| i

CURRENT

il 1L

CURRENT

DEMODULATED
FM

Figure 1. 10 Hz Square Wave In-Band Modulation.

Threshold Comparators

The output of Integrator U5 is applied to the input of the High and Low Threshold Comparators
U10 and Ull. When the integrated voltage is approximately +1V the High Threshold Comparator’s
output is switched from low to high. The high output is latched into the Remove Cycle flip-flop
U38B (refer to Service Sheet 11). The output of U38B is gated at the correct time in each Low
Frequency Loop cycle for the Prescaler to remove a cycle and to clock D flip-flop U25A on the
low to high transition. When the integrated voltage is approximately —4V, the Low Threshold
Comparator’s output is switched from low to high. The high output is latched into the Add Cycle
flip-flop U38A (refer to Service Sheet 11). The output of U38A is gated at the correct time in each
Low Frequency Loop cycle for the Prescaler to add a cycle and to clock D flip-flop U25B on the
low to high transition.

FM Reset Timing

The FM Reset Timing D flip-flops U31 and U37 are clocked at pins 3 and 11 by the 5 MHz Reference
input, divided from the 50 MHz Reference (refer to Service Sheet 9). The 5 MHz Reference input
is directed to the FM Reset Timing flip-flop’s when frequency modulation is selected. The low to
high transition of Remove Cycle flip-flop U38B’s output at pin 9, clocks the high D input at pin 2
of U25A to the output at pin 5. The output at pin 5 is the D input for U31A, and is clocked to the
output at pin 5 by the 5 MHz Reference. The output at pin 5 of U31A is the D input at pin 12 of
U31B, and the high input is clocked to the output at pin 9 on the next low to high transition of the
5 MHz Reference. The output at pin 8 of U31B s clocked low, and U25A is reset (the output at pin 5
is low and output at pin 6 is high). The low output at pin 5 of U25A is clocked through U31A and
U31B. The output at pin 9 of U31B was set high, and after two cycles of the 5 MHz Reference it is
set low. The high output pulse width of U31B at pin 9 is 400 ns, two cycles of the 5 MHz Reference
clock. U25A, U31A and U31B generate a 400 ns pulse each time a Remove Cycle control pulse
is generated by the High Threshold Comparator Ul0. During the 400 ns pulse a precise positive
current (from the API 2 current source and current mirror) resets Integrator US. The 400 ns pulse
from U31B is also one input to NOR gate U15C, and when high the output of U15C at pin 10 is
low. At the termination of the 400 ns pulse, the output of U15C goes high and clocks the Up/Down

Service Sheet 15-2

www.valuetronics.com

°



Model 8657B ’ , Service

TROL T /Countér U20 up one count on the low to high transition. The output of U25A at pin 6 had set the
output at pin 8 of U19B low, and enabled the Up/Down Counters to count up when clocked.

‘ The low o high transition from the output of U38A at pin S (refer to Service Sheet 11) clocks the
high"B:input at pin 12 of U25B to the output at pin 9. U25B, U37A and U37B generate a precise
400 ns:pulse each time an Add Cycle control pulse is generated by the Low Threshold Comparator
Ul They function the same as U25A, U31A, and U31B, described above, to generate a 400 ns
pulse. During the 400 ns pulse a precise negative current from the API 3 current source resets
- Integrator US. The 400 ns pulse from U37B is also one input to NOR gate U15C, and when high
the output of UI5C at pin 10 is low. At the termination of the 400 ns pulse, the output of U15C
goes hlgh‘and will clock the Up/Down Counter U20 down one count on the low to high transition
of the pulse The output of U25B at pin 8 had reset the output at pin 8 of U19B high, and enabled
the: Up/Down Counter to count down when clocked.

'(é;

Up/Dowii.Control
The Up/Down Control, U19B, for the Up/Down Counters of U20, U26, and U32 is controlled by
U25A and U25B. When U19B’s output at pin 8 is set low by U25A, the Counters are enabled to
coélbn“tbup "When U19B’s output at pin 8 is reset high by U25B the Counters are enabled to count
down The D flip-flop U25A is clocked each time the High Threshold Comparator’s output at pin 7
of U10 1s ‘switched high, and the Prescaler removes a cycle. U25A is clocked by the output of
U38B U19B is set and the Up/Down Counters are enabled to count up. The D flip-flop U25B is
clocked each time the Low Threshold Comparator’s output at pin 7 of U11 is switched high, and the
Prescaler adds a cycle. U25B is clocked by the output of U38A. U19B is reset, and the Up/Down

q%t%hytegs,@e‘re enabled to count down.

Up/Down_Counters #

The Up/Down Counters counts up each time an FM Remove Cycle control pulse is generated, and

. counts.déown each time an.FM Add Cycle control pulse is generated. The Up/Down Counters are
enabléd.tocount when the DC FM instruction from the microprocessor U28 at pin 26 is low. FM is
selectédbiit DC FM is not selected. The enable input at pin 4 of U20 enables the counter to count
on each clock from UI5C.

The data inputs of the Up/Down Counters are connected to +5 Vdc except bit 10 at pin 1 of
U32, and it is connected to ground. The input data is loaded into Up/Down Counters each time
Frequency Modulation is selected. The DAC is set to 512, one-half of its maximum value of 1024,
The FM OFF instruction from the Low Frequency Loop Microprocessor U28 at pin 27 is low when
FM is selected. The low FM OFF instruction is one input to NOR gate U15A at pin 2. Its other
input is connected to ground and the output goes high. The input data to the counter is loaded on
the low to high transition of U15A’s output.

FiMi Deviation DAC and Curreni-to-Voltage Converter

Ten output bits of the Up/Down Counters set the bits of the Phase Deviation DAC U116 to 512.
The input to the DAC increases when the Counters are counted up for an FM Remove Cycle, and
decreases when the Counters are counted down for an FM Add Cycle. The output current of the
DAC changes as the bits are changed by the Counters. The output current of the DAC controls the
output voltage of the Current-To-Voltage Converter U12 from —5V to +5VY. When the Counters are
loaded, the DAC is set at one half of its maximum value and the output voltage is approximately 0.0V,
The Current-To-Voltage Converter’s voltage output is input to Integrator U5 through the resistor
network of R704, R726, and R734 as a current. The current input to the Integrator represents the
net number of FM Remove Cycles and Add Cycles or the amount the phase of the Low Frequency
Loop VCO has been shifted for Frequency Modulation. Each time a cycle is removed or added,
360 degrees of phase, one cycle, of the VCO’s frequency divided-by-2 is removed or added by the
Prescaler. The Up/Down Counters keeps track of the number of cycles that have been removed or

‘ added. The output of the DAC reconstructs the remove or add voltage step to the loop Integrator
of Service Sheet 13.

Service Sheet 15-3
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Current Switches

For the duration of the 400 ns pulse, initiated by a Remove Cycle control pulse from the High
Threshold Comparator U10 through the Remove Cycle D flip-flop U38B and generated by U25A
and U31A/B, a precise positive current is applied to the Integrator U5 to reset its output voltage.
The positive 400 ns pulse biases the base of Q11 at approximately +0.3V and the emitter is then
approximately +1.0V. Diode CR706 is turned off and diode CR707 is turned on. The positive current
from the Current Mirror, transistors Q20 and Q21, is directed through the Integrator. The Current
Mirror changes the negative API 3 current to a positive current. When the 400 ns FM Reset Pulse
is not active, the bias on the base of Q11 is approximately —1.3V and the emitter is approximately
—0.6V. Diode CR706 is turned on and diode CR707 is turned off. The Current is directed through
transistor Ql1.

For the duration of the 400 ns pulse, initiated by a Add Cycle control pulse from the Low Threshold
Comparator Ull through the Add Cycle D flip-flop U38A and generated by U25B and U37A/B, a
precise negative current is applied to Integrator U5 to reset its output voltage. The negative 400 ns
pulse biases the base of Q3 at approximately —0.3V, and the emitter is approximately —1.0V. Diode
CR704 is turned off, and diode CR705 is turned on.

Negative API 2 current is directed through the Integrator. When the 400 ns FM reset pulse is not
active, the bias on the base of Q3 is approximately +1.3V and the emitter voltage is Approximately
+0.6V. Diode CR704 is turned on and diode CR705 is turned off. API 2 current is directed through
transistor Q3. |

Integrator

When AC FM or DC FM is selected, switches U4C and D are closed. The frequency modulation
signal is applied to the FM Summing Amplifier U33A (Service Sheet 14), and to Integrator US5. In a
phase lock loop, frequency modulation within the loop bandwidth is canceled and phase modulation
within the loop bandwidth is passed. Both properties are used in the Low Frequency Loop for
flat frequency modulation by Integrator U5 converting the frequency modulation signal to phase
modulation. The phase output of the Integrator is summed at the virtual +5V node of the Current
Summing Amplifier U7 (refer to Service Sheet 12). Each Low Frequency Loop cycle, AC FM or DC
FM selected and within the bandwidth of the Low Frequency Loop, the output of the Integrator is
summed with the Bias Current and API Current to offset the VCO tune voltage phase modulating
the VCO. All components of the modulation signal within the loop bandwidth phase modulate the
VCO and all components outside the loop bandwidth frequency modulate the VCO. The result is
continuous modulation.

The 400 ns pulses from the current switches directs a positive or negative current to reset the
Integrator. The Integrator is reset during frequency modulation when its output voltage reaches the
high or low threshold voltage. During the same Low Frequency Loop cycle the Integrator is reset, a
cycle is removed or added by the Prescaler dependent upon the output voltage of the Integrator being
at the high or low threshold. The Prescaler removes or adds a cycle, and the 400 ns of current resets
the Integrator’s output voltage to remove or add 2 cycles, 720 degrees, from the Low Frequency
Loop VCO (one cycle, 360 degrees, of the VCO Divide-By-2 frequency added or removed at the
Prescaler). The output of Integrator U5 is summed with the Bias and API currents at the virtual +5V
node of the Current Summing Amplifier in-band modulation. The Low Frequency Loop Integrator
(refer to Service Sheet 13), is offset by the current from U5 to compensate for the 2 cycles removed
or added. The phase of the Low Frequency Loop VCO is continuous when cycles are removed or
added for frequency modulation.

The Up/Down Counters and Phase Deviation DAC, U16 with resistors R704, R726 and R734 provide
dc current feedback to Integrator US. When DC FM is selected, the feedback circuits are disabled.
The high DC FM input disables the Up/Down Counter U20 and opens switch U4A. The Integrator,
Threshold Comparator’s, Reset Timing, and current switches are still active. With the feedback
resistors disabled, the Integrator has dc offset in the DC FM mode of operation.

Service Sheet 15-4
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TROUBLESHOOTING

_ Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are shown below.
. The area or points to check are marked on the schematic by a hexagon with a check mark and a
: number inside, for example, V3 »

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-f2. Post-Repair Adjustments

Test Equipment

O Gl OSC oD . . o vttt ettt ittt teetsseennnesesasoseennesotanoceassssannsoanes HP 54100A
Oscilloscope Active Probe, Chan 1 ... ..ottt it iiieiireenarennn. HP 54001A
Oscilloscope 1 Megohm Probe Pod, Chan 2 ..........viviiiiirrineeenrienennsennas HP 54003A
Oscilloscope Probe Pod, Chan 3. ... ... .cii ittt ittt iiiieeeriirennaronnns HP 54002A
OSClloSCOPE Probe. .o v ittt ittt ittt ettt ittt ettt enaaataenenaaaas HP 54003-61617A
FUNCHON GO A 0. . . ittt ittt ittt eeteetteneeteonsesennnienssoonens HP 3312A

{1 FM Digital Circuits, in-Band Analog

The FM Integrator and In-Band Analog circuits are checked for proper operation with the Low
Frequency Loop locked.

1. Set the Signal Generator as follows:

S (T 1) =3 1 L 2N 950 MHz
. BN 17T U L Any

J 0% e e 1) -1 5 1o « U PR AC FM, 3 kHz

0] 11 ¢ o1 EXT

2. Set the Oscilloscope as follows:

Chan 1 ]

L0 T T+ . Off

Chan 2

L0 T\ e Y L= AN Normal

O 7 15 On

VO T S DIV ettt ittt ettt et ettt et taseeensssenseseeanassnnenneneioses LOV

L) T TN} /A 0.0V

Timebase

Y 2 674 5 ) /2 R 2 ms

DL A Y .ttt e e e e i et e, 0.0s

Delay Ref at. ... .ot e i e e ettt Left

NN =) TR A Trg’d

Service Sheet 15-5
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Trigger

Trigger Mode . ... i i i i i i it ittt e ettt i e Edge X
B ¢ A Chan 3 ‘
TRIG LEVEL .. ittt ittt ittt ieeeaeeeeetennanaeseneennnns 50 mV

1 07« - Pos

Display

DiSplay MoOde ..ot e e e e e e e Normal

DISPLAY TIME ... e e e e e, 200 ms

o) TN ol =75+ P Off

L€ 5 ¢:1 4 Uo7 LT Grid

3. Set the Function Generator as follows:
a. Function to Square Wave
b. Frequency to 100 Hz
c. Output Level to 1 Vpk (HI and LO EXT LED’s out)
d. Connect to Oscilloscope Chan 3, 54002A, input and MOD INPUT/OUTPUT.

4. Connect Chan 2 to TP3 (®M INPUT). Verify that the oscilloscope display shown in Figure 2
is correct. If the waveform is not correct continue with (/2 »

—-I l<—2ms

0.2v

7([4[[[\ / 7774 IA\ /

\ AN\ \/ \\J‘;\\\/

]

Figure 2. Oscilloscope display of TP3 (dc coupled), Signal Generator’s
frequency 950 MHz, modulation EXT FM 3 kHz deviation (100 Hz square wave).

<Z2>FM Control Gates and Switches

ervice

WWW va

1. Set up the Signal Generator, oscilloscope, and function generator as shown in {/ 1>

2. Check that the DC FM inputs at pin 4 of U20 and at pin 1 of U4A are low, and that switch
UA4A is closed.

3. Check that the FM OFF input at pin 2 of Ul5A is low, that the output at pin 1 of Ul5A is
high, and that the output at pin 4 of U15B is low. Check that switch U4B is closed.

4. Check that the FM Enable inputs at pin 9 of U4C and pin 16 of U4D are low, and that switches
U4C and U4D are closed. v P

fheet

uetronlcs com
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{/3>FM Reset Timing
1. Set up the Signal Generator, oscilloscope, and function generator as shown in 1

. 2. Check for the 5 MHz Reference input at pin 3 of U31A, the Remove Cycle input at pin 3 of
U25A, and the Add Cycle input at pin 11 of U25B.

3. Change the oscilloscope Sec/Div to 0.2 us. Check for the positive 400 ns Remove Cycle pulse
at pin 9 of U31B, and the negative 400 ns Add Cycle pulse at pin 8 of U37B.

4. Check that the Set (pin 10), and Reset (pin 13) inputs to Up/Down Control U19B are gated
low for 200 ns, and that the output at pin 8 is gated.

5. Check that the output of NOR gate U15C is gating to count the Counter U20 up or down.

{J4>Up/Down Counters, Phase Deviation DAC, Current-To-Voltage Converter
. Set-up the Signal Generator, oscilloscope, and function generator as shown in (V1 »
. Change Chan 2 VOLTS/DIYV setting to 100 mV,

. Set the modulation on the Signal Generator to OFF.

. Check the input to the Phase Deviation DAC U16. The input at pin 4 is low, and the inputs at
pins 5 through 13 are high.

. Check that the voltage at TP4 (OFFSET ZERO) is approximately 0.0V.

LW N =

N

6. Set the Signal Generator as follows:
a. Modulation to FM, 99 kHz
b. Source to EXT
’ 7. Verify that the oscilloscope displays the same waveform as shown in Figure 3.

{5 >Current Switches

1. Set-up the Signal Generator and function generator as shown in {1 »

2. Set the Oscilloscope as follows:

Chan 1

Ol D 1) O A A Off
Chan 2

Ch 2 Mode . ...t e et e e e e Normal
L R D Ty ) On
R0 I 170 ) /2 500 mV
O ST .ottt ittt ittt ettt m et et teseetneseneeenineesssesneeennnennns 0.0V
Timebase

Y X @7 2 AR 200 ns
DE LAY ittt ittt et ettt et ettt e e e, 0.0s
Delay Ref At . ..t ittiine ittt ittt eite i etieeeenneeroneasneeesasstneensonennnnns Left
R~ o J Trg'd
Trigger

B0 o 05 Y e T Edge
0 5 -2 Chan 2
TRIG LEVEL .. e e e e e e e e 50 mV

. Slope ..., e e e e e e e e e e Pos

Service Sheet 15-7
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Display

DaSplay MoOde ...ttt e et Normal
DISPLAY TIME ... ittt i et ittt e s etannsanoaaanaasnns e 200 ms
14 LA 1o ¢ = =+ Off
€ 2 o) =3O Grid

. Connect Chan 2 to TP5 (POSITIVE CURRENT), select oscilloscope AUTO SCALE, and check

for a 400 ns pulse from —1.5V to +0.3V.

. Set the oscilloscope to trigger on negative slope. Connect Chan 2 to TP6 (NEGATIVE

CURRENT), select oscilloscope AUTQO SCALE, and check for a 400 ns pulse from +1.5V to
-0.3V.

. Connect Chan 2 between diodes CR706 and CR707. Verify that the oscilloscope displays the

same waveform as shown in Figure 4.

. Set the oscilloscope to trigger on negative slope. Connect Chan 2 between diodes CR704 and

CR705. Verify that the oscilloscope displays the same waveform as shown in Figure 5.

—s je—2ms | —  |o—o0.2 us

o—
F

//\ 0.05v

\ g
1 1IN/ 7
W -
Figure 3.0scilloscope display of TP4 (dc coupled), Fig'wre 4.0scilloscope Display between diodes
Signal Generator’s frequency 950 MHz, modulation CR706 and CR707 (dc coupled), Signal Generator’s
EXT FM 99 kHz (100 Hz square wave). frequency is 950 MHz, modulation EXT FM

99 kHz deviation (100 Hz square wave).

wwvﬁ‘i’%?ﬁlﬁ“é‘tr‘?iﬁics.com
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{Js >integrator, High and Low Threshoid Comparators
1. Set-up the Signal Generator, oscilloscope, and function generator as shown in V1 »

‘ 2. Connect Chan 2 to TP3 (®M INPUT), and verify that the waveform shown in Figure 6 is
correct. Set Trig Src to Chan 3.

—| Jo—o0.2u8 —| k—2ns

0.1 1 1 o2 i Jriie

\\ AL\ x/ AR j

CA705
BIASED
ON

Figure 5. Oscilloscope Display between diodes Figure 6.0scilloscope Display of TP3 (c.ic
CR704 and CR705 (dc coupled), Signal Generator’s coupled), Signal Ger%erator’s frequency is
frequency is 950 kHz, modulation EXT FM 99 kHz 950 MHz, modulation EXT FM 3 kHz

(100 Hz square wave). deviation (100 Hz square wave).

3. Connect Chan 2 to TP§ (HIGH THRESHOLD). Sets of pulses from apprdximately 0.0V to
approximately +4.5V should be displayed. Pulses are narrow.

4. Connect Chan 2 to TP9 (LOW THRESHOLD). Sets of pulses from approximately 0.0V to
approximately +4.5V should be displayed. '

5. Connect Chan 2 to TP3, and Chan 1 to pin 3 of U25A. Set the Chan 1 DISPLAY to On, its
OFFSET to 4.0V, and its VOLTS/DIV to 2.0V. .

There should be a Remove Cycle pulse for every high threshold reset of the Integrator.

6. Connect Chan 2 to TP3, and Chan 1 to pin 11 of U25B. There should be an Add cycle pulse
for every low threshold reset of the Integrator.

NOTE

When using the digital oscilloscope, the narrow pulses appear not to be present
on every sweep due to the sample rate.

Service Sheet 15-9
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A3 Component Coordinates (1 of 3)

COMP XY ComP XY compP XY COMP XY ComP XY COMP X, Y
‘ c1 E1 c213| Ci C513 A4 CR1 D,2 FL1 Ez2 Q10 D4
c2 D2 C300| D2 C514 A3 CR2 D,2 FL2 Ez2 Qi D4
c3 E2 C301 Cc3 C515 A4 CR3 D2 FL3 D2 Q12 A4
C4 D,2 Cc302| C3 C516 A3 CR4 D2 FL4 D,2 Q13 B4
Cc5 D1 Cc303| D3 C517 A3 CR5 En Q14 B.4
cé D,2 Cc304| D3 C518 B3 CR6 D1 J1 E4 Q15 B4
c7 b,1 Cc305| D3 C519 A3 CR7 D2 J2 A4 Qie C4
cs8 D1 C306| C2 C520 A3 CR8 D,2 J3 A4 Qi7. C4
Cc9 D2 C307| C3 C521 A3 CR9 E1 J4 C2 Q18 (oX)
C10 D,2 c308| C3 €600 B3 CR10 D1 J5 C1 Q19 D4
C11 E1 C309f C3 C601 B3 CR11 D1 J6 D1 Q20 D4
c12 D1 C310| C2 C602 B3 CR12 D1 J7 E1 Q21 D4
Ci3 D2 c3n C1 Cc603 B3 CR15 E1 J8 E2 Q22 B4
Cl14 D)2 c312| Co C604 B3 CR16 D1 Q23 Cc4
Ci15 D1 C313| C2 C605 B3 CR17 E2 L1 Ez2 Q24 C4
Ci6 D2 C400| B3 C606 B3 CR18 D,2 L2 D,2 Q25 (oX3
Ct17 D1 c401 D4 C807 B3 CR2001 C.1 L3 E?2 Q26 B4
Cc18 E1 C402| C4 C608 B3 CR201} C1 LS Ez2 Q27 B4
cig Ez2 C403| C3 c609 B3 CR400| B4 L6 Ez2 Q28 C4
Cc20 Ez2 C404 | B4 C610 c3 CR401} C4 L8 D,2 Q29 A4
c21 | EA c405| C3 C611 c4 CR402| C4 L200 E4 Q30 A4
c22 Ez2 C406| C4 C612 c3 CR403| C4 L201 E4 Q31 A4
c23 E,1 C4071 C4 C613 B3 CR404] C4 L202 E4 Q32 A4
C24 Ez2 c408| B3 Cc614 B3 CR405| B4 L203 E4 Q33 B4
C25 E,1 C409| B4 C615 B,2 CR406| B4 L204 C1 Q34 A3
‘ C26 Ez2 C410] C4 C616 B,3 CR500] B4 L300 C1 Q35 B3
c27 D1 c411 B4 c617 B2 CR501| B4 - L400 B4 Q36 B,3
c28 E2 C412| C4 Cce18 B3 CR502| A4 L40t1 D4 eky A3
C29 D1 C413| B4 Cc619 B3 CR503| A4 L402 Cc3 Q3s A3
C30 En C414| B4 C620 B2 CR504| B4 L403 c3 Q39 A3
C100 | A3 C415] B4 c621 B,2 CR505| B4 L404 C4 Q40 A3
c101 A2 C416| B4 C700 E3 CR506| B4 L500 B4 Q41 A3
C200 | E4 C500| A4 C701 ES3 CR600| B3 LS01 Ad Q42 A3
C201 Eé C501 A4 C702 E3 CR602| B,3 L502 Aéd Q43 A3
C202 | E4 C502 | B4 C703 E2 CR700| D4 L503 A4 Q44 A3
C203 | E4 C503| A4 C704 ES3 CR701| D4 Q46 A2
C204 | B,1 C504 | A3 C705 Eé4 CR702| D4 Qi A4 Q47 C1
C205 | C2 C505| B4 C706 E4 CR703| D4 Q2 A4 Q48 C2
Cc206 | C,1 C506| B4 C707 D4 CR704| D4 Q3 D.4 Q49 D1
C207 | C1 C507 | A4 C708 D4 CR705| D4 Q4 A4 Q50 En
c208 | C1 c508| B3 C709 D4 CR706| D4 Q5 B4 Q51 C1
c209 | C1 Cs509 | B3 C710 D4 CR707| D4 Q6 B4 Q52 DA
c210 | C1 C510} A4 c D.4 Q7 B.4 Q53 D1
c211 C1 C511 B.3 Cc712 D4 Q8 (o) Q54 E1
c212| C1 C5121 A3 Cc713 Eé4 DS500| A3 Qg C4 Q55 E1
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Service

A3 Component Coordinates (2 of 3)

Model 8657B

COMP XY COMP XY COmMP XY COMP XY comP XY COMP XY
Q56 C1 R207| C1 R43t B4 R523 A4 R568 A3 R719 D4
R208| C.1 R432 C3 R524 Ad R568 B3 R720 E4
R1 D2 R209| B R433 D4 R525 A3 RS570 A3 R721 D4
R2 D,2 R210} C1 R434 C4 R526 A4 R600 B3 R722 D4
R3 D2 R211| C1 R435 C3 R527 A3 R601 B3 R723 D4
R4 E2 R300| C3 R436 B4 R528 A3 R602 B3 R724 D4
RS D,2 R301| C3 R437 B4 R529 A4 R603 B3 R725 D4
R6 D1 R302] C3 R438 D4 R530 A4 R604 B3 R726 D4
R7 D,2 R303| C_3 R439 Cc3 R531 A3 R605 B3 R727 D4
R8 D1 R304| Cg3 R440 C4 RS532 B,3 R606 B3 R728 D.4
R9 E1 R305] C2 R441 B.4 RS33 A4 R607 B,3 R729 D4
R10 D2 R306| D,2 R442 C4 R534 A3 R608 A3 R731 D4
R D,2 R307| C.1 R443 B4 R535 A3 R609 B,3 R732 C4é4
R12 D2 R308| C1 R444 B4 R536 Aéd R610 83 R733 D4
R13 D1 R400| C4 R445 B4 R537 A4 R611 B3 R734 D4
R14 D2 R401| C4 R446 B4 R538 A3 R612 C3 R735 C4
R15 E1 R402| B4 R447 B.4 R539 A3 R613 B,3 R736 D4
R16 D1 R403| B4 R448 B4 RS540 A4 R614 B,3 R737 C4
R17 D1 R404| B4 R449 B4 R541 A3 R615 B3 R738 D4
R18 E1 R405]| B4 R450 B.4 R542 A3 R616 Cc3 R740 D4
R19 D1 R406| C4 R451 C4 R543 | A4 R617 B3 R741 Eé4
R20 D1 R407| C4 R452 C4 R544 A3 R618 B3
R21 D,1 R408| C4 R500 A4 R545 A4 R619 B3 TP1 B.4
R22 D1 R409| B4 R501 Aé R546 A3 R620 B3 TP2 A4
R23 E1 R410| C4 R502 A4 R547 A4 R621 B2 TP3 D4
R24 E R411| C4 R503 A4 R548 A3 R622 B3 TP4 D4
R25 E2 R412| B4 R504 Ad R549 A3 R700 E4 TPS D4
R26 E2 R413| C4 R505 A4 R550 A3 R701 E4 TP6 D4
R27 E2 R414] B4 R506 A4 R551 A3 R702 Eé4 TP7 Cé4
R28 D,2 R415| C4 R507 A4 R552 A4 R703 E4 TP8 D4
R29 D1 R416| C4 R508 Ad R553 A3 R704 D4 TP9 D4
R30 D1 R417| C4 R509 A4 R554 A3 R705 E4 TP10 B3
R31 D1 R418| C4 R510 A4 RS555 A3 R706 D4 TP A3
R32 D1 R419| B4 R511 A4 R556 A3 R707 B4 TP12 A3
R33 D,2 R420| B4 R512 Ad RS57 A3 R708 E4 TP13 B,3
R100 | A2 R421| C4 R513 A4 RS558 A3 R709 D4 TP14 B,3
R101 | A2 R422 C4 R514 A4 R559 A3 R710 D4 TP15 Cc3
R104.| A2 R423| C4 R515 A4 R560 A3 R711 D4 TP16 c3
R200 | B2 R424| C4 R516 A4 R561 A3 R712 B4 TP17 Cc3
R201 | C/1 razs| ca R517 A4 R562 A3 R713 D4 TP18 D3
R202 | C2 R426| C4 R518 B4 R563 A3 R714 D4 TP19 D3
R203 | C.2 R427 | C4 R519 A4 R564 A3 R715 D4 TP20 C3
R204 | C,1 R428 C4 R520 A4 R565 B,3 R716 Cé4 TP21 Cc3
R205 | C,1 R429 | B4 R521 A3 R566 A3 R717 D4 TP22 A3
R206 | C,1 R430] C3 R522 B4 R567 A3 R718 E4 TP23 A3
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Model 8657B

A3 Component Coordinates (3 of 3)

Service

" comP | %y |lcomp| xv |[come] xvy |[comer | xv |[comp| xv
TP24| c3 uss | ce2
TP2s | c3 use | D2
TP26 | C2 usr | E2
TP27 | C2 uss | c2
TP28| C2 uze | c2
TP29 | c2 vso | D2
TP30 | C.1 unt | c2
31| c1 us2 | ce
TP32 | D1 sz | c2
P33 | E1 uss | ce2

uss | D2
U1 A4 use | ci
U2 B.4 us7 | o
u3 C4 uss | D1
U4 D.4 use | ci1
us D4 uso | ci1
us ca ust | c1
u7 B4 us2 | D1
us C4 us3 | Eq
ue A4 usa | c1
uio | D4 uss | c1
U1 | D4
viz | E3 VR300| C3
vz | B3 VR400| B4

‘ vis | B3 VR4o1| ca
uis | E3 VR500] A3
uie | E3 vReo1| B3
viz | ca
vis | D3 Wi B,3
ute | E3 w2 c3
v20 | E3 w3 A3
v21 | A3 w4 B3
uz22 | B3 W5 A3
v2a | D3 W6 A2
u24 | D3 w7 D.1
uzs | E3 ws C.1
uze | E3 we c4
vz | B3 wio | ca
uzs | c3 wit | B4
u29 | b3
uzo | b3 Y1 E2
ust | E3 Y300 | C2
u2 | E3
uss | B3
u4 | B3

www.valuetronics.com
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NOTES

1.

[UXTECN OV I LN

For an explanation of schematic symbols,
see "SCHEMATIC DIAGRAM NOTES" in Section 8.

Chassis ground is achieved by J3 and J4 connection and
mechanical contact through nuts holding PC board to cover and W4
Printed circuit trace inguctor.
PC bgard shipped with resistive jumper installed [n the 18 MHz
osition.
eference designations on this service sheet C, CR, FL, L and R
have numbers ranging from 1 to 99 only.

LOGIC LEVELS

TTL ECL
HIGH 2v +4. 2V
LOW . 8v +3. 3V

IS MORE NEG. THAN
IS MORE POS. THAN

OPEN HIGH Low
GROUND | LOW HIGH

Model 8&57B

N

AN

0
O 0
0
/////////5

Figure B. Service Sheet 16 Information
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Model 8657B Service

Service Sheet 16

LOW FREQUENCY LOOP 50 MHZ REFERENCE OSCILLATOR, PHASE LOCK LOCP

PRINCIPLES OF OPERATION

50 MHz Reference Oscillator

The 50 MHz Reference Oscillator, Q50, is a common-base crystal controlled oscillator. The amount
of positive feedback is predetermined by the taps on inductor L7. Inductor L7 is a spiral printed
circuit board trace.

The base of Q50 is biased by resistor R24 at approximately 0 Vdc. The emitter is biased by resistors
R25 and R26. Resistor R26 is connected to the —15 Vdc supply which biases on diodes CR13 and
CR14. This closes the dc current path for the emitter current of Q50 and also closes the tank circuit.
The tank circuit consists of the crystal Y1, varactor diode CR15, printed circuit board inductor L7,
and capacitors C21 and C23. The output frequency can be adjusted by R22 (TIME BASE AD]J)
which controls the voltage across the varactor diode CR15 thereby changing the capacitance of the
tank circuit. This tune voltage is applied through resistors R21, R23 and RF chokes L5 and L6. The
output level is peaked by capacitor C21 (50 MHZ LEVEL ADJ). Capacitors C18, C19, C20, C24,
C25 and C26 are bypass capacitors.

Time Base Divider

The output of the 50 MHz Reference Oscillator is ac coupled by C30 to the Frequency Multiplier
Assembly shown on Service Sheet 3. The output is also ac coupled by capacitor C11 to common-base

. Time Base Buffer Q55. The output of Q55 clocks the Divide-by-10 circuit U53 at pin 7. This divider
is made up of a Divide-by-5 and a Divide-by-2 circuit. Note that the set inputs are all tied low.
The output, 10 MHz at pin 4, is the 50 MHz Divide-by-5. The 10 MHz output at pin 4 clocks the
Divide-by-2 circuit at pin 12, and its output is 5 MHz.

The 5 MHz outputs, at pins 14 and 15 of U53, clocks the ECL-To-TTL Converter transistors Q54
and Q53. Q54 converts the ECL logic levels to TTL logic levels and Q53 provides the current drive.
- The TTL output of Q53 clocks the Divide-By-5 circuit U48A and its output is I MHz at pin 6.

The 1 MHz output of U48A clocks the Divide-by-2 section of U48B and its 500 kHz output at
pin 13 clocks the Divide-by-5 section. The output of U48B at pin 9 is 100 kHz.

One of the three divided output frequencies, 10, 5, or 1 MHz may be selected to phase lock the
reference oscillator to an internal (Option 001) or external time base. The resistor jumper is shipped
in the 10 MHz position and must be moved to the 5 or 1 MHz position depending upon the frequency
of the external time base. The Time Base Output follows the frequency selected by the jumper.

The Time Base output is applied to pin 11 of exclusive-or gate U40C. Iis other input is tied to
+5 Vdc. The output from pin 14 is the input phase shifted 180 degrees. The signal is then detected
by diode CR18 and ac coupled to the Time Base Output J4.

100 kHz Reference

The 100 kHz Reference output of U48B clocks the Synchronization D flip-flop U52A, and its output
is synchronized with the 5 MHz output of Q53 by U52B. The Pulser circuit, capacitor C27 and
transistor Q52, change the output of U52B to a narrow pulse.

Service Sheet 16-1
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Service Model 8657B

5 MHz Switeh

The 5 MHz switch transistor Q49 is controlled by the FM OFF input (refer to Service Sheet 15).
When frequency modulation is not selected, the FM OFF input is high and Q49 is biased off. When
frequency modulation is selected, the FM OFF input is low and Q49 is biased on and off by the
5 MHz input from Q53. The 5 MHz output at the emitter of Q49 clocks the FM Reset Timing D
flip-flops (refer to Service Sheet 15).

Reference Phase Lock Circuit

The Time Base Input signal is ac coupled by C6 to resistor R1, and the positive and negative peak
limiting diodes of CR1 and CR2. The input is then ac coupled by capacitor C10 to pin 7 of exclusive-
or gate buffer U40B. The input goes to ac ground by resistors R2 and R3 and capacitor C9. The
output is connected through the resistor R7 to the resistor P/O R8 and diode CR3. CR3 detects the
Time Base Input signal, and applies the voltage to the positive input of External Reference Detector
U45B. The positive input is increased so it is more positive than the negative input, and the output
of U45B switches to +15 Vdc, detecting the presence of a Time Base Input. When the output of
U45B switches to +15 Vdc the phase lock operational amplifier U45A is activated by turning off
diode CR6 and turning on diode CR11. The inputs of comparator U45B are connected to U40B
pin 3, the exclusive-or gate output. Diode CR4 temperature compensates CR3.

The Time Base Input signal from U40B pin 3 is connected to U40A pin 4. The other input, pin 5,
is the divided output of the 50 MHz Reference Oscillator. The signal is divided to 10, 5 or 1 MHz
depending on the Time Base Input frequency and the subsequent jumper placement. This exclusive-
or gate serves as a phase detector with its change in output voltage being proportional to the phase
difference of the two inputs. The output is coupled to the 50 MHz Reference Oscillator which
serves to phase lock the oscillator to the Time Base Input signal. The correction voltage to U45A
is amplified and applied to the oscillator tank circuit through diode CR10. CR10 is turned on when
comparator U45B turns CR6 off, and the negative input of U45B changes to approximately +3V,
The positive input is fixed and the output goes from +15 Vdc to approximately —7V. CR10 is turned
on as are diodes CR7 and CR8 when the phase difference is large enough. Resistor R14 is bypassed
which moves the reference oscillator to the correct frequency.

Service Sheet 16-2
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Model 8657B Service

TROUBLESHOOTING

Procedures for checking part of the A3 Low Frequency Loop Assembly circuits are given below.

‘ The area or points to check are marked on the schematic by a hexagon with a check mark and a
number inside, for example, </ 3 » Fixed voltages are shown on the schematic inside a hexagon, for
example, Transistor bias voltages are shown without tolerances.

Troubleshooting Help

Block Diagram 3
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipment

Digital Multimeter ... ... ... i i e i HP 3466A
OSCIllOSCOP . . . oo i ittt e e e e e HP 54100A
Oscilloscope Active Probe, Chan | ... .. ... . .. i, HP 54001A

{Z1>Reference Phase Lock Circuit

Measure the voltage shown in Table 1. With an external reference oscillator connected to the Time
Base Input or with the internal réference oscillator installed, the 50 MHz oscillator should be phase

locked.
Table 1. Crystal Phase Lock Circuit Voltages.
Voltages (dc¢ and ac) on
Operating U40-Pin U45B-Pin - U45A-Pin
tode
‘ 7 | 5 | 2 ] 3 |5 |6 |7 |38 2]1
Phase | Vdc | +38 | +38 | +38 | +4.0 [ +40 [ +37 | +13 | +4 +4 | -10
Locked [ vpk (. 04 | 04 | 04 | 04 | 001 | 0.01 | 001 | 0.08 0 0.02
Not vdc | +38 | +38 | +38 | +38 | +35 | +37 | -13 | +4 +3 | +14
Phase

Locked | Vpk 0.02 0.4 0.2 0.05 | 0.01 0.01 | 0.005 | 0.02 0 0.008

{J2>50 MHz Reference Oscillator
1. Verify that Q50’s bias voltages are correct.
2. Measure the oscillator output at TP33 (50 MHz).

3> Time Base Dividers

1. Measure the TIME BASE OUTPUT signals at J7.
Measure the 5 MHz signal at pin 15 of U53.
Measure the 5 MHz signal at pin 14 of U53 and at TP32.
Measure the 1 MHz signal at pin 6 of U48A.
Measure the 500 kHz signal at pin 13 of U48B.
Measure the 100 kHz signal at pin 9 of U48B.

- R

Service Sheet 16-3
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Service . Model 8657B

4100 kiHz Reference
1. Check the 100 kHz signal at pin 5 of U52A, and at pin 9 of U52B.
2. Check the 100 kHz output pulse of Q52 at J5. The pulse is narrow and approximately 1.5 Vpk.

55 MiHz Switch

1. Select Frequency Modulation at the Signal Generator’s front-panel and check for a low FM
OFF input to FL4.

2. Check that transistor Q49 is biased on.
3. Measure for a 5 MHz signal at feedthrough capacitor C28.

NOTE

A residual FM problem at the RF output may be due to residual FM from
the 50 MHz Reference Oscillator. Measuring residual FM of the Reference
Oscillator using the test setup found in Section 4 may be inconclusive. The
residual FM of the measuring instrument (HP 89024 Measuring Receiver) is
normally greater than that of a Reference Oscillator that is operating properly.
All connectors to the 50 MHz Oscillator must be tight to prevent noise on the
50 MHz signal. :
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Model 8657B

A3 Component Coordinates (1 of 3)

COMIP XY COMP XY COomMP XY COMP X,V COMP XY COMP XY
. C1 En C213| C1 C513 A4 CR1 D,2 FL1 Ez2 Q10 D4
C2 D2 C300]| D2 C514 A3 CR2 D,2 FL2 E2 Qit D4
C3 E2 C301 c3 Cc515 Ad CR3 D2 FL3 D2 Q12 A4
C4 D2 Cc302| C3 C516 A3 CR4 D,2 FL4 D.2 Q13 B.4
Cc5 D,1 Cc303| D3 C517 A3 CR5 E1 Q14 B.4
C6 D2 C304| D3 Cc518 B3 CR6 D1 J1 Eé4 Q15 B4
C7 D1 C305| D3 C519 A3 CR7 D,2 J2 A4 Q16 C4
(0] D1 C306| Cz2 C520 A3 CRS8 D,2 J3 A4 Q17 C4
Cc9 D,2 C307| C3 C521 A3 CR9 E J4 C2 Q1s C4
c10 D,2 c308| C3 C600 B3 CR10 D1 J5 Cc1 Q19 D4
c1i E1 C309| C3 Ce01 B3 CR1 DA Jé D1 Q20 D4
C12 D1 C310| C2 C602 B,3 CR12 DA J7 E1 Q21 D4
Cc13 D2 C3Nn Ct1 C603 8.3 CR15 E1 J8 E2 Q22 B4
Ci4 D,2 Cc312| CH C604 B3 CR16 D1 Q23 Cc4
C15 D1 C3t3] C2 C605 B,3 CR17 E2 L1 E2 Q24 (oX
C16 D2 C400| B3 C606 B3 CR18 D2 L2 D2 Q25 C4
c17 D1 C401 D4 C607 B,3 CR200{ C,1 L3 E2 Q26 B4
(o3]:] E1 C402 | C4 C608- B3 CR201| C1 L5 Ez2 Q27 B.4
C19 E2 C403]| C3 Ce09 B3 CR400} B4 L6 E2 Q28 C4
Cc20 Ez2 C404 | B4 C610 Cc3 CR401] C4 L8 D,2 Q29 A4
c21 E1 C405| C3 ce1 C4 CR402| C4 L200 E4 Q30 A4
c22 E2 C406| C4 C612 C3 CR403| C4 L201 Eé4 Q31 Aéd
ca23 E1 C407 | C4 C613 B3 CR404| C4 L202 E4 Q32 A4
C24 Ez2 Cc408| B3 Cc614 B3 CR405; B4 L203 | -E4 Q33 B.4
C25 E1 C409| B4 C615 B2 CR406| B4 L204 C1 Q34 A3
‘ C26 Ez2 C410| C4 C616 B3 CR500| B4 L300 C1 Q35 B3
cz27 D1 C411 B,4 Cc617 B,2 CRS501| B4 L400 B4 Q36 8,3
cas Ez2 C412 | C4 Cc618 B3 CR502] A4 L401 D4 Q37 A3
C29 D1 C413| B4 Cc619 B3 CR503] A4 L402 Cc3 Q38 A3
C30 E1 C414| B4 C620 B2 CR504| B4 L403 Cc3 Q39 A3
Ci00{ A3 C415| B4 Cc621 B2 CR505| B4 L404 C4 Q40 A3
c101 A2 C416| B4 C700 E3 CR506{ B4 L500 B4 Q41 A3
- C200| E4 C500| A4 c701 E3 CR600| B,3 L501 A4 Q42 A3
c201 E4 C501 A4 C702 E3 CR602| B,3 L502 A4 Q43 A3
C02 | E4 C502| B4 C703 EZ2 CR700| D4 L503 Aéd Q44 A3
C203 | E4 C5031 A4 C704 E3 CR701| D4 Q46 A2
Cc204 | B/ C504 | A3 C705 E4 CR702|] D4 Q1 A4 Q47 C1
C205 |1 C2 C505| B4 C706 E4 CR703] D4 Q2 A4 Q48 C2
C206 | C,1 C506 | B4 Cc707 D4 CR704] D4 Q3 D4 Q49 D1
C207 | C.1 C507 | A4 C708 D4 CR705| D4 Q4 A4 Q50 E1
c208 | C1 cs08| B3 C709 D4 CR706| D4 Q5 B4 Q51 Ci
c209 | C11 Cc509 | B3 C710 D4 CR707{ D4 Q6 B4 Q52 D1
C210| C1 ) C510| A4 C711 D4 Q7 B4 Q53 D1
c211 C1 C51 B3 C712 D4 Qs C4é Q54 E1
c212 | C1 C512| A3 C713 Eé4 DsSs00| A3 Q9 Cé Q55 E1

www.valuetronics.com
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A3 Component Coordinates (2 of 3)

Model 8657B

comMpP X,Y compP xY COMP X,V COMP XY COMP XY COMP X,Y
Q56 C1 R207 | C.1 R431 B4 R523 A4 R568 A3 R719 D4
R208| C.1 R432 Cc3 R524 Ad R569 B3 R720 E4
Ri1 D2 R209}| B, R433 D4 R525 A3 R570 A3 R721 D4
R2 D2 R210| C1 R434 C4é R526 Ad R600 B3 R722 D4
R3 D2 R211| C1 R435 Cc3 R527 A3 R601 B3 R723 D4
R4 E2 R300| C3 R436 B4 R528 A3 R602 B.3 R724 D.4
R5 D2 R301| C3 R437 B4 R529 Ad R603 B3 R725 D4
Ré D1 R302] C3 R438 D4 R530 A4 R604 B,3 R726 D4
R7 D,2 R303} C3 R439 Cc3 R531 A3 R605 B3 R727 D4
R8 D1 R304| C3 R440 Cé R532 B3 R606 B3 R728 D4
R9 E1 R305| C2 R441 B4 R533 Ad R607 B3 R729 D4
R10 D,2 R306] D,2 R442 C4é R534 A3 R608 A3 R731 D4
R11 D2 R307| C1 R443 B4 R535 A3 R609 B3 R732 (oF)
R12 D2 R308| C1 R444 B4 R536 A4 R&10 B3 R733 D4
R13 D1 R400| C4 R445 B4 R537 A4 R611 B,3 R734 D4
R14 D2 R401| C4 R446 B4 R538 A3 R612 C3 R735 Cc4
R15 E1 R402| B4 R447 B4 R539 A3 ~ R613 B3 R736 D4
R16 D1 R403]| B4 R448 B4 R540 A4 R614 B,3 R737 C4
R17 D1 R404} B4 R449 B4 R541 A3 R615 B,3 R738 D4
R18 E1 R405| B4 R450 B4 R542 A3 R616 Cc3 R740 D4
R19 D1 "R406| C4 R451 C4 R543 A4 R617 B3 R741 E4
R20 D,1 R407| C4 R452 Cé4 R544 A3 Ré18 B3
R21 D1 R408| C4 R500 A4 R545 Aé R619 B3 TP1 B.4
R22 D1 R409 | B4 RS501 A4 R546 A3 R620 B3 TP2 A4
R23 E1 R410| C4 R502 A4 R547 Aéd R621 B2 TP3 D4
R24 E1 R411| C4 R503 A4 R548 A3 R622 B3. TP4 D4
R25 E2 R412| B4 R504 A4 R549 A3 R700 E4 TPS D4
R26 E2 R413| C4 R505 A4 R550 A3 R701 Eé TP6 D4
R27 E2 R414| B4 R506 A4 RS551 A3 R702 Eé4 TP7 C4
R28 D,2 R415 c4 R507 A4 R552 A4 " R703 E4 TP8 D4
R29 D1 R416| C4 R508 A4 RS553 A3 R704 D,4 TP9 ‘D4
R30 D1 R417] C4 R509 A4 R554 A3 R705 Eé4 TP10 B,3
R31 D,1 R418| C4 R510 A4 R555 A3 R706 D4 TP11 A3
R32 D1 R419| B4 R511 Ad R556 A3 R707 B4 TP12 A3
R33 D2 R420]| B4 R512 A4 R557 A3 R708 Eé4 TP13 B3
R100 | A2 R421| C4 R513 Ad R558 A3 R709 D4 TP14 B3
R101 | A2 R422| C4 R514 A4 R559 A3 R710 D4 TP15 c3
R104 | A2 R423] C4 R515 A4 R560 A3 R711 D4 TP186 C3
R200 | B2 R424| C4 R516 A4 R561 A3 R712 B4 TP17 Cc3
R201 [oR) R425 c4 R517 A4 R562 A3 R713 D4 TP18 D3
R202 | C2 R426| C4 R518 B4 R563 A3 R714 D4 TP19 D3
R203 | C,2 R427 | C4 R519 A4 R564 A3 R715 D4 TP20 c3
R204 C1 R428 cC4 R520 A4 R565 B3 R716 C4 TP21 Cc3
R205 | C,1 "R429| B4 R521 A3 R566 A3 R717 D4 TP22 A3
R206 | C1 R430| C3 R522 B4 R567 A3 R718 E4 TP23 A3

Service Sheet 16-6
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Model 8657B

A3 Component Coordinates (3 of 3)

Service

‘ comP | xv |lcomp | xv |lcomp| xv |lcomp| xv || comp| xv
P24 | C3 U3s c2
P25 | c3 U3s D,2
TP26 | c2 ua7 E2
P27 | C2 u3s c2
TP28 | c2 U39 c2
TP29 | c2 U40 D2
TP30 | C1 U4 c2
TP31 | ¢ u42 c2
TP32 | D11 u43 c2
TP33 | E1 U44 c2

U45 D2
U1 Ad U46 c/1
U2 B4 u47 c1
us Cé U48 D,1
U4 D4 U49 c1
Us D4 us0 c1
ue Cé Us1 C1
u7 B4 U52 D1
us C4 Us3 E1
U9 A4 US54 C1
“uto | pa Us5 c1
ui1 | b4
Uiz | E3 VR300] C;3
viz | B3 VR400| B4
vi4 | B3 VR401| C4

. uis | E3 VR500] A3
vis | E3 VReE01| B,3
utz | ¢3
uis | b3 W1 B,3
ule | E3 w2 c3
u20 | E3 w3 A3
U2t | A3 w4 B3
uz2 | B3 W5 A3
u23 | D3 w6 A2
u24 | D3 w7 D,1
u2s | E3 ws c
u6e | E3 w9 c4
27 | B3 wio | c4
u2s | ¢ca w11 B4
U209 | D3
uso | D3 Y1 E2
ust | €3 Y300 | c2
us2 | E3
Uz | B3
U4 | B3

www.valuetronics.com
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NOTES

1. For an explanation of schematic symbols,

see

"SCHEMATIC DIAGRAM NOTES" in

Section 8.

2. Chassis ground is represented by,A%

3. Address data is transferred positive irue from the
microprocessor on the uni-directional address bus.

4. Data is transferred positive true to and from the
microprocessor on the bi-directional data bus.
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Model 8657B ‘ Service

Service Sheet 17 ,

MICROPROCESSOR INTERRUPT PROCESSING, AND RESTART
PRINCIPLES OF OPERATION

WMicroprocessor

Instrument functions are controlled by the Microprocessor Ul4 as it executes the program
instructions stored in ROM (read only memory). The function of the Microprocessor’s data bus,
address bus, and each of its input/output lines is discussed in the following paragraphs:

Data Bus

The data bus (D0 through D7) consists of 8 bi-directional data lines which transfer 8-bit, positive-true
data bytes to and from the Microprocessor (U14 pins 26 through 33). The 3-state lines can be high,
low, or at the high impedance state depending on the individual data bit or its buffering conditions.
The Microprocessor reads data from memory, the keyboard, the HP-IB interface, etc., via the data
bus under the control of its monitor program. Data is written onto the data bus for the displays,
RF and modulation circuitry, etc. Information on the data bus is buffered as it enters or exits the
Microprocessor. For additional information, refer to the discussion on Data Bus Buffering that
follows.

Read/Write Control

The Read/Write signal from the Microprocessor (R(H)/W(L) at pin 34 of U14) controls the direction
of data transfer on the data bus. When the Microprocessor is halted or available to accept data, this

‘ signal is high (indicating that the Microprocessor is in the “read” When data is being transferred
out onto the data bus, this signal is low (indicating that the Microprocessor is in the “write” state).
This signal is buffered by one of the Microprocessor Control Line Buffers in Ul15A. The buffered
Read/Write signal controls the direction of data transfer: through the Data Bus Buffers in U29, to
or from RAM memory (refer to Service Sheet 19), and to or from the HP-IB Interface Buffers in
U20 (refer to Service Sheet 20).

Address Bus

The address bus (A0 through A15) consists of 16 unidirectional lines which transfer a 16-bit, positive-
true address from the Microprocessor (pins 9 through 20 and 22 through 25). After exiting the
Microprocessor, information on the address bus is buffered and decoded to produce control strobes
for level, modulation, attenuation, and serial I/O data (refer to Service Sheet 18). These buffered
address bits are also decoded to select RAM, or ROM memory locations (refer to Service Sheet 19)
or one of the HP-IB General Purpose Interface Adapter U19 ports (refer to Service Sheet 20).

Valid Memory Address

The Microprocessor’s Valid Memory Address signal (VMA at pin 5) indicates that data on the address
lines is valid. Data is valid when VMA is active (high). VMA is buffered by Ul5A to enable the
decoding and selection of ROM and RAM memory locations (refer to Service Sheet 19).

System Clock

An external 4 MHz crystal A13 Y1 is directly connected to the Microprocessor (U14 pins 38 and 39).
The Microprocessor’s internal divide-by-4 circuit develops the 1 MHz system clock E (U14 pin 37).
. Capacitors C7 and C8 are used to keep the clock frequency stable.

‘ Service Sheet 17-1
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Model 8657B

Memory Ready

The Microprocessor’s Memory Ready input (MR at Ul14 pin 3) is tied to +5 V to enable the 1 MHz
system-clock rate.

RAM Enable

The Microprocessor’s RAM Enable input (RE at U14 pin 36) is tied to ground, to disable the internal
RAM.

Hait
The Microprocessor’s Halt input (HALT at U14 pin 2) is tied to +5 V to disable the input.

Reset

The Microprocessor’s Reset input (RESET at Ul4 pin 40) starts the Microprocessor from a power-
down condition. This condition exists during initial start-up of the instrument, after a power failure
or power supply glitch has occurred, and when the RESET Test Point J2 pin 8 is momentarily
connected to ground. When RESET is active (low), the Microprocessor becomes inactive. When
RESET is inactive (high), the internal program directs program execution to the power-up subroutine.
For additional information on the control of this input, refer to the discussion on Restart Circuitry
that follows.

Non-Maskable interrupt

The Microprocessor’s Non-Maskable Interrupt input (NMI at Ul4 pin 6) interrupts program
execution. When NMI is active (low), the Microprocessor finishes executing its current instruction,
and saves its current status. Then the Microprocessor’s internal program directs program execution
to the non-maskable interrupt subroutine. For this Signal Generator, the non-maskable interrupt is
used to invoke the Signal Generator’s signature analysis subroutine. For additional information on
the control of this input, refer to the discussion on Interrupt Processing that follows.

Maskable Interrupt Request

The Microprocessor’s Maskable Interrupt Request input (IRQ at Ul4 pin 4) will also interrupt
program execution. When IRQ is active (low), and the interrupt mask bit of the internal condition
code register is not set, the Microprocessor finishes executing its current instruction. Then its internal
program directs program execution to the maskable-interrupt subroutine. For additional information
on the control of this input (refer to the discussion on Interrupt Processing that follows).

Data Bus Buffering

Data is transferred (positive-true) to and from the Microprocessor on the bidirectional, 8-bit data
bus. Information on the data bus is buffered after it exits or before it enters the Microprocessor.
The 3-state, bidirectional Data Bus Buffers in U29 provide asynchronous, 2-way communication
between the data bus and the Microprocessor. During normal operation, rocker switch SIC is set
to NRM causing the enable input of U29 (pin 19) to be pulled low through the inverter U21C. The
enable input of the 3-state buffer U9C is also pulled low through U2IC (refer to the discussion on
Interrupt Processing that follows).

The direction of data transfer through U29 is controlled by the state of the buffered Read/Write line
from the Microprocessor. When the direction-controlling input of U29 (pin 1) is high, information
is transferred from the data bus to the Microprocessor (a “read” operation). When this input is low,
information is transferred from the Microprocessor to the data bus (a “write” operation).

When U30 is enabled (refer to Service Sheet 18), data bus information is written to the Modulation
Control Latches/Mode Selects on the Audio Assembly All (refer to Service Sheet 6). When U30 is
disabled, the data bus information is not written to the Audio Assembly.

Service Sheet 17-2
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Sixteen bits of serial keyboard data are transferred from the storage registers on the Display Assembly

A2 to the Microprocessor via bit 0 of the data bus (refer to Service Sheet 21). During the keyboard

read subroutine, the Keyboard Serial Data Bus Buffer U4A is enabled to couple the serial, keyboard
‘ data to the bit 0 input of U29,.

Hard-wired NOP

The hard-wired NOP (no operation) instruction is a service feature of this instrument. This 8-bit
instruction steps the Microprocessor through its addresses during ROM testing or troubleshooting.
When the Microprocessor receives a NOP instruction, its program counter advances once for every
two clock cycles without affecting any other operations. The 8 inputs to the 3-state buffer U3l
are configured and hard-wired to provide the NOP instruction (00000001) to the Microprocessor.
During normal operation, rocker switch SIC is set to NRM, (high input at U31 pin 1) disabling the
outputs of U31l. During ROM testing, S1C is set to ROM to enable the outputs of U31, which places
the hard-wired NOP instruction on the data bus. U29 is disabled as a result of U21C inverting the
low set up by SIC, which pulls U29 pin 19 high. Disabling U29 inhibits the NOP instruction from
being transferred to any circuitry but the Microprocessor.

Restart Circuitry

The Signal Generator employs an internal battery backup to save the contents of RAM, refer to
Service Sheet 19, whenever the instrument is in standby or is unplugged. The restart circuitry
disables the RAM and directs the Microprocessor to begin it’s power-up routine when the +5 V
supply reaches a nominal voltage after a reset. Reset of the Signal Generator occurs:

1. During power-up initialization.
2. During service by briefly connecting TP (RESET) (J2 pin 8) to ground.

. When the Signal Generator is unplugged or in standby, 2.8 V from battery Bl is applied to the RAM’s

Vcc input through R2 and CR2. CRI is biased off to isolate the battery from the +5 V supply.

Battery voltage is also applied to the RAM SELECT through R3, disabling the RAM. Reset occurs

whenever the Signal Generator is turned ON or after test point J2 pin 8 is momentarily connected

to ground. The +5 volt supply is connected through R9 to the RESIN input of Ul2 at pin 2. When

the voltage at Ul2 pin 2 comes up to 3.0 V, the RESET output of U12 at pin 5 goes low for 195

ms. External timing capacitor C5 determines the time RESET stays low. Capacitor C6 at Ul2 pin 1

(REF) prevents fast power supply transients from causing resets. The low RESET turns off Q1 and

Q2C. The collector of Q2C is set to 0 V through R7, setting the RESET input to the Microprocessor

low and turning off Q2B and Q2A. The RESET input to the Microprocessor must stay low for at

least 100 ms for a valid reset. The RESET output of Ul2 is open collector. After 195 ms RESET

goes high and is set to +0.8 V by VRI, Rl, and R12, turning on Q1 and Q2C. The collector of

Q2C goes to +5 V, setting the RESET input to the Microprocessor high, turning on Q2B and setting

the base of Q2A to +5 V. With Q2B on, Q2D is turned on, and the +5 V supply is applied to the

RAM’s Vec input. The cathode of CR2 becomes more positive than its anode and CR2 is turned off,

isolating B1 from the +5 V supply. The high RESET input to the Microprocessor starts its power-up

routine. Address Decoder U48A (refer to Service Sheet 18) sets RAM SELECT ENABLE low. Q2A

is turned on and its collector goes to 0 V. RAM SELECT is low and the RAM U24 (refer to Service
Sheet 19) is enabled.

Service Sheet 17-3
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Interrupt Processing

Two methods are employed to interrupt normal program execution, namely maskable and .
nonmaskable interrupts. When either type of interrupt is detected, the Microprocessor finishes ‘
executing its current instruction before program execution is directed to the respective interrupt
subroutine.

Maskable interrupts occur whenever a key on the keyboard is pressed, a reverse-power condition is
detected, or an active-low switch closure is applied through the rear-panel sequence connector JX.
Whenever one of these conditions is detected and latched, the Microprocessor’s Interrupt Request
input line (IRQ at Ul4 pin 4) is forced active (low). The Microprocessor then examines (via
the data bus) the contents of the Service Request Register Ull. The Microprocessor can then
determine which one of the three maskable interrupts has occurred. Ull functions as a 3-state
buffer. During program execution of the maskable interrupt subroutine, the Microprocessor first
checks for a reverse-power interrupt (D7 active low), then a sequence interrupt (D1 and D2 active
low), and finally a keyboard interrupt (D2 active low). The methods used to detect and latch the
three maskable interrupts are discussed in the following paragraphs.

Keyboard Interrupt

Whenever one of the keys on the Keyboard Assembly Al is pressed, a keyboard interrupt KIN(L) is
issued to the Microprocessor Assembly A3 (refer to Service Sheet 21). This active-low interrupt is
applied to connector J12 pin 8§ and then gated through U23A and U23B to a direct-set flip-flop U22A
causing the output at U22 pin 6 to go low. This flip-flop debounces the leading edge of KIN and
latches the occurrence of the keyboard interrupt. The latched keyboard interrupt is gated through
U23C and the enabled, 3-state buffer U9C to generate an interrupt request IRQ(L). U9C is enabled
at U9C pin 10 through the inverting driver U21C as long as rocker switch SIC is set to NRM.

When the key is released, KIN is high and U23A pin 1 is pulled high by resistor R28. After an
approximate 33 ms delay produced by the RC network of R31 and C2, capacitor C2 charges to pull S
U23A pin 2 high. This delay debounces the trailing edge of KIN. Once the keyboard interrupt is ‘
processed, the Microprocessor issues and decodes hexadecimal address 01FB to clock U22A clear

by the KIC input. Clearing U22A clears the keyboard interrupt.

Reverse-Power Interrupt

A reverse-power interrupt RPI(L) occurs when a reverse power condition is detected and latched
by the reverse-power-sense circuitry on the Quiput Assembly A6 (refer to Service Sheet 8). This
active-low interrupt is applied through the feedthrough capacitor C16 to connector A13J9 pin 12,
Normally, with no interrupt present, U23C pin 9 is pulled high through resistor R27. When a reverse-
power interrupt occurs, it is gated through U23C and the enabled 3-state buffer U9C to generate an
interrupt request IRQ(L). U9C is enabled at U9C pin 10 through the inverting driver U21C as long
as rocker switch S1C is set to NRM.

Sequence Interrupt

A sequence interrupt SQI(L) occurs when an active-low switch closure is applied through the rear-
panel connector J5 to connector Al3 J5 pin 7. This interrupt is handled in much the same manner
as the keyboard interrupt. Normally, with no interrupt present, U21A pin 1 is pulled high through
resistor R5. A 33 ms delay is produced by the RC network of R29 and C24 to debounce the leading
edge of SQI. When a sequence interrupt occurs, it is gated through U23B pin 5 to direct-set flip-flop
U22A causing the output at U22A pin 6 to go low. This flip-flop latches the occurrence of the
sequence interrupt. The latched-sequence interrupt is gated through U23C and the enabled 3-state
buffer U9C to generate an interrupt request IRQ(L). U9C is enabled at U9C pin 10 through the
inverting driver U21C as long as rocker switch SIC is set to NRM.

When the switch closure is removed, U21A pin 1 is pulled high as soon as capacitor C24 charges.
The delay produced by the RC network of R29 and C24 debounces the trailing edge of SQI. Once

@
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Model 8657B Service

the sequence interrupt is processed, the Microprocessor clears. Clearing U22A clears the sequence

interrupt.
' The Microprocessor’s Non-Maskable Interrupt input line (NMI at Ul4 pin 6) is normally pulled
high through resistor R13. During signature analysis troubleshooting, this edge-triggered line is

momentarily grounded to abort normal program execution and to direct program execution to the
non-maskable, interrupt subroutine.

In addition to buffering the three maskable interrupts, the Service Request Register Ul1 also buffers
four status lines which monitor various instrument conditions. These conditions include the state of
the LF Loop Out-Of-Lock LFR(H) line (refer to Service Sheet 11), the state of the HI(H) and LO(H)
lines from the Over and Under Modulation Comparators (refer to Service Sheet 7), the state of the
HP-IB Interrupt Request IBI(L) line (refer to Service Sheet 20), and the state of the Doubler Interrupt
X2I(L). During normal program execution, the Microprocessor strobes the contents of Ul1 onto the
data bus. If one of these four conditions is active when the Microprocessor strobes Ul l, it executes
the necessary instructions to service the interrupt condition.

Doubler Detector Sample And Hold

The Doubler’s ALC Loop detector voltage is sampled and stored prior to pulse modulation being
turned on when the output frequency is in the doubled band 1030 MHz to 2060 MHz. When pulse
modulation turns off RF Output, the Doubler’s ALC Loop would go into saturation. A power spike
would be output when the RF Output was turned back on. The OCutput power spike is prevented
by sampling the ALC Loop detector voltage. Open the ALC Loop and set the Doubler’s level DAC
until the detector voltage (RF Output Level) is at the closed loop voltage before Pulse Modulation
is turned before Pulse Modulation is turned on.

The ALC Loop’s detector voltage X2ANBUS (Doubler Analog Bus) is input on J1 Pin 10 to sampler
U2. The input voltage is sampled when the control input X2 SAM (doubler Sample) is set low. See
Service Sheet 18. The sampled voltage is stored on Sample/Hold capacitor C1. Next the Doubler’s

‘ ALC Loop is opened, serial data is sent to the Doubler’s level DAC to adjust the Cutput. The
output level is adjusted until the Loop’s detector voltage is equal to the voltage sampled and stored
on capacitor Cl. After each write to the Doubler’s level DAC, the sampled voltage stored on Cl is
compared with the current detector voltage X2ANBUS by comparator Ul. The comparison result
is placed on Data Bus Line D0 when control input X2DETIE (Doubler Detector Input enable) is
set low turning U9G on. The process is repeated until the detector’s open-loop voltage equals the
detector’s closed loop voltage stored on Cl. :

‘Service Sheet 17-5
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A13 Component Coordinates
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For an explanation of schematic symbols,
see "SCHEMATIC DIAGRAM NOTES® in

Section 8.

Address data is transferred positive true from the
microprocessor on the unidirectional buffered address bus.
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Model 8657B Service

Service Sheet 18
ADDRESS BUFFERING AND DECODING, SERIAL 1/0 AND CONTROL

PRINCIPLES OF OPERATION

General

The circuits of Service Sheet 18 control the major functions of the Signal Generator. This circuitry
has direct control on almost all of the analog functions of the instrument; such as frequency,
amplitude, and modulation. Address data from the Microprocessor is decoded; the accompanying
data from the data bus (either series or parallel) is manipulated to set various output modes, levels,
and frequencies. In addition, many functions that are strictly digital (such as control of keyboard,
display, and data bus) are decoded by the Address Decoders.

Address Decoders

There are three De-multiplexers, (U5, U6, U17), used to decode the address lines A0, Al, and A2.
Address lines A3 and A4 are decoded by U8B to activate any of the three de-multiplexers. The
ouput at U8B pin 10 controls de-mux U5, U5 will turn on when U5-6 is active high and U5-4 and 5
are active low. The output at U8B pin 11 controls de-mux U6, U6 will turn on when U6-6 is active
high and U6-4 and 5 are active low. The output of U8B pin 9 controls de-mux Ul7, U17 will turn
on when U17-6 is active high and U17-4 and 5 are active low.

Address lines A0, Al, and A2 are decoded into control lines. U5 decodes the address lines to activate
other control functions in the Al3 Microprocessor. U6 decodes the lines to control modulation,
‘ attenuation and other various functions.

Serial /O Control

Serial I/OQ is composed of two control registers, U7 and U16. Control registers U7 and U16 are
activated by controls lines from De-multiplexer U6 pins 14 and 15.

Control registers U7 and U16 translate serial data bus information from data bus lines D0 through
- D5 into instrument control functions. The control functions are used for the output section, doubler
module and fractional N control.

Service Sheet 18-1
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Service Mode]l B657B

NOTES-

1. For an explamation of schematic symbols,
see "SCHEMATIC DFAGRAM NOTES" in Section 8.

2. Data is transferred positive true from ROM or RAM memory
J2 Ja to the microprocessor on the data bus (DB-D7).

)
W

Address data is transferred positive true from the

B microprocessor on the buffered address bus (AB-Al43).
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Service Sheet 19

MEMORY
PRINCIPLES OF OPERATION

General

The Signal Generator's internal memory consists of 2k bytes of random access memory (RAM) and
32k bytes of read only memory (ROM). The RAM utilizes a battery back-up whenever the Signal
Generator is unplugged or in standby. This saves the contents of the RAM until power is restored.

RAM

Valid Memory Address (VMA) and RAM Select (RS) inputs enable RAM U24. VMA is inverted to
YMA(L) by U2IF before being applied to the RAM’s enable input. The read/write mode is selected
by a control signal to U24 pin 27. The memory location of the RAM is selected by addresses A0
through A12. The RAM data input/output is connected directly to the data bus DO through D7.
Vbat is connected to the RAM Vcc input at U24 pin 28. When the Signal Generator is ON, the Vbat
input is equal to the +5V supply voltage. When the Signal Generator is in unplugged or in STBY,
Vbat is approximately +2.65 Vdc.

ROM

Each ROM is enabled by a low VMA(L) inverted by U21F, and a low ROM 1, ROM 2, or ROM 3
enable pin 20 of U25, U26, and U27. The memory location of the ROM 1 is selected by addresses A0

. through A14, ROM 2 and ROM 3 by addresses A0 through A12. The ROM data output is connected
directly to the data bus DO through D7. ROM |, ROM 2, and ROM 3 enable inputs are decoded
from addresses A13, Al4, and A15 by U8A (refer to Service Sheet 18).

Service Sheet 19-1
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TROUBLESHOOTING USING KEYBOARD-INVOKED TEST 5

Model 8657B

Troubleshooting is done to the circuits of Service Sheet 19 when a defect seems to be related to
the ROM or RAM circuits. The ROM troubleshooting information provided is firmware initiated
tests on power-on, and keyboard-invoked tests. If nothing definite is discovered in performing these
checks, refer to Service Sheet 17 or consider the other possibilities listed on Block Diagram 4.

Test 1. Microprocessor and RAM/ROM Functional Checks

The Microprocessor and RAM/ROM Functional Checks verify that ROM and RAM are correctly
operating. The following procedure may help to identify any problems in the ROM, RAM, or in the

supporting circuitry,

1. Verify enabling of ROM by checking that A13U21F-12 (VMA), A13U26-20 (ROM), and

A13U27-20 (ROM) toggle.

2. When the POWER switch is set to ON an internal memory check is initiated. If a memory
failure is detected, a RAM or ROM error code is shown in the FREQUENCY Display window.
The error code remains displayed until any front-panel key is pressed. Refer to Table 1 for the
codes and the respective faults.

Table 1. Power-On Error Codes.

Error Code Faulty Device Location
1000 RAM Error A13-U24
0100 ROM1 Error A13-U25
0010 ROM2 Error A13-U26
0001 ROMS3 Error A13-U27

The ROM can be checked by entering the Keyboard-Invoked Test subroutine Test 5. Checksums
with the ROM are checked and an error code is displayed if appropriate. The test will halt if a failure
occurs after checking the entire memory. If an error does not occur, the test is repeated and a pass
number in the AMPLITUDE Display is incremented.

o Enter the Keyboard-Invoked Tests by first pressing the SHIFY key, and then pressing the INCR

SET key.

e Press the AMPTD 1 key until a **5” is shown in the MODULATION Display window. Test 5,

ROM Test, is ready to run.

o Press the INCR SET key to start the test. The test will repeat until stopped.

o If the ROM is malfunctioning, error code “50” will be shown in the FREQUENCY Display

window.

e Press the AMPTD © key to stop the test.

e To exit the Keyboard-Invoked Tests, press the AMPTD © key until a “7” is displayed in the
MODULATION Display window. Then press the INCR SET key; the Signal Generator is

initialized as in Power-On.

Service Sheet 19-2
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Service Model B657B

NOTES

1. for an explanation of schematic symbois,
see "SCHEMATIC DIAGRAM NOTES" in Section 8. -

J1 2. HP-IB addresses greater then 30 are invalid.
J2 J4
q ? 3. HP-1IB chassis ground is achieved by W18J7 pin 12,
J3 [ ™ 18 thru 24 connection and mechanical contact through
§| E . 5 & £ % nuts holding PC board to cover.
— [T F rd —_
3 J2 E\’J > ED E@@DQH&’J BelBgg B8 [ B8 4. Data transferred on the data bus (DB-D7) is positive true.
- et S N
~— J4 ~ ~ Data transferred on the data input/ocutput bus (01B1-0I1@8)

is negative true.
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Service Sheet 20

HP-IB INTERFACE
PRINCIPLES OF OPERATION

General

Inputs to the Signal Generator from the external controller are in the form of encoded control and
data information. Control information is input to the Signal Generator via five control lines (four are
used in this instrument) and three handshake lines. The control lines allow the controller to gain the
Signal Generator’s attention and impart other appropriate control information. The handshake lines
provide asynchronous control information for data transfer between a talker (computer controller)
and the listener (Signal Generator).

In the handshake mode, the Signal Generator first indicates when it is ready to listen (receive data).
The controller responds by indicating when the data that appears on the data lines, DI01 through
DI08, is valid. The Signal Generator then indicates to the controller when the data has been accepted.

Data transferred to the Signal Generator contains all the information required to control each mode
of operation. It also contains the level or frequency information for each mode; for example, an
AM depth of 50%, an RF output amplitude of —10 dBm, and a frequency of 100 MHz.

The HP-IB Address Switch Buffer U18 sends the Signal Generator’s internally-set HP-IB address to

U19 via the data lines when enabled by the HP-IB General Purpose Interface Adapter U19. The

HP-IB Interface Buffer, U20, is enabled when IB Sel (pin 19) goes low. The Read/Write mode

determines if data is written onto or read from the Data Bus. Note that the Read/Write line is tied
. in parallel to the HP-IB Interface Buffer U20, and the HP-IB Interface Adapter U19.

HP-IB Data Bus and Control/Handshake Buffers

The HP-IB Data Bus and Control/Handshake Buffers (U32, 33, 34, and 35) are permanently enabled
by hard-wire connections to ground. The HP-IB Data Bus output buffers are disabled (pins 3, 5, 11
and 13 of U32, U33, and U34 are tied high) since the Signal Generator functions as a listener only.

. The Signal Generator does not have the capability to issue a service request (SRQ). The handshake
control lines output only the NRFD and NDAC. See Figure 1 for more information about the HP-IB
Handshake Control.

HP-IB interface Adapter

The U19 Interface Adapter provides the interface between the HP-IB external controller and the
Signal Generator’s digital circuits. The Address Select Enable, ASE (L),and HP-IB Interrupt Request,
IBI (L), are generated as a result of inputs from the external controller.

Service Sheet 20-1
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The Microprocessor, under the control of the HP-IB subroutines stored in ROM, outputs control

and address signals to U19 to control the data input from the external controller. Interface Bus

Select, IB SEL (L), selects the HP-IB mode. A0, Al, and A2 input the addressing to the register )
select lines RSO, RS1, and RS2 of U19. Data and control information is thus selected to flow to .
and from the Microprocessor circuits on the data bus. Read/Write, R(H)/W(L), determines if data

is written onto the data lines D0 through D7 or if the internal address is read by U19.

DATA DATA
DAV NOT VALID DATA NOT VALID
| VALID ' I
LISTENER
L1STENER READY LISTENER
NRFD NOT READY' I NOT READY ﬂ
LISTENER
L ISTENER ACCEPTED L ISTENER
NOT ACCEPTED NOT ACCEPTED

NDAC

Start with the talker waiting for the listener to release NRFD (not ready
for data) indicating it is ready.

When the listener is ready, NRFD goes high (false) The talker then places
valid data on DIO1 through DIO8 and sets DAV (data valid) low (true).

NRFD then goes low (true) and the talker waits for the listener to indicate
" it has accepted the data (or ignored it) by releasing the NDAC (not data
accepted) to a high (false, i.e., data is accepted).

The talker sets DAV high (false) and again waits for the listener to release

NRFD ‘
(NOTE that if ATN is true, all instruments on the bus must handshake A
regardless of whether they are talkers, listeners, or bystanders. Being
in remote or local has nothing to do with handshaking. If ATN is false,
they only handshake if addressed.) '

Figure 1. Slmpltﬁed HP-IB Handshake between a Talker (Computer Controller)
and One Listener (Signal Generator).

Service Sheet 20-2
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Component Locator

NOTES

1. For an explanation of schematic symbols,
see "SCHEMATIC DIAGRAM NOTES" im Section 8.

2. Al chassis ground is achieved by A1J1-16 connection and
mechanical contact through nuts holding PC board to frame.

3. A2 chassis ground is achieved by A2J1-16 connection and
mechanical contact through nuts holding PC board to frame.

4. Second functions (blue) are activated by first pressing
the blue "SHIFT® key.

5. Pressing "SHIFT" and then ‘DIAG" (Incr Set) activates
the Keyboard Invoked Tests. These tests are referred to in
troubleshooting procedures.

LOGIC LEVELS

TTL CMOS
HIGH 2V 3.5v
LOW g.8v 1.5V

IS MORE NEG. THAN
IS MORE POS. THAN

OPEN HIGH | UNDEF,

GROUND LCOW LOW

P/0 A13

SEE REVERSE SIDE

HP-1B INTERFAGE S S 2 @

Service

Model 8657B
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Service Sheet 21

KEYBOARD AND ENCODER
PRINCIPLES OF OPERATION

Keyboard Encoding (A1 and A2)

The Keyboard Assembly, Al, is composed of 48 keys. They are hard-wired in an 8-row by 6-column
matrix. With no keys pressed, each of the 8-row lines are pulled high (+5V) through an 22k ohm
resistor A2R1 and each of the 6-column lines are pulled low (0V) through an 100k ohm resistor
A2R2. The resultant keyboard data is shown in Table 1.

Whenever a key is pressed, a row line is connected to a column line through the dividing network
of the 22k ohm and 100k ohm resistors (located on the Display Assembly A2). As long as the key
remains pressed, the column line remains high and the keyboard interrupt remains issued to the
Microprocessor by the Keyboard Interrupt Generator U6.

When the Microprocessor is interrupted, it enters its keyboard-read subroutine. The KSTBI1, KSTB2
and RKRD latched bits of Ul are low. When the microprocessor receives the KIN (keyboard
interrupt), serial data is clocked from the microprocessor into Ul. Data is clocked in by the low to
high transition of the CLK. The data is latched to the output by the low to high transition of the
LATCH input. The first high serial data bit is latched and the KSTBI output is switched from low
to high. The KSTBI1 low to high transition strobes the data bits found on Col 1 through Col 6 are
read into the Key Column Data Latch/Shift Register U4. Once keyed the column data will consist
of five low bits (refer to Table 1 and Service Sheet 21) and one bit strobed high that corresponds to

‘ . the key column pressed.
Table 1. Keyboard Data (KDA) With No Keys Pressed.

Column Data (A2U4) ' Row Data (A2U3)

Pin Number i1 |12 | 13 | 14 | 3 4 |11} 12113 |1 ] 3 4 5 6

Keyboard Data 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Once the column data is latched, the Microprocessor sends another high serial data bit. The Read
Key Row Data (RKRD) signal is set high forcing all 6-column lines low so that the row data can
be read. When the column lines are all forced low, the row line associated with the pressed key
is also forced low. (Forcing the column lines low also disables the keyboard interrupt.) Next the
microprocessor sends the third high serial data bit to Ul, and keyboard strobe (KSTB2) is set from
low to high. The keyboard strobe (KSTB2) strobes Row 1 through Row 8 data into the Key Row
Data Latch/Shift Register U3. The row data consists of seven high bits and one strobed low bit. The
low bit is in the bit position that is associated with the row of the pressed key. The Microprocessor
is now ready to receive keyboard data via the Serial Keyboard Data line (KDA). A parallel-to-serial
conversion takes place as each row bit is shifted out of U3 (pin 9), and each column bit is shifted
out of U4 (pin 9) into U3 (pin 10). After 16 keyboard clocks (KCL), all 16 bit of keyboard data is
shifted to the Microprocessor. If the FREQUENCY key had been pressed, the resultant keyboard data
sent to the Microprocessor would be as shown in Table 2.

Service Sheet 21-1
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Data entered from the front panel is also displayed. The correct data bit is latched into U1, inverted
by U2 for the low CS1 through CS5 outputs. The low CSI through CS5 outputs enable the Display
Drivers to accept microprocessor data to turn on the correct display or LED. ‘

Table 2. Keyboard Data (KDA) With Frequency Key Pressed.

Column Data (A2U4) Row Data (A2U3)

Pin Number 1 |12 | 13 | 14 3 4 1112113 | 14 3 4 5 6

Keyboard Data 0 |[SH| O 0 0 0 1 |sL| 1 1 1 1 1 1

SH = Strobe High
SL = Strobe Low

Decoupling
Capacitors C1 through C8 and C14 filter the +5V supply to the Display Assembly circuitry.

Service Sheet 21-2 .
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TROUBLESHOOTING

Troubleshooting is done on the circuits of Service Sheet 21 when a malfunction seems to have
‘ occurred on the keyboard or display. Perform the Troubleshooting on Service Sheets 17, 18, and 19
before attempting to troubleshoot these circuits using this procedure. Procedures for checking the
Al Keyboard Assembly, and part of the A2 Display Assembly are given below. The areas or points
to check are marked on the schematic by a hexagon with a checkmark and a number inside, for

example, V1
Troubleshooting Help

Block Diagram 4
Table 4-1. Abbreviated Performance Tests
Table 5-2. Post-Repair Adjustments

Test Equipmem

L0 1731 13T o T3 HP 54100A
Oscilloscope Active Probe ........ I HP 54001A
{1 Keyboard Interrupt and Serial Keyboard Data Output to Microprocessor
1. Press any front-panel key.
2. Verify that a negative going TTL pulse occurs at A2j3-7 (KIN) each time a key is pressed.

3. Verify that at least one pulse train about 16-bits long occurs at A2J3-6 (KDA).

{2>Conirol Inputs from Microprocessor
1. Press any front-panel key.
2. Verify that a series of keyboard clock pulses appear on A2J3-5 (CLK).

3. Verify that keyboard strobes appear on A2J3-8 (RKRD), A2J3-2 (KST1), and A2J3-3 (XST2).
Note that the signal on A2J3-8 comes from the Amplitude Annunciator Latch A2Ul. The
strobes for A2U1 as well as the strobes seen on A2J3-2 and A2J3-3 come from the strobe
decoders A13U16 (shown on Service Sheet 18).

{3>Key Column Data Lines
1. Press a front-panel key.

2. Verify that the column data line which includes the pressed key is a positive-going pulse. The
other column data lines should remain low. )

{J+>Key Row Data Lines
1. Press a front-panel key.

2. Verify that the row data line that includes the pressed key is a negative-going pulse. The other
row data lines should remain high.

Service Sheet 21-3
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TROUBLESHOOTING USING KEYBOARD-INVOKED TEST

Troubleshooting is done on the circuits of Service Sheet 21 when a defect seems to be related to
the keyboard. If nothing definite is discovered in performing the keyboard-invoked test consider the ‘
other possibilities shown on Service Sheet BD4.

Remember that the serial data from the keyboard encoding circuits does pass through the data bus
buffers on the way to the Microprocessor (refer to Service Sheet 17). Also, several of the strobes,
clocks, and control signals are decoded on the circuits of Service Sheet 18. The Load Keyboard
Data Strobes are decoded on the circuits of Service Sheet 22. The Read Key Row Data Strobe is
latched into A2UI1.

Refer to the paragraph 8-8 entitled “REPAIR” for front-panel keyboard disassembly instructions.

~ Keyboard-invoked Test Procedure

The Keyboard-Invoked Test verifies transmission of encoded addresses from Keyboard'to Micro-
Processor.

The front-panel keyboard can be checked by entering the Keyboard-Invoked Test subroutine Test 4.
This test allows for checking of the actual code which the Microprocessor (A13U14) sees when
individual keys are pressed. Running this test will verify correct operation of the front-panel and
supporting circuitry to the Microprocessor or will identify two problem areas as follows:

If the key code is incorrect when any front-panel key is pressed, but the last key code shown in the
FREQUENCY Display remains, then the last pressed key is at fault.

If the key codeé is incorrect when any front-panel key is pressed, then the supporting circuitry to the
Microprocessor is at fault (refer to Service Sheets 17, 18, and 21).

1. Enter the Keyboard-Invoked Tests by first pressing the SHIFT key, and then pressing the INCR
SET key. A “1” should be shown in the MODULATION Display window. ‘

2. Press the AMPTD 1 key until a “4” is shown in the MODULATION Display window. Test 4,
Keyboard Key Test, is ready to run.

3. Press the INCR SET key to start the test. A *“07” should be shown in the FREQUENCY Display
window. ’ ’

4. Use Table 3, Keyboard Key Codes, to verify keyboard operation.

5. Whenever the AMPTD 0 or U key is pressed it is understood that the test is to be exited. A
“00” is shown in the AMPLITUDE Display window, and the correct key code is shown in the
FREQUENCY Display window. If the test was not meant to be exited, pressing the INCR SET
key will immediately reinvoke Test 4. '

6. To exit the Keyboard-Invoked Tests, press the AMPTD € key until a “7” is shown in the
MODULATION Display window. Then press the INCR SET key; the Signal Generator is
initialized as in Power-On.

Service Sheet 21-4
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Table 3. Keyboard Key Codes.

. Value Decimal Key Name Value Decimal Key Name
01 Shift 25 dBf
02 EXT 26 mV
03 AM 27 LOCAL
04 FM 28 INT 1 kHz
05 FREQUENCY 29 DOWN AM ()
06 AMPTD 30 DOWN FM ()
07 INCR SET 31 FINE TUNE
08 7 32 DOWN FREQ (})
09 8 33 DOWN AMPTD ()
10 9 34 SAVE
11 MHz 35 1
12 dBm 36 2
13 \4 37 3
14 INT 400 Hz 38 | %
15 UP AM (1) 39 dB
16 UP FM (1) 40 uv
17 COARSE TUNE 41 OFF
18 UP FREQ (}) 42 RF OFF/ON
19 UP AMPTD (1) 43 RECALL
20 SEQ 44 0
21 4 45 .
22 5 46 -
23 6 47 -
24 kHz 48 EMF

' . Service Sheet 21-5
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NOTES

1. For an explanation of schematic symbols,
in Section 8.

see "SCHEMATIC DIAGRAM NOTES"
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Model 8657B : Service

Service Sheet 22

DISPLAY CONTROL
PRINCIPLES OF OPERATION

Display Control

Thirtysix bits of serial display data (DDA) are sent from the Microprocessor via the Serial I/O control
circuits (refer to Service Sheet 18) to Display Data Shift Registers U7, U8, U9, U10, and Ull. The
display drivers are all enabled by CS1, CS2, CS3, CS4, and CSS at pin 23 of each driver respectively.
When each driver is enabled 36 bits of of serial data is input at pin 22 and clocked into the enable
driver at pin 21. The first bit sent is always a 1. The next 35 bits turn on or off the LED Display
connected to it. After the 36th bit is received the leading 1 then latchs the 35 bits bits of data and
clears the shift register. The 35 bits latched turn on and off the LEDs and display segments.

TROUBLESHOOTING

Troubleshooting is done on the circuits of Service Sheet 22 when a malfunction seems to have
occurred in the keyboard or display. Perform the Troubleshooting Using Signature Analysis on
Service Sheets 17, 18, and 19 as well as the Troubleshooting on Service Sheet 21 before attempting
to troubleshoot these circuits using this procedure. Procedures for checking part of the A2 Display
Assembly circuits are given below. The area or points to check are marked on the schematic by a
hexagon with a check mark and a number inside, for example, {1 »

‘ Test Equipment
QOscilloscope. ...... U A AN HP 54100A
Oscilloscope Active Probe ....................... e e, HP 54001A

{1 Display Clocks

1. Verify that the display changes and/or the correct strobe occurs with each keystroke as shown
in Table 1.

Service Sheet 22-1
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Model 8657B Service

Service Sheet 23

FREQUENCY DISPLAYS

PRINCIPLES OF OPERATION

General

Seventeen 7-segment, common-cathode devices DS1 through DS17 are used to display frequency,
amplitude and modulation values. The decimal points associated with frequency digits DS8 through
DS13, modulation digit DS3 and amplitude digits DS15 through 17 are the only decimal points that
can be lit. The frequency display decimal point drive circuitry has been previously discussed (refer
to Service Sheet 22). Frequency Digits DS4 through DS7 have their decimal point control line tied
low which inhibits them from being lit. '

The four Latch/Decoder/Drivers U8 through Ul decode display data, store the decoded data, and
drive the associated frequency display digit. As previously mentioned 36 bits of serial display data
are sent from the Microprocessor to the display circuitry (refer to Service Sheet 22). Each Display
Driver is hard-wired to decode and drive the associated display.

Twenty-two LED’s are driven by display driver U7. When the control line is low, the associated
LED is lit.

TROUBLESHOOTING

Troubleshooting is done on the circuits of Service Sheet 23 when a malfunction seems to be
associated with a 7-segment display or LED. Determine if the malfunction occurs in single or multiple
digits. If multiple digit displays are incorrect, ensure that you trace the fault to the correct display
driver and:

1. Perform the Troubleshooting on Service Sheet 22.

If pairs of digits are incorrect, suspect the display drivers shown on Service Sheet 22. If single digits
. are incorrect, continue troubleshooting on this service sheet to determine if displays themselves are
faulty.

Procedures for checking part of the A2 Display Assembly circuits are given below. The area or
points to check are marked on the schematic by a hexagon with a check mark and a number inside,

for example, V1 »
Test Equipment

OSCIOSCOPE .« ottt ittt ettt ettt et e HP 54100A
Oscilloscope ACtiVe Probe .. ...t iiiiiiieiiiet et ieeeeaaninnarsanannnns HP 54001A
{1 Frequency Display Digital Drive Levels versus Visual LED Outputs

1. Verify that the 7-segment drive logic levels from the Display Driver matches the visual output
for the equivalent segment.

2. Verify that the decimal point drive from the latch and drivers (refer to Service Sheet 22) matches
the visual decimal point output.

"‘

Service Sheet 23-1
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WARNING

This instrument does not have a primary power switch.
The following voltages are always present uhenever the
instrument is connected to an AC outlet:

A. Line voltage
B. Primar¥ and secondary AC voltages at Tl
C. Unregulated DC voltages (+45.2v,+38v,+15v, —15v, +24v)

WARNING

The line pouwer module and Tl may require removal for
troubleshooting the Al4 power supply board. Live voltages are
present on this module whenever it is connected to an AC power
source. Extreme caution should be used when working on the
power supply uwith the input power module in an external mode.
The transformer must be extended on the service bracket or a
service ground must be attached between transformer plate and
instrument chassis before proceeding with any power supply
troubleshooting.

NOTES

1. For an explanation of schematic symbols,
see "SCHEMATIC DIAGRAM NOTES" in Section 8.

2. Removal of this device may inadvertantly defeat chassis
ground. Refer to above "WARNING". Additional grounding
may be required for service.

3. Energised by the "POWER" switch put to "ON",

4. Removal of the rear panel for serviceing power supply may
disconnect J1 and power to cooling fan Bl.

Service

Model B637B

Figure @. Service Sheet 24 Information.
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Model 8657B Service

Service Sheet 24

POWER SUPPLY
PRINCIPLES OF OPERATION

General

The power supply is a linear type providing regulated +15 V dc, —15 V dc, +5 V dc, =5 V dc, and
+38 V dc. An unregulated voltage of +24 V dc is also supplied. The supply outputs have very low
noise and ac ripple voltage. The supply outputs are protected for overvoltage. The +5.2 V dc is
limited by an SCR circuit to +6.2 V dc, the remaining regulated supplies have overvoltage protection
in the form of diodes that limit output to their unregulated value.

Regulated Supplies

The ac voltages from the secondary of the power transformer are rectified by +5 V bridge (CR6), a
+/-15 V bridge (CR2, CR4, CR5), and a +38 V bridge (CR1). The —5 V dc supply is regulated from
—15 V as the source.

The +5 V dc output is protected by an overvoltage crowbar that limits the output voltage to be
less than +6.2 V dc. The circuit is composed of VR2, Q3, R36, and R37. If the voltage exceeds
+6.2 V dc, VR2 will turn on which will turn on SCR Q3 and clamp the output to ground. When
the voltage drops to below +6.2 V dc the crowbar will shutoff and turn the +5 V circuit on.

All of the remaining supplies (except for +38 V) are protected by clamping diodes that limit the
output to be no more than .3 V dc above the unregulated value. The +15 V regulator Ul is protected

‘ by CR15. The —5 V regulator U2 is protected by CR20. The —15 V regulator U3 is protected by
CRI19. The +38 V dc supply does not have overvoltage protection.

The +38 V dc supply is regulated in a way that is significantly different than the other supplies.
Voltage regulation actually takes place on the negative leg output of the rectifier bridge. This
configuration provides the lowest possible noise on the output of the +38 V supply. The output
of CR1 is +38 V on the positive leg and —12 V on the negative leg when calibrated. The difference
voltage potential is always 50 V. The output of the positive leg can be varied by changing the negative
leg voltage. A reference voltage of +5.2 V is brought from the +5 V through the variable voltage
divider composed of R39, R38, and R5. A voltage between +4.8 V and 5..2 V can then be set at
US5-5 by adjusting R35. The output at U5-7 will be approximately —8 V when calibrated. There is
about a 4 V drop across the Q5 and Q2 circuit (example: —8 V at U5-7 and —12 V at emitter of Q4).
This arrangement causes the positive leg of CR1 to become a voltage follower, the positive voltage
must follow and drop across voltage divider R1 and R30 so that U5-5 and U5-6 become equal in
value and the difference between the negative and positive rectifier outputs is 50 V.

LED’s A13DSI through A13DS5 are lit when the power supplies are providing an output voltage.
The LED’s are switched on when voltages reach an acceptable minimum set by zener diodes A13VR2
through A13VR6, current is set by resistors A13R19 through A13R23.

Service Sheet 24-1
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Service Model 8657B

TROUBLESHOOTING

Procedures for checking the circuits shown on Service Sheet 24 are given below. The area or points =
to check are marked on the schematic by a hexagon with a check mark and a number inside, for ‘

example, {V1»

Troubleshooting Help

Block Diagram 4

Section 4. Performance Tests

Section 5. Adjustment and Post Repair Adjustments
Test Equipment

Digital Multimeter .. ... ... it e e HP 3478A
OSCIllOSCOPE. ..o e Tekitonix 2235

{/1>Voltage Check

1. Verify that the voltages shown in table 1 are correct.

Table 1. Power Supply Measurements.

A13J2 A14J3
Volts
1 2 3 4 5 for3 . 2 4or6 5 7or8
Vdc +5.2 -5 +15 —15 +38 N.A. gnd N.A. gnd N.A.
Vpp 0.02 0.02 0.02 0.02 0.04 20 gnd 50 gnd 50 '

Service Sheet 24-2
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