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Figure 1-1. Model 618C/620B SHF Signal Generator.
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CHAPTER A

INTRODUCTION

A.1 Scope
a. This manual describes Hewlett-Packard

Models 618C/620B SHF Signal  Generators,
nomenclature Signal Generator AN/URM-170,
and covers its installation, operation, and or-
ganizational, direct support, and general sup-
port maintenance.
b. Throughout this  manual ,  where approp-

riate, references are made to other publications
which contain information applicable to the op-
erat ion and  main tenance o f  t h e  M o d e l s
618C/620B SHF Signal Generator. A complete
listing of applicable reference publications and
manual changes are provided in appendix A.

c. The maintenance allocation chart appears
in appendix B.

d. The repair parts list appears in appendix C
which is current as of 28 February 1974.

A.2 Indexes of Publications
a. DA PAM 310-4. Refer to the latest issue of

DA Pam 310-4 to determine whether there are
new editions, changes, or additional publica-
tions pertaining to the equipment.

b. DA PAM 310-7. Refer to DA Pam 310-7 to
determine whether there are modification work
orders (MWO’s) pertaining to the equipment.

NOTE

This technical manual is an authenti-
cation of the manufacturer’s commer-
cial literature and does not conform
with the format and content specified
in AR 310-3, Military Publications.
This technical manual does, however,
contain available information that is
essential to the operation and mainte-
nance of the equipment.

A.3 Forms and Records
a. Reports of Maintenance and Unsatisfactory

Equipment. Maintenance forms, records, and
reports which are to be used by maintenance
personnel at all maintenance levels are listed in
and prescribed by TM 38-750.

b. Report of Packaging and Handling De-
ficiencies. Fill out and forward DD Form 6 (Re-
port of Packaging and Handling Deficiencies) as
prescribed in AR 700-58/NAVSUP PUB
378/AFR 71-4/MCO P4030.29, and DSAR 4145.8.

c. Discrepancy in Shipment Report (DIS-
REP) (SF S61). Fill out and forward Discre-
pancy in Shipment Report (DISREP) (SF 361) as
p r e s c r i b e d  i n  A R  5 5 - 3 8 / N A V S U P I N S T
4610.33/AFM 75-18/MCO P4610.19A, and DSAR
4500.15.

A.4 Reporting of Equipment Manual Im-
provements

The reporting of errors, omissions, and recom-
mendations for improving this publication by
the individual user is encouraged. Reports
should be submitted on DA Form 2028 (Recom-
mended Changes to Publications and Blank
Forms) and forwarded direct to Commander, US
Army Electronics Command, ATTN: AMSEL-
MA-CT, Fort Monmouth, NJ 07703.

A.5 Administrative Storage
For procedure, forms and records, and inspec-
tion required during administrative storage of
this equipment, refer to TM 740-90-1.

Change 1 A-1/(A2 blank)
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CHAPTER 1

GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The Hewlett-Packard Models 618C/
620B SHF Signal Generators (Figure 1-1)
provide RF signal output in the frequency
ranges of 3,800 to 7,600 MHz, and 7,000 to
11,000 MHz respectively. At least 1-mW
power output is available over the entire
frequency range. The output frequency is
indicated on a direct-reading dial. The RF
output power is adjustable by an attenuator
that is calibrated in µ V and dB.

1-3. Five types of modulation are available:
internal pulse modulation, external pulse
modulation, internal frequency modulation,
external frequency modulation, and internal
square-wave modulation.

1-4. The internal pulse modulation has a
variable repetition rate of 40 to 4,000 Hz.
Pulse width is variable from 0.5 to 10 µs
as measured at the pulse 50% amplitude
points. Internal square wave modulation
is variable from 40 to 4,000 Hz.

1-5. The Signal Generator can be modulated
by external pulses of positive or negative
polarity. The amplitude of the modulating
pulses may be 20 to 70 V, and the pulse
width between 0.5 and 2,500 µs.

1-6. Internal frequency modulation com-
prises a sawtooth sweep rate of 40 to 4$00
Hz. Frequency deviation is approximately
5 MHz over most of the band. External fre-

quency modulation from an external sine
wave is provided. Maximum frequency de-
viation is 5 MHz.

1-7. Synchronization outputs of the Signal
Generator comprise two types: delayed
and undelayed. The delayed synchronization
output is a positive pulse that occurs simul-
taneous with the RF pulse. The pulse has an
amplitude of 25 V minimum and a rise time of
less than 1 µs when terminated in a load of
1000 ohms or more. The undelayed synch-
ronization pulse has the same characteris-
tics as the delayed pulse, except the pulse
occurs between 3 to 300 µs (as adjusted by
front-panel control) before the RF pulse.

1-8. Both the pulse- and frequency-modu-
lated RF output may be synchronized with
the following externally generated signals:
sine waves of 40 to 4,000 Hz and 5 to 50 V
amplitude; pulses of 40 to 4,000 Hz, a peak
amplitude of 5 to 50 V, a rise time of 0.1
to 1 µs, and a width of 0.5 to 5 µs.

1-9. INSTRUMENT IDENTIFICATION

1-10. Hewlett-Packard instruments have a
two-part serial number. The first three
digits are the serial prefix. If the prefix on
your instrument is not listed on the title page
of this manual, in the appendix, or on a
Manual Change sheet enclosed with the man-
ual, the correct information may be obtain-
ed from any Sales and Service Office listed
at the rear of this manual.

1-1
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Table 1-1. Specifications

Output

Frequency Range:
618C: 3,800 to 7,600 MHz covered in a single

band.
620B: 7 to 11 GHz covered in a single band.
Repeller voltage automatically tracked and proper

mode automatically selected

Calibration: Direct reading. Frequency calibration
accuracy better than ±1%.

Vernier: ∆ F control has a minimum range of 0.5
MHz (618C), 1.5 MHz (620B) over most of the
band for fine tuning. Remote ∆ F connector on
rear panel permits fine tuning with external po-
tentiometer; tuning range at least 0.5 MHz
(618C), 1.5 MHz (620B) over most of the band
with potentiometer ≥ 2 megohms.

Frequency Stability:
With Temperature: Less than 0.006%/°C change

in ambient temperature.
With Line Voltage: Less than 0.02% change for

line voltage variation of ±10%.
Residual FM: < 15 kHz peak.

Output Range: 1 milliwatt or 0.224 volt to 0.1
microvolt (0 dBm to -127 dBm) into 50 ohms. Di-
rectly calibrated in microvolt and dB. Coaxial
Type N connector.

Output Accuracy: Within ±2 dB from -7 to -127
dBm, within ±3 dB from 0 to -7 dBm, at front
panel connector, terminated in 50-ohm load.
Temperature-compensated detector circuit mon-
itors rf oscillator power level. An auxiliary,
fixed-level rf output (at least 0.3 mW) is provided
on the front panel for use with other equipment
such as a frequency counter or phase-lock instru-
mentation.

Source Impedance: 50 ohms nominal; reflection co-
efficient less than 0.33 (2 swr, 9.6 dB return
loss.)

Modulation

Modulation: Internal or external pulse, FM, and
square wave.

Internal Pulse Modulation: Repetition rate variable
from 40 to 4,000 pps, pulse width variable 1/2
to 10 microseconds.

Sync Out Signals: Simultaneous with rf pulse, pos-
itive; In advance of rf pulse, positive, variable
3 to 300 microseconds, (Better than 1 micro-
second rise time and 25 to 100 volts amplitude
into 1,000-ohm load.)

External Synchronization:
Sine Wave: 40 to 4,000 Hz, 5 to 50 V rms.
Pulse: 40 to 4,000 pps, 5 to 50 V peak, positive

or negative, 0.5 to 5 µsec wide, 0.1 to 1 µsec
rise time.

Internal Square Wave Modulation: Variable, 40 to
4,000 Hz, controlled by PULSE RATE control.

1-2

Internal Frequency Modulation: Sawtooth sweep
rate adjustable 40 to 4, 000 Hz. Frequency de-
viation to 5 MHz peak-to-peak over most of the
frequency range.

External Pulse Modulation: Pulse requirements:
amplitude from 20 to 70 volts positive or negative,
width 0.5 to 2,500µs.

External FM: Frequency deviation approximately
5 MHz peak-to-peak over most of the band. Sen-
sitivity approximately 20 V/MHz at front-panel
connector, approximately 10 V/MHz at rear panel
connector (mating connector supplied.) Front-
panel connector is capacitively coupled to klystron
repeller; rear-panel connector is dc coupled to
klystron repeller and is suitable for phase-lock
control input.

General
Power Source: 115 or 230 volts ±10%, 50 to 60 Hz,

230 W.

RFI: Conducted and radiated leakage limits are be-
low those specified in MIL-I-6181D.

Dimensions: Cabinet Mount: 17-1/2 in. wide,
13-7/8 in. high, 20-3/8 in. deep behind panel
(445 x 353 x 517 mm).
Rack Mount:

Weight: Net, 69 lbs. (31, 1 kg). Shipping, 90 lbs.
(40, 5 kg).

Accessory Furnished: 11500A Cable Assembly,
6 feet (1830 mm) of specially treated RG-214A/U
50-ohm coaxial cable terminated at each end with
UG-21D U Type N male connectors; 7-1/2-ft.
(2290 mm) power cable.

Accessories Available: 11001A Cable Assembly,
45 in. long, RG-58C/U 50-ohm Coax, terminated
by dual banana connector on one end, BNC on
other. 10503A Cable Assembly, 4 feet long,

RG-58C/U 50-ohm Coax, terminated on each end
by BNC male connectors.
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CHAPTER 2

INSTALLATION

2-1. INCOMING INSPECTION.

2.2. Inspect the Model 618C/620B for any
damage incurred during transit. If the equip-
ment has been damaged, report the damage
on DD Form 6 (para 1-A.3). Check to see that
the equipment is complete as listed on the
packing slip. Report all discrepancies in ac-
cordance with TM 38-750.

2-3. PREPARATION FOR USE.

2-4. POWER REQUIREMENTS.

2-5. The Signal Generator requires a power source
of 115 or 230 V ac ± 10%, single phase. The power
source must supply approximately 250 W.

2-6. 115/230 VOLT OPERATION.

2-7. A two-position slide switch, on the rear panel,
permits operation from either a 115 or 230 V power
source. The number visible on the switch slider indi-
cates the line voltage for which the Signal Generator
is connected. The correct fuse rating for each line
voltage is adjacent to the switch.

2-8. To prepare the Signal Generator for operation,
set the 115-230 V switch so that the number visible on
the slider corresponds to the available line voltage.
Install a fuse of correct rating.

To avoid damage to the Signal Generator,
before connecting the power cable, set the
115-230 V switch for the line voltage to be
used.

2-9. POWER CABLE.

2-10. To protect operating personnel, the National
Electrical Manufacturers’ Association (NEMA) recom-
mends that the Signal Generator panel and cabinet be
grounded. Accordingly, the Signal Generator is
equipped with a three-conductor power cable which,
when plugged into an appropriate receptacle, grounds
the panel and cabinet. The offset pin of the three-prong
connector is the ground pin.

2-11. To preserve the protection feature when oper-
ating the Signal Generator from a two-contact outlet.
use a three-prong to two-prong adapter (hp Stock No.
12510048) and connect the green pigtail on the adapter
to ground.

2-12. COOLING.

2-13. Forced air cooling is used to maintain safe op-
erating temperatures within the Signal Generator cabi-
net. The air intake and exhaust ports, cooling fan,
and air filter are located at the rear of the cabinet.
To ensure adequate ventilation, maintain about three
inches of clearance behind the cabinet.

CAUTION

Do not operate the Signal Generator if the fan
is not operational.

2-14. AIR FILTER.

2-15. The air filter, as received with a new Signal
Generator, has a coating of dust-catching substance
which improves air cleaning action. To maintain ade-
quate ventilation, clean and recoat the air filter at
regular intervals. See Section V for cleaning instruc-
tions.

2-16. REPACKING FOR SHIPMENT.

2-17. If the Signal Generator is to be packaged for
shipment use the original shipping container and pack-
ing materials. If these have been discarded or not in
condition for reuse, obtain new materials from your
local Hewlett-Packard Sales and Service Office (see
rear of this manual for locations), or follow these gen-
eral instructions:

a. Wrap the Signal Generator in heavy paper or
plastic. (If the Signal Generator is being shipped to a
Hewlett-Packard service facility, attach a tag indi-
cating type of servicing required, return address,
model number, and full serial number.)

b. Use a strong shipping container. A carton made
of 500- to 600-pound test material will usually provide
adequate protection.

c. Use enough shock-absorbing material (3- to 4-
inch layer) around all sides of instrument to provide
firm cushion and prevent movement inside the con-
tainer. Protect the control panel with cardboard. With
Hewlett-Packard “floater pack” packaging, the foam
blocks provide sufficient shock protection, and addi-
tional material is unnecessary.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE” to as-
sure careful handling.

2-18. In any correspondence refer to the Signal Gen-
erator by model number and full serial number.

2-1
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CHAPTER 3

OPERATION

3-1. INTRODUCTION.

3-2. This section provides instruction to properly
operate the Signal Generator. Included are general
operating information; a description of controls, con-
nectors, and indicators; and basic operating procedures
for each mode of operation.

3-3. GENERAL OPERATING INFORMATION.

CAUTION

Do not connect RF or dc power in any magni-
tude to the output terminals of this instru-
ment. As little as 0.2 W can permanently
damage the attenuator probe. Extreme care
should be exercised when working with trans-
ceiver-type equipment to insure that the
transmitter section is not operating while the
Model 618C/620B is connected to the trans-
ceiver antenna.

3-4. OUTPUT ACCURACY. The accuracy of the out-
put system and the calibration of the attenuator in the
Model 618C/620B is determined at the front-panel out-
put jack. Output cable losses must be considered in
addition to the attenuator dial indication when employ-
ing specific signal levels at the end of the output cable.

3-5. Erratic instrument performance at the output
terminals, or no power output is frequently an indica-
tion that the instrument has been subjected to abuse.
This condition may be confirmed by measuring either
the dc resistance of the attenuator or the SWR looking
into the panel connector. Dc resistance is approxi-
mately 50 ohms. SWR (at panel connector) is 2.0 or
less.
3-6. The klystron used in this instrument is expensive
and has a shorter life (approximately 1000 hours) than
that of a conventional vacuum tube. Power should be
removed from the Signal Generator when it is not in
use in order to increase the useful life of the klystron.

3-7. CONTROLS, CONNECTORS AND
INDICATORS.

3-8. Front-panel controls, connectors, and indicators
are shown and described in Figure 3-1.

3-9. BASIC OPERATING PROCEDURES.

3-10. TURN ON.

a. Set rear-panel 115-230 V switch to match line
voltage, and check that the line fuse has correct rating.
(Correct fuse rating is directly above the visible num-
ber on the switch slider.)

b. Connect Signal Generator to power source.

c. Depress POWER switch. Allow 5-minute warm-
up time. If ambient temperature is below 10ºC (50°F),
allow a longer warmup period.

3-11. DETAILED OPERATING PROCEDURES.

CAUTION

Do not use the Signal Generator if the cooling
fan does not operate at turn-on.

3-12. Detailed operating procedures are given in
Figures 3-2 through 3-7.

3-13. OPERATION WITH THE DYMEC DY-2650A
OSCILLATOR SYNCHRONIZER.

The 618C/620B is easily adapted for use with the DY-
2650A Synchronizer as follows:

1.

2.

3.

Remove the internal shorting jumper from
J303, pins A & B.
The jumper is connected between the kly-
stron reflector and its power supply across
R526.

Connect the mating connector J7 to P2 on the
DY-2650A. This is to protect a user from
accidentally contacting the otherwise exposed
pins of P2, one of which will be at the reflec-
tor potential after completion of step 3.

Connect the klystron reflector lead and the
reflector voltage lead to pins G and F, re-
spectively, of J5 on the DY-2650A. An RG-
59A/U type cable is recommended for this
connection.

No other modifications are normally required. The
RF sample for the DY-2650A must be obtained from
the signal generator output connector through a suit-
able coupler. Varying the output level from the sig-
nal generator to the device being tested will also vary
the RF sample level into the DY-2650A. It is there-
fore necessary to set the RF output level from the
signal generator to a fixed value and to use an exter-
nal attenuator for varying the level to the device under
test if wide ranges in level are required.

CAUTION

When the shorting jumper has been removed
from the klystron reflector supply voltage as
described in step 1 above, the 620B must not
be operated without being connected to the
DY-2650A unless the reflector lead jumper
is replaced. Omission of the jumper will
damage the klystron.

3-1
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Figure 3-1. Front-panel Controls, Connectors, and Indicators (Part 1 of 2).

3-2
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1. MOD. SELECTOR. In FM EXT position, sine
wave or sawtooth applied to EXT. MOD connec-
tor modulates Signal Generator. In FM INT posi-
tion, an internally generated sawtooth modulates
the Signal Generator. In CW position, the Signal
Generator is not modulated. In OFF position,
Signal Generator RF output is disabled. In INT.
position, the Signal Generator is modulated by
internally generated pulses. In EXT+ position,
the Signal Generator can be modulated by posi-
tive pulses applied to the EXT. MOD. connector.
In EXT- position, the Signal Generator can be
modulated by negative pulses applied to the EXT.
MOD. connector. In   position Signal Genera-
tor is modulated by internally generated square
waves (approximately 50% duty cycle).

2. PULSE WIDTH. Adjusts width of modulating
pulse when MOD. SELECTOR is set to INT.

3. PULSE DELAY. Adjusts the delay time between
synchronizing pulse and RF output pulse from 3
to 300 µs.

4. PULSE RATE. Adjusts pulse repetition rate of
modulation when MOD SELECTOR is set to INT.
FM INT, or    position and SYNC SELECTOR
is in X1 or X10 position. When SYNC SELEC-
TOR is in X1 position, pulse rate is indicated
by PULSE RATE control; when SYNC SELEC-
TOR is in X10 position, pulse rate is 10 times
that indicated by PULSE RATE control.

5. SYNC SELECTOR. In ~ position, and when MOD.
SELECTOR is set to INT, Signal Generator may
be synchronized by external sine-wave signal of
5-50 V rms applied to SYNC. IN connector. In
EXT- position, and when MOD. SELECTOR is in
INT position, Signal Generator must be syn-
chronized by negative pulses (5-50 V peak-to-
peak) applied to SYNC. IN connector. In EXT+
position, and when MOD. SELECTOR is set to
INT, the Signal Generator must be synchronized
by external positive pulses (5-50 V peak-to-peak)
applied to the SYNC. IN connector. In X1 posi-
tion, and MOD. SELECTOR is set to INT, the
modulation repetition rate is as indicated by the
PULSE RATE control. In the X10 position, and
when MOD. SELECTOR is set for INT, the mod-
ulation repetition rate is 10 times that indicated
by the PULSE RATE control.

6. Power Meter. Indicates RF power input in dBm
to attenuator.

7. ∆ F. Provides up to 0.5 MHz adjustment of output
frequency for 618C; 1.5 MHz for 620B.

8. MHz/GHz. Indicates RF output frequency in
megahertz/gigahertz for 618C/620B respectively.

9. Frequency Control. Adjusts RF output fre-
quency.

10. DELAYED SYNC. OUT. Delayed (3-300 µs) syn-
chronization signal is available at this connector.

11. SYNC. OUT. Undelayed synchronization output
signal is available at this connector.

12. SYNC. IN. External synchronization signal is
applied to this connector.

13. EXT. MOD. External modulation signal is ap-
plied to his connector.

14. RF OUTPUTS CAL. Source of calibrated RF
power is available at this connector.

15. RF OUTPUTS UNCAL. Uncalibrated RF output
power is available at this connector.

16. POWER. Turns Signal Generator on and off.

17. POWER SET. Adjusts RF power input to attenu-
ator.

18. OUTPUT ATTEN. Adjusts RF output power to
a calibrated level.

19. Attenuator Dial. Indicates RF output level when
power meter is indicating 0 dBm.

20. FM AMPLITUDE. Adjusts frequency deviation
of RF when using frequency modulation.

Figure 3-1. Front-Panel Controls, Connectors, and Indicators (Part 2 of 2).
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1.

Note 2. Set MOD. SELECTOR to CW.

Perform turn-on procedure described in 3. Adjust POWER SET for 0-dBm indication on
paragraph 3-10. power meter.

4. Adjust OUTPUT
Adjust frequency control for desired RF output level as indicated
frequency as indicated on dial. ∆ F is vernier
turning which can be adjusted by the knob on the
front panel or by varying a potentiometer con-
nected to the ∆ F connector on the rear (see ∆ F control should
specifications). use.

ATTEN. for desired output
by attenuator dial.

Note

be centered when not in

Figure 3-2. CW Operation.

3-4
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1.

2.

3.

4.

Note 5. Set SYNC SELECTOR TO X1 or X10 and adjust
PULSE RATE control for desired square-wave

Perform turn-on procedure descr ibed in frequency.
paragraph 3-10.

Adjust frequency control for desired RF output
frequency as indicated on dial.

6. Connect RF cable between RF OUTPUTS CAL.
connector and equipment being tested.

Note

Set MOD. SELECTOR to CW. Synchronization pulses occurring at the mod-
ulation rate are available at the SYNC. OUT

Adjust POWER SET for 0-dBm indication on connector.
power meter. Note

Set MOD. SELECTOR TO ∆ F control should be centered when not in use.

Figure 3-3. Internal Square-Wave Modulation Operation.

3-5
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.

Note 6. Adjust PULSE WIDTH control for desired mod-
ulation pulse width.

Perform turn-on procedure descr ibed in
paragraph 3-10.

7. Adjust PULSE DELAY control for desired delay
time.

Adjust frequency control for desired RF output
frequency as indicated on dial.

8. Set FM AMPLITUDE control to OFF.1.

2.

3.

4.

5.

9. Connect RF cable between RF OUTPUTS CAL
connector and equipment being tested.Set MOD. SELECTOR to CW.

Adjust POWER SET for 0-dBm indication on
power meter.

10. Connect pulse cable between the SYNC OUT and/
or DELAYED SYNC OUT connectors and exter-
nal equipment as required by the application.

Set MOD. SELECTOR to INT.

Note
Set SYNC SELECTOR to X1 or X10, and adjust
PULSE RATE control for desired pulse repetition
rate.

∆ F control should be centered to obtain opti-
mum pulse rise and decay.

Figure 3-4. Internal Pulse Modulation Operation.
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1.

2.

3.

4.

Note 5. Connect external modulating source to EXT.
MOD. connector. External modulating pulses

Perform turn-on procedure descr ibed in must have peak-to-peak amplitude of between 5
paragraph 3-10. to 50 v.

Adjust frequency control for desired RF output
frequency as indicated on dial. Note

Set MOD. SELECTOR to CW. In this mode of operation, no synchronization
pulses are available at the DELAYED SYNC.

Adjust POWER SET for 0-dBm indication on OUT or SYNC. OUT connector.
power meter.

Set MOD. SELECTOR to EXT or EXT-, as re-
quired by the polarity of the external modulating ∆ F control
pulses. mum pulse

Note

should be centered to obtain opti-
rise and decay.

Figure 3-5. External Pulse Modulation Operation.
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1.

2.

3.

4.

5.

Note 6. Set FM AMPLITUDE to OFF, and then carefully
turn the control clockwise until the desired de-

Perform turn-on procedure described in gree of frequency deviation is obtained. Because
paragraph 3-10.

Adjust frequency control for desired RF output
frequency as indicated on dial.

Set MOD. SELECTOR to CW.

Adjust POWER SET for 0-dBm indication on
power meter.

Set MOD. SELECTOR to FM INT.

Set SYNC SELECTOR to X1 or X10 and adjust

of klystron characteristics, unstable operation
will occur when the control has been advanced
to the point where the fm deviation is greater
than the stable portion of the mode.

7. Connect RF cable between RF OUTPUTS CAL
connector and equipment under test.

8, If desired, connect pulse cable between SYNC.
OUT. CONNECTOR and external equipment.

Note

PULSE RATE control for desired modulation ∆ F control should be centered to allow the
frequency. klystron to operate in the center of the mode.

Figure 3-6. Internal Frequency Modulation Operation.
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1.

2.

3.

4.

5.

Note 6. Set FM AMPLITUDE to OFF, and then carefully
turn the control clockwise until the desired de-

Perform turn-on procedure descr ibed in gree of frequency deviation is obtained. Because
paragraph 3-10.

Adjust frequency control for desired RF output
frequency as indicated on dial.

Set MOD. SELECTOR to CW.

Adjust POWER SET for 0-dBm indication on
power meter.

Set MOD SELECTOR to FM EXT.

Connect external modulation voltage to the EXT.
MOD. connector. The modulation signal should

of klystron characteristics, unstable operation
will occur when the control has been advanced
to the point where the fm deviation is greater
than the stable portion of the mode.

Note

In this mode of operation, no synchronization
pulses are available at the DELAYED SYNC.
OUT or SYNC. OUT connector.

Note

∆ F control should be centered to allow the kly-
have a level of at least 70 V rms. stron to operate in the center of the mode.

Figure 3-7. External Frequency Modulation Operation.
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CHAPTER 4

PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2. This section contains explanations of the opera-
tion of the Signal Generator circuits. Figure 4-1 is a
simplified block diagram showing principal circuit
sections and operating controls. Each circuit section
and important individual circuits are explained in suc-
ceeding paragraphs.

4-3. THE MODULATOR SECTION.

4-4. The Modulator Section is shown in block diagram
form in Figure 4-2. The function of the circuits in
this section is to establish a modulating pulse (for pulse
operation) or a sawtooth voltage (for frequency modu-
lation) and to apply it to the RF oscillator to obtain the
desired type of RF output. Various portions of these
circuits are not employed in certain types of operation,
such as external pulse or external FM operation
(see f igure  4-1) .  However ,  the  block diagram
shows the condition (delayed pulse output with
external  synchronizat ion where al l  of  the cir-
cuits are employed, and the description will
cover  this  type of  operat ion.  Other  types of
operat ion wil l  be descr ibed in  la ter  paragraphs.
4-5. SYNCHRONIZING CIRCUITS. These circuits
accept the external synchronizing voltage applied at
the SYNC IN connector, and transform it into a nega-
tive pulse to trigger Pulse Rate Multivibrator V103.
The circuit elements are shown in Figure 4-3. The
grid of V101A is returned to B+ (ground). This places
the grid at zero bias and the tube is conducting through
plate load resistor R103. The tube responds to both
positive and negative signals.

4-6. The negative-going portion of a sine-wave syn-
chronizing voltage, or a negative synchronization pulse,
causes the tube to cut off, developing a positive pulse
in its plate circuit. This pulse is applied to the grid
of V101B. Tube V101B is cut off (bias of -15 V) and
the positive pulse from the plate of V101A causes
V101B to conduct; thus, its plate voltage drops and the
output is a negative-going pulse with a steep leading
edge.

4-7. This negative pulse is applied to the ~ and (-)
contacts of SYNC SELECTOR switch S101A through
Series Clipper V102A. Clipper V102A develops only
negative pulses at its output.

4-8. When a positive external synchronization pulse
is applied to the grid of V101A, a negative pulse is
developed in its plate circuit and applied through ca-
pacitor C103 to the + contact of S101A.

4-9. PULSE RATE MULTIVIBRATOR, SYNC CON-
DITION. When external sine-wave synchronization
signals are employed, the Synchronization Multivibra-
tor is switched to the operating condition shown in fig-
ure 4-4. This circuit is a one-shot multivibrator

with V103A drawing current while V103B is cut off.
The negative pulse from the synchronization input cir-
cuits causes the multivibrator to switch at tl, devel-
oping a negative pulse in the plate circuit of V103B.
The width of the pulse is determined by the length of
time required to discharge capacitor C111 through re-
sistor R115.

4-10. PULSE RATE MULTIVIBRATOR, FREE-RUN-
NING CONDITION. In the FM INT, INT (pulse), and

positions of MOD. SELECTOR switch S102, the
Pulse Rate Multivibrator is converted to a free-running
multivibrator (figure 4-5). Under this condition the
synchronization input circuits are disconnected from
the multivibrator.

4-11. The time constants of the multivibrator are bal-
anced so that the circuit generates a wave that is es-
sentially square with approxmately a 50% duty cycle;
however, this may vary depending upon the repetition
rate. This arrangement is used so that internal square-
wave as well as internal pulse modulation of the RF
Oscillator can be obtained. The arrangement also
provides for equally spaced pulses to trigger the Saw-
tooth Generator when internal FM modulation is being
used.

4-12. PULSE SHAPER. The Pulse Shaper (figure 4-6)
is a One-Shot Multivibrator with a 2-µs pulse duration.
It consists of V104A and V104B, two halves of type
5814A dual triode. In the steady-state condition,
V104A is conducting because its grid is returned to
the cathode by resistor R121. Tube V104B is cut off
as its grid is returned to -300 V, thus placing a bias
on the grid (developed by the current through V104A
and cathode resistor R120).

4-13. When this multivibrator is triggered by the
negative-going leading edge of the waveform generated
by the Pulse Multivibrator, a positive 2-µs pulse ap-
pears at the plate of V104A.

4-14. The positive output pulse is applied to the Syn-
chronization Amplifier tube, V105A, shown in Figure
4-7, and to Synchronization Cathode Follower V105B,
shown in Figure 4-6.

4-15. SYNCHRONIZATION CATHODE FOLLOWER.
This stage provides the undelayed synchroniztion out-
put signal for synchronizing external equipment. It is
comprised of V105B, one half of a type 5814 dual-
triode tube. The output is taken across R129, the
cathode resistor, and is capacitively coupled through
C118 to the SYNC. OUT connector. Resistor R130 is
returned from the center conductor of the connector to
ground, so that the line is terminated in reference to
ground instead of the 300-V potential existing at the
base of the cathode resistor.

4-1



TM 11-6625-2520-14

Figure 4-2. Modulator Section Block Diagram.

4-16. The output of the Cathode Follower is a posi-
tive pulse greater than 25V peak-to-peak when applied
to a load having a resistance of from 1,000 to 100,000
ohms and a shunt capacitance of 500 pF.

4-17. PULSE AMPLIFIER. The Pulse Amplifier is
comprised of V105A, one-half of a type 12AU7 tube (Fig-
ure 4-7), and its associated components. It ampli-
fies and inverts the 2 µs pulse provided by the Pulse
Shaper and provides a positive pulse (in its cathode
circuit) that is employed to trigger the Sawtooth Gen-
erator when internal frequency modulation is employed.

Capacitor C115 acts as a cathode bypass capacitor
when internal pulse modulation is used.

4-18. SERIES LIMITER. The negative pulse from the
plate of the Pulse Amplifier is applied to the cathode
of diode limiter V106A (Figure 4-7). This limiter is
so connected that only the negative components with an
amplitude greater than the diode bias are applied to the
cathode of the Delay Multivibrator. This prevents
triggering the multivibrator by any positive or low-
amplitude negative transients that may appear on the
output of V105A in addition to the desired trigger pulse.

4-2



TM 11-6625-2520-14

Figure 4-3. Schematic Diagram of Synchronizing Circuits.

4-19. DELAY MULTIVIBRATOR. This circuit (Fig-
ure 4-7) provides an adjustable time delay in applying
the modulation to the RF Oscillator. It consists of a
type 12AU7 dual triode, V107, connected as a one-shot
multivibrator with an adjustable resistor R136, the
PULSE DELAY control.

4-20. The Delay Multivibrator starts its cycle when
a negative pulse drives the cathode of V107A in a neg-
ative direction. This is equivalent to placing a posi-
tive signal on the grid, and the tube conducts. A neg-
ative wave-front appears at the plate of V107A and

(through capacitor C120) drives the grid of V107B in
a negative direction, cutting off this half of the stage.
The length of time the circuit requires to return to its
resting condition is determined by the time constant
of C120, R136 and R137. Potentiometer R136 is the
PULSE DELAY control that adjusts the delay from 3
to 300 µs while Potentiometer R133 is an adjustment
used to set the maximum delay to 300 µs.

4-21. In the steady-state condition V107A is cut off
while V107B is conducting through plate load resistors
R138, R139 and R140, in parallel with resistor R142
and diode V106B.

Figure 4-4. Schematic of Pulse-Rate Multivibrator, Synchronized Condition.
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Figure 4-5. Schematic of Pulse-Rate Multivibrator Free-Running Condition.

4-22. Tube V106B serves as a negative base limiter
to eliminate low-amplitude negative pulses that may
otherwise follow the trailing edge of the main pulse
from V107B.

4-23. PULSE AMPLIFIER INVERTER. This stage
(Figure 4-8) is comprised of V109A, one-half of a type
12AU7 dual triode. The positive pulse from the Pulse
Delay Multivibrator is differentiated by capacitor C122
and resistor R187 to form a sharp negative spike at
t 2 . These spike pulses are amplified and inverted in
the plate circuit of V109A.

4-24. BLOCKING DIODE. The output of V109A is ap-
plied to the grid of Thyratron Discharge tube V110

through blocking diode V108B. Tube V108B serves to
pass the positive output spike at t2 and to inhibit the
negative spike at t l. At short delay times, this in-
sures positive triggering of Thyratron V110.

4-25. THYRATRON DISCHARGE TUBE. This stage
consists of the type 2D21 thyratron tube, V110, shown
in Figure 4-8. Its grid is returned to approximately
-315 V while the cathode is returned to -300 V, cutting
off the tube. Capacitor C127 is charged to approxi-
mately 110 V positive with respect to the cathode, a
point established by the values of resistors R148, R149,
and Diode V108A. This limiting of the voltage on ca-
pacitor C127 is necessary due to wide variation in the

Figure 4-6. Schematic of Pulse Shaper.
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Figure 4-7. Schematic of Pulse Amplifier and Delay Multivibrator.

pulse repetition frequency and the fact that the capaci- 4-26. When the positive pulse from V109A is applied
tor charges exponentially with time. Otherwise, the to the grid, the tube ionizes and capacitor C127 dis-
capacitor would charge to a higher potential at the low charges through the tube and cathode resistors R151
repetition frequencies than at the high frequencies. and R152. This causes a positive pulse to appear
The Diode, V108A, limits the charge to a value that across the cathode resistors. When capacitor C127
can be reached at the highest repetition frequencies, is nearly discharged and the plate voltage is at a very
and prevents it from going higher regardless of the low value, the tube deionizes and returns to the resting
charging time available. condition. By this time the pulse on the grid has

Figure 4-8. Schematic of Thyratron Discharge Circuits
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Figure 4-9. Schematic of Pulse-Shaping Multivibrator and Delayed

decayed and the grid bias is again -315 V. Capacitor
C127 is rapidly recharged to its resting voltage of
approximately 100 V and is maintained at this value
through the action of the Diode circuit, V108A, pre-
viously explained. The spike pulse occurring in the
cathode circuit at t2 is applied to the Pulse Length
Multivibrator and to the delayed synchronization pulse
output circuits.

4-27. DELAYED-OUTPUT PULSE SHAPER AND
CATHODE FOLLOWER. The Delayed Output Pulse
Shaper (Figure 4-9) is a rnultivibrator comprised of
the two triode sections of a type 12AU7 tube, V115. One
half of another 12AU7 dual triode tube, V109B, is con-
nected as a Cathode Follower. The positive spike
developed in the cathode circuit of the Thyratron Dis-
charge Tube is applied to grid of V115A through ca-
pacitor C138 at time t2. The section of the multi-
vibrator formed by V115A is cut off, its negative bias
being established by the current through cathode re-
sistor R195.

4-28. The section comprised of V115B is conducting
in the resting condition as its grid is returned to the
cathode through resistor R194. The positive leading
edge of the pulse from V110 causes the multivibrator
to switch, cutting off current through V115B and caus-
ing the voltage at its plate to rise.

4-29. The time constant of the circuit is approxi-
mately 2-µs. At the end of this time, capacitor C139
is discharged (through resistors R194 and R195) to a
point where V115B again conducts and completes the
cycle. The output at the plate of V115B is a positive
pulse of 2-µs duration. This pulse is coupled to V109B,
the Cathode Follower.

4-30. Tube V109B is employed as an impedance trans-
former, receiving the pulse from the high-impedance
plate circuit of the multivibrator and delivering it to

the relatively
SYNC . OUT
equipment.

Synchronization Cathode Follower.

low impedance across the DELAYED
connector for synchronizing external

4-31. PULSE-LENGTH MULTIVIBRATOR. The Pulse
Length Multi vibrator (Figure 4-10) is a one-shot multi-
vibrator employing a type 12AU7 tube, V111. The cir-
cuit employs capacitive cathode-to-cathode coupling
to secure the positive feedback action. This avoids
any feedback connection to the plate of V111A, reduc-
ing stray capacitance that would tend to degrade the
voltage rise and fall times. Peaking inductance L101
is also employed in the plate circuit to further steepen
the wave form.

4-32. The section comprised of V111A is cut off since
a bias of -30 V is applied to its grid. This places the
V111A side of capacitor C130 at a potential of -300 V.
The second section is at saturation because its grid

Figure 4-10. Schematic of Pulse-Length
Multivibrator.
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is connected to the positive supply point (ground)
through resistor R162. As a result, the other side of
capacitor C130 is at a relatively higher potential due
to the drop across resistor R158.

4-33. When the positive pulse at t2 is applied to the
grid of V111A, V111A immediately conducts, causing
the V111A side of capacitor C130 to rise to the poten-
tial established by the current through resistor R156;
thus, resistor R156 acts as a maximum delay-time
adjustment for the circuit.

4-34. The voltage rise across resistor R156 is ap-
plied to the cathode of V111B, causing it to become
more positive with respect to its control grid. This
cuts off the tube rapidly, since the grid is maintained
at the cathode potential by the time constant of R162
and C132.

4-35. Capacitor C130 is now charged and commences
to discharge. The time required to discharge to a
point where V111B again conducts determines the dur-
ation of the negative output pulse. The width is adjusted
by R158, the PULSE WIDTH control. This control can
be adjusted to provide pulses between 0.5 and 10 µs.
The output of the Pulse Length Multivibrator is a neg-
ative pulse, starting at t2 and ending at t3.  Diodes
CR101, CR102 serve to limit the negative pulse to ap-
proximately 10 V peak-to-peak. The limited pulse is
applied to Klystron Modulator tube V701.

4-36. KLYSTRON MODULATOR (618C). The Kly-
stron Modulator (Figure 4-11) is comprised of tube
V701 and associated parts. The modulation pulse is
applied through capacitor C701 to the grid of V701.
The output of the Klystron Modulator is developed

across plate resistors R703 and R705. Diode CR703
serves as a clipper to limit the amplitude of the pulse
applied to the Klystron. When the pulse at the plate of
V701 is more positive than the voltage present at the
cathode of CR703, the diode conducts and limits the
pulse. The voltage at which CR703 conducts is estab-
lished by the setting of potentiometer R706, part of a
voltage divider (R702, R704, R706) connected between
the -300 and -1000 volt lines. When the Signal Gener-
ator frequency control is at a predetermined setting,
switch S103 is actuated and places potentiometer R707
in parallel with a portion of potentiometer R706. This
results in diode CR703 clipping at a more negative
voltage point on the modulation pulse. During any
operating mode but amplitude modulation (pulse or
square wave), the SYNC SELECTOR switch (S102)
opens the cathode of V701, and thus disables the Kly-
stron Modulator.

4-37. KLYSTRON MODULATOR (620B). The Kly-
stron Modulator (Figure 4-12) is comprised of tube
V701 and associated parts. The modulation pulse is
applied through capacitor C701 to the grid of V701.
The output of the Klystron Modulator is developed
across plate resistors R703 and R705. Diode CR703
serves as a clipper to limit the amplitude of the pulse
applied to the Klystron. When the pulse at the plate of
V701 is more positive than the voltage present at the
cathode of CR703, the diode conducts and limits the
pulse. The voltage at which CR703 conducts is estab-
lished by the setting of potentiometer R706, part of a
voltage divider (R702, R704, R706) connected between
the -300 and -1000 volt lines. During any operating
mode but amplitude modulatlon (pulse or square wave),

Figure 4-11. Schematic of Klystron Modulator (618C).
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Figure 4-12. Schematic of Klystron Modulator (620B).

the SYNC SELECTOR switch (S102) opens the cathode cillator (Figure 4-13). This oscillator develops a saw-
of V701, and thus disables the Klystron Modulator. tooth waveform that is applied to the RF Oscillator

repeller.
4-38. INTERNAL FM MODULATOR. When MOD.
SELECTOR switch S102 is in the FM INT position, the 4-39. Capacitors C124, C125, C126, and resistors
Thyratron Discharge tube comprises a relaxation os- R146, R147 determine the time constant of the sawtooth

Figure 4-13. Schematic of Frequency-Modulating Circuit.
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output for the Xl range; while C126, R146 and R147
perform the same function for the X10 range. Resistor
R147 is ganged with R111 and R114, and adjusted by
the PULSE RATE panel control, so that the FM sweep
rate and the internal pulse repetition rate may be con-
trolled by the same control.

4-40. The relaxation oscillator is triggered by a posi-
tive pulse from the cathode of the Pulse Shaper and,
when activated, delivers a positive-going sawtooth volt-
age to the repeller, providing frequency modulation.

4-41. THE OSCILLATOR.

4-42. REFLEX KLYSTRON. The RF oscillator is a
reflex klystron, V114, operating with a tunable coaxial-
line resonator. The resonant section is coupled to the
resonator grids of the klystron as shown in Figures
4-14 and 4-15 and in the equivalent circuit Figure 4-16.

4-43. Oscillation may be explained assuming that a
small-amplitude, RF noise voltage exists across the
resonator grids. The electron stream directed through
the resonator grids from the cathode is velocity modu-
lated by this small RF voltage. The stream ceases to
be uniform, and may be thought of as having some of
its electrons accelerated and some retarded. The re-
sultant stream in the drift space past the resonator
grids consists of bunches of electrons, and is therefore
said to be velocity modulated.

4-44. As this bunched stream (or velocity modulated
stream) moves toward the negative-charged repeller
it is repulsed back through the resonator grids. Since
the stream is bunched, it induces an RF voltage across
the grids.

4-45. If the transit time is in phase with the small
thermal RF voltage initially assumed to be across the
grids, it strengthens the bunching effect on the follow-
ing stream. Upon reflection, the electron stream fol-
lowing will again strengthen the resonator grid voltage.
This process, however, does not continue indefinitely.

4-46. A point is ultimately reached where the funda-
mental component of the bunching current decreases
in magnitude, since energy is now being used to over-
come the circuit resistances. There is a point, there-
fore, where there is just sufficient reflected energy
to satisfy the requirements for stable oscillation.

4-47. Assuming that stable oscillation exists when a
sudden change in repeller voltage is introduced, the
transit time of the electron stream (as it enters and
departs the repeller field) is changed. The current
bunching effect would change also, and a new RF volt-
age would be produced across the resonator grids.
This velocity modulation then changes the circuit os-
cillating frequency.

4-48. The situation previously described is valid for
relatively small variations in repeller voltage. Exces-
sive variations alter the relationship between the res-
onator voltage and the transit time of the electron
stream, producing dead spots (no oscillation) or condi-
tions of oscillation in undesired modes.

4-49. The term mode, in this sense, describes two
different but interrelated characteristics. One mode
is the characteristic of the cavity (or line-section res-
onator), which is resonant at a series of frequencies
when the effective electrical length of the line is 1/4
wavelength, 3/4 wavelength, or 5/4 wavelengths.
These effective electrical lengths are termed resonator
modes.

Figure 4-14. Cross Section of RF Oscillator (620B).
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Figure 4-15. Cross-Section of

Figure 4-16. Equivalent Circuit of RF Oscillator.

4-10

RF Oscillator (618C).

4-50. Another mode is the repeller mode, which de-
scribes the round-trip transit time of the electron
stream as expressed in the cycles of RF voltage across
the resonator grids. Oscillations most easily occur
when the transit time equals 3/4, 1-3/4, 2-3/4, 3-3/4,
4-3/4.  .  . RF cycles. These repeller modes are
distinguished by different transit times rather than by
different resonant frequencies, and they are functions
of repeller voltages. Generally, the value of the re-
peller voltage increases for a given mode as the mean
klystron frequency is increased.

4-51. When a specific repeller mode is desired
throughout a given band of frequencies, the repeller
voltage is adjusted against the plunger travel (of a
tunable resonator, for example) to maintain the rela-
tive transit time. Since the repeller mode is a func-
tion of transit time, it also remains constant.

4-52. A third use of the term mode is the oscillation
mode, which is defined in terms of the repeller mode
and the cavity mode. For example, an oscillation mode
might be 3/4 wavelength cavity and 3-3/4 wavelength
repeller.

4-53. REPELLER VOLTAGE CONTROL (618C). The
operating characteristics of a reflex Klystron are such
that an optimum value of repeller voltage exists for
each operating frequency. This voltage is the value
that will cause the bunched electrons to return to the
resonator grids at the proper time. Figure 4-17 shows
the repeller voltage characteristics for the Klystron
over the range employed in the Signal Generator.

4-54. The repeller voltage characteristic shown in
Figure 4-17 provides for operation in the 2-3/4 repel-
ler mode. The required voltage for optimum operation
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Figure 4-17. Repeller Voltage Versus Frequency (618C).

is essentially linear with frequency for the frequency
range above 4400 MHz. In the frequency range from
3,800 to 4,400 MHz the required voltage is not a linear
function of frequency but is slightly curved as shown.

4-55. Figure 4-18 shows the 618C circuit that pro-
vides negative voltage to the repeller. Potentiometer
R174 is a 100,000-ohm wirewound potentiometer that is
mechanically ganged with the mechanism that tunes the
resonant line, providing a proper voltage to the re-
peller electrode as the frequency is changed. The
values of the resistor R170 and R175 are adjustable to
establish the voltage applied across the tracking po-
tentiometer, R174. The values of resistors R173 and
R178 are adjustable to provide the required curvature
in the repeller voltage characteristic below 4400 MHz.

Figure 4-18. Schematic of Repeller Tracking
Circuits (618C).

4-56. The ∆ F control, R523, is part of a voltage-
divider network (R520-R525) that parallels the klystron.
Variation of R523 causes small changes in the klystron
repeller voltage and thus small changes in the frequency
of oscillation.

4-57. PARALLEL-PANEL RESONATOR (618C). The
resonator employed in the Model 618C is known as a
parallel-plane resonant line. In its physical shape it
resembles a rectangular box type cavity with a circular
center element and a rectangular plunger to vary the
cavity depth. Actually, the line is a direct development
from a circular coaxial line as shown in Figure 4-19.

Figure 4-19. Field Configuration of Coaxial and
Parallel-Plane Lines (618C).
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Part A of Figure 4-19 shows such a line, and the field
configurations that exist when it is excited electrically.
The resonant frequency of such a line with one end
shorted is determined by its electrical length in a di-
rection parallel to the center conductor. The other
dimensions of the line may play a very small part in deter-
mining the oscillating frequency.

4-58. The evolution of the parallel-plane line from
the coaxial line may be described by reference to
Figure 4-19, parts A and B. Assume the outer con-
ductor were cut at the points X and the two semi-lines
thus created were flattened out as shown by the hori-
zontal dotted lines. The voltage and current configu-
rations would then take the form shown in part B. To
carry this example through in complete detail, the
cross-section of the center conductor would take a
slightly elliptical form of perfect configurations. How-
ever, for practical purposes, this is not necessary,
and a circular center conductor is used.

4-61. Figure 4-20 shows a cut-away view of the res-
onant line and the other components of the parallel-
plane oscillator. The klystron is mounted so that one
of the resonator grids is coupled to the two semi-lines
while the other is coupled to the circular center con-
ductor. The repeller voltage is applied through an
insulated filter in the center conductor while the other
potentials required to operate the tube are applied
through the tube base pins.

4-62. PLUNGER RESONANCE (618C). The plunger
employed in the parallel-plane resonator is of the non-
contacting type and a small air gap exists between the
periphery of the plunger and the surfaces of the semi-
planes and sidewalls, as shown in Figure 4-20.

4-63. The gap has a physical length of approximately
17 centimeters, and an electrical length such that it
has a two-cycle and a four-cycle resonant frequency
occurring near or in the frequency range of the oscil-
lator. As shown in Figure 4-20, these frequencies
correspond to one-half and one-quarter of the electrical
length of the periphery of the plunger. A similar gap
exists between the center conductor and the plunger,
However, the length of this gap is such that no res-
onances occur in the frequency range of the oscillator.

4-59. The line, as shown in Figure 4-19, part B, is
not enclosed on the short sides, and it is possible to
operate it in this manner. However, sides are pro-
vided to prevent stray RF leakage currents.

4-60. The parallel-plane line depends for its res-
onant frequency upon its electrical length and conse-
quently may be tuned by simple mechanical means and
can be directly calibrated. This type of cavity provides
a resonator in which simple and straight-forward
methods can be employed to provide broadband sup-
pression of the various parasitic resonances that occur
when other physical dimensions approach the fre-
quency-determining electrical dimensions.

4-64. Compensation is applied to control resonance
of the line formed by the peripheral plunger gap in the
resonator.

4-65. REPELLER ACTION (620B). As seen in Fig-
ure 4-21, the repeller mode for the Model 620B shifts
from the 3-3/4 mode to the 4-3/4 mode.

4-66. The 3-3/4 repeller mode is used for the 7- to
9-GHz range, and the 4-3/4 repeller mode is used
above 9 GHz.

4-67. The repeller voltage is controlled by a tapered
potentiometer ganged to track with the frequency-tubing
plunger; it includes a switch which steps the repeller
voltage less negative at approximately 8800 GHz to
change the transit time to 4-3/4 RF cycles.

4-68. The ∆ f control, R523, is part of a voltage-
divider network (R520-R525) that parallels the klys-
tron. Variation of R523 causes small changes in the
klystron repeller voltage and thus small changes in
the frequency of oscillation.

4-69. RESONATOR (620B). The cavity resonator for
the klystron is a tunable coaxial line with a shorting
plunger. The repeller voltage, plunger, and frequency
dial are gang-tuned.

4-70. The resonant frequency for a circular coaxial
resonator with one end shorted, is determined by the
electrical length of the resonator in a direction parallel
to the center conductor. The other dimensions of the
line are almost negligible in determining the funda-
mental frequency of the section.

Figure 4-20. Plunger Resonances in Uncompensated
Parallel-Plane Line Resonator (618C).

4-71. UNDESIRED MODE SUPPRESSION (620B).
Cavity resonator systems have a tendency to operate
in the 1/4-wavelength cavity mode, and from an effi-
ciency and power output standpoint it is advantageous
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Figure 4-21. Uncompensated and

advantageous to operate in the 1/4-wavelength cavity
mode. As the desired frequency increases, however,
operation in this mode is not always feasible.

4-72. As the desired frequency increases, a 1/4-
wavelength becomes quite small and plunger placement
in the cavity becomes extremely critical and imposes
mechanical limitations, making it necessary to select
another mode of operation. The 3/4-wavelength cavity
mode is employed for the range of the Model 620B.

4-73. As seen in Figure 4-21 the dominant effects of
the 1/4-wavelength mode consist of undesirable mode
interference. A study of this 1/4-wavelength cavity
and 1-3/4 repeller mode showed that its frequency was
below 6000 MHz, considerably below the 7000 MHz low
end of the Model 620B. Advantageous use was made
of this fact, and the plunger was designed to incor-
porate a concentric low-pass filter having a cutoff
frequency of 6500 MHz.

4-74. PLUNGER CONSTRUCTION (620 B). As seen
in Figure 4-14, the space between the center conductor
of the resonant line and the inner wall of the plunger
consists of a number of high- and low-impedance sec-
tions in cascade. This constitutes the filter section,
which is terminated in back of the plunger with pow-
dered iron to absorb the energy passed by the filter.

4-75. The effectiveness of this approach to the sup-
pression of the undesired mode is seen in Figure 4-21.
The filter prevents the undesired mode from support-
ing itself; the first section of the filter appears as a
low impedance for the higher frequencies of the de-
sired modes. In effect, the klystron tube sees a term-

Compensated Mode Structure (620B).

inated transmission line at frequencies below 6500
MHz. For frequencies above 6500 MHz, the klys-
tron sees a shorted, tunable, high Q resonator.

4-76. The plunger makes contact with the outer con-
ductor wall by means of long-life contact fingers.
Peripheral resonances are suppressed by leading the
gap between the plunger and the outer wall with a di-
electric plastic sheath. The technique effectively
lowers the frequency of the parasitics to a range much
lower than that of the generator.

4-77. THE ATTENUATOR (618C). Three pickup loops
are located in the resonator to collect RF power. The
first is the output attenuator loop which couples the
calibrated power to be supplied by the generator to the
load through an output connector on the panel; the po-
sition of this loop is adjustable so that the output power
level may be varied as desired. The second is the
power level in the oscillating circuit and establishes
a reference point to calibrate the output power. The
last pickoff loop provides a source of uncalibrated RF
power at a front-panel connector.

4-78. Power is coupled to the load from the RF oscil-
lator by a coupling loop located at a suitable point in
the resonant line. This loop slides in a circular wave-
guide section. The cross-section of the waveguide is
very small in relation to the frequencies of operation,
and normal propagation down the waveguide will not
take place. However, some limited propagation does
take place, and the power level decreases exponenti-
ally as the distance from the resonant line increases.
Thus it is possible, by moving a pickup loop linearly
in the waveguide, to secure an output that varies in
decibels in proportion to the linear travel.
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4-79. This type of attenuator is known as an attenu-
ator of the cutoff type and its characteristics are em-
ployed so that the pick-up probe and indicating dial can
be moved by a simple gear train and the dial may be
calibrated directly in decibels.

4-80. A cross-section of the attenuator and RF pick-
up loop is shown in Figure 4-22. The RF pick-up loop
is terminated by a special resistor, which is made by
coating platinum on a glass bead. This resistor is
used to match the attenuator to the output cable, and
its dc resistance is approximately 50 ohms.

4-81. The polyiron section on the outside of the probe
is designed to absorb power that may leak past the
probe in the space between the outer conductor and the
waveguide walls.

4-82. THE ATTENUATOR (620B). The attenuator in
the Model 620B is direct reading and requires no fre-
quency correction. It is essentially a piston probe
sliding in a waveguide beyond cutoff.

4-83. Theoretically, the high frequencies beyond cut-
off involved in such a waveguide demand dimensions
which would be smaller than practical. Consequently
the dimensions used have been increased in favor of
practical design. Since the dimensions have been in-
creased, there is a slight error introduced because
the frequency-versus-attenuation characteristic is not
sharp at the cutoff frequency.

4-84. This error is compensated by distributing it
over the frequency and the attenuation ranges of the
instrument. The compensation is effected by first
halving the error by calibrating the attenuator in the
middle of the frequency band (approximately 9 GHz).
The half-error now exists at the extremes of the band
only.

4-85. The net attenuator power-monitor error is less
than the maximum error of the instrument, which must
allow for the connector mismatches and a source im-
pedance that is not the ideal 50 ohms resistance pre-
sented by the pick-up strip on the attenuator probe
(Figure 4-23).

Figure 4-23. Compensation of Attenuator (620B).

Figure 4-24. Construction Details of Power
Monitor Probe (620B).

4-86. The small dimensions of the waveguide beyond
cutoff necessitated careful design of the pickup loops
on the power monitor and attenuator probes. The con-
struction details are shown in Figure 4-24. 4-87. THE POWER MONITOR.

4-88. The power monitor circuit is provided to meas-
ure and indicate and level of the RF power at the atten-
uator input.

4-89. The position drive for the attenuator probe is
coupled to the calibrated dial, while the drive for the
power monitor is coupled to an index which moves
around the outside of the calibrated dial. The power

Figure 4-22. Cross-Section
Probe (618C).

monitor probe is nearly a duplicate of the attenuator
probe, except that the power picked up by the moni-
tor probe is supplied to a Diode Detector. Figure 4-24
shows the 620B power monitor probe. Figure 4-25

View of Attenuator
shows the 620B power monitor probe. The output of
the detector is applied to the Power Monitor Section
(Figure 4-26).
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Figure 4-25. Cross-Section View of Power
Monitor Probe (620B).

4-90. The Power Monitor Section is composed of a
Differential Amplifier acting as a Voltage Comparator.
The Differential Amplifier consists of transistors Q601
and Q602 (each a dual-section transistor, with each
section in a cascade arrangement), and transistor Q603
acting as a current-feedback generator to increase the
input impedance and thus decrease the loading effect
on the detected RF signal. The reference input to the
differential amplifier is the voltage drop across diode
CR602, while the signal to be compared is the detected
RF signal. A voltage proportional to the difference in
the two input voltages appears between the emitters of
Q601A and Q602A, causing the power meter to deflect
and indicate the relative power level of the signal Gen-
erator output. Potentiometer R612 is the zero-set
adjustment for the meter and is adjusted with the MOD.
SELECTOR set to OFF (no RF output).

4-91. THE POWER SUPPLIES.

4-92. GENERAL OPERATING PRINCIPLES

4-93. All the dc operating voltage are electronically
regulated. Some are obtained directly from regulated
supplies, others are derived by voltage division from
regulated supplies.

4-94. There are three electronic regulators supplying
-300, -1000, and -1550 V. It should be noted that the
three power supplies actually develop -300, -700, and
-500 V dc; series connection of these voltages results
in -300, -1000, and -1550 V. All of the regulators
operate as follows. As shown in Figure 4-27, a regu-
lating element (Series Regulator) is connected in series
with the load and the dc power source (Rectifier and
Voltage Doubler). The resistance of the regulating
element is made adjustable so that the voltage at its
output will be adjustable. The resistance is adjusted
by a control voltage; the higher the control voltage,
the higher the output voltage. A sample of the Series
Regulator output voltage is compared against a dc
reference voltage by a Comparison Amplifier and the
difference voltage is inverted and applied to the Series
Regulator. As a result, any tendency for the output
voltage to change is immediately counteracted by the
control voltage, and the supply output voltage remains
constant.

4-95. Since the gain of the Comparison Amplifier de-
termines the degree of regulation, it may be followed
by an additional Control, or Driver, Amplifier to im-
prove regulation. The Comparison Amplifier is a

Figure 4-26. Schematic of Power Monitor Circuit.
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differential type for temperature stability. The dc
reference voltage used for comparison is obtained from
voltage-regulator electron tubes, from semiconductor
voltage-reference diodes, or from another regulated
power supply. When an adjustable power supply is
used as the reference for another supply, changing
its output level also changes the level of the supply
for which it is the reference. Consequently, if this
reference varies drastically, the output levels of both
supplies change.

4-96. -300 VOLT SUPPLY.

4-97. The -300 V supply operates as explained under
General Operating Principles. The reference for
this supply (applied to the cathodes of V304 through
resistor R375) is obtained from the -1000 V supply.
In this power supply the Control (Driver) Stage is,
like the Comparison Amplifier, a Differential-Type
Amplifier.

4-98. -1000 VOLT SUPPLY.

4-99. The -1000 V supply operates as explained under
General Operating Principles, and derives its refer-
ence from V402. The Comparison Amplifier, V403
and 404, drives the Series Regulator directly. The
Regulator receives its screen voltage from regulator
tube V305, which, in turn, uses the -300 V supply as
a B+ source; consequently, any drastic variation of the
-300 V supply will affect the -1000 V supply.

4-100. -1550 VOLT SUPPLY.

4-101. The -1550 V supply operates as explained under
General Operating Principles, and derives its refer-
ence from V502. The Comparison Amplifier, V503
and V504, drive the Series Regulator directly. The
Series Regulator receives its screen voltage from a
voltage divider (R514, R515) across the -300 and
-1000 V supplies; hence, any drastic variation in either
of these two supplies will affect the -1550 V supply.

Figure 4-27. Power Supply Block Diagram.
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CHAPTER 5

MAINTENANCE

5-1. SCOPE OF MAINTENANCE.

a . The maintenance duties assigned to
the operator of the Model 618C/620B are
listed below together with a reference to
the paragraphs covering the specific main-
tenance functions. The duties assigned do
not require tools or test equipment other
than those issued with the equipment.

(1) Operator’s daily preventive mainte-
nance checks and services (para 5-4).

(2) Operator’s weekly preventive main-
tenance checks and services (para 5-5).

(3) Cleaning (para 5-7).

b . The maintenance duties assigned to
the organizational maintenance repairmen
of the equipment are listed below, together
with a reference to the paragraphs cover-
ing the specific functions. The duties as-
signed do not require tools or test equip-
ment other than those issued with the equip-
ment.

(1) Organizational monthly preventive
maintenance checks and services (para 5-6).

(2) Rustproofing and painting (para 5-8).

5-2. PREVENTIVE MAINTENANCE

Preventive maintenance is the system-
atic care, servicing, and inspection of equip-
ment to prevent the occurrence of trouble,
reduce downtime, and assure that the equip-
ment iS serviceable.

a . Systematic Care. The procedures
given in paragraphs 5-4 through 5-7 cover
routine systematic care and cleaning essen-
tial to proper upkeep and operation of the
equipment.

b . Preventive Maintenance Checks and
Services. The preventive maintenance
checks and services charts (para 5-4 and
5-5) outline functions to be performed at
specific intervals. These checks and serv-
ices are designed to maintain Army equip-
ment in a combat-serviceable condition;
that is, in good general (physical) condition
and in good operating condition. To assist
operators in maintaining combat service-
ability, the charts indicate what to check,
how to check, and the normal conditions;
the References column lists the paragraphs
that contain detailed repair or replacement
procedures. If the defect cannot be reme-
died by the operator, a higher category of
maintenance or repair is required. Records
and reports of these checks and services
must be made in accordance with instructions
given in TM 38-750.

5-3. PREVENTIVE MAINTENANCE CHECKS
AND SERVICES PERIODS.

Preventive maintenance checks and serv-
ices of the Model 618C/620B are required
daily, weekly, and monthly.

a . Paragraph 5-4 specifies the checks
and services that must be accomplished
daily, or under the special conditions listed
below:

5-1



TM 11-6625-2520-14

(1) Before the equipment is taken on a
mission.

(2) When the equipment is initially in-
stalled.

(3) When the equipment is reinstalled
after removal for any reason.

(4) At least once a week, if the equip-
ment is maintained in standby condition.

b . Paragraphs 5-5 and 5-6 specify addi-
tional checks and services that must be per-
formed weekly and monthly. Perform the
maintenance functions indicated in the month-

ly preventive maintenance checks and
services chart (para 5-6) once each month.
A month is defined as approximately 30
calendar days of 8-hour-per-day operation.
If the equipment is operated 16 hours a day,
the monthly preventive maintenance checks
and services should be performed at 15-day
intervals. Adjustment of the maintenance
interval must be made to compensate for
any unusual operating conditions. Equip-
ment maintained in a standby (ready for
immediate operation) condition must have
monthly preventive maintenance checks and
services. Equipment in limited storage
(requires service before operation) does not
require monthly preventive maintenance.
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5-4. OPERATOR'S DAILY PREVENTIVE MAINTENANCE CHECKS AND SERVICES CHART.

Sequence
No.

1

2

3

4

5

6

Item to be
Inspected

Signal Generator 618C/620B

Exterior surfaces

External receptacles

Meter glass

Knobs, controls, and
switches

Operation

Procedure References

Check equipment for complete-
ness and general condition.

Clean exterior surfaces of
equipment.

Inspect external receptacles
for breakage and for firm
seating.

Inspect front panel glass win-
dow for damaged housing,
broken glass, physical dam-
age, dust, or moisture.

During operation (item 6), check
knobs, controls, and switches
for proper mechanical action.
Action must be positive,
without backlash, binding, or
scraping.

During operation, be alert for
any abnormal indications.

App B.

Para 5.7.
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5.5. OPERATOR’S WEEKLY PREVENTIVE MAINTENANCE CHECKS AND SERVICES
CHART.

Sequence
No.

1

2

3

Items to be
inspected

Cables

Hardware

Preservation

Procedure

Inspect external cables for cuts, cracked,
or gouged jackets, fraying, or kinks.

Inspect all exterior hardware for looseness
and damage. The Models 618C and 620
cover, carrying handle, hinges, and all
bolts and screws must be tight and not
damaged.

Inspect equipment to determine that it is
free of bare spots, rust, and corrosion.
If these conditions exist, refer to a
higher category maintenance for repair.

References

Para 5-7 and
5-8
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5.6. ORGANIZATIONAL MONTHLY PREVENTIVE MAINTENANCE CHECKS AND
SERVICES CHART.

Sequence
No.

1

2

3

4

5

6

7

8

9

10

Item to be
inspected

Publications

Modification
work orders

Completeness

Cleanliness

Preservation

External
receptacles

Meter glass

Cables

Hardware

Operation

Procedure

Check to see that publications are com-
plete, serviceable, and current.

Check to see that all URGENT MWO’s
have been applied and that all NOR-
MAL MWO’s have been scheduled.

Check equipment for completeness and
general condition.

Clean exterior surfaces of equipment

Inspect equipment to determine that it
is free of bare spots, rust, and cor-
rosion.

Inspect external receptacles for break-
age and for firm seating.

Inspect front panel glass window for
damaged housing, broken glass,
physical damage, dust, or moisture.

Inspect external cables for cuts,
cracked, or gouged jackets, fraying,
or kinks.

Inspect all exterior hardware for loose-
ness and damage. The signal gener-
ator cover, carrying handle, hinges,
and all bolts and screws must be tight
and not damaged.

During operation, be alert for any abnor-
mal indications.

References

DA PAM 310-4

DA PAM 310-7

App B.

Para 5-7

Para 5.7 and
5.8
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5.7 CLEANING.

Inspect the exterior of the Model 618C/
620B Signal Generator. The exterior surface
must be free of dust, dirt, grease, and fungus.

a . Remove dust and loose dirt with a clean,
soft cloth.

Warning: Prolonged breathing of cleaning
compound is dangerous; provide adequate
ventilation. Cleaning compound is flam-
mable; do not use near a flame. Avoid con-
tact with the skin; wash off any that spills
on the hands.

b . Remove grease, fungus, and ground-in
dirt from the cases; use a cloth dampened
(not wet) with Cleaning Compound (Federal
Stock

c.
jacks

No. 7930-395-9542).

Remove dust or dirt from plugs and
with a brush.

Caution: Do not press on the meter face
(glass) when cleaning; the meter may become
damaged.

d . Clean the front panel, meter, and con-
trol knobs; use a soft, clean cloth. If nec-
essary, dampen the cloth with water; mild
soap may be used for more effective cleaning.

5.8 RUSTPROOFING AND PAINTING.

a. Rustproofing. When the finish on the
Model 618C/620B Signal Generator has be-
come badly scarred or damaged, rust and

corrosion can be prevented by touching up
the bare surfaces. Use No. 000 sandpaper
to clean the surface down to the bare metal.
Obtain a bright, smooth finish.

b . Painting. Remove rust and corrosion
from metal surfaces by lightly sanding them
with fine sandpaper. Brush two thin coats
of paint on the bare metal to protect it from
further corrosion. Refer to the applicable
cleaning and refinishing practices specified
in TB SIG 364.

5.9 LUBRICATION INSTRUCTIONS.

a . Gasoline should not be used as a
cleaning fluid for any purpose. When the
equipment is overhauled or repairs are
made, clean the parts with cleaning com-
pound.

b . Do not use excessive amounts of Lub-
ricating Oil, Instrument (OAI) (FSN 9150-664-
6518) and do not allow connections to become
greasy.

c . Be sure that lubricants and points to
be lubricated are free from sand, grit, or
dirt. Use cleaning compound to clean all
parts. Before lubrication, clean all sur-
faces to be lubricated; use a lint-free cloth
dampened with cleaning compound. Keep
cleaning compound off surrounding parts.

d . Lubrication intervals designated are
for daily 8-hour periods of operation. For
longer periods of operation, intervals should
be shortened.
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Table 5-1. Test Equipment Required for Performance Testing

Instrument Critical Specification Recommended Models

Thermistor Mount Frequency range: 3.8 to 11 GHz hp 8478A
SWR: 2.0 max

Power Meter Power range: 0 to -30 dBm hp 431B/431C
Accuracy: ±3%

Adjustable Transformer Output voltage range: 103.5-126.5 General Radio W10MT3A
and 207-253 volts ac

Electronic Counter Frequency range; 50 to 500 MHz hp 5245L with 5253B
Accuracy: ±1 count ±3 parts in 109

plug-in

Microwave Frequency Frequency range: 3.8 to 11 GHz hp 2590A
Converter Must contain built-in discriminator

to measure FM deviation

Oscilloscope Vertical sensitivity: 0.05V/cm hp 175A with1750B
Bandwidth: 50 MHz plug-in

Crystal Detector Frequency range: 3.8 to 11 GHz hp 423A
Frequency response: +0.5 dB per

octave
SWR: 1.5

Oscillator Frequency range: 40 Hz to 4 KHz hp 200C/D
Voltage output: 0 to 10 volts rms
Frequency Accuracy: ±2%

Vacuum Tube Range: 0 to 10 volts ac hp 410B/410C
Voltmeter Accuracy: ±3% of full scale

Pulse Generator Frequency range: 1000 Hz hp 214A
Voltage output ±20 and ±70 volts peak
Pulse width: 0.5 and 2500 micro-

seconds

Spectrum Analyzer Frequency Range: 3.8 to 11 GHz hp 8551/851A/B
IF Bandwidth: 10 KHz

Figure 5-1. Setup for Testing RF Output Accuracy. Figure 5-2. Setup for Testing Frequency Accuracy.
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5-10. CORRECTIVE MAINTENANCE.

5-12. The following paragraphs provide instruc-
tions for performance testing, calibrating, trou-
bleshooting, and repairing the Signal Generator.

5-22. TEST EQUIPMENT REQUIRED.

5-23. The test instruments required to make the per-
formance tests are listed in Table 5-1, Test instru-
ments other than those listed may be used provided
performance equals or exceeds Critical Specifications.

5-13. MAINTENANCE PRECAUTIONS.
5-24. RF POWER-OUTPUT ACCURACY CHECK:

WARNING

VOLTAGES IN EXCESS OF 1550 VOLTS IN-
SIDE CABINET. USE EXTREME CARE
WHEN SIGNAL GENERATOR IS REMOVED
FROM CABINET.

5-14. PERIODIC INSPECTION.

5-15. CLEANING.

5-16. If the equipment has been subjected to unusual
conditions (excessive moisture, dust, heat, vibration,
etc.), it is suggested that the instrument be removed
from the cabinet and inspected for dirt or moisture
accumulation, loosened components, or any possible
sign of damage. Forced air under medium pressure
is recommended for dusting and drying, although care
must be taken not to vary the settings of the internal-
adjustment potentiometers and components during the
process. Inspect the air filter regularly and, if nec-
essary, remove and wash in detergent and water. Dry
filter and replace: no oiling or coating of the filter is
necessary. Unrestricted air flow gives longest com-
ponent life. Keep the filter clean.

5-17. LUBRICATION.

5-18. No routine lubrication is needed. Lubricate
mechanical parts (frequency drive gears, drive mech-
anism) only when necessary, using a light machine
oil. Lubricate moving parts, such as the attenuator
and power-monitor probe rack gears, with dry molyb-
denum or graphite lubricant. The cavity plunger is
permanently lubricated during manufacture and re-
quires no subsequent lubrication.

5-19 PERFORMANCE TESTS.

5-20. PURPOSE.

5-21. The following paragraphs check performance
for incoming inspection, periodic evaluation, trouble-
shooting, and calibration. The tests can be performed
without access to the Signal Generator interior.

5-8

a. Connect Signal Generator in test setup shown in
Figure 5-1.

b. Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . . CW
POWER SET . . . . . . . . . 0 dB on front-panel

meter
OUTPUT ATTN . . . . . . . . . . . . . . . . 0 dB

c. Adjust 618C Signal Generator frequency control
from 3.8 to 7.6 GHz; Power Meter should indicate
0 ±  3 dBm.

c. Adjust 620B Signal Generator frequency control
from 7 to 11 GHz; Power Meter should indicate 0±3
dBm.

d. Adjust OUTPUT ATTEN control from 0 to -30
dBm in 1-dB steps; Power Meter indication should
agree with OUTPUT ATTEN setting ±3 dBm from 0
to -7 dBm and ±2 dBm from -7 to -30 dBm.

5-25. FREQUENCY ACCURACY,  STABILITY,  AND
∆ FM CHECK.

a. Connect Signal Generator in test setup shown in
Figure 5-2.

b. Adjust variable transformer for 115 (or 230) V.

c. Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . . CW
Frequency (618C) . . . . . . . . . . . . . 3.8 GHz
Frequency (620 B) . . . . . . . . . . . . . . . 7 GHz
POWER SET . . . . . . . . . . . . . . . . . 0 dBm
∆ F . . . . . . . . . . . . . . . . . . . . . . . Centered

d. Adjust Signal Generator OUTPUT ATTEN con-
trol for sufficient output to drive Microwave Frequency
Converter.

e. Adjust Microwave Frequency Converter and
Electronic Counter to measure frequency.

f. (618 C.) Electronic Counter shall indicate 3.762
to 3.838 GHz; record indication.

f. (620 B.) Electronic Counter shall indicate 6.930
to 7.070 GHz; record indication.
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g. (618C.) Adjust variable transformer for 103.5
(or 207) V; Electronic Counter indication should be
within 0.76 MHz of indication recorded in step e.

b. Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . . CW

g. (620B.) Adjust variable transformer for 103.5
(or 207) V; Electronic Counter indication should be
within 1.4 MHz of indication recorded in step e.

c. (620B.) Adjustignal Generator frequency con-
trol from 3.8 to 7.6 GHz; Power meter should indi-
cate 0.3 mW minimum over frequency range.

h. (618C.) Adjust variable transformer for 126.5
(or 253) V; Electronic Counter indication should be
within 0.76 MHz of indication recorded in step e.

c. (620B.) Adjust Signal Generator frequency con-
trol from 7 to 11 GHz; Power meter should indicate
0.3 mW minimum over frequency range.

h. (620B.) Adjust variable transformer for 126.5
(or 253) V; Electronic Counter indication should be
within 1.4 MHz of indication recorded in step e.

5-27. INTERNAL  PULSE-MODULATION  CHECK.

a. Connect Signal Generator in test setup shown in
Figure 5-3.i. (618C.) Repeat steps c through h for Signal

Generator frequencies of 5.7 and 7.6 GHz. Refer to
the following table for proper indications: b. Set Signal Generator controls as follows:

i. (620B.) Repeat steps c through h for Signal
Generator frequencies of 9 and 11 GHz. Refer to the
following table for proper indications:

POWER . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . . INT
SYNC SELECTOR . . . . . . . . . . . . . . . . . X1
PULSE RATE . . . . . . . . . . . . . . . . . . . . 40

c. Electronic Counter should indicate 40 ± 0 Hz.

d. Adjust PULSE RATE control to 400; counter
should indicate 400 ±100 Hz.

e. Set SYNC SELECTOR to X10; counter should in-
dicate 4000 ± 400 Hz.

f. Adjust PULSE RATE control to 40: counter
should indicate 400 ± 40 Hz.

g. Adjust PULSE WIDTH control from extreme
ccw to cw position and observe Oscilloscope; width of
pulses should vary from 0.5 to 10 µs (50% points).
Pulse width error should not exceed ±1 µs from 1
through 5 and ±20% from 6 through 10.

5-28. INTERNAL SQUARE-WAVE MODULATION
CHECK.

j. Adjust transformer for 115 (or 230) V.
a. Connect Signal Generator in test setup shown in

Figure 5-3.k. Adjust ∆ F control to extreme ccw position.

m. (618C.) Adjust Signal Generator frequency con-
trol to 3.8 GHz.

b. Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . .
SYNC SELECTOR . . . . . . . . . . . . . . . . X1
PULSE RATE . . . . . . . . . . . . . . . . . . . . 40

m. (620B.) Adjust Signal Generator frequency con-
trol to 7 GHz.

n. Measure Signal Generator frequency on Elec-
tronic Counter; record reading. c. Electronic Counter should indicate 40 ± 4 Hz

and Oscilloscope should indicate symmetrical square
wave.p. Adjust ∆ F control fully cw, and measure Signal

Generator output frequency; frequencies measured in
this step and step n must differ by approximately 0.5
MHz for 618C; 1.5 MHz for 620B.

d. Adjust PULSE RATE control to 400; counter
should indicate 400 ± 40 Hz.

5-26. UNCALIBRATED RF OUTPUT CHECK. e. Set SYNC SELECTOR to X10; counter should
indicate 4000 ± 400 Hz.

a. Connect Signal Generator in test setup shown in
Figure 5-1 but connect Thermistor Mount input to RF
OUTPUTS UNCAL connector.

f. Adjust PULSE RATE control to 40; counter
should indicate 400 ± 40 Hz.
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5-29. EXTERNAL PULSE CHECK.

Connect Signal Generator in test setup shown in
Figure 5-4.

b. Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . +EXT
POWER SET . . . . . . . . . . . . . . . . . . 0 dB
OUTPUT ATTEN . . . . . . . . . . . . . . . 0 dB

c. Adjust Pulse Generator for a +20V peak, 1000-Hz
output with a pulse width of 0.5 µs.

d. Observe Oscilloscope for 1000-HZ, 0.5-µs
pulses at 100% modulation.

e. Adjust Pulse Generator for a +70 V peak output;
Oscilloscope should indicate 100% modulation.

f. Adjust Pulse Generator for an output pulse width
of 2500 µs.

g. Observe Oscilloscope for 1000-HZ, 2500-µs
pulses at 100% modulation.

h. Adjust Pulse Generator output to +20V peak;
Oscilloscope should indicate 100% modulation.

i. Set MOD. SELECTOR to -EXT.

j. Repeat steps c through h with pulse generator
adjusted to negative pulse output.

Figure 5-3. Setup for Testing Internal Pulse
Modulation.

Figure 5-4. Setup for Testing External Pulse Modulation.
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5-30. INTERNAL FM CHECK.

a. Connect Signal Generator in test setup shown in
Figure 5-5 without the oscillator in the setup.

b. Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . INT. FM
Frequency (618C) . . . . . . . . . . . . . . . 5 GHz
Frequency (620B) . . . . . . . . . . . . . . . 7 GHz
POWER SET . . . . . . . . . . . . . . . . . . 0 dBm
OUTPUT ATTEN . . . . . . . . . . . . . . . 0 dBm
SYNC SELECTOR . . . . . . . . . . . . . . . . . X10
PULSE RATE (1000 pps) . . . . . . . . . . . . 100
FM AMPLITUDE . . . . . . . . . . . . . . max ccw

c. Advance FM amplitude control in clockwise di-
rection until the display indicates maximum FM de-
viation without unstable operation. FM deviation
should be 5 MHz p-p minimum.

d. Repeat step c at desired frequencies. FM de-
viation should be 5 MHz minimum over most of band.

e.

f.

g.

Set SYNC SELECTOR to X10.

Set PULSE RATE control 50.

Repeat steps c and d.

5-31. EXTERNAL FM CHECK.

a. Connect Signal Generator in test setup shown in
Figure 5-5.

b.

c.

d.

Set Signal Generator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . EXT. FM
Frequency (618C) . . . . . . . . . . . . . . . 5 GHz
Frequency (620B) . . . . . . . . . . . . . . 7.0 GHZ
POWER SET . . . . . . . . . . . . . . . . . . 0 dBm
OUTPUT ATTEN . . . . . . . . . . . . . . 0 dBm
FM AMPLITUDE . . . . . . . . . . . . . . max ccw

Adjust Oscillator output for maximum at 1000 Hz.

Advance FM AMPLITUDE control in clockwise
direction until display indicates maximum FM
deviation without unstable operation. FM deviation
should be 5 MHz minimum.

e. Repeat step d at desired frequencies. FM de-
viation should be 5 MHz p-p minimum over most of band.

f. Decrease oscillator output and observe FM de-
viation: FM deviation should decrease proportionally.

5-32. EXTERNAL SINE-WAVE SYNCRONIZATION
CHECK.

a. Connect Signal Generator in test setup shown in
Figure 5-6.

b. Set Signal Genrator controls as follows:

POWER . . . . . . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . . . . . . INT
POWER SET . . . . . . . . . . . . . . . . . . . . . . 0 dB
OUTPUT ATTEN . . . . . . . . . . . . . . . . 0 dB
SYNC SELECTOR . . . . . . . . . . . . . . . . . . . . . .

Figure 5-5. Setup for Testing Internal and External FM.
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Figure 5-6. Setup for Testing External Sine-Wave Synchronization.

c. Adjust Oscillator for 40-Hz, 5 V rms input to i. Adjust Pulse Generator for 5 V output; repeat
Signal Generator.

d. Observe Oscilloscope for 40-Hz pulses.

e. Adjust Oscillator for 4000-Hz output; observe
Oscilloscope for 4000-Hz pulses.

5-33. EXTERNAL PULSE SYNCHRONIZATION
CHECK.

a. Connect Signal Generator in test setup shown in
Figure 5-6, but replace Oscillator with Model 214A
Pulse Generator.

b.

c.
output

d.

e.

Set Signal Generator controls as follows:

POWER, . . . . . . . . . . . . . . . . . . . . . . ON
MOD. SELECTOR . . . . . . . . . . . . . . . . INT
POWER SET . . . . . . . . . . . . . . . . . . . 0 dB
OUTPUT ATTEN . . . . . . . . . . . . . . . . 0 dB
SYNC SELECTOR . . . . . . . . . . . . . . EXT+

Adjust Pulse Generator for 10-HZ, +5 V peak
with a pulse width of 0.5 µs.

Observe Oscilloscope for 10-HZ pulses.

Adjust Pulse Generator for +50 V peak output;
repeat step d.

f. Adjust Pulse Generator for 5-µs pulse width; re-
peat step d.

g. Adjust Pulse Generator for 4,000-Hz output,

h. Observe Oscilloscope for 4000-Hz pulses.

5-12

step h.

j. Adjust Pulse Generator for 0.5-µs pulse width;
repeat step h.

k. Set SYNC SELECTOR to EXT-

m. Repeat steps c through j using negative pulses.

5-34. ADJUSTMENTS.

5-35. TEST EQUIPMENT REQUIRED.

5-36. Test instruments required to perform the ad-
justments are listed in Table 5-2. Instruments other
than those listed may be used provided their specifi-
cations equal or exceed the Critical Specifications.

5-37. POWER-SUPPLY VOLTAGE ADJUSTMENTS.

5-38. There are two adjustable voltages: -700 (-1000V
supply) and -500 (-1550 V supply) V. Adjust these
voltages only if proven by accurate measurement to
be outside the tolerances specified below. Adjust the
output voltage of the -700 V regulator first and then
adjust the -500 V regulator. After adjusting any regu-
lator, check the output voltage of the other regulators
to ensure they are within specified tolerances.

a. Connect an adjustable transformer to control
Signal Generator line voltage.

b. Set Signal Generator controls as follows:

POWER . . . . . . .
MOD. SELECTOR .
POWER SET . . . .
Frequency (618C) . .
Frequency (620B) .

. . . . . . . . . . . . . . . . ON
 . . . . . . . . . . . . . . CW
. . . . . . . . . . . . . . . 0 dB
. . . . . . . . . . . 7.6 GHz
. . . . . . . . . . . . . 11 GHz
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Table 5-2. Test Equipment Required for Calibration and Troubleshooting

Test Instrument

All instruments listed in
Table 5-1

Electronic Voltmeter

Clip-On DC Milliammeter

Frequency Meter

Function Generator

Critical Specifications

Range: 0 to 1550 volts
Accuracy: ±2%

Range: 0.1 mA to 10 amperes
Accuracy: ±3% of full scale ±0.1 mA

Frequency range: 3.8 to 7.6 GHz (618C)
Accuracy: ±0.1%

Frequency range: 7 to 11 GHz (620B)
Accuracy: ±0.1%

Frequency range: 0.008 to 1200 HZ

Output voltage: .30 volts peak

and ground (-).

Recommended Model

hp 410C

hp 428B

hp 536A, G532A, and J532A

hp 532A and X532B

hp 202A

c. Adjust Transformer for 115 (or 230) V.

d. Connect Electronic Voltmeter to test jack J6 (+)

e. Adjust potentiometer R412 (Figure 5-7) for
-1000 ±20 volts. Line voltage regulation (115 V ±10%)
should hold the -1000 V supply to within ±5V; ripple
should be less than 7 mV, p-p. The -300 V supply
should track the -1000 V supply to -300 +10 V. Line
voltage regulation (115 V ±10%) should hold the -300 V
supply to within ±5 V; ripple should be less than 10 mV,
p-p.

f. Connect Electronic Voltmeter to test jack J5 (+)
and ground (-).

g. Adjust potentiometer R512 (Figure 5-7) for
-1550 ±20 V. Line voltage regulation (115 V ±10%)
should hold the -1550 V supply to within ±5 V; ripple
should be less than 15 mV, p-p.

Figure 5-7. Location of Power Supply and
Modulator Adjustments.

5-39. ADJUSTMENTS FOLLOWING
REPLACEMENT OF KLYSTRON V114 (618C).

5-40. Following replacement of V114, it is important
that certain adjustments be made as soon as the Signal
Generator is turned on. The following procedure is
recommended.

a. With the signal generator removed from the
cabinet and with MOD. SELECTOR on OFF, turn on
signal generator.

b. Check the -300, -700, and -500 volt supplies
(see paragraph 5-37).

c. With the MOD. SELECTOR set to CW, adjust
R705 (Figure 5-8) for a klystron cathode current of
25 mA maximum (approximately 15 mA).

Figure 5-8. Location of Klystron and
Modulator Adjustments (618C).
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Note

A new klystron tube should now operate at
least partially over the frequency range with
original repeller voltage settings and for the
most part, will require only 1/8 turn to bring
the repeller voltage to optimum.

d. Connect instrument as shown in Figure 5-9.

e. Set MOD. SELECTOR to INT. (SYNC SELEC-
TOR to X10). Tune frequency control to 7.6 GHz.

f. Adjust R170 for optimum pulse shape.

g. At this point it is advisable to check the dial
calibration at the high end stop. This check avoids
possible retracing adjustments when the dial calibra-
tion is adjusted later. To conduct the check, tune
frequency control to high end stop and place wavemeter
in circuit as shown in Figure 5-9. Wavemeter should
indicate 7.650 GHz. When the wavemeter is tuned to
the actual frequency of the generator a slight decrease
in the peak level of the pulse appears on the scale. If
this frequency is more than 25 MHz away from 7.650
GHz perform step d  in paragraph 5-42.

h. Remove wavemeter and reconnect output cable
as shown in Figure 5-9. Tune the frequency control
toward 5 GHz, adjusting R170 (Figure 5-10) for best
pulse shape between 7.6 and 5 GHz.

i. Tune the frequency control between 5 and 4.2
GHz; adjust R173 and/or R178 (Figure 5-10) for op-
timum pulse shape.

j. Continue tracking the dial downward toward
3.8 GHz, adjusting R175 for optimum pulse.

k. Tune the frequency control back toward 7.6 GHz
observing the pulse shape on the oscilloscope. Re-
adjust the appropriate reflector tracking potentiometer
for optimum pulse shape.

Figure 5-9.

5-14

Setup for Frequency Dial
Calibration (618C).

Figure 5-10. Location of Klystron and Modulator
Adjustments (620B).

m. If pulse misfiring or jitter occurs at any point
in the band which cannot be corrected by adjustment
of the reflector tracking potentiometers, adjust R706
for frequencies above the microswitch operation and
R707 for frequencies below the microswitch operation.

n. Set the MOD. SELECTOR to SQ. WAVE and
observe the waveshape across the band. The wave-
shape may be improved by repeating the adjustment
of R706 and R707 as outlined in step m preceding.

p. Check frequency dial calibration as described
in paragraph 5-43.

5-41.

5-42.

ADJUSTMENTS FOLLOWING
REPLACEMENT Of KLYSTRON
V114 (620B).

Following replacement of V114, it is important
that certain adjustments be made as soon as the signal
generator is turned on. The following procedure is
recommended.

a. With Signal Generator removed from cabinet
set MOD. SELECTOR to OFF and turn on instrument.

b. Check -300, -700 and -500 V supplies, and
klystron cutoff bias. Refer to Paragraph 5-37 for
power supply adjustments.

c. Adjust frequency control to 10 GHz.

d. Set MOD. SELECTOR to CW and measure klys-
tron beam current with 428A Clip-on DC Milliammeter.
Adjust potentiometer R706 (Figure 5-10) for 22-mA
klystron beam current.

e. Adjust POWER SET control to obtain up-scale
indication on the power set meter. If necessary, ad-
just potentiometer R170 (Figure 5-11) to obtain prop-
er meter indication. Recheck klystron beam current
(25 ma maximum).

f. Adjust Signal Generator to a frequency just
above the point where the microswitch is actuated
(approximately 8.8 GHz).
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(4) Tighten klystron mounting nut by hand.

(5) Check to be sure that the repeller cable is not
twisted and makes firm connection to repeller.

(6) Turn on Instrument and observe repeller mode
pat terns  on osci l loscope.

Repeat steps (1) through (6) preceding, rotating klys-
tron slightly each time until the optimum repeller mode
pattern is obtained across entire band.

j. Turn off Instrument. Set frequency dial at high-
frequency stop and tighten klystron mounting nut.

k. Install tube socket housing with cable entrance
towards rear of instrument. Replace four screws.

m. Turn on Signal Generator.

n. Measure Signal Generator output frequency with
Frequency Meter. If the measured frequency is below
11.1 GHz, remove bottom plate from frequency drive
mechanism and perform (1) through (4) following; if
not, perform (5) through (9) following:

(1)

(2)

(3)

Figure 5-11. Location of Tracking
Meter Adjustments.

(1)

(2)

(3)

Turn off Instrument.

Loosen klystron mounting nut.

Rotate klystron slightly and make sure klys-
tron is seated properly against shoulder in
collet.

(4)

(5)

(6)

and Power-Set

g. Connect Signal Generator in test setup shown in
Figure 5-12.

h. Set MOD. SELECTOR to EXT FM and observe
repeller mode pattern on Oscilloscope. Adjust OUT-
PUT ATTEN and external modulating voltage to obtain
the desired vertical deflection on Oscilloscope. Adjust
FM AMPLITUDE control to obtain humped waveform
shown in Figure 5-12. If necessary adjust the phase
of repeller mode pattern.

i. Adjust Signal Generator across entire band while
observing the repeller mode pattern on Oscilloscope.
If the RF power level drops abruptly (in general, be-
tween 8.4 and 8.7 GHz), proceed as follows:

(7)

(8)

(9)

Loosen plunger cap screw (Figure 5-13).

Adjust Frequency Meter to 11.1 GHz.

Gently tap rear of plunger until Frequency
Meter dip is centered on mode pattern.

Tighten plunger cap screw and replace bottom
plate.

Set Frequency Meter to 11.1 GHz.

Adjust frequency dial until Frequency Meter
pattern is centered on the mode pattern.

Loosen plunger cap screw.

Turn frequency dial to high frequency stop
while holding plunger stationary.

Tighten plunger cap screw and replace bottom
plate.

p. Tune Signal Generator across entire band and
center repeller mode pattern with repeller tracking
potentiometer R170, R173, R175, and R178 (Figure
5-9). Figure 5-12 (A and C) shows two typical mode
patterns. Figure 5-12A shows a symmetrical mode
pattern that is properly centered by the correct repel-
ler voltage; Figure 5-12B shows the same pattern set
off-center by incorrect setting of repeller voltage.
Adjust potentiometer R170 and R178 (Figure 5-11) to
obtain correct repeller voltage tracking between 11
GHz and the frequency just above the point where the
microswitch is actuated (approximately 8.7 to 9 GHz).
Adjust potentiometers R173 and R175 (Figure 5-11) to
obtain correct repeller voltage tracking between the
frequency just below the point where the microswitch
is actuated (approximately 8.6 GHz) and 7 GHz.

5-15
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Figure 5-12. Test Setup for Klystron Adjustment (620B).

q. Check Signal Generator output using square-
wave and pulse operations over the entire frequency
band. If the shape of waveform deteriorates, readjust
the appropriate repeller tracking control at the fre-
quency where instability appears.

r. Recheck the entire frequency band and make any
minor refinements which may be necessary for best
overall operation; that is, stable CW, square-wave,
and pulse operation with specified power output over
the full frequency range.

5-430 CALIBRATING THE FREQUENCY DIAL (618C).

5-44. Replacing the klystron will usually reduce the
accuracy of the megacycles dial by several percent
from its rated accuracy of 1%. Inaccuracy of frequency
dial calibration is important, the following procedure
can be used to restore accuracy. This procedure re-
quires a wavemeter covering the frequency range or
a frequency standard setup. In general when anew
klystron oscillator tube is installed it will be necessary
to slip the frequency dial slightly to bring into cali-
bration. In some cases, it may also be necessary to
reset the plunger depth at the high frequency end of
the band to reestablish the correct high frequency
limit. There are no trimmers or other adjustment;
all adjustments for frequency recalibration must be
done mechanically. To recalibrate the frequency dial
following a change in klystron oscillator tube, proceed
as follows:

5-16

a. Set MOD. SELECTOR switch to CW. The equip-
ment should be allowed a warm-up of at least 20 min-
utes before checking calibration.

b. Tune signal generator to 7.650 GHz.

c. Measure output frequency with wavemeter. If
reading of MHz dial is in error by more than approx-
imately 100 MHz, it will be necessary to remove plate
that covers frequency drive assembly.

d. With MHz dial still set at 7.650 GHz, loosen set
screws holding resonator plunger rods in approxi-
mately 1/32 inch steps until output frequency is ap-
proximately 7.650 GHz as indicated by wavemeter.
Tighten set screws in drive bar in this position.

e. Tune Signal Generator to 7.5 GHz. Measure
output frequency with wave meter. If output frequency
does not agree with dial within 1%, adjust the fre-
quency dial slightly by slipping it on its shaft.

f. Check calibration of MHz dial through range of
generator, using a microwave standard and suitable
detector. If accuracy at lower frequencies is outside
1% tolerance, the dial can be slipped slightly on its
shaft to obtain desired accuracy at lower frequencies.

g. It may not be possible to achieve 1% overall
accuracy with some replacement klystrons. In this
case try another klystron and repeat procedure.
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Figure 5-13. Frequency Drive Mechanism, Cover Plate Removed (620B).

5-45. CALIBRATING THE FREQUENCY DIAL (620B).

5-46. Replacing the klystron will usually reduce the
accuracy of the frequency dial by several percent from
its rated accuracy of 1%. Inaccuracy of frequency dial
calibration is important, the following procedure can
be used to restore accuracy. In general, when a new
klystron oscillator tube is installed it is necessary to
slip the frequency dial slightly to bring it into calibra-
tion. In some cases, it may also be necessary to re-
set the plunger depth to re-establish the correct high-
frequency limit. All adjustments for frequency recal-
ibration must be done mechanically. To recalibrate
the frequency dial following a klystron change proceed
as follows:

a. Following initial voltage adjustments (paragraph
5-42, set MOD. SELECTOR to CW and allow Signal
generator to warm up for 20 minutes.

b. Assuming
been set for best

that the repeller adjustments
operation of the new klystron,

have
tune

Signal Generator to the highest frequency at which the
klystron will oscillate; measure this frequency with a
Frequency Meter.

c. If the klystron cannot be made to oscillate up to
11 GHz, refer to the troubleshooting procedures.

d. If the klystron oscillates satisfactorily up to
11.1 GHz, check the frequency-dial calibration accu-
racy over the full frequency range. If the dial cali-
bration is too high or too low over the entire range by
a nearly equal amount, the frequency dial maybe slip-
ped into calibration by removing the frequency dial
cover, loosening the dial hub, and turning the dial a
small amount.

e. If slipping the dial will not bring both the high
and low ends of the frequency dial into calibration, the
high end can first be correctly set by altering the depth
of the cavity plunger slightly to obtain the correct upper
frequency limit and then slip the dial to bring the low
frequency end into calibration.

5-17
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f. To set the high-frequency limit of the klystron
by shifting the plunger setting, remove the bottom plate
from the frequency-drive casting to expose the plunger
mechanism.

g. Adjust the signal generator to produce 11 GHz
as read on the Frequency Meter.

h. Refer to Figure 5-13 and loosen the cap screw
holding the plunger in the plunger-drive bar.

i. Holding the plunger in the 11 GHz position, ad-
just the frequency drive for a reading of 11 GHz on the
dial. Tighten cap screw.

j. If oscillation stops when the plunger is moved,
readjust the appropriate repeller voltage potentiome-
ter to regain oscillation.

k. Recheck low end of frequency range noting fre-
quency dial accuracy. If dial is inaccurate, remove
dial cover, loosen hub slightly and slip frequency dial
to correct indication.

m. Recheck accuracy of frequency dial at main
points across the band. Refine the foregoing adjust-
ments to produce the best overall accuracy.

n. If the frequency spread of a new klystron tube
is much greater or less than that of the original tube,
it may not be possible to use the original dial for the
new tube. In this case, another klystron must be tried
or a new frequency dial must be calibrated.

5-47. CALIBRATING THE PULSE RATE CONTROL.

5-48. Replacing Tube V103 or associated components
may lessen the accuracy of the PULSE RATE control
but will not otherwise affect the performance of the
Signal Generator. It should be noted, however, that
the calibration of this dial is only approximate. To
calibrate the PULSE RATE dial, proceed as follows:

a. Set Signal Generator controls as follows:

MOD. SELECTOR . . . . . . . . . . . . . . . INT.
PULSE WIDTH . . . . . . . . . . . . . . . max cw
PULSE DE LAY . . . . . . . . . . . . . . . max ccw
PULSE RATE . . . . . . . . . . . . . . . . max ccw
SYNC SELECTOR . . . . . . . . . . . . . . . . X10

b. Connect Electronic Counter to SYNC OUT con-
nector.

c. Adjust potentiometer R112 (Figure 5-8) so that
the counter indicates 4800 Hz.

d. Set SYNC SELECTOR to X1.

e. Adjust potentiometer R113 (Figure 5-8) so that
counter indicates 480 Hz.

f. Set PULSE RATE fully ccw.

g. Adjust potentiometer R117 (Figure 5-8) so that
counter indicates 30 Hz.

h. Adjust PULSE RATE control for a counter read-
ing of 200 Hz.

i. Loosen PULSE RATE dial and adjust to a read-
ing of 200.

5-49. CALIBRATING THE PULSE DELAY CONTROL.

5-50. Replacing tube V107 may degrade the accuracy
of the PULSE DELAY Control. After replacing V107,
the following procedure can be used to adjust the delay
calibration. It should be noted, however, that the
calibration of the PULSE DELAY dial is intended only
to be approximate.

a. Connect the DELAY SYNC OUT terminal to an
oscilloscope vertical input.

b. Synchronize the Oscilloscope with signal at
SYNC OUT connector.

c. Set PULSE DELAY control to 300 µs.

d. Adjust potentiometer R133 (Figure 5-7) to give
a delay of 300 µs as measured on the calibrated Os-
cilloscope.

e. Set PULSE DELAY control to 50 µs as indicated
by Oscilloscope. (The delay is indicated by the inter-
val between the start of the Oscilloscope trace and the
leading edge of the delayed sync pulse.) If necessary,
slip the PULSE DELAY dial on its shaft to make cali-
bration accurate.

5-51. CALIBRATING THE PULSE WIDTH CONTROL.

5-52. Replacing Tube V111 may lessen the accuracy
of the PULSE WIDTH Control. This control is intended
to be accurate within 20% or 1 µs, whichever is greater.
To calibrate the PULSE WIDTH control, proceed as
follows:

a. Connect RF OUTPUTS UNCAL through a Crystal
Detector to vertical input of an Oscilloscope

b. Synchronize Oscilloscope with signal at the
SYNC OUT connector.

c. Set PULSE WIDTH control to 10 µs.

d. Adjust potentiometer R156 (Figure 5-7) so that
width of pulse of 10 µs as measured on the Oscilloscope.

e. Set the PULSE WIDTH control to 2-µs pulse
width on Oscilloscope.

f. If necessary, slip dial to read 2 microseconds.

g. Repeat steps c through f for best overall cali-
bration accuracy.

Note

The width of RF pulse will vary approximately
0.25 µs as the generator is tuned through its
RF range. The above adjustments can be
made for best accuracy at any desired RF
frequency.

5-18
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5-53. POWER SET METER ADJUSTMENTS.

5-54. MECHANICAL ZERO. Adjust mechanical zero
as follows:

a. Remove instrument cover for access to the meter.
Lift the white paper sticker that covers the zero adjust.
Be sure to replace it when through.

b. Connect shorting lead across meter terminals.

c. With a non-metallic tool, adjust mechanical zero-
adjust screw until meter pointer is at left of meter zero
and moving towards meter zero; stop adjustment when
meter pointer is exactly at zero.

d. Carefully adjust mechanical zero-adjust screw a
few degrees to free screw from meter suspension. If
pointer moves off zero, repeat step c.

e. Remove shorting lead from meter terminals and
replace instrument cover.

5-55. ELECTRICAL ZERO. The electrical zero is set
at the factory and requires adjustment only when bolom-
eter circuit components are changed. Adjust as follows:

a. Remove instrument cover for access to R612 (see
Figure 5-11).

b. Set MOD. SELECTOR to CW.

c. Adjust POWER SET until meter pointer is about
8 inch to the right of zero (0).

d. Set MOD. SELECTOR to OFF.

e. Adjust zero set control (R612) until meter pointer
is at the dot at the left end of the scale. Replace the
instrument cover.

5-56. TROUBLESHOOTING.

5-57. TEST EQUIPMENT REQUIRED.

5-58. The test equipment required to troubleshoot the
Signal Generator is listed in Table 5-2. Instruments

other than those listed may be used provided their spe-
cifications equal or exceed the critical specifications.

5-59. ISOLATING A TROUBLE TO A CIRCUIT
SECTION.

5-60. The troubleshooting procedures are designed to
identify the causes of one or more of the following
symptoms:

a. Low or no RF output at RF OUTPUTS CAL.

b. RF output normal but abnormal indication on
front-panel power meter.

c. No or low amplitude-modulation level.

d. No or little frequency modulation.

e. Modulation frequency, width, or delay abnormal.

f. Poor or no external synchronization.

5-61. Each of the above troubles first requires iso-
lation to a faulty functional section of the Signal Gen-
erator. Regardless of the trouble encountered, the
power supply voltages should first be checked (see
paragraph 5-37). If a power supply is within 4 or 5%
of its nominal value, it should not cause any catastroph-
ic trouble. However, a greater deviation from nom-
nal could be suspected as the cause of a near complete
failure of a Signal Generator function. If a voltage
value exceeds 4% of its nominal level, the power sup-
ply should be repaired prior to troubleshotting the
other circuits of the instrument.

5-62. POWER SUPPLY TROUBLESHOOTING. Be-
cause the individual power supplies are to some ex-
tent interdependent, care must be taken to troubleshoot
the supplies in a particular sequence. This sequence
is as follows: -300 V supply, -700 V supply, -500 V
supply, and the 6.3 V filament supplies.

W A R N I N G
Use extreme care when making the filament
voltage measurements. One side of each ac
supply is connected to a negative high-voltage
source. To measure ac voltage, turn off
instrument and discharge high-voltage sup-
plies. If one side of voltmeter power line is
grounded to voltmeter, remove the ground.
Connect voltmeter to test points and turn on
instrument. DO NOT TOUCH METER; CASE
IS AT HIGH-VOLTAGE POTENTIAL. After
measurement, turn off instrument and dis-
charge high-voltage supplies.

5-63. To isolate a trouble in the -300 V supply, check
the -300 V output at test point 2. Excessive ripple is

probably due to a failure of capacitor, C360, C361,
C362, or C363, or a heater-cathode short in V301-
V304. If the -300 V output is nonexistent or very low,
check the dc voltage between test points 2 and 13 to
establish that the dc input to the regulator is normal.
If normal, the regulator circuit composed of V301-
V304 and associated parts is faulty. Isolate the faulty
tube or part through voltage and resistance checks
(Figures 5-21, 5-22), and tube replacement. It should
be noted that the regulator circuit comprises a servo
(feedback) loop, and hence a failure of any part will be
reflected by erroneous voltage indications at most
points in the circuit. Resistance readings, however,
usually provide an indication of a faulty part.

5-64. It should be established that an excessive load
is not being placed on the power supplies, such as a
shorted high-voltage decoupling capacitor or shorted
tube. Excessive load conditions gives trouble symp-
toms similar to those encountered in a power supply
failure. A Model 428B Ammeter can be used to check
the current load on the supplies. Table 5-3 lists the
(check points for each supply.

5-65. If the dc voltage input to the regulator circuit
is abnormal, check the ac voltage between test points
3 and 4 (see WARNING in paragraph 5-62). If this
voltage is normal, voltage-doubler diodes CR301,
CR302, or associated filter parts (C360-C362, R361,
R362) are faulty. If the ac voltage across test points
3 and 4 is abnormal, transformer T1 or the 115 (or
230) V primary-power circuit is faulty.
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Table 5-3. Power-Supply Current Measurements

*MOD. SELECTOR set to INT PULSE; frequency ad-
justed to 7.6 GHz (618C); 11 GHz (620B).

Note

The -700 V and -500 V supplies are checked
in a manner similar to the -300 V supply,
using the particular test points assigned to
these supplies. Care must be taken to follow
the sequence given in paragraph 5-62.

5-66. NO OR LOW RF OUTPUT. Assuming the power
supply to be normal, no or very low RF output could
be caused by a faulty RF attenuator probe, or a faulty
klystron and associated components. A faulty attenu-
ator probe can be positively identified by adjusting the
POWER SET control to obtain a normal indication on
the front panel power meter. If the meter indication
is normal, the RF attenuator probe is faulty; otherwise
the problem is in the klystron or associated circuit
parts. The klystron oscillator is best checked by volt-
age and current measurements. Refer to Figure 5-22
for klystron voltage measurements and paragraphs
5-40 & 5-42 for measurement of klystron beam cur-
rent. If all measurements are normal, replace the
klystron. Abnormal voltage measurements indicate a
failure of one or more circuit parts. If an abnormal
indication occurs in the klystron repeller circuit, per-
form resistance measurements to isolate the faulty
part. In the klystron grid circuit, perform resistance
checks and check modulator tube V701. In the cathode
circuit, check diodes CR701 and CR702.

5-67. RF OUTPUT NORMAL BUT RF OUTPUT
METER ABNORMAL. This trouble indication is caused
by either a faulty power-monitor probe or power meter
circuit. A faulty power-monitor probe is detected by
removing diode CR603 and measuring the resistance
between center conductor and case. Normal indication
is 50 ± 5 ohms. If both the probe and detector check
normal, perform voltage checks (see Figure 5-22) on
transistors Q601 through Q603 to isolate the faulty
part in the power meter circuit.

5-68. NO OR LOW AMPLITUDE MODULATION. To
identify this type of trouble first establish that the
trouble is with all amplitude-modulation modes (in-
ternal pulse, external pulse, or internal square wave)
or only one of the modes. If all amplitude modulation
modes are faulty, Modulator tube V701 or associated
circuit parts are probably faulty. This can be checked
by performing waveform measurements at test points
14 and 15 (see Figure 5-27). If the abnormal indication
is at test point 14 only, check V701 and the plate cir-
cuit components. If both test points are abnormal,
check V701 and the grid circuit components. Voltage
and resistance checks should isolate a faulty part.
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5-69. If the trouble involves only internal pulse modu-
lation, the trouble is in MOD. SELECTOR switch S102
or the internal pulse-generating circuits. To isolate
the trouble, check the waveforms (Figure 5-27) at
test points 22 through 16, (in that order) and refer to
the following list of troubles when an abnormal wave-
form is encountered.

Abnormal Waveform
at Test Point Trouble

22 V102, V103, or associated
parts

21 V105 or associated parts

20 S102, deck H; or V106,
V107, or associated parts

19 S102, deck F; or V109 or
associated parts

18 V108 or associated parts

17 V111 or associated parts

16 S102, deck E

5-70. If only external pulse modulation is faulty, set
MOD. SELECTOR to -EXT and check modulation. If
normal, inverter V109A is faulty. If abnormal, switch
S102 (sections E or G) is faulty, or capacitor C123 or
resistor R143 is faulty. The latter two components
may be isolated by checking the external modulating
signal at test point 23.

5-71. If only square-wave modulation is faulty, per-
form waveform measurements at test point 22. If
normal, switch S102 (deck G) is faulty. If abnormal,
V102, V103, or associated parts are faulty.

5-72. NO OR LITTLE FREQUENCY MODULATION.
First establish if the trouble is with both external and
internal FM. If the trouble is isolated to external FM
only, check waveform (Figure 5-27) at test point 23.
If waveform at test point 23 is normal, the trouble is
in MOD. SELECTOR switch S102, section B or G. If
waveform at test point 23 is abnormal, check capacitor
C123 and resistor R143. If trouble is with both ex-
ternal and internal FM, perform waveform measure-
ment at test point 24. If waveform at test point 24 is
abnormal check capacitor C136 and variable resistor
R168. If waveform at test point 24 is normal, per-
form voltage and resistance measurements (Fig-
ures 5-21, 5-22 of the klystron repeller circuit.
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5-74. MODULATION FREQUENCY, WIDTH, OR DE-
LAY ABNORMAL. A trouble involving the frequency
of internal modulation is caused by Multivibrator V102,
V103 and associated parts. Pulse width troubles are
caused by a fault in Multivibrator V111 or associated
parts. Pulse delay troubles are caused by a fault in
Multivibrator V106, V107 or associated parts.

5-75. POOR EXTERNAL SYNCHRONIZATION. A
trouble involving the external synchronization is caused
by Amplifier and Inverter V101 and associated parts.
To isolate a trouble in the external synchronization to
a faulty part, perform voltage and resistance measure-
ments (Figures 5-21, 5-22) of V101 and associated
circuit.

5-76. ISOLATING TROUBLE IN TRANSISTOR
CIRCUITS.

5-77. The following procedures and data are given to
aid in determining whether a transistor is operational.
Tests are given for both in-circuit and out-of-circuit
transistors.

5-78. IN-CIRCUIT TESTING.

5-79. The common causes of transistor failures are
internal short- and open-circuits. In transistor circuit
testing the most important consideration is the trans-
istor base-emitter junction. Like the control grid of
a vacuum tube, this is the operational control point in
the transistor. This junction is essentially a solid-
state diode. For the transistor to conduct, the diode
must conduct; that is, the diode must be forward
biased. As with simple diodes, the forward-bias
polarity is determined by the materials forming the
junction. Use the transistor symbol on the schematic
diagram to determine the bias polarity required to
forward-bias the base-emitter junction. The A part
of Figure 5-14 shows transistor symbols with termi-
nals labeled. Notice that the emitter arrow conven-
tionally points toward the type N material. The other
two columns of the illustration compare the biasing
required to cause conduction and cut-off in transistors
and vacuum tubes. If the transistor base-emitter
diode (junction) is forward-biased the transistor con-
ducts. If the diode is heavily forward-biased, the
transistor saturates. However, if the base-emitter
diode is reverse-biased the transistor is cut-off. The
voltage drop across a forward biased emitter-base
diode varies with transistor collector current. For
example, a germanium transistor has a typical for-
ward-bias, base-emitter voltage of 0.2-0.3 V when
collector current is 1-10 mA, and 0.4-0.5 V when
collector current is 10-100 mA. In contrast, forward
bias voltage for silicon transistors is about twice that
for germanium types: about 0.5-0.6 V when collector
current is low, and about 0.8-0.9 V when collector
current is high.

5-80. Figure 5-14, part B, shows simplified versions
of the three basic transistor circuits and gives the
operating characteristics of each. When examining a
transistor stage, first determine if the emitter-base
diode is biased for conduction (forward-biased) by
measuring the voltage difference between emitter and
base. When using an electronic voltmeter, do not
measure directly between emitter and base; there may

be sufficient loop current between the voltmeter leads
to damage the transistor. Instead, measure to a com-
mon point (e.g., chassis). If the emitter-base diode
is forward-biased, check for amplifier action by short-
circuiting base to emitter while observing collector
voltage. The short-circuit eliminates base-emitter
bias and should cause the transistor to stop conducting
(cut off). Collector voltage should then shift to near
the supply voltage. Any difference is due to leakage
current through the transistor and, in general, the
smaller this current, the better the transistor. If
collector voltage does not change, the transistor may
have an internal open or short.

5-81. TESTING TRANSISTORS WITH AN
OHMMETER.

5-82. The two common causes of transistor failure
are internal short- and open-circuits. Remove the
transistor from the circuit (caution with heat) and use
an ohmmeter to measure internal resistance. See
Table 5-4, for measurement data.

CAUTION

Most ohmmeters can supply enough current
or voltage to damage a transistor. Before
using an ohmmeter to measure transistor
forward or reverse resistance, check open-
circuit voltage and short-circuit current out-
put ON THE RANGE TO BE USED. Open-
circuit voltage must not exceed 1.5 V and
short-circuit current must be less than 3 mA.
See Table 5-5 for safe resistance ranges for
some common ohmmeters.

5-83. KLYSTRON REMOVAL (618C).

5-84. To remove the klystron oscillator tube V114
from the resonant cavity proceed as follows:

a. Remove the socket housing cap, screws and
lock washers (items 1 and 2, Figure 5-15). Pull the
housing (3) away until the tube socket is exposed.

b. Pull straight back on the socket until it is free
of the tube base. Do not apply lateral pressure when
removing socket.

c. Unscrew and remove sleeve (4) which covers
klystron body. Do not at any time apply side motion
to the klystron; to do so will break the tube.

d. Turn klystron (6) clockwise, and at the same
time pull straight back from the cavity. Do not attempt
to rock the klystron.

e. Remove clamping ring and rubber washer (5).

f. Unscrew retaining nut (7) at cavity entrance
using socket wrench supplied with the instrument. Re-
move the seating ring (9) and the spring (8) below re-
taining nut. Do not use this spring or washer again
except as a necessity. New springs and washers are
supplied with replacement klystrons ordered from
Hewlett-Packard Co.
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Figure 5-14. Transistor Biasing and Operating Characteristics.
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g. If sample probe adapter (11) protrudes into the
cavity, remove the lock nut (12) and disengage pipe
(10). Loosen lock nut (12) and back out adapter (11)
until it is flush with the inside face of the cavity bottom
plate.

Table 5-4. Out-of-Circuit Transistor
Resistance Measurement

Note

See Klystron Tube Warranty Claim in this
manual.

5-85. KLYSTRON REPLACEMENT (618C).

5-86. Prior to installing a new klystron V114, prac-
tice reinstalling the old one. The proper force and
twist required to push the klystron past the spring may
then be learned by practice. The procedure for in-
stalling the new klystron is as follows:

a. Install new waffle seating ring (9, Figure 5-15)
and then new spring (8) in cavity entrance. Ends of
spring should meet to form a complete circle.

b. Thread the retaining nut (7) into cavity until it
is seated very lightly against the spring. Press spring
into place under the nut so that it forms a circle.
Tighten the nut slightly to hold the spring in position.

Table 5-5. Safe Ohmmeter Ranges for
Transistor Resistance Measurements

CAUTION

When inserting the tube, always keep it
straight in line with the cavity. DO NOT work
it from side to side.

c. Insert the klystron tube (6) into the cavity until
it engages the spring (8). Firmly press the tube
straight into the cavity at the same time giving it a
clockwise twist. The twist will cause the spring to
expand and pass the tube allowing it to seat firmly in
the cavity.

d. Tighten the retaining nut slightly with socket
wrench supplied.

e. Snap the clamping rings (5) making certain that
they encircle the grid ring of the klystron. When the
rings are in position, three or four threads of the nut
(7) should be visible between the clamping rings and
the outside face of the nut. Install rubber washer,
not shown.

f. Thread the cover sleeve (4) into the retaining
nut so that it seats against the clamping rings, causing
the clamping ring to grip the grid ring of the klystron.
Tighten the sleeve firmly by hand.

g. Install the tube socket and housing (3), pressing
the socket straight  into position.

h. Position socket housing and attach cap screws
(1).
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Figure 5-15. Exploded View of Klystron Mounting Parts (618C).

5-87. KLYSTRON REMOVAL (620B).

5-88. To remove the klystron from the resonant cav-
ity, remove the Instrument from the cabinet or rack.

The klystron is located at the left side of the instru-
ment just behind the front panel. Refer to Figure 5-16
and proceed as follows:

CAUTION

Do not at any time apply side pressure to the
klystron. To do so will break the tube.

a. Remove the four screws from the klystron tube
base cover.

b. Pull tube base cover straight out to expose tube
base.

c. Remove socket from klystron. Pull socket
straight out to expose tube base.

d. Loosen and remove klystron
wrench supplied.

e. Remove collet washer with a
klystron tube base and pull straight

f. Remove clamp spring.

mounting nut with

sharp tool. Grasp
out of cavity.

g. If collet ring and collet are locked on klystron,
place klystron on its base and
free the collet.

gently tap collet ring to

Note

See Klystron Tube Warranty Claim at rear of
Replaceable Parts.

5-89. KLYSTRON REPLACEMENT (620B).

a. Insert waffle washer in cavity (Figure 5-16).
Use new washer if old washer is damaged.

b. Place collet ring and collet spring on collet,
making sure taper on ring seats against flare of collet.

c. Place collet washer over collet. Place mount-
ing nut over collet washer.

d. Place klystron assembly into cavity and tighten
mounting nut by hand until collet just grips klystron,
but klystron should still be free to rotate.

f. Slide klystron out approximately 1/8 inch, then
push in until klystron seats firmly against shoulder in
collet.

CAUTION

DO NOT USE EXCESSIVE PRESSURE, to
prevent possible damage to klystron.

g. Tighten mounting nut by hand, then push socket
on klystron base, being careful not to exert any side
pressure on the klystron.

h. Remove cover plate from frequency drive mech-
nism to check repeller cable. Be sure to push the
repeller cable into center conductor to connect the re-
peller before turning on the instrument.
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Figure

CAUTION

Failure to make repeller
cause damage to klystron.

5-16. Exploded View of Klystron Mounting Parts (620B).

c. Remove Tru-Arc ring and potentiometer rear
cover.

connection may
d. Loosen only the two setscrews holding poten-

tiometer shaft in the coupler. Do not loosen screws
holding coupler to front-panel shaft.Complete klystron adjustment is given in step a

through h of paragraph 5-42.
e. Remove the three screws holding the potenti-

ometer to the mounting ring and withdraw potentiom-
eter. Do not loosen screws holding mounting ring to
casting.

5-90. REPLACING REPELLER TRACKING
POTENTIOMETER.

5-91. To replace the repeller tracking potentiometer,
R174, on the frequency drive casting, refer to Figure
5-17 and proceed as follows:

f. Remove rear cover and place shaft of new po-
tentiometer in coupler. Do not tighten the set screws
at this time.

a. Remove the four flat-head screws on each side
of the front panel that hold the panel assembly to the
side gussets. Pull panel assembly away from chassis
to give access to the repeller potentiometer.

g. Position the new potentiometer with the termi-
nals near the top and replace the three mounting
screws and spacers. Position the potentiometer so
that shaft does not bind in coupler during any portion
of coupler rotation. Tighten mounting screws.b. Remove leads from terminals on potentiometer.

Figure 5-17. Repeller Tracking Potentiometer Removal.
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h. With an ohmmeter connected between the orange
and blue leads on the potentiometer, turn the frequency
control to point where microswitch just operates (ap-
proximately 8.9 GHz), so the arm (blue lead) is exactly
at the tap in the potentiometer. This point is the lowest
resistance reading on ohmmeter.

i. Replace rear potentiometer cover and reconnect
leads.

j. Tighten set screws in the coupler.

k. Reset repeller voltage adjustments as described
in paragraphs 5-43 and 5-45.

5-92. REPLACING AND RECALIBRATING THE
ATTENUATOR (618C).

5-93. It is not expected that the attenuator dial will
require recalibration unless the attenuator assembly is
replaced. The attenuator is not ordinarily subject to
change or breakage. Small improvements in accuracy
may be made by slipping the attenuator dial on the
front panel slightly on its shaft to bring into calibration.

5-94. Following replacement of the probe, the atten-
uator assembly must be adjusted for the correct and
safe operating depth. The following instructions are
divided into two parts: the first concerns the replace-
ment of the attenuator probe, and the second concerns
the attenuator dial alignment.

5-95. REPLACING THE ATTENUATOR PROBE
(618C).

5-96. Power from the resonator is coupled to the RF
OUTPUTS CAL jack at the front panel through an as-
sembly consisting of the panel jack, a length of RG-
55 U cable, and the attenuator probe. The attenuator
probe is terminated by a special resistor, which is
made by coating platinum on a glass bead. This re-
sistor should normally last for the life of the equipment
even if subject to shock and vibration. Should the re-
sistor become broken or otherwise defective however,
the complete attenuator assembly must be replaced.
Replace a defective attenuator assembly as follows:

a. Remove the four screws holding the RF OUT-
PUTS CAL connector to the front panel.

b. Release attenuator cable from under cable
clamp.

c. Remove mounting screw which holds the rack to
the aluminum block on the attenuator probe.

d. Lift mounting block and probe from the circular
waveguide housing.

e. Use care in handling attenuator probes. The
glass bead resistor can be broken by twisting the cable.
Mounting block comes affixed to new probe.

f. Insert new probe into waveguide only as far as
is necessary to match-up block mounting holes. In-
sert mounting screw and tighten. Take care that the
probe ground is oriented in the right direction (away

from the cavity). The glass beads should be visible
on the RIGHT HAND SIDE of the ground connection
extension when viewing the instrument from the front.

g. Carefully thread cable under cable clamp and
around casting to front panel. Avoid twisting cable
more than one-quarter turn.

h. Remount RF OUTPUTS CAL connector. Tighten
cable clamp.

i. After the assembly is replaced, an error of a
few decibels may exist in the calibration of the attenu-
ator dial.

5-97. RECALIBRATING THE ATTENUATOR (618C).

a. Connect signal generator in test setup shown in
Figure 5-1.

b. Turn signal generator on and allow a 20-minute
warm up period with modulation selector switch in
CW position.

c. Turn modulation selector switch to OFF posi-
tion, adjust zero set controls in generator and power
meter to zero, and return selector switch to CW posi-
tion. To prevent drift due to temperature change make
these adjustments as quickly as possible.

d. Tune signal generator to 3.8 GHz and adjust
POWER SET control for zero dBm indication on power
set meter.

e. Adjust thermistor mount for maximum reading
on power meter with generator output attenuator set
to 7 (-7 dBm). Record frequency and external power
meter reading.

f. Repeat step e every 200 MHz across entire fre-
quency range.

g. Plot a dBm-frequency curve from readings
obtained in step f (see Figure 5-18). Resulting re-
sponse curve will consist of a series of peaks and
troughs having an amplitude of ±1.25 dB or less. Draw
a straight line (parallel to frequency axis) through
response curve in such a way that variations are aver-
aged about the line.

Figure 5-18. Typical Response Curve (618C)
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unscrew the knurled nut behind the RF OUTPUTS CAL
connector and pull attenuator cable from the jack. The
center connector and spacing beads are removed with
the cable. A new replacement assembly includes these
parts already installed.

b. Free the attenuator cable from small clamp and
feed cable out top of instrument noting the routing of
the cable around the various decks.

c. Mark the attenuator cable where the cable enters
the attenuator mounting block. Loosen the cap screw
shown in Figure 5-20 on the mounting block holding the
attenuator cable. Pull probe straight out.

Figure 5-19. Typical Response Curve (620B).
d. Compare the new probe with the defective probe,

marking the new probe at the same distance from the
tip as the mark on the defective probe. Insert new
probe carefully to the same depth as the original probe
making sure that the ground end of the pickup loop
points toward the resonator cavity (to the right when
facing the Instrument).

h. Select a frequency where response curve cross-
es average line drawn in step g  and set generator to
this frequency.

i. Repeat step c .

j. Set generator output attenuator for -7 dBm
reading on power meter and lock attenuator. If atten-
uator dial does not now read 7 (-7 dBm), remove plate
covering hub of dial, loosen set screws holding dial to
shaft and slip dial to read -7 dBm. Tighten set screws
and replace plate over hub of dial.

e. Tighten cap screw finger-tight so that minor
adjustment of the probe depth is still possible.

f. Carefully thread the cable under the cable clamp
and around the casting to the front panel. DO NOT
twist cable more than a quarter of a turn.

k. Repeat steps c and j without changing generator
frequency. The readings obtained on external power
meter and from output attenuator should be the same.
If not, repeat steps c and j until normal indications—
are obtained.

g. Remount RF OUTPUTS CAL connector. Tighten
cable clamp.

h. After the attenuator assembly is replaced, an
error of a few DB may exist in the calibration of the
attenuator dial. Calibration may be checked as de-
scribed in the following paragraph.5-98. REPLACING AND RECALIBRATING THE

ATTENUATOR (620B).

5-99. It is not expected that the attenuator dial will
require recalibration unless the attenuator assembly
is replaced. The attenuator is not ordinarily subject
to change or breakage. Small improvements in accu-
racy may be made by slipping the attenuator dial on
the front panel slightly on its shaft to bring into cali-
bration. Following the replacement of the probe, the
attenuator assembly must be adjusted for the correct
and safe operating depth. The following operation is
divided into two parts. The first concerns the replace-
ment of the attenuator probe, and the second concerns
the recalibration of the attenuator dial. To determine
if the output attenuator is defective, measure the re-
sistance between the center terminal of the RF OUT-
PUT jack and ground. The resistance should be ap-
proximately 50 ohms. A higher resistance indicates
the film resistor that composes part of the pickup loop
is damaged and the attenuator probe and cable must
be replaced.

5-100 REPLACING THE ATTENUATOR PROBE
(620B).

Attenuator and Monitor Probe
Assemblies (620B).
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5-101 To replace the attenuator probe assembly, pro-
ceed as follows:

a. With the signal generator removed from its rack
or cabinet and disconnected from the power source,

Figure 5-20.
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5-102. RECALIBRATING THE ATTENUATOR (620B).

a. Connect Signal Generator in test setup shown in
Figure 5-1. Allow Signal Generator to warm up with
MOD. SELECTOR in CW position for at least twenty
minutes.

b. Set MOD. SELECTOR to OFF.

c. Adjust Signal Generator to 9 GHz.

d. Connect Power Meter through a crystal detector
to RF OUTPUT CAL connector; zero meter reading on
Power Meter.

e. Set MOD. SELECTOR to CW.

f. Adjust POWER SET control so that the front-
panel power meter reads 0 dBm.

f. Repeat steps c through e every 200 MHz from
7 GHz to 11GHz. Plot the resulting data as a response
curve such as  the  one shown in  Figure  5-19.

g. This curve should consist of a series of peaks
and troughs with a maximum range of ±2 dBm.

h. Equalize the maximum excursions on each side
of -7 dBm by slipping the attenuator dial. The dial is
made free of the drive shaft by removing the hub cover
from the center of the attenuator dial and loosening
the two Allen screws in the periphery of the hub.

5-104. TUBE AND SEMICONDUCTOR
R E P L A C E M E N T .

5-105. Table 5-6 lists checks to be made after re-
placement of certain electron tubes and semiconductors
(e.g., diodes, transistors). Replacement of unlisted
items does not affect critical Signal Generator func-
tions or operating voltages.

g. Adjust the OUTPUT ATTEN control to -7 dBm.
Note

High voltage is present on the green lead
below the attenuator assembly and at the
terminals on the potentiometer above the
frequency-drive casting. Be extremely care-
ful not to touch these components when adjust-
ing the attenuator probe with the instrument
turned on.

h. Gently adjust the probe depth so that the external
power meter indicates -7 dBm. Tighten the cap screw
on the attenuator probe.

5-103. An initial setting has now been made that will be
accurate within approximately ±5 dB. To refine this
setting and obtain the original calibration accuracy of
±2 dB it is necessary to measure the output of the signal
generator across the frequency range and construct a
graph showing the frequency response of the instru-
ment. Figure 5-19 shows such a graph with a typical
response curve after the power output curve has been
centered about the -7 dBm reference level. The final
adjustment is made by slipping the attenuator dial,
while measuring the RF output level at a convenient
frequency on the curve, to bring the total power spread
to be within the +2 dB limits of the -7 dBm reference
level. The limits are indicated by the heavy transverse
lines above and below the -7 dBm center line. Proceed
as follows:

a. Assuming the Signal Generator is at normal
operating temperature, set MOD. SELECTOR to OFF
and zero the external power meter.

b. Set MOD. SELECTOR to CW and tune frequency
dial to 7 GHz.

c. Adjust POWER SET control so that Meter indi-
cates 0 dBm.

d. Check that OUTPUT ATTEN control is set to
-7 dBm.

e. Record the reading on the eternal Power Meter.
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Do not change an operating voltage or cali-
bration adjustment unless it is either defin-
itely outside specified tolerance or calibra-
tion accuracy of a dependent function is
unsatisfactory. improving a marginal adjust-
ment can adversely affect calibration.

5-106. ETCHED CIRCUITS.

5-107. The etched circuit boards in the Signal Gener-
ator are of the plated-through type consisting of metal-
lic conductors bonded to both sides of insulating ma-
terial. The metallic conductors are extended through
the component mounting holes by a plating process.
Soldering can be done from either side of the board
with equally good results. Table 5-7 lists recom-
mended tools and materials. Following are recom-
mendations and precautions pertinent to etched circuit
repair work.

a. Avoid unnecessary component substitution; it
can result in damage to the circuit board and/or adja-
cent components.

b. Do not use a high-power soldering iron on
etched circuit boards. Excessive heat may lift a con-
ductor or damage the board.

c. Use a suction device (Table 5-7) or wooden
toothpick to remove solder from component mounting
holes. DO NOT USE A SHARP METAL OBJECT SUCH
AS AN AWL OR TWIST DRILL FOR THIS PURPOSE.
SHARP OBJECTS MAY DAMAGE THE PLATED-
THROUGH CONDUCTOR.

d. After soldering, remove excess flux from the
soldered areas and apply a protective coating to pre-
vent contamination and corrosion. See Table 5-7 for
recommendations.

e. When removing a multiple-connection component
held tightly in a socket, such as a vacuum tube, loosen
it gradually using gentle side-to-side or rotary motion
to avoid damage to the plated-through conductors.
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Table 5-6. Checks Following Tube and
Semiconductor Replacement

5-108. COMPONENT REPLACEMENT.

a. Remove defective component from circuit board.

Note

Axial lead components, such as resistors
and tubular capacitors, can be replaced with-
out unsoldering. Clip leads near body of de-
fective component, remove component and
straighten leads left in board. Wrap leads of
replacement component one turn around orig-
inal leads. Solder wrapped connection, and
clip off excess lead.

b. Remove solder from mounting holes using a
suction resoldering aid (Table 5-7) or wooden tooth-
pick.

c. Shape leads of replacement component to match
mounting hole spacing.

d. Insert component leads into mounting holes, and
position component as original was positioned. DO
NOT FORCE LEADS OF REPLACEMENT COMPO-
NENT INTO MOUNTING HOLES. Sharp lead ends may
damage plated-through conductor.

Table 5-7. Etched Circuit Soldering Equipment

5 - 2 9
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5-109. TUBE SOCKET REPLACEMENT. There are
three ways to remove a tube socket from the etched
circuit boards:

a. Cut terminals attaching socket to circuit board,
remove socket, and unsolder remaining terminal
pieces individually.

b. Using long nose pliers, break insulating ma-
terial of socket away from metal connectors, then
unsolder connectors from board individually.

c. Use a special soldering iron tip designed to heat
all socket connections simultaneously and remove
socket as a unit; or use a suction device (Table 5-7)
to desolder all connections and remove socket.

5-110. ETCHED CONDUCTOR REPAIR. A broken or
burned section of conductor can be repaired by bridg-
ing the damaged section with a length of tinned copper
wire. Allow adequate overlap and remove any varnish
from etched conductor before soldering wire into place.

5-111. TRANSISTOR AND SEMICONDUCTOR DIODE
REPLACEMENT.

a. Do not apply excessive heat. See Table 5-7 for
soldering tool specifications.

b. Use a heat sink such as pliers or hemostat be-
tween transistor body and hot soldering iron.

c. When installing a replacement transistor, en-
sure sufficient lead length to dissipate heat of solder-
ing by maintaining about the same length of exposed
lead as used for original transistor.

5-112. Q601, Q602 LEAD IDENTIFICATION.

5-113. Transistors Q601 and Q602 are dual transis-
tors (i.e., two transistors in one case). For this
configuration the locating tab which protrudes from
the rim of the transistor case identifies the collector,
not the emitter.
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Figure 5-23. Interior View Showing Locations of Unlabeled Chassis Components (Top View).
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Figure 5-24. Component Identification, Bottom Interior View.
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Figure 5-25. Component Identification, Rear Interior View.
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Figure 5-26. Notes Pertaining to Waveform and Schematic Diagrams.
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Figure 5-27. Waveforms.
5-37





TM 11-6625-2520-14

APPENDIX A

REFERENCES

The following publications contain in- SB 38-100
formation applicable to the operation and
maintenance of the SHF Signal Generator
Models 618C/620B.

DA PAM 310-4 Index of Technical
TB SIG 222

Manuals, Bulletins, TB 746-10
Supply Manuals (types
7, 8, and 9), Supply
Bulletins, and
Lubrication Orders. TM 38-750

DA PAM 310-7 U.S. Army Equipment
Index of Modifications TM 740-90-1
Work Orders.

Preservation, Packaging,
and Packing Materials,
Supplies, and Equipment
Used by the Army.

Solder and Soldering.

Field Instructions for Paint-
ing and Preserving Elec-
tronics Command Equipment

The Army Maintenance
Management Systems
(TAMMS).

Administrative storage of
Equipment.
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APPENDIX B

MAINTENANCE ALLOCATION

Section I. INTRODUCTION

B-1. General
This appendix provides a summary of the maintenance operations

covered in the equipment l i terature. It  authorizes categories of
maintenance for specific maintenance functions on repairable items
and components and the tools and equipment required to perform each
function. This appendix may be used as an aid in planning maintenance
operations.
B-2. Maintenance Functions

Maintenance functions will be limited to and defined as follows:
a. INSPECT.  To determine serviceability of an item by comparing

its physical,  mechanical, and electrical characteristics with estab-
lished standards.

b. T E S T . To verify serviceability and to detect incipient electrical
or mechanical failure by use of special equipment such as gages, meters,
e t c . This is accomplished with external test equipment and does not
include operation of the equipment and operator type tests using internal
meters or indicating devices.

c. SERVICE. Not applicable.

d. A D J U S T . To rectify to the extent necessary to bring into proper
operating range.

e. ALIGN. To adjust two or more components or assemblies of an elec-
trical or mechanical system so that their functions are properly syn-
chronized. This does not include setting the frequency control knob of
r e c e i v e r s  o r  t r a n s m i t t e r s  t o  t h e  d e s i r e d  f r e q u e n c y .

f. CALIBRATE.  Not applicable.

g. INSTALL.  Not applicable.

h. REPLACE. To replace unserviceable items with serviceable like items.
i. R E P A I R . To restore an item to serviceable condition through cor-

rection of a specific failure or unserviceable condition. This function
includes, but is not l imited to welding, grinding, riveting, straighten-
ing, and replacement of parts other than the trial and error replacement
of running spare type items such as fuses, lamps, or electron tubes.

j. OVERHAUL. Not applicable.

h. REBUILD. Not applicable.

l. SYMBOLS. The uppercase letter placed in the appropriate column
indicates the lowest level at which that particular maintenance function
is to be performed.

B-1



B-3. Explanation of Format
a. Column 1, group number . Column 1 lists group numbers, the purpose of

which is to identify components, assemblies, subassemblies and modules with
the next higher assembly.

b. Column 2, functional group. Column 2 lists the noun names of com-
ponents, assemblies, subassemblies and modules on which maintenance is
authorized.

c. Column 3, maintenance functions. Column 3 lists the maintenance
category at which performance of the specific maintenance function is
authorized. Authorization to perform a function at any category also
includes authorization to perform that function at higher categories. The
codes used represent the various maintenance categories as follows:

Code Maintenance Category
C Operator/Crew
O Organizational Maintenance
F Direct Support Maintenance
H General Support Maintenance
D Depot Maintenance

d . Column 4, tools and test equipment. Column 4 specifies, by code,
those tools and test equipment required to perform the designated function.
The numbers appearing in this column refer to specific tools and test equip-
ment which are identified in Table I.

e. Column 5, Remarks. Self-explanatory.
B-4. Explanation of Format of Table I, Tool and Test Equipment Requirements

The columns in Table I, Tool and Test Equipment Requirements are as
follows:

a. Tools and Equipment. The numbers in this column coincide with the
numbers used in the tools and equipment column of the Maintenance Alloca-
tion Chart. The numbers indicate the applicable tool for the maintenance
function.

b. Maintenance Category. The codes in this column indicate the main-
tenance category normally allocated the facility,

c. Nomenclature. This column lists tools, test, and maintenance equip-
ment required to perform the maintenance functions.

d. Federal Stock Number. This column lists the Federal stock number of
the specific tool or test equipment.

e. Tool Number. Not used.
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APPENDIX C

ORGANIZATIONAL, DIRECT SUPPORT, AND GENERAL SUPPORT
MAINTENANCE REPAIR PARTS AND SPECIAL TOOLS LIST

(INCLUDING DEPOT MAINTENANCE REPAIR PARTS AND SPECIAL TOOLS)

Section I. INTRODUCTION

C-1. Scope
This appendix lists repair parts required for the
performance of organizational, direct support,
general support and depot maintenance of the
AN/URM-170.

NOTE
No special tools, test, and support
equipment required.

C-2. General
This repair parts list is divided into the follow-
ing sections:

a. Organizational Maintenance Repair Parts
List-Section II.  A list of repair parts au-
thorized for the performance of maintenance at
the organizational level.

b. Repair Parts for Direct Support, General
Support, and Depot Maintenance—Section III.
A list of repair parts authorized for the perfor-
mance of maintenance at the direct support,
general support and depot level.

c. Federal Stock Number Cross
Reference - Section IV. A list of Federal stock
numbers in ascending numerical sequence,
cross-referenced to the figure number, refer-
ence designator, and item sequence number.

d. Manufacturer Part Number Cross
Reference - Section V. A list of reference num-
bers (manufacturer part number) appearing in
ascending numeric-alpha and/or alpha-numeric
sequence, cross-referenced to the Federal man-
ufacturer code, figure number, reference desig-
nator, and item sequence number.

e. Reference Designator Cross Reference —
Section VI. A list of reference designators
cross-referenced to item sequence number.

C-3. Explanation of Column
The following provides an explanations in the
tabular lists:

a. Source, Maintenance, and Recoverability
Codes (SMR) and Item Sequence Number (ISN)
Column. The first line in this column lists the
applicable SMR codes for the part. Listed in as-
cending order directly below the SMR code is
the item sequence number assigned to the re-
pair part.

(1) Source code indicates the selection
status and source for the listed item. Source
codes are:
Code Explanation

P — Repair parts which are stocked in or sup-
plied from the GSA/DSA, or Army sup-
ply system and authorized for use at
indicated maintenance categories.

P2 — Repair parts which are procured and
stocked for insurance purposes be-
cause the combat or military essential-
ity of the end item dictates that a
minimum quantity be available in the
supply system.

P9 — Assigned to items which are NSA design
controlled: unique repair parts, special
tools, test, measuring and diagnostic
equipment, which are stocked and sup-
plied by the Army COMSEC logistic
system, and which are not subject to
the provisions of AR 380-41.

P10 - Assigned to items which are NSA de-
signed controlled: special tools, test,
measuring and diagnostic equipment
for COMSEC support, which are ac-
countable under the provisions of AR
38041, and which are stocked and sup-
plied by the Army COMSEC logistic
system.

Change 1 C-1
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Code Explanation

M - Repair parts which are not procured or
stocked, but are to be manufactured in
indicated maintenance levels.

A - Assemblies which are not procured or
stocked as such, but are made up of two
or more units. Such component units
carry individual stock numbers and
descriptions, are procured and stocked
separately, and can be assembled to
form the required assembly at indi-
cated maintenance categories.

X - Parts and assemblies which are not pro-
cured or stocked and the mortality of
which normally is below that of the ap-
plicable end item or component. The
failure of such part or assembly should
result in retirement of the end item
from the supply system.

X1 - Repair parts which are not procured or
stocked. The requirement for such
items will be filled by use of the next
higher assembly or component.

X2 - Repair parts which are not stocked. The
indicated maintenance category re-
quiring such repair parts will attempt
to obtain same through cannibaliza-
tion, requirements will be re-
quisitioned, with accompanying jus-
tification, through normal supply
channels.

G—Major assemblies that are procured with
PEMA funds for initial issue only as
exchange assemblies at DSU and GSU
level. These assemblies will not be
stocked above DS and GS level or re-
turned to depot supply level.

(2) Maintenance code indicates the lowest
category of maintenance authorized to install
the listed item. The maintenance level codes
are:

Code Explanation
C _ _ _ _ _ _ _ Operator/Crew
O _ _ _ _ _ Organizational maintenance
F _ _ _ _ _ _  Direct support maintenance
H _ _ _ _ _ _ General Support maintenance
D _ _ _ _ _ _ Depot maintenance

(3) Recoverability code indicates whether
unserviceable items should be returned for re-
covery or salvage. items not coded are expenda-
ble. Recoverability codes are:

Code Explanation

economically repairable at DSU and
GSU activities and are normally fur-
nished by supply on an exchange basis.

S - Repair parts and assemblies which are
economically repairable at DSU and
GSU activities and which normally are
furnished by supply on an exchange
basis. When items are determined by
GSU to be uneconomically repairable,
they will be evacuated to a depot for
evaluation and analysis before final
disposition.

T - High dollar value recoverable repair
parts which are subject to special
handling and are issued on an ex-
change basis. Such repair parts nor-
mally are repaired or overhauled at
depot maintenance activities.

U -  Repair parts specifically selected for sal-
vage by reclamation units because of
precious metal content, critical mater-
ials, or high dollar value reusable cas-
ings or castings.

b. Federal Stock Number. Indicates the Fed-
eral stock number assigned to the item and will
be used for requisitioning purposes.

c. Indent Code. This column indicates the
breakdown of each given part or assembly.
Components, assemblies, and subassemblies are
listed in top-down order. That is, the assemblies
which are part of a component are listed im-
mediately below that component, and the sub-
assemblies which are part of an assembly are
listed immediately below that assembly. An as-
terisk indicates attaching hardware.

d. Description. Indicates the Federal item
name and any additional description of the item
required. A part number or other reference
number is followed by the applicable five-digit
Federal supply code for manufacturers in
parentheses. For subsequent appearances of
the same item, the words “same as” followed by
the item sequence number assigned to the item
when it first appeared in the list will follow the
item name, e.g., “RESISTOR, FIXED, COM-
POSITION: SAME AS A298”.

e. Usable on Code. Not Used.
f. Unit of Measure (U/M). A two-character al-

phabetic abbreviation indicating the amount or
quantity of the item upon which the allowances
are based, e.g., ft., ea., pr., etc.

g. Quantity Incorporated in Unit. Indicates
the quantity of the item used in the
AN/URM–170. Subsequent appearances of the

Code Explanation

R - Repair parts and assemblies that are

C-2 Change 1
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same item in the same assembly are indicated
by the letters “REF”.

h. Allowances. (15-Day Organizational
Maintenance, 30-Day DS/GS Maintenance, 1
Year Per Equipment (Contingency) and Depot
Maintenance). Items authorized for requisition
as required are identified by an asterisk in the
allowance columns.

i. Illustrations.
(1) Figure number. Indicates the figure

number of the illustration in which the item is
shown.

(2) Reference designator or item number.
Indicates the reference designator used to iden-
tify the item in the illustration.

C-4. Location of Repair Parts
a. This appendix contains three cross-

reference indexes (sect. IV, V and VI) to be used
to locate a repair part when either the Federal
stock number, reference number

(manufacturer’s part number), figure number,
or reference designator is known. The first col-
umn in each cross-reference index is prepared,
as applicable, in numerical or alphanumerical
sequence. The last column of each cross-
reference index lists the item sequence number
assigned to the part.

b. Refer to the appropriate cross-reference
index (para. C-2c, d, e) and note the index
number in the last column; then refer to the
repair parts list to locate the item sequence
number which is listed in ascending order in
column 1 of the repair parts list.

C-5 Federal Supply Code for Manufacturers
The Federal supply code for manufacturer
(FSCM) is used as an element in item identifica-
tion to designate manufacturer, distributor, or
government agency, etc. Refer to SB 708-42 for
identification of FSCM’s.

Change 1 C-3
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Figure C-1. Signal generator AN/URM-170



Figure C-2. Signal generator, rear view, cover removed.



Figure C-3. Signal generator, bottom view, cover removed.



Figure C-4. Signal generator, top view, cover removed.



Figure C-5. circuit card assembly A700.

Figure C-6. Circuit card assembly A500.





Figure C-7. Circuit card assembly A300.

Figure C-8. Circuit card assembly A400.





Figure C-9. Front panel assembly A2, interior.



Figure C-10. Circuit card assembly A600.



Figure C-11. Frequency control assembly A2A4.



Figure C-12. Front panel assembly A2, exterior.



Figure C-13. Drive assembly A2A1.





Figure C-14. Probe assembly A2A3.

Figure C-15. Probe assembly A2A2.





Figure C-16. Divider assembly A2A5.

Figure C-17. Wiring harness A2W1.





Figure C-18. Resistor board assembly A2W1A1.



Figure C-19. Pulser assembly A1.



Figure C-20. Circuit card assembly A1A900.

Figure C-21. Circuit card assembly A1A1000.
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