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Model 8663A Service

SERVICE SHEET 38
Al11A4 FM PHASE DETECTOR

REFERENCE BLOCK DIAGRAM 7
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repair Adjustment Procedures

PRINCIPLES OF OPERATION
General

The purpose of the FM Phase Detector (AllA4) is to develop the FM
Loop Error Voltage. This is accomplished by comparing the VCO output
with a 10 MHz reference signal.

Phase Detector Circuitry

The Phase Detector Circuitry compares the phase difference between
the reference signal (FM 10 MHz Reference Signal) and the output of
the VCO (FM Loop N-Divider Drive), then generates a voltage
proportional to the phase error. Both input signals are first
divided down to 100 kHz before they are compared by the FM Loop Phase
Detector, U4, The 10 MHz signal from the Reference Section is

divided by a total of 100. This signal becomes the reference input
to the phase detector. The 140 MHz VCO output is divided by a total
of 1400. This signal becomes the variable input to the phase
detector.

The Phase Detector, Ui, is a digital phase detector that generates
output pulse widths proportional to the phase difference between the
two input signals. If the variable 100 kHz signhal is lower in
frequency or lags the reference input in phase, the output on pin 13
generates a pulse (See Figure 8-601). When the variable input is
higher in frequency or leads the input in phase the output on pin 2
generates a pulse (see Figure 8-602).

PHASE DETECTOR

s fF

R
&

100 kHz R

REFERENCE 5 FF
SIGNAL

Figure 8-601. Phase Detector Operation
(Variable Input is Lower in Frequency than Reference Signal)
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Figure 8-602. Phase Detector Operation
(Variable Input is Higher in Frequency than Reference Signal)

Following the FM Loop Phase Detector are. the Switch, Low-Pass Filter,
and Integrator circuits. In a phase-locked condition the switch circuit
(gates U3A and U3D) is enabled, allowing the output pulses from the
phase detector to pass through. The Low-Pass Filter and the Integrator
convert the pulses into a voltage. This becomes the FM Loop Error
Voltage. Each pulse causes a given amount of charge to be stored in the
integrating capacitors, Cll and ClZz.

When the FM Loop is disabled the switch circuit prevents the phase
detector output pulses from reaching the Integrator. To prevent the
Integrator's output from slewing against the power supply rails when the
FM Loop is disabled, R20 is shunted across the integrating capacitors.

When no modulation signal is applied, the error voltage developed by
the Phase Detector Circuit is dependent on the frequency and phase
of the 140 MHz VCO. In the phase-locked FM mode the error voltage is
also dependent on the instantaneous frequency deviation. The FM Loop's
bandwidth is about 6 Hz, however, phase-locked FM is only possible down
to modulation rates of 20 Hz. Modulation rates below 20 Hz result in the
gradual cancellation of the modulating signal because the phase-locked
loop can now start responding to the modulation signal.

An overmodulation condition exists when the peak deviation of the 140
MHz VCO exceeds the limit or range of the phase detector, U4. This
overmodulation condition is detected by monitoring the output of the
phase detector. The output is first filtered by a Low Pass Filter
consisting of R11 and C7. The output waveform from the low pass filter
is similar to a half wave rectified sine wave. This signal is monitored
by the Overmodulation Detector (located on the Modulation Drive) which
is a peak detector circuit. If the output waveform from the low pass
filter exceeds 1 volt peak, the Overmodulation Detector is triggered.

w
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Figure 8-604. A11A4 FM Phase Detector Component Locator
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CHANGES

On the schematic:

& Bullet "I" FM LOOP ENABLE (FM-AC) FROM MODULA -
TION DRIVE - In the lower left portion of the schematic,
change the line label of bullet "I" from "TTL HIGH-ENABLE"
to “Special Levels, +9V=Enable, -19V=Disable",

5538
-604.1
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NOTES
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14 MHZJ;M DIAGRAM NOTES.
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Model 8663A Service
CHANGES

On the schematic:

® AllAIU28 - In the Table of Transistor and Integrated Circuit
Part Numbers, change the part number of U28 to 1826-0785.

® AllAIQ] - Add QI, 1854-0477 to the Table of Transistor
and Integrated Circuit Part Numbers.

On the A11A1 schematic

s AllAIU26 - Move the low-level-active polarity indicator
(trizngle) from U226 pin & to Ulé pin 6.

On the Component Locator:

® AllAIC13 - On the compunent locator, change R13 to C13,
between R.15 and R10
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I, REFER TO TABLE B-102 FOR SCHEMA. ..
DIAGRAM NOTES.

2. TROUBLESHOOTING VALUES ARE TYPICAL.
THEY ARE ACTUAL MEASURED VALUES
YOUR MEASUREMENTS MAY BE SLIGHTLY
DIFFERENT THAN WHAT IS SHOWN.
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Model 8663A

Service

CHANGES

On the AT1A 3 schematic:

* AlJAIR] - R isincorrectly shown cannected between output
pin 6 of Ul and ground. R1 should be connected between
inverting input, Ul pin 2, and ground.

e Al1AIR2 -~ R2 is incorrectly shown connected between output
pin 6 of U2 and ground. R2 should be connected between
inverting input, U2 pin 2, and ground.

® AlIAIR29 R30 - Change the value of R29 to 90.9 chms.
Change the value of R30 to 10 ohms.

On the A11AS5 ¢component locator:
® AllASCRE - Delete CRSE.
On the A11AS schematic:
® AlIASCR8& ~ Delete CRA.
On the A2A2 compenent logator:
* A2A2CRS5 - Delete CRS.
On the AZA2 schematic:

* AZAICRS ~ Delete CRS.
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Model 3663A Service
CHANGES

On the A11A35 schematic:

# The output line U%B pin 7 is incorrectly labeled FM LOOP
ENABLE. Change the label to AUXILIARY FM SWITCH
DRIVE.

On the A11AS5 schematic

® AlIASR36 -~ Change the value of R36 to 1,33k

® AlLASU9 - In the Table of Transistor and Integrated Circuit
Part Numbers, change the part number of U9 to 1826-07353,

5542
8-620.1
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SERVICE SHEET M43
AllA2 FM VCO

REFERENCE BLOCK DIAGRAM 7
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs
Table 5-2. Post-Repalir Adjustment Procedures

PRINCIPLES OF OPERATION
General

The FM VCO (AllAZ) generates the freguency modulated 20 MHz signal.
The FM sighal is generated by applying the modulation signal to the
varactor diode that forms part of the oscillator's tank circuit. The
FM VCO has two primary outputs. One is the 140 MHz VCO output which
is used to lock the loop and the other output is the frequency
modulated 20 MHz signal. The 20 MHz FM signal is developed by
heterodyning the 140 MHz VCO ocutput wiivh the 120 MHz signal from the
Reference Section. The primary inputs are the modulation sighals and
the FM Loop Error Voltage which is used to lock the loop.

140 MHz Voltage Controlled Butler Oscillator (VCO)

Ql, Q2 and associated components form the 140 MHz Voltage Controlled
Oscillator. @1 is a common-gate FET amplifier with the tank circuit
located in its drain circuit. The signal developed in the tank
circuit is coupled to the gate of Q2 by C13. @2 acts as a source
follower in the feedback circuit, providing a high impedance at its
gate and a low output impedance at its drain. Q2 amplifies the
feedback signal and feeds the signal back to Q1 to sustain
oscillation.

The 140 MHz VCO is both frequency modulated and phase locked by
varying the reverse-bias voltage across the varactor diede. An
inerease in the reverse-bias voltage reduces the junetion
capacitance, which increases the resonant frequency of the tank
circuit. This causes the VCO to oscillate at a higher fredquency.
When the FM Loop is phase locked the center frequency is always 140
MH=z.

Gain Limiting and Mixer Circuit

e 140 MHz signal developed across the tank is coupled to Limiter,
Ul. The Limiter acts as a buffer amplifier for the V(0O and provides
a constant level output. One output from the Limiter is used to
phase lock the loop. The other output is applied to the RF port of
the double balanced mixer, U2. The Mixer heterodynes the 140 MHz VCO
cutput with the 120 MHz signal to produce the 20 MHz FM signal.
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Shaping Network and Shaping Network Bias

Due to the nonlinear tuning characteristic of the varactor diode and
the large amount of shunt capacity used in the resonant cirecuit, a
Shaping Network is required. The Shaping Network conditions the
modulation signal applied to the varactor to ensure that the
frequency change is linear with the applied voltage.

The Shaping Network consist of a ladder of diodes that are reverse
biased, in seqQuence, at a voltage higher than the reverse bias on the
dicde previous to it. As the input signal level increases (negative
direction) the diodes successively become forward biased, in
sequence, and present a lower impedance to the input signal.

The Shaping Network Bias circuit acts as a voltage supply for the
resistor-diode network and for Q3. The blas veltage is about +14.1

Vde.

Voltage to Current Converter

The various input signals (the FM Loop Error Voltage, DC Offset and
the modulating signals) are summed at the emitter of Q5. Q5 operates
in a common-base mode with the inputs applied at its emitter. The
base 18 biased one diode drop above ground, therefore the voltage at
the emitter is approximately zero volts.

Loop and Aux FM Switch

Q6 and Q7 are JFETs used as analog switches. The FM Loop Enable and
the Aux FM Switch Drive lines are the control lines that drive the
JFET switches either ON or OFF. To maintain the JFET switches in the
ON state, the control lines are biased to approximately +9 Vde., This
reverse biases both diocdes, CRl and CR2, and the gates are
essentially left floating. To turn the JFET switches OFF, the
control lines are biased to approximately -19 Vde. This voltage
forward biases both diodes, and clamps the gates at a negative
voltage. This negative voltage at the gates effectively pinches off
the JFETs (OFF state).

Loop switech, Q6, is used to disable the FM Loop Error Voltage. The
Aux FM switch, @7, isolates the modulation signal from the Aux FM
Input.

Phase Lock Detector

The Phasze Lock Detector consists of two comparators that form a
window comparator circuit. This circuit determines if the FM Loop
Error Voltage lies between two preset voltage limits (the window).
Ri41, RA42, and RU3I form a voltage divider that establishes the upper
and lower voltage limits. The upper and lower voltage limits, +1.39
Vde and -1.34 Vde respectively, are applied to the inverting input of
comparator U3A and U3B. When the error voltage is within the veltage
window, indicating the FM Loop is phase locked, the output from the

8-624
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comparators will remain high. If the error voltage lies outside the
voltage window, one of the comparators will go low, turning the Qut
of Lock Indicator on.

TROUBLESHOOTING

If any components in the 140 MHz Voltage Controlled Butler
Oscillators fail, the Al11A2 assembly may have to be replaced.
Resistors R21-R2l4 are selected te matech the characteristics of the
oscillator. Changing a component in the oscillator could change the
characteristics enough to require new selected resistors. The
selection process requires a special test fixture and is very time
consuming; therefore, it cannot be done in the field.

To determine whether or not a new assembly is needed, replace the
defective conponent and measure FM distortion with 100 kHz deviation.
If FM distortion is within the specifications listed in Table 1-1,
the repair is successful. However, if FM is not within the
specifications, the assembly will have to be replaced. The varactor
diode, CR9, is the most critical component.

8-625/626
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CHANGES

All Serial Prefixes On the A11A2 schematic:

+« A11AZR4", R7" - Change the value of R4* to 5.62k. Change the value of R7*
to 5.11k.

All Serial Prefixes Onthe A11A2 Schematic:

+ R7" - Change the value of R7* t0 4.22k.
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NOTES

t. REFER TO TABLE 8-102 FDR SCHEWATIC

j Fbad DIAGRAM NOTES.
2. TROUBLESHOOTING VALUES ARE TYPICAL.
7 THEY ARE ACTUAL MEASURED VALUES.
YOUR MEASUREMENTS MAY BE SLIGHTLY
DIFFERENT THAN WHAT IS SHOWN.

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

SHOWN ARE TYPICAL ONLY. SEE SECTION X
FOR PROCEDURE.
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CHANGES

On the A11A3 schematic:

 Al1A3U3 - On the U3 symbol, reverse the "+ and ¥-" symbols
at the inputs. Pin 3 should be inverting {~} and pin 2 should be
non-inverting (+).
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Service

CHANGES

On the schematic:

@

W1 [(W19), - In the upper left portion of the schematic, change
the W1 to W19

W2 - Label the -10V line connecting A4A4A3 and P/O
AdAGAT W2

W3 - Label the +20V line connecting A4A4A3 and P/O
AdAdA2 W3

W4 - Label the -10V line connecting P/O A4A4A2 and
AdAadAd W4,

W35 - Label the +20V line comnecting P/Q A4A4A2 and
AdAdA4 WS,

W6 =~ Label the coaxial cable connecting A4A4A3 and
AdAadal (associated with E1-4) W6,

W7 - Label the INPUT BYPASS SEL line connecting A4A4A3
and A4A4A1 W7

W38 - Label the +20V line connecting A4A4A3 and AdA4Al
W3,

W9 - Label the +5V line connecting A4A4A3 and P/O
AdA4ADL WY

W10 - Label the -10V line connecting A4A4A3 and A4A4Al
wib.

W12 - Label the OUTPUT BYPASS SEL 1 line connecting
AdAadAS and AJA4AL W12

AdAdAS and A4A4A6 W3

W14 - Label +20V line connecting A4A4AS5 and A4Ad4A6
wid.

ASASAG (aszociated with E5-8) W15

W6 - Label the coaxial cable connecting A4A4FL7 and
AdAdAE W16

W17 - Label the line connecting A4A4A2 and A4A4FL7
W17,

W20 - Label the line connecting A4A4A1Z2 to A4A4A2Z])
w2o.




Service

Model 8663A
CHANGES

AdA4A4 component locator:

® Ad4A4A4 - Use the new component locator "P/O Figure 8-625.
Ad4A4 Phase Modulator Component Locator (2 of 2) (2323A)"
on page 8-638.3.

On the A4A4A4 schematic:

* A4A4A4R1I0, R11 - Add an asterisk (*) to R10 and R11 to
indicate a factory selected component.

AdA4A2 A4A4A3 and A4dA4AS5 component locators:

® A4A4A2 Ad4A4A3 A4A4AS - Use the component locators
"A4A4A2 A4A4A3 and A4A4AS5 Component Location Dia-
grams (2535A) on page 8-638.4,

AdA4AD schematic:

® A4A4A2 - Use the A4A4A2 schematic "P/O Figure 8-626.
A4A4A2 Schematic (2535A)" on page &-638.5.

AdA4A7 schematic:

® A4A4A3 ~ Use the A4A4A3 schematic "P/O Figure 8-626.
AdA4AT Schematic (2535A)" on page 8~-638.5.

A4A4A5 schematic:

& A4A4AS - Use the A4A4AS5 schematic "P/O Figure £-626,
A4A4A5 Schematic (2535A)" on page B-638.6.

On the A4A4A6 component locator:

® A4A4AG6CT (R5) - Change R5 to C7.

On the A4A4A6 schematic:
® A4A4AGCSHE - Change the value of C6 {o 4.7p.

* A4A4CT (RS) - Replace R5 with a capacitor, C7 (4.7p)
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CHANGES

On the A2A7 schematic:
® A2A7CY - Change the value of C9 to 2.2u.
® A2A7R15 - Change the value of R15to 121k,
On the A2A7 component locator:
® A2ATC12 - Add chip capacitor C12. Cl12 iz added to the
circuit side of the board, soldered in paraliel with pins 4 and 5
of U4, (Use a dotted ontline to indicate that this component is
on the circuit side of the board.)

On the A2A7 schematic:

@ AJATCI12 - Add capacitor €12 (22p) in parallel with Y! and
pins 4 and 5 of U4
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Model 8663A Service
CHANGES

A2A8 component locator:

o AJA8 - Use the component locator "Figure 8-708. A2AR
RAM/ROM Component Locator {2537A)" on page 8-710.3.

A2A8 schematic:

@ A2A8 - Use the schematic "Figure 8-709. A2AR RAM/ROM
Schematic (2537A)" on page 8-710.5
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CHANGES

On the A2A3 schematic:

® AJA3 - Modify the schematic as shown in the partial
schematic "P/O Figure 8-718. Peripheral RAM Schematic" on
page 8-722.3.
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Model B663A Service
CHANGES

On the A1Al component locator:

# AlAI1C6H - Add C6 to the right of and slightly below connector
Il :

On the A1A1 schematic:
® AIAIC6E - In the lower left portion of the schematic, in the

circuitry labeled POWER SUPPLY DECOQUPLING, add capaci-
tor C6 {2200p) from +5V to ground.
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Model 8663A Service

CHANGES

On the A1A 1 schematic:

* AlAl - Under MODULATION MODE ANNUNCIATORS,
change R7G to R1G.
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SERVICE SHEET 65
ATA3 AND ATAY POWER SUPPLY MOTHERBOARD AND INVERTER

REFERENCE BLOCK DIAGRAM 10
Table 4-1. Recpmmended Ferformance Tests
After Adjustments_or Repairs.
Table B-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OFPERATION
General

Circuitry on the Power Supply Motherboard and Inverter Board rectify
and invert the ac line voltage prior to regulation. Before reaching
these beoards, the line voltage is passed through a filter assembly
(A10) and a voltage selection switch (82), which allow operation at
11% Vac or 220 Vac. Power entering the Supply Motherboard via pins
7-9 is rectified and cearsely filtered to produce +160 Vde. In the
case of 115 Vac operation, voltage doubling is implemented during
rectification. The +160 Vdc is then chopped by inverter/regulator
switches Q3 and QY to drive the main power supply transformer
(ATA3T3).

The ac voltages at the multiple secondary taps of the transformer are
rectified, filtered, and sent to the Linear Regulator Board (Service
Sheet 66). The +5.2 Vdc line is regulated exclusively by the
switching action of the supply. Fast and slow sense lines, as well
as foldback and feedback sense lines, are derived from various points
along the +5.2 Vdc line. These sense lines are sent to the Control
Board (Service Sheet 67) which uses the information they provide to
generate two pulse-width modulated sig.als (180° out of phase) that
are fed back to drive the inverter/regulator circuitry (formed by Q1,
Q2, @3, and Q4) on the TInverter Aszzembly.

The output voltage of the 30 Vac transformer (T1) is rectified,
filtered,and regulated to supply the dc oven heater voltage for the
10 MHz reference crystal osclillator and to power sections of the
Linear Regulator and Control Beards. Circuitry within the auxiliary
regulator section on the Control Board (Service Sheet 67) prevents
the instrument from being operated when the line voltage falls below
80 Vac (for 115 Vac operation), or 160 Vac (for 220 Vac operation).

Rectifier, Filter, and Voltage Doubler Circuitry (ATAN)

With the input voltage selection switch in the 220 Vacr'position,
input voltage is full-wave rectified by the bridge formed by CRi,
CR2, CR3 and CRY and is coarsely filtered by capacitors €2 and C3 to
produce + 160 Vde. When the selection switch is in the 115 Vac
pesition, CRZ2 and CR3 form a bridge rectifier and voltage doubler,
Here again, the result is + 160 Vdc. CR5 and CR6 serve to protect
capacitors CZ and C3 from reverse voltage generated during foldback
current limiting.
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Overvoltage Crowbar

The overvoltage protection circuitry (crowbar) disables the
instrument in the event that the rectified dc voltage exceeds +185
Vde. At this point Q1 fires and switches 5 ohms across the input
line, blowing line fuse F1.

Switch Drivers and Inverter/Regulator Switches (AT7A3)

In order to drive T3, pulses from the pulse-width modulation
circuitry (duty-cycle control logic) on the Control Board are
transformer coupled (via ATA3Tl and ATA3T2) to the inverter/regulator
switch driver circuitry formed by Q1 and Q2 . Q1 and Q2 are turned
alternately ON and OFF to drive Q3 and QY4 180° out of phase. This
action switches the +160 Vdec to produce a 20 kHz alternating drive
current through the primary of T3 (see Figure 8-901 below). Q3 and
QY are turned on by about 350 mA of current at their bases. To
reduce the turn-off time of the two transistors, however, two amperes
of reverse current is required to turn them off.

Q30N yDEAD ZONE
S160 Vi - - - fBOTH Q3 AND
Q4 ARE OFF)

v

180 VAL — —— - - —
Q4 ON Q4 oN
WIDTH OF T3 ORIVER PULSES CONTAOLLED BY

DUTY CYCLE CONTROL LOGIC {ON CONTROL BOARD},
PULSES WIDEN WITH INCREASED LOAD ON +5.2 Wdc
LINE, ANO DECREASE WITH SMALLER LOAD.

Figure 8-901. Switching Waveform at the primary of T3
{See also Figure 8-218, Simplified Power Supply Block Diagram)

A resistive-capacitive divider formed by R1, R2, Cl, and C2
indirectly references the primary of T3 to ground, isolating the high
voltage section from chassis ground and preventing T3 from
overheating due tc¢ dc currents caused by imbalances in the switching
circuits that drive T3. The circuit formed by R1l1l, R1l2, and C5
serves to lower the @ of the inductance associated with T3, cutting
down on ringing at the emitter of Q3 and the collector of QU.

Secondary Isolation/Stepdown Transformer (T3) Outputs

Voltages at the secondary taps of T3 are referenced to the +5.2 Vdc
supply ground. They are full-wave rectified, coarsely filtered ,
preregulated, and sent to the Linear Regulator Assembly for final
regulation. These unregulated voltages are +23 volts, -13 volts, and
- 45 volts.

The fast and slow sense lines, as well as the foldback and feedback
sense lines, are derived from the +5.2 Vdc supply line. The duty
eycle control logic on the Control Board regulates the +5.2 Vde
supply by varying the duty cycle of the signals which drive

8-902
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inverter/regulator switches Q3 and QY. Regulation of the +5.2 Vde
supply is accomplished exclusively through the switching action of
the supply; no linear regulators are used on this line.

TROUBLESHOOTING

When a power supply problem has been traced through the block diagram
troubleshooting procedure to this assembly, use the following
procedure to isolate the cause of the problem.

i CAUTION

If the LINE fuse is blown, do not insert a new fuse until
the cause of the failure has been determined. Inserting
a new fuse could cause additional damage if the problem
is a shorted diocde or transistor on the Power Supply
Inverter Assembly (A7A3). Perform steps 1 through 6
before inserting a new FUSE.

Disconnect the line cord from the rear panel of the Generator.
Remove the top cover of the instrument.

Remove the top cover of the power supply (at left-rear of
instrument).

Full out the ATA3 Inverter Assembly.

Use an ohm meter or continuilty checker to check the following
components for shorts:

CE5 CRY CR13
CR6 CR10 Q@3
CR7 CR11 Qu
CR8 CR12

If neone of these components is shorted, it is safe to install
another LINE fuse and continue normal troubleshooting.

Disconnect the line cord from the rear panel of the Generator.

| WARNING '

When the ATAR Inverter Assembly is mounted on its
extender board, +160V and -160V are exposed on the traces
on this beoard. Use extreme care,

i CAUTION

Removing and installing power supply boards with the line
cord plugged in can damage these boards because high
voltage i1s present whenever the line cord is plugged in.

8-903
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Remove the ATA3 Inverter Assembly from the power supply. Insert
the extender board for ATA3 (set the switch on the extender board
to the "in" position to allow high voltage to appear on the top
edge connector of the extender board). Plug in the line cord.
Measure the high voltage at the edge connector of the extender
board. Use a DVM with the common lead connected to the chassis.

Pin 5 V = -160 + 20 Vdc
Pin 7 V = +160 * 20 Vdc

These values are for 115 VAC line voltage. Higher or lower line
voltages produce proporticnally more or less dc voltage. If this
voltage is not correct, the problem is with the high voltage
rectifilers and associated circuitry on A7TAU. Troubleshoot this
circuitry to find the cause. Otherwise, the problem is on the
ATA3 assembly so continue troubleshooting with Step 8.

Look at the waveform at pin 3 of transformer T3. This is the
output of the switching transistors. The waveform should be as
shown in the Figure 8-902, below.

<
.

W

—-[ foa—10 s

Figure 8-902. Waveform at Pin 2 of T3

If this waveform is normal, the problem is on the secondary side of
transformer T3 so continue troubleshooting with step 10 below. If
this waveform is not correct, the problem is with the switching
transistor circultry so continue troubleshooting with step 9.

9. Disconnect the line cord from the rear panel of the Generator.
Set the switch on the ATA3 extender board to the "out" position.
With the switeh in this position, no high voltage reaches the
ATA3 assembly and the drive signals to the switching transistors
can be observed. Compare the actual waveforms to those in
Figure 8-903 helow.

Base of 04 (03} Pin § of T2 Pin 6 of T2

i
T

] 10 | 10 - 104

Figure 8-903. Switching Transistor Drive Signals




Model 86634 ' Service

10. Compare the waveforms at the outputs of the rectifiers on the
secondary of transformer T3 to those shown in Figure 8-904 below.

CRE, 7 CR1Z, 14

AEEER 10

i ¥
T T

b

—=]  Jm—i0us ] pe10ps

Figure 8-904. Transformer (T3) Secondary Waveforms

If any waveform is different, there is a problem with rectifier
diodes or the transformer. The magnitude and duty cycle of the
pulses will vary with line voltage, but the pulse width at the
output of all rectifiers should be the same.

Measure the outputs of the rectifier filters at the bottom edge
connector of ATA3. Normal values are:

Rectifier Filter Outputs

ATA3 Connector Pin DVM DC Reading DVM AC Reading

21 54225 <0.05

22 More Negative <0.20
than -12.50

20 More Negative <0.20
than -44.00

17 >+5. 40 <0.040

545,20 <0.025

8-905/906
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Figure 8-905. Power Supply Inverter, Motherboard & Line Filter Block Diagrams
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M1 P2
CORANGE) (ORANGE)

[ RT}
(NRTE}

O-CRiZ =
-CR14—0

o-CRI3-D
c—R10 —0

o—R3—0

NOTE: FP4, HP5, MPB, 03, 04, RT1 LOCATED ON CIRCUIT SIDE OF BOARD

Figure 8-906. ATA3 Power Supply Inverter Component Locator

I I (v

T ® ;-‘
epm O
. O—RT

o1

1= k=R

XATA3

RID— ORIl —© i1
o—R9 —o

& owi-—o

EO En—vnz-o

ot

o—R1F—0 ’ UJ
—
O XATAIB & ” XATAIA ﬂ ©

Figure 8-907. A7A4 Power Supply Motherboard Component Locator
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CHANGES

On the A7A 3 schematic:

»

ATA3 - Modify the schematic as shown in the partial
schematic "P/O Figure 8-908 A7A3 Power Supply Inverter,
Motherboard & Line Filter Schematic {2342A)" on page 8-
903.3.

ATA Y schematic:

A7A3 - Modify the schematic as shown in the partial
schematic “P/O Figure 3-908. A7TA3 Power Supply Inverter,
Maotherboard & Line Filter Schematic (2510A)" on page 8-
902.4.

On the A7A4 schematic:

ATA4 - Change the part number of the A7A4 Assembly to

08662-60376.

If replacing the old A7 A4 Power Supply Motherboard with the
new board (08662-60376), extreme care should be exercised as
the connections are arranged in a different order on the Q8662 -
60376 board, For information regarding installing a new A7 44
Assembly (083662-60376) in an older instrument, refer to In-
stallation Instructions -- HP Part Number 08662-20069, The
wiring codesy and board labels shown on the schematic are
correct.

On the ATA schematic

ATA1 - Change the part number of the A7A1l Assembly to
0§662-60347,

ATA1 - Change the part number of Q4, Q6, Q8 to 1884-0330
in the table "Transistors and Integrated Circuit Part Numbers"

rev, 210QCTR7
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INSTALLATION INSTRUCTIONS

November 14, 1985

HP MODEL 8662A/8663A SYNTHESIZED SIGNAL GENERATORS
Serial Prefix 2537A and Below

INSTRUCTIONS FOR INSTALLING NEW STYLE
A7A4 POWER SUPPLY MOTHERBOARD
HP PART NUMBER 08662-60376
(REPLACES 08662-60156)

Due to wiring configuration changes, product damage or shock hazard could
result if the following instaellation procedure is not followed. Before attempting
this procedure, remove the power cord from the signal generator.

PROCEDURE

The input power wiring configuration for HP Part Number 08662-60156 (Serial Prefixes 2537A
and below) is different from the wiring configuration of HP Part Number 08662-60376 (Serial
Prefixes 2545A and above). Figure 1 (below) shows the proper wiring configuration when installing
the new A7A4 Power Supply Motherboard, HP part number 08662-60376.

White/Red/Grey (928)

Black/Green (05)

White/Yellow/Grey {948}
Brown (1)

Black (0)

Green (5)

Figure I. Wiring Connections for 08662-60376 Power Supply Motherboard (A7A4)

Printed in U.S.A.

m HP Part Number 08662-90069 : [ﬁﬂ HEWLETT

PACKARD

$865
rev. 16JUNE9 8-908.Y A
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E .

CHANGES

2342A to 2846A

On the A7A3 schematic:

¢ A7A3 - Modify the schematic ag shown in the partial schematic “P/O Figure
8-908, ATA3 Power Supply Inverter, Motherboard & Line Filter Schematic
(2342A to 2846A)" on page 8-908.5

2510A to 2B46A

On the A7A3 schematic:

+ A7A3 - Modify the schematic as shown in the partial schematic “P/O Figure
8-908, ATAS3 Power Supply Inverter, Motherboard & Line Filter Schematic
(2510A to 2846A)” on page B-908.6

2545A and above

On the A7A4 schematic:

» 08662-60376 - Change the part number of the ATA4 Assembly to
08662-60376,

NOTE
If replacing the old A7A4 power supply motherboard with the new
board (08662-60376), extrerne care should be ercercised as the
connections are arranged in a different order on the 08662-60376
board. For information regarding installing a new A7A4 Assembly
{08662-60376) in an older instrument, refer to Installation
Instructions on page 8-908.1 - HP Part number 08662-900689. The
wiring codes and board labels shown on the schematic are correct.

2651A and above

On the A7A1 schematic:

» 08662-60347 - Change the part number of the A7Al Assembly to
08662-60347.

« 04, Q6, Q8 - Change the part number of Q4, Q6, and Q8 to 1884-0330 in
the “Table of Transistor and Integrated Circuit Part Numbers.”

2846A and below

On the schematic:

+ B1 - This assembly is not individually backwards compatible except as a
total kit — the Fan Replacement Kit is available as HP part number
08662-60383.

If your rear panel frame is damaged and your fan needs to be replaced,
order the Rear Panel Kit, HF part number 08662-60384, See gection 7 for
further information.
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CHANGES

2918A to 3003A

On the A7A3 schematic:
+ B1 - Use the partial schematic on page 8-908.7.

+« A7A3 - In ATA3 INVERTER, under FULL-WAVE RECTIFIERS AND
RIPPLE FILTERS, draw an on-page commector extending upward from the
node of C9. Label it “A” +23V, “A” connects to the partial schematic on
page 8-908.7,

3017A and above

On the A7A3 schematic:

» A7A3C1, C2 - Change the value of ATA3C1 and C2 to 22uf.

8565
rev. QIJULSI
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il

AUXILIARY
7/ TRANSFORMER — ™\

Pl
—
t

AIO LINE FILTER (08662-60281)

:

B
FAN MOTOR

)

A7A3 Schematic Partial, (2342A to 2510A).

NOTE
The circuitry shown on this page for the B1 Fan Motor is no longer accurate. For
(‘ the current circuitry, see page 8-908.7, 2918A and above. See section 7 for more
details.

rev. 16JUINS9
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AUXILIARY
/" TRANSFORMER N\

F2
THOMAL | 15V}
500mA (230V)

(oD

| 15Y NOMINAL (8D-|26V)
230¥ NOMINAL (]198-2%52V)

48-B6Hz
420 VA MAX IMUM

g8l
FAN MOTOR

~)

Schematic Partial, (RT2 was added). See section 7 (25104 and above).

NOTE
The circuitry shown on this page for the BI1 Fan Motor is no longer accurate. For

the current circuitry, see page 8-908.7, 2918A and above. See section 7 for more ‘
details.

$S65
rev.16JUN89
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NOTES

REFER TO TABLE 8-102 FOR SCHEMATIC
DIAGRAM NOTES.

DANGER TROUBLESHOOTING VALUES ARE TYPICAL.
HIGH VOLTAGE THEY ARE ACTUAL MEASURED VALUES.
YOUR MEASUREMENTS MAY BE SLIGHTLY

WARNING DIFFERENT THAN WHAT IS SHOWN.
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V%E?AEEDAEéNgEEégg¥oﬁHeuEVEéN$HE SHOWN BELOW (A SILICON UNILATERAL
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MOTHERBOARD . BE EXTREMELY CARE- SECONDARY OF T3.
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SERVICE SHEET 66
ATAl LINEAR REGULATOR ASSEMBLY

REFERENCE BLOCK DIAGRAM 10
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs,
Table 5-2. Fost-Repair Adjustment Procedures,

PRINCIFLES OF OFERATION
General

The Linear Regulator board regulates the rectified and coarsely
Filtered dc voltages sent from the Inverter Board (Serviee Sheet 65).
There are three series regulator circuits on this board, the outputs
of which are +20 Vde (at 2.5 amperes), -10 Vdc (at 2.5 amperes), and
-40 Vdc (at 0.5 amperes). Additional features incorporated into the
regulator circuits are foldhback current limiting, transient and high
input voltage shutdown, and bi-directional crowbar protection.

Linear Regulator Circuits

Each of the series regulators is designed around an integrated
comparator amplifier (regulator). Ul and U2 are LM20H4 equivalents;
U3 is a LM305 equivalent. A compound PNP/NPN transistor pair is used
in each cirecuit to boost its current handling capability.
Potentiometers R18, R20, and R39 are adjusted to trim the output
voltages of the -40 Vde, -10 Vde, and +20 Vde lines, respectively.
Transistors Qll and Q10 control the current limiting action of U2 and
Ul in the =10 Vdc and -40 Vde¢ regulator circuits. Current limiting
for the +20 Vde¢ line is sensed by a resistive divider formed by R23,
R24, R27, and R28. Each regulator circuit has a green LED lamp which
indicates that voltage is present at its output.

Bi-Directional Crowbar Protection

& crowbar circuit shunts the cutput of each of the three linear
regulators found on this assembly. Each crowbar protects the
circuitry fed by its respective regulator should the regulator fail.
When the cutput of a regulation circuit exceeds its nominal output
voltage by more than 3 to 4 volts, or falls more than one volt below
ground (one volt above ground for the negative supplies), a triac is
turned ON, shorting the output to ground. Thisg puts the supply in a
current-1imit mode.

High Input Veoltage Shutdown Circuitry

The high input veoltage detector circuitry protects the regulators
against excessive input voltage resulting from transients, open
circuit conditions, or malfunctions in the switching-regulator
circuitry. If the input line voltage even mementarily exceeds a

B-911
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a signal will be sent to the inverter-drive circuitry, shutting down

preset value, the high input-voltage shutdown lamp will latch ON and .p
the power supply.

TROUBLESHOOTING

When a power supply problem has been traced through the bloeck diagram
troubleshooting procedure to this assembly, use the procedure below
to isolate the cause of the problem.

There are two basic types of problems that are covered by this
procedure:

1. If red LED in the upper left hand corner of the beard is lit
indicating the input voltage from the ATA3 Inverter Asszembly was
too high, and the supply was shut down, it is most likely a
problem with the regulator not drawing enough current.

The input voltage is normal, but the output veltage is neot
regulated.

Inverter Input Veltage High

1. Disconnect the line cord form the rear panel of the 8663A.

CAUTION 0

Removing and installing power supply beoards with the line
cord plugged in can damage these boards because high
voltage is present whenever the line cord is plugged in.

Install the ATAl Linear Regulator Assembly on its extender board.
Then plug in the line cord.

If the red LED in the upper left hand corner lights when the
POWER aswitch is turned on, continue troubleshooting with step 2.
Otherwlise, continue troubleshooting with step 3.

Connect a short jumper between the collector of Ql6 and ground.
This will allow the control board to furn on. Turn the line
switch to ON and measure the voltage at the test points in the
table below, to identify which supply is malfunctioning.

Linear Regulator Inputs

Measure Normal Voltage

TPY <+30.0
TIPS <-16.0%
TF6 «-55,0%

.
¥The sign ¢ in this case means lower magnitude or more positive U
than,

8912
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When the malfuncticning supply is identified, trcubleshoot the
m regulator ecircuitry to find the cause of the problem.

Inverter Input Voltage Normal

3. Turn the POWER switch to ON. To determine if any of the supplies
are in current limit, measure the voltage across the current
zensing resistors specified in the table below.

Current Limiting Check

Resistor Max Supply
Reading (VDC)

R27, 28 1.25 +20V
R36 0.60 -10V
R37 0.60 -40V

If any reading is above the maximum value given in the table,
that supply is current limited so continue troubleshooting with
step 4. If the readings are normal, there iz a problem with the
regulator circuitry so troubleshoot to find the cause.

The supply could be in current limit because the load is drawing
too much current or because the overvoltage crowbar has
triggered. Turn the POWER switch te STANDBY and moniteor the
output of the supply being tested with an oscilloscope. B8et the
scope to trigger when the supply turns on and watch how high the
voltage rises when the line switch is turned on. Compare this
value to the numbers in the table below.

Crowbar Trigger Voltage

sSupply Crowhar Trigger
Voltage

+20V 23.7V
-10V 11.0V
-40v 46 .4V

If the actual supply voltage exceeded the trigger voltage, the
regulator is defective so troubleshoot the regulator circuitry to
find the cause of the problem. Otherwise, the load is drawing
too much current zo look for the problem in one of the other
sections of the instrument.

8-913/914
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CHANGES

On the schematic:

& ATA1Ul - In the table of Transistor and Integrated Circuit
Part Numbers, change the part number for Ul to 1826-0016.
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SERVICE SHEET 67
ATA2 CONTROL ASSEMBLY

REFERENCE BLOCK DIAGRAM 10
Table 4-1. Recommended Performance Tests
After Adjustments or Repairs.
Table 5-2. Post-Repair Adjustment Procedures.

PRINCIPLES OF OPERATION
General

The Control Beoard contains the 40 kHz oscillator circuitry,
duty-eyele control logic, inverter/regulator drivers,
malfunction-disable circuitry, and auxiliary supply regulators.

Ozscillator Circuitry

The switching freguency of the supply is established by a
free-running multivibrator (U2) which generates a 40 kHz asymmetrical
waveform having a 4:1 duty eyele (20 us to 5 us). The 2.5 MHz clock
formed by Ul provides update clocking for flip-flops UHA and UUB.

The 40 kHz generator is locked to a sub-multiple of the 2.5 MHz
oscillator frequency by trigger pulses which reach pin 6 via C21.
This assures synchronous operation of the two oscillators,
eliminating spurs at the operating frequency of the synthesizer.

Within the pulse-width modulator (duty-cycle control logic formed by
U6A and U6B), the 5 us "off" period of the 40 kHz oszcillator serves
two functions. First, it alternates routing of turn-on trigger
pulses from the turn-on level comparator (formed by Q15 and @18) to
the switchihg transistors. Second, it establishes a 5 us "safety
band" which disables both drive signals, assuring that both switching
transistors are never turned ON at the same time. Any time during
the 20 us period, a drive signal can be started by a turn-on trigger
pulse, but it will always be terminated at the next 5 us period. The
period of the drive signals depends on the position of the turn-on
trigger pulse in the 20 us frame. If it occurs early in the frame,
the drive pulse will be wide. If it occurs late in the frame, the
drive pulses will be narrow.

Duty Cycle Control Logic

The duty cyele control logic generates the pulse-width modulated
signals that ultimately drive A7A3T3 (service sheet 65). This
circuitry is composed of buffer flip-flops UYA and ULR, driver
flip-flops U6A and UGB, and associated NAND gate circuitry (U5 and
U7). Flip-flops UdA and UHB act as switching buffers between the
duty cycle generator, loop gain amplifier, current foldback limiter,
malfunction disable gate, and the driver flip-flops. They assure
that control signals to the driver flip-flops are synchronized to
occur at the proper times.

8-919
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The pulse-width medulator circultry is set up in a quad-state logic
arrangement. UUYB disables the +160 volt driver flip-flops whenever
it changes state. U4A enables one of the two driver flip-flops
whenever it changes state, but never allows both flip-fleps to turn
on at the same time. Furthermore, no driver flip-flop is allowed to

turn ON twice in a row.

Fast and Slow Sense Circults

Whenever a change in power demand occurs, the fast and slow loops
effect a change in power delivered to the input of T3 by varying the
duty eyecle of the 20 kHz inverter. The fast sense circuit is a
direct duty cycle meodulated loop which turns the level comparator
(Q1l5 and Q18) ON and OFF for fast and slow reactions to load changes;
it alse helps to diminish the 120 Hz component on the +5.2 volt line.

The slow sense circuit is an analog leoop which senses the output of
the +5.2 volt section. The slow loop provides precise (and
relatively slow) regulation of the ocutput, while the fast loop
handles faster regulation demands. (See the two following circuit
deseriptions.)

Turn-0On Level Comparator (Duty Cycle Trigger)

The turn-on trigger pulses are generated by the level comparator
formed by Q15 and Ql8. This circuit compares the fast sense line at
the junction of the first L-C filter on the +5.2 volt line (Service
Sheet 65) with the dec reference voltage obtained from the loop gain
amplifier (U9). The voltage on the +5.2 volt fast sense line has a
triangular ripple component which slopes positively when a switching
transistor is ON and negatively when both transistors are OFF. When
the sense voltage falls slightly below the reference voltage, the
comparator generates a turn-on trigger pulse. Immediately, one of
the switching transistors turns ON and the output starts to rise
again. If lead demands increase, the sensed voltage drops more
rapidly, the trigger pulses are generated earlier, and the switching
transistors stay ON for longer perieds to supply the increased power
demand. Conversely, a reduced load lengthens the negative slope,
causing the turn-on trigger pulses to occur later, and the switching
transistors conduct for shorter periods.

Constant Veoltage Comparator (Loop Gain Amplifier)

To improve regulation of the +5.2 volt supply, losses cccurring
between the fast sense point on the +5.2 volt line and the final dc
output are factored into a level comparison voltage by the loop gain
amplifier (U9). This circuit compares the +5.2 volt zener reference
voltage with the +5.2 volt output slow loop sense line (8Serviece Sheet
65). Any difference between the two voltages is amplified, slowly
varying the dc reference to the turn-on level comparator.
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Current Foldback Limiter

The current 1limit comparator (U8) monitors the output current of the
supply by sensing the voltage drop across R12 (service sheet 65). If
the load current exceeds a preset limit (due to a short-circuit
condition) the circuit is energized and acts to reduce the dc
reference voltage applied to the level comparator. This in turn
causes the output voltage to drop to a level that holds the supply
current at a maximum of 3 amperes.

Stabilizing Waveform Shaper (Exponentiator)

The exponentiator (UlQ) generates a limit-ecyele-regulation waveform
which is applied to the base of Ql8 in the level comparator. If the
output of UbA were HI and duty cyecle contrel logic was producing a
duty c¢yele of less than 50% at the 40 kHz rate, the system would
become unstable and oscillator U2 could be forced to drop to 20 kHz
operation (resuilting in a 10 kHz switching rate). Summation of the
output of the stabilizing waveform exponentiator shaper with the +5.2
volt slow loop sense line at the base of Q18 causes the trip point of
the compatator to be changed just enough to make sure that comparison
is made at 40 kHz rather than 20 kHz as would otherwise happen.

Malufunction Disable (Gate

Signals from the overvoltage and overtemperature detector circuits
are gated by UGB to disable the inverter drive circuitry whenever a
shutdown condition arises. This results in power being turned off to
all parts of the system except those powered by the auxiliary supply.

- Auxiliary Supply

The auxiliary supply circuitry receives 45 Vac from transformer Tl
(Service Sheet 65) located within the power supply on the rear panel
of the Signal Generator. The ac is rectified, producing a dc voltage
that powers the ABA3 Reference Oszecillator oven and drives the + 15
volt regulators. CR1 through CRY form a bridge rectifier which
produces a positive and negative voltage with reference to ground.
The front panel line switch has rno effect on this circuitry and these
voltages will be present whenever the Signal Generator 1s connected
to the ac power lines.

When the POWER switch is in the STANDBY position, Q6 is ON, turning
Q7 OFF. When Q7 is OFF, Q3, QY, and Q5 are alse OFF, shutting down
the +15 volt supplies. When the POWER switch is turned ON, Q6 turns
OFF and allows current (flowing through @8 ) to turn ON Q7 and thus
turn ON Q3, @4, and @5, which brings up the * 15 volt supplies. IFf
the ae line voltage decreases, a point will be reached where Q8 is
biased OFF. Thisz will turn OFF {7, which shuts down the + 15 volt
supplies.
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TROUBLESHOOTING

When a power supply problem has been traced through the block diagram
troubleshooting procedure to this assembly, use the following
procedure to find the defective component. Problem symptoms can be
divided into two classes:

1. No pulses at TP6 and TP7 (shutdown).
2. +5.2V supply not regulated (too high or too low).

No Pulses at TP6 or TP7.

Check Normal Condition If Abnormal,

. Eﬁge connector ATA2 +15.0 + 1.0 Vde Troubleshoot auxiliary supply.
pin 9

. E.dgg connector ATAZ -15.0+1.0 Vde Troubleshoot auxiliary supply.
pin

. Ulpind CMOS logic high Either the overtemperature or 5.2V overvoltage detector
(+10 Vde) has triggered. The overvoltage detector is the most
Likely. Remove Q9. If Ul pin 5 is still low, Q19 has
triggered which means the +5.2 V gupply voltage went
above 8V, This is an indication that the A7A2 Control
board is not regulating properly. If the overtemperature
detector has triggered, determine if the detector circuitry
is faulty or if the heat sink on the ATA3 is really
overheating, Turning the instrument off for awhile will
cool everything and the detector shouldn’t trigger when
the instrument is first turned on.

4. Waveforms on As shown in the Troubleshoot the digital circuitry which produces
TP2, TP3, TP9 figure below these waveforms.

Base of 04 (03} Pin 5 0f T2 Pin 6 of T2

i{
T

10 s —|  fe-10ps ] 10
Maximum Duty Cycle Generator Waveforms

5. U5 Pin5 COMS logic high Comparator circuitry is defective. Continue trouble-
{(+10 Vdc when shooting in the +5.2 V supply.
5.2 V supply = 0)

6. Waveforms on U7 As shown in the The problem is in the duty cycle control logic. Inputs
ping 3 and 11 figure helow are correct and outputs defective.

_5{
T

ol w10 g5

Duty Gycle Gontrol Logic Dutputs

7. At this point if there are no pulses on TP6 and TP7, the problem is in the inverter/regulator drivers on
ATAZ or the switch circuits on A7A3. Remove the line cord and then remove the A7A3 assembly from the
power supply. Now the waveforms at TP6 and TP7 should be like the waveforms in Figure 2 except
amplitude should be +15 V. If there are still no waveforms, the drive circuits are defective. If the
waveforms are there now, the problem is in the switch circuitry on A7A3. So continue troubleshooting with
service sheet 55.
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“

1.

5.2V Supply Not Regulated

Turn the line switch to STANDBY, remove the power cord, and
remove the A7A3 Inverter Assembly from the power supply.

Remove the bottom cover from the 8663A. Remove the small pc
board that connects the wiring harness to the Power Supply
Motherboard. This disconnects the power supply from the rest of
the instrument.

Install the ATA2 Control Board on its extender becard. Connect a
jumper form TP8 to ground (the top [negative] leads of capacitors
C3,4,9,10 in the center of the board make good ground points).
Having this jumper connected is the same as turning the line
switch on.

Set an adjustable power supply to +5.2 +0,1 Vdc¢ and connect the
"+" terminal to TPl and the "-" terminal to ground on AT7AZ.

Plug in the power cord and follow the procedure in the following
table.

Check Normal Gondition If Abnormal,

1. @17 Emitter »5.4 Vde Current foldback limiter circuit is defective. No current
should be flowing through the current sensing resistor
on ATA4 so U8 should produce a positive output.

2. U3Pin 3 5.20 + 0.02 Vde If the voltage is between 4.6 and 5.8 Vdc, adjust the
5.2V supply pot to bring the voltage into spec. If the
voltage is not close or cannot be adjusted, troubleshoot
the reference circuit to find the cause of the problem.

3. Waveform on TP11 As shown in the There is a problem with U10 or associated circuitry.
figure below

|5 us

Exponentiator Waveform

4. Set power supply
connected to TP1
<5.10 Vdc

U9 pin 6 >13.0 Vde Loop gain amplifier defective,

U4 pin 5 CMOS logic high Comparator circuitry defective.
(+10 Vde)

5. Set power supply
connected to TP1
=5.30 Vde

U9 pin 6 <OV Loop gain ampilifier defective.

U4 pin 5 CMOS logic low Comparator circuitry defective.
v

8-923/924
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CHANGES

On the A7A2 schematic:
¢ ATAZR37 ~ Change the value of R37 to 21.5k.
On the schematic:

& ATALQ2 - In the Table of Transistor and Integrated Circuit
Part Numbers, change the part number of Q2 to 1854-1046.

§$567
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