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MANUAL CHANGE INFORMATION
MODEL 451

At EIP we continually strive to keep up with the latest electronic developments by adding
circuit and component Improvements to our instruments as soon as they are developed
and tested. '

Sonéetimes, due to printing and shipment requiremén‘ts, we cannot get these changes im-
mediately into printed manuals. As a result, your instrument may contain some or all of
~ the changes listed below.

PAGE NUMBER:

03,

.05,
ST
3,
87,

87.

. B8,
89,

89

99,
o.13,

918,
g-19.

833,

41,
gz,

A109 Prescaler (5500079), Change R33 ta 7.6K, 1/4W.
' Changs R34 to 10K, 1/4 W,

A111 BCD Cutput/Remcte Prog,, Signal from PY pin 15 to RS should be inhibit.

Paragraph 3-8, line 4, should read "925 MHz - 18 GMz, or Band A (Option P2) for frequencias”.
Paragraph 3-15, last line should read “produce 1.5V at the INPUT INHIBIT thus enabling the 4517,
A1 Basic Caunter, Change FAN part number to 8000151. .

A104 Control (2020074}, Change C5 to Mieca, 200 pF, part number 2250008,
Add CR18, General Purpose diode, part number 2704154,
Delete R20,
A107 Power Supply {2020077), Change C1 1o part number 2200016,

Change C5 to part nurnber 2200018,
A106 High Frequency (2020081}, Change R47 to part number 4130999,
A107 Power Supply (2020077} Change R20 to part number 4130899,
A109 Prescaler (2020079) Change 33 to 4130752,
Change A34 1o 4010103,
A100, {5500070) Rear pane! MIN PRF switch should be labeted O {not ONJ and 50 Hz {not OFF}, The blue
and gr%n wires from J1 should be traﬂSpOSEd 50 the graen wire goes o 0,
"A$03 Count Chain schematic 5553{}083 A) U16 U7, and U418 - change pin 14 to pin 1,
At04 Controf {5500074-D), Chzngs C5 to 200 pF
Replace R20 with CR18 {ancde side to ground), -
) C2 should be 8.3 V,
A‘fOS Gate Generator, Signal from P1M to U14C pin 2 should be clock inhibit.
A107 Power Supply {5500077), Change C1 valuz-to 8500 uF 25V, ;
Changs C5 vatue to 44,000 uF 15V,
Change R20 tn 5.6K, 2%.
A203 Converter Sequencer schematic - delate tine between U7 pin 3 and U3 pin 2,
-add fine between U9 pin 2 and U4 pin 1.
-change ‘03, now shown as NPN, should be PNP,
-change C4 w0 005 value,
Paragraph 4-4, line 6 should read * 100us {or' 1 m3).”

f

AZ04 IF Processor {12620094) - Note the followling part number changes.

C25is 2150003 - R41 13 4130151
© €33 1s 2150003 R43 is 4130431 )
. R32is4130431 R44is 4130227 . . — . .
" TR34.05 4130271 R76 is 4130471

R35 s 4130221

OVER




.9-35. A204 {F Processor (5500084} - Change the revision letter to J and make the following char{gas OYOUT . o
schematic diagram. i

. 41 is now 150 ohm, 2% Fooe e
€25 is now 017 RA3 is now 270 ohm, 2% !
s o O . 2% R44 js now 220 ohm, 2% b
is now m, 70 ohrm 2%
R34 is now 270 ohm, 2% R 1s now 470 ohmn, !
R35 is now 220 chm,_‘é%
1-2.  Table 1-1, Specifications, General, Gate error (max) should read 7+ 100 k42" for Band A and x40 kHz" for Band B,

PW - .03 Py - 03
65, Paragraph 621, itern b, {3} should read " Adjust AT0SRBU per paragraph 6-21a {2).”
7-1.  Paragraph 7-10, €. {5), last sentence should read “'For 100 ns wide pulses, error should be Jess than 1.42 MHz,
7-2.  Parsgraph 7-10, D (5], test sentence should read “For 100 ns wide puises, error should be jess than 1.42 MHz,
Paragraph 7-11, £, add the following sentence, “Gate error should be less than 570 kHz,
S5, A100 Counter interconnect {B600070} - Defete Gate Mod switch that was connected to J1 pin 1 and 2 on the rear panel,
_ Belete modulation trace that runs from J1 pin 1 to High Frequency XA106 pm 15,

1 5 AT 05 Gate Generator, J1 should read BAND B THR ESHOLD and J2 should read BAND A THRESHOLD,
9-17.  A106 High Freguency, R47 should b 18 ohm nom,, 2%, $,A.T.

829, AZ202 YIG Control, Add U8 inverter Gate | pin 11 (In)]‘iotcut) fram P1 pin 7, 40 kHz Clock signai to
. U4 pin 14

ERROR DAL ENABLE, at US pin 2 should be ERROR DAC ENABLE

T S

ERROR DAC STER 2t UG pin 11 should be ERROR DAC STEP,




CERTIFICATION

EIP Microwave certifies that this instrument was throroughly inspected and
tested, and found to be in conformance with the specifications noted herein

at time of shipment from factory.

WARRANTY

EIP Microwave warrants this counter to be free from defects in material and
workmanship for one year from the date of delivery. Damage due to accident,
abuse, or improper signal level, is not covered by the warranty. Removal,
defacement, or alteration, of any serial or inspection label, marking, or seal,
may void the warranty. EIP Microwave will repair or replace at its option,

any components of this counter which prove to be defective during the warranty
period, provided the entire counter is returned PREPAID to EIP or its authorized
service facility. In-warranty counters will be returned freight prepaid; out-of-
warranty units will be returned freight COLLECT . No other warranty other than

the above warranty is expressed or implied.

ASSISTANCE

For assistance, contact the EIP representative in your area, or EIP Microwave.

i1
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SECTION 1
GENERAL INFORMATION & SPECIFICATIONS

1-1. DESCRIPTION

i~2. The EIP Model 451 Microwave Pulse Counter auto-
matically and directly measures the fregquency of pulse
modulated microwave signals hetween 300 MHz - 18 GHz.
Pulse widths can be as narrow as 100 nanoseconds, with

no minimum or maximum pulse repetition frequency limits.

1-3. The 451 also measures the frequency of CW micro-
wave signals, and carrier signals with FM modulation up
to 40 MHz peak-to-peak deviation at 10 MHz modulation
rates, No manual swiiching is required to measure CW or
pulsed frequencies — the counter will automatically mea-
sure either type of signal. Sensitivity is ~10 dBm to 10
GHz; -5 dBm to 18 GHz. A built-in limiter provides over—
load protection of up to 1 watt peak from 325 MHz ~ 18 GHz.

I-4. All front panel controls except SAMPLE RATE are
externally programmable, One input to the counter (Band
B) accepts signals over the range of 925 MHz - 18 GHz.
Option P2 provides a second input (Band A) to cover the
range of 300 MHz - 850 MHz,

1-5. The display on the 451 Counter provides a direct
readont of the measured frequency over the entire oper—
ating range of the counter with 10 kHz resclution. The
counter also includes automatic suppression of leading
zeros, except during a no signal input condition.

1-6. The frequency resadout of the 451 is displayed in a
fixed position format that is conveniently sectionalized in
GHz and MHz. Gate times are 100 ps and 1 ms.

1-7. For applications where less resolution is required,
pushbution display blanking (RESOLUTION) is provided
to simplify the readout.

1-8. To assure trouble~free performance, the 451 Pulse
Counter is completely solid-state, For ease of repair and
maintenance, the major portion of the counter circuitry is
contained on plug-in printed circult boards or in easily
removed modules. Special test poinis allow monitering of
critical circult functions.

1-9. INSTRUMENT [DENTIFICATION

1-10. The 451 Palse Counter is identified by two number
sets: the Model and Configuration Control Numher {e.g:
451-CCN1001), and a specific Serial Number (e.g: 12345),
Both sets of numbers should be mentioned in any sorre-
spondence or parts orders relating to the counter,

1-11. SPECIFICATIONS

1-12. Model 451 Microwave Pulse Counter specifications
are given in Table 1-1,

11




Frequency Range:
Band A:
Band B:

300 MHz to 950 MHz
925 Mz to 18 Gilz

{Option P2)

Puslse width:

Puise Characteristics:

Pulse repetition freq.:

100 nsec min. {measured at 3 dB points)

Minimum-50 Hz normal, 0 Hz rear panel
selected, Maximum - No limit

éensitiv%ty:
Band A {Opt. P2):
Band B!

300 to 950 MHz =10 dBm peak
925 MHz to 10 GHz -10 dBm peak
10 GHz t0 18 GHz -5 dBm peak

FM Taolerance

Band B {minimum}:

CW: 40 MHz p-p deviation for mod. rates DC-
10 MHz. PULSE {(w/o Input Inhibitl: 20 MHz
max, freq. shift across pulse. FREQUENCY

PROFILE {using Input Inhibit): 20 MHz max.
fraq. shift during input inhibit pulse.

Maximum Input

Accuracy: Level {peak): Operating Burnout Level
CW or pulses Band A: 300 1o
> 100 pisec: Time base accuracy £ 1 count 950 MHz
Puise <100 Msec: Time base accuracy I averaging error £ {Opt.P2) +10 dBm +27 dBm
gate error Band B: 925 MHz
Averaging error 0 18 GHz +10 dBm +30 dBm
{kMz rms}: Band A Band B
200 100 Band A (Opt. P2) Band B
100 s Gate: L input impedance! 50 §2 nom. 50 §2 nom.
A PW-.03 A PW-03 Connactor: BNC Type N precision
1 ms Gate: .80 30 Measurement Speed
o pY-.03 PIN-.03 (Band B Onty):
Acquisition Time:
Gate error {max.}: + 40 kHz PRF 2100 Hz: 100 msec + B0 msec/GHz
PW -.08 PRE <100 Hz: 100 msec +};«~5~F~seCIGHZ
R
Fime B P = pulse width in &. Reading Time Band A Band B
|m‘e ase; SHndard Ophion FY Band B {sec}: £00 100
Qscilfator Type: Roortrr Temperature Temperature Com- 100 s Gate: (PWHHPRE) (P} (PR}
Crystal pensated Crystal
(TEXOY 4000 1000
1 Gate:
Crystat frequency: 10 MHz ms Gate {PWIH{PRF) (PWHPRF}
I PW = pulse width {Usec}
Stabitity: " -
Aging rate; < | 3x 10_71 /mon. PRF = pulse repetition frequency {Hz}
Temperésture: Display: 7 digit LED with fixed decimal point.
{0-50 °C} <13x10-8] <|2x1076| Leading zero suppression,
i-ine voltage: +10% changg produces . Resolution: 10 kifz, 100 kHz, 1 MHz
fraquency shift <|1x 1077 |
Warm up time: None required Power: 100/120/220/240 VAC £10%, 50-60 Hz,
\ / \ 100 watts nominal.
Cperating Tem- o
perature: 0t 50°C
Weight: Net 30 lbs. Shipping 35 ibs.
Dimensions: 3.5 high and 18.75" wide and 19" deep
Accessories Furnished: | 8 foot power cord and instruction manual
Accessories Available: Model 400 Delay Generator.
Carrying Case. P/N 5700001
\ Rack Mtg. Kit. P/N 2010008 /
TABLE 1-1. SPECIFICATIONS - 451 MICROWAVE PULSE COUNTER
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Controds:
Sample Rate/Hold:

Test-200 MHz:
Display Test:
Resolution:

1 ms Gate:

Band Select {A or B}

Varies display reading time from 0,1 sec/

reading to 10 sec/reading. “Hold"' gisplays

tast reading.

Displays 200 MHz internal test freguency.

Tests alt LED numaral segments.

(1 MHz, 100 kHz, 19 kHz): Sets display
rasclution.

Selects 1 ms gate,

Switch selects either Band A {Opt. P2) or
Band B input,

Controls:
Power input:

Storage {On/Off):

Min. PRF = (50 Hz/

Power module containing AC connector,
fuse, and voltage control for 100, 120,
220, or 240 VAC.

Normally on. In off position, display up-
dates continuausly during measurement
cycle.

Auto Mode:

Manual Mode:

Auto/Manual {Band B):

Band B searches upward for input signai be-
ginning 100 M#z above preset number.

Inhibits search. Signal must lie hetween
100 MHz and 325 MHz above preset
number.

Thumbwhee! Switch
{Band B}:

0): Narmaily in B0 Hz position. In 0 position,
allows measurements of very low PRF
signal.

Connectors:
10 MHz reference
output; 1 V peak-to-peak min. into 50 £}

Gate Gutput:

Signal Threshold
Output:

inhibit input:

Reduce Signai

Auto Mods: Sets start point of frequency sweep {100
MHz above preset number.}

Manual Mode: Sets operating frequency range {100 MHz
to 325 MHz above preset number.}

Indicators:

Level: Indicates sufficient input level.

Loek: Indicates signal acquired.

Gate: indicates measurement in process.

Remota: indicates Remote Programming (Option P4

or P35} active.

-

-0.5v min. into 50 £ corresponding to
counter gata,

-0.5v min. into 50 £} corresponding to
signal exceeding threshoid.

ECL high {~0.9v} inhibits. ECL low (-1.7v}
enables. From 50 £ source, 0 volts will
inhibit, - Tv will enable.

input impedance: 50 £2ta -2 voits. /

Maodat 451

Microwave Pulse Counter

P1:

TCXO - temperature compensated crystal
oscillator

-

P2:

Band A: 300 - 950 Mz

P3:

Rear panel inputs: Band A and B

{Bang B8): Indicates excess signal {evel.
Connectors:
Band A input: Type BNC female - 300 to 950 MHz
(Option P2)
Band B input: Type N precision femate - 925 MHz ta

18 GHz /

TABLE 1

{Continued) .

P4:

BCD eutput/remote programming

Remote programming: provides rear
panel programming of ati front panel
controls excepl SAMPLE RATE.
Requires ground contact ciosureg; ong
control line per function (T2L and DTL
compatible).

Digital output: 7 data digits in parallel
form. 1-2-4-8 "1 state positive.

P5

GPIB: System interface per [EEE STD

488-1975, /

SPECIFICATICONS - 431 MICROWAVE PULSE COUNTER

1-3



SECTION 2
INSTALLATION

2-1. UNPACKING

2-2. The EIP Model 451 Microwave Pulse Counter arrives
ready for operation. Carefully inspect the shipping carton
before opening for any evidence of visible or concealed
damage. If any seems apparent, ask that the shipper's
agent be present when the counter is unpacked.

2-3. Remove the packing carton and supports, being

careful not to scar or damage the counter. Make a com-

plete visual inspection of the counter, checking for any
damage or missing components. Check that all switches
and controls gperate mechanically. Report any damage
to EIP immediately.

2-4. INSTALLATION

2-5. There are no special installation instructions for
the 451 Pulse Counter. The unit is a self-contained bench
or rack mounted instrument, which only requires connec-
tion to a standard, single-phase, 100/120 or 220/240 volt,
50-80 Hz power line for operation. CAUTION: Check cur-
rent yating of counter fuse and voltage range PG board in
power module (on rear panel of counter) before applying
power to the counter. Module PC board should show the
correct nominal line voltage when installed in the module.

2-6. INCOMING OPERATIONAL CHECK

2-7. The following procedure cutlines an operational
check of the counter which may be condustad without
special tools, signal generators, or test equipment. The
internal Time Base Clock is used as the input signal to
the Direct Counter, therefore it cannot check the epera-
tion of the Band A Prescaler or the Band B Converter.

a. Turn counter POWER switch off. Check fuse rat-
ing and card in power module (see paragraph 2-5).

b. Connect counter power cord to the voliage source
specified in paragraph 2-5. The ground terminal on
the power cord plug should connect to a reliable earth
ground,

c. Press POWER switch {(on front panpel} to turn
counter on. The counter display should light, and the
Internal cooling fan should operate.

d. Partially depress either of the two RESOLUTION
switches and release it, so neither switch remaing in
the depressed position. All digits in the display should
indicate "G" (zero).

_e. Depress the front panel 200 MHz TEST switch. The

display should indicate "200.08" (200 MIHz). Note that
the two leading zeros are blanked (not lit).

f. Blank the 10 kHz digit by pressing the right hand
RESOLUTION switch.

g. Depress the 200 MHz TEST button again. The dig-
play should indicate "200.0".

h. Test both RESOLUTION switches. Note that the dig-
it immediately above the switch, and any digit to the
right will be bianked. :

i,  tinblank all display digits (see "d" above).

i, With no input signal, the eatire display should show
all zeros in both positions of the BAND switch.

k. Depress the DISPLAY TEST switch, All display dig-
its should show "8" (all segments of each digit lighted).

1.  This completes the counter operational check.




SECTION 3
OPERATION

WARNING

DO NOT APPLY A SIGNAL EXCEEDING
THE MAXIMUM INPUT SPECIFICATION
TO ANY INPUT. EXTENSIVE DAMAGE
NOT COVERED BY THE WARRANTY

WILL OCCUR, EVEN IF THE COUNTER
IS TURNED OFF, OR APPEARS TC BE

INGPERATIVE.

3-1. INTRCODUCTION

3-2. The Model 451 Microwave Pulse Counier has three

principie modes of operation: aulomatic, manual, and ex-
ternally enabled. This section will describe each of these
modes, and will provide information on timing considera~
tions and instrument accuracy.

3-3. CONTROLS, INDICATORS AND CONNECTORS

3-4. Front panel contrels, indicators and connectors ars
shown in Figure 3-1 and described in Table 3-1. Rear
panel controls and connectors ave shown in Figure 3-2
and described in Table 3-2.

3-5. NUMERICAL DISPLAY BRIGHTNESS ADJUSTMENT

3-6. Apparent brightness of the light-emitiing-diode
(LED} numerical display may be varied by adjustment of
potentiometer A102R35. (R35 is located near the top front
of PC Board A102, and is accessible by removing the top
cover of the counter.) Adjust B35 clockwise to increase
display brighiness, or counter-clockwiss to decrease the
brighiness.

3-7. CPERATION IN THE AUTOMATIC MCDE

3-8, In this operational mode, either CW or pulse signals
can be measured. Connect the input frequency to the ap-
propriate input connector: Band B for frequencies between
‘925 MHz ~ 18 GHz, or Band A (Option PZ} for frequencies
between 300 MHz - 850 MHz. If the input signal level is
sufficient for counting, the LEVEL indicator will Hight. If
the proper band and input have been selected, the LOCK
indicator will light. In Band B, if the input signal level is
too high, the REDUCE SIGNAL indicator will light. Meas~
urements will be made at a rate determined by the SAM-
PLE RATE control.

3-%. In Band B, acquisition speed may be improved by
presetting the start frequency via the thumbwheel switch.
The minimum freguency which can be acquired will then
be 100 MHz above the switch setting.

CAUTION: An erroneous reading may result if an applied
signol is less than 100 MHz cbove the switch setting.

3-10. OPERATION IN THE MANUAL MODE

3-11. Marusl mode operation applies to Band B only,
and is achieved by setting the MANUAL SELECT/AUTO
SWEEP switch to the MANUAL SELECT position, and the
thumbwheel switch to the proper frequency. In this mode,
the operating frequency range is from 100 MHz to 325 MHz
above the switch setting. Since no sweep is required, the
acquisition time in this mode is virtually eliminated.

CAUTION: Application of signals which lie between 100 -
325 MHz below the switch setting may result in erronecus
readings.

3-12. EXTERNALLY ENABLED CPERATION

3-13. The usse of the rear panel INPUT INHIBIT makes
possibie a class of meagsurements known as dynemic
frequency measurements — measurements made at a
speciiied point in time on a signal whose frequency is
scme repetitive function of time., When a high levs! is
applied, the 51 is inhibited from making a measurement,
Thus a signal at the INPUT INHIBIT can be used as an en-
able signsl to make a measurement at a desired time. The
width of the enable signal determines the duration of the
measurement — {ypically 40 nanoseconds less than the ap-
piied pulse.

3-14. INPUT INHIBIT REQUIREMENTS

3-15. The INPUT INHIBIT on the 451 is designed to be
compatible with either & 50 ohm impedance pulse genera-
tor, or emitter-coupled-logic (ECL) devices. An internal
termination of 50 ohms returned to -2 volts makes this
dual compatibility possible. An ECL high leve! signal
(-0.8 w0 -1.1V} will irhibit measurement, while an ECL
low level signal-1.5 to ~2.0 V) will enable measurement.
ECL devices are designed to drive 50 ohm lines without
reflections when the lines are terminated with 50 ohms re-
furned to -2 V. The direct compatibility with a 50 chm
pulse generator results from the fact that zerc volts from
a 50 ohm source will produce -1V at the INPUT INHIBIT
{inhibiting the 451}, while a -1 V signal into 50 chms wiil
produce =4 V at the INPUT INHIBIT thus enabling the 451.

- LB

3-16. PULSE PROFILE MEASUREMENTS

3-17. Automatic pulse measuremenis can determine the
average frequency of a pulse. In some cases however,
additional infermation may be necessary. For example, a
pulsed magnetron may exhibit substantial freguency shift

{Continued on Page 3-4)
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FIGURE 3-1.

TABLE 3-1.

FRONT VIEW - 431 MICROWAVE PULSE COUNTER

FRONT PANEL CONTROLS, INDICATORS AND CONNECTORS

POWER On/Off Switch

Turns counter power on and off.

SAMPLE RATE/HOLD Coentrol

Continucusly variable control for one-tenth to ten seconds

per reading. {Required Gate time is added {o sample time.)
HOLD position retains reading untii manually reset.

200 MHz TEST Switch

Provides check of internal counter circuits. Display should
indicate "200.00 MHz.

BISPLAY TEST Switch

Displays "88 888.88" to test all LED segments.

RESOLUTION (100 us GATE) Switches

Provide blanking of either one or two least significant
digits for resolution of 16 kHz, 100 XHz, or 1 MHz, with
100 microsecond gate time.

t ms GATE Switch

Provides 10 kidz resclution with 1 millisecond gate time
for reduced pulse averaging error.

RESET Switch

Manuatly overrides the SAMPLE RATE/HOLD control,
resets display to zero, and initiates a new reading.
BAND Select Switches

Select desired operating band — either BAND A (Option
P2 - 300 MHz to 950 MHz), or BAND B (960 Mfz to 18 GHz).
BAND A Connector

BNC female connector for Band A input (Option P2).

Visual Display
The 7-digit LED (light-emitting-diode) display provides

a direct numerical readout of the input frequency. The
display is sectionalized into GHz and MHz ranges.

LEVEL Indicator

When lit, indicates that input signal is of sufficient level
for counting. Blnking light indicates that PRF (pulse re-
petition frequency} is too low.

L.OCK Indicator

When lit, indicates that Input signal has been acquired.

GATE Indicator

indicates that counter is in measurement portion of its
cycle,

REMOTE Indicator

Used with Option P4 (BCD/Remete Programming). When
lit, indicates that Remote Enable has been activated, and
that all front pansl controls except SAMPLE RATE are
disabled.

MANUAL SELECT/AUTO SWEEP Swiich

Selects manual ¢r automatic operation for Band B.

PRESET/START FREQUENCY Thumbwheel Switch

In the MANUAL mode, the switch sets the operating fre-
quency range. The signal must lie between 100 MHz to
350 MHz above switch setting. In the AUTOMATIC mods,
the switch sets the start of the search range. Input fre-
guency must be at least 100 MHz above switch setting.

REDUCE SIGNAL Indicator

Indicates excessive signal input to Band B. WARNING:
Signals in excess of rated specifications may cause ex-
tensive damage NOT covered by the warranty.

BAND B Connector

Type N precision connector for Band B operation.




FICURE 3-2, REAR VIEW ~ 451 MICROWAVE PULSE COUNTER

TABLE 3-2. REAR PANEL CONTROLS AND CONNECTORS

Rear Panel Inputs

(Option: P3) Allows modification of counter for rear panel
inputs.

ACCESSORY POWER OUT Connector

Provides power for 451 Pulse Counier accessories.

10 MHz OUTPUT Connector

Output of internal 1¢ MHz clock, 1 V p-p min info 80 chms.

SIGNAL THRESHOLD OUTPUT Connector

Pulise output representing signal threshold level of input
puise. Typically occurs 20 nanoseconds after input pulse,
and is used for frequency profile measurements,

GATE OUTPUT Connector

Provides Gate pulse representing actual time at which
measurement s being made. Used in frequency profile
measurement.

INPUT INHIBIT Connector

External pulse inpuf for frequency profile measurements.

Remote Input/Output Connector

{Option P4) Connector for BCD/Remoie Programming.

GPIB Input/Output Connector

(Option P5) For connection to General Purpose Interfac
Bus (IEEE 8TD 488-1875). Refer to separate Instruciion
Manual for EIP Model 451 Option P5.

STORAGE Switch

Neormally ON. In the OFF position, display updates con~

iinuously during measurement cycle.

MIN PRF Switch

Normally in 50 Hz positon. In 0 position,allows meas-
urement of very low PRF signal. NOTE: Reading will
not automatically reset when signal is removed.

AC Power Module

Contains AC power line recepiacle, fuse, and PC hoard
for voltage selection.

e
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near the jeading and trailing edges of the pulse, or a
pulsed Gunn diode oscillator may exhibit frequency shift
during a pulse due to peak power thermasl effects. Meas-
urements of these characteristics are easily made with
only the 451 and a delaying pulse generator (see Figure
3-3). The SIGNAL THRESHOLD cutput of the 451 is used
to trigger the pulse generator. The generator's ouiput
pulse is used as an enable input to the 451, As the pulse
delay is varied,the measurement window can be "walked”
through the pulse. A plot of frequency-versus—delay
gives the frequency-versus-time profile of the pulse di-
rectly as shown in Figure 3-4. The width of the measure-
ment window is determined by the width of the pulse gen-
erator output. Measurement windows of 50 nanocseconds or
less can be used, although wider windowsg yield higher
accuragy.

SIGNAL

LovrResnow TL [
SIGNAL a5t b
INPUT MICROWAVE

INPUT

COUNTER

PULSE | TRIGGER
QUTPUT| INPUT

DELAYING
PULSE
GENERATOR

lator {VCO). A sguare wave applied to the tuning voltage
will produce a response curve of frequency-versus-time
allowing measurement of various settling times such as
post-tuning drift. Another possible application would be
the measurement of linearity and amplitude for frequency
modulated radar altimeter signals. Figure 2-5 shows a
test set-up designed to make measurements on time vary-
ing signals. It is similar to the pulse profile test set-up,
except that in this case since there is always a signal
present, & trigger must be obtained from the modulating
scurce. This will trigger the pulse generator which con-
trols the measurement.

3-20. MULTIPLE PULSE SIGNAL MEASUREMENTS

3-21. Another type of measurement is that of a repetitive
sequence of pulses differing in frequency. In this case,
it is desirable to measure the frequency of each pulse in
the sequence separately. The same test set-up as shown
in Figure 3-5 is required, with the trigger pulse synchro-
nous with the sequence. In this measurement, the INPUT
INHIBIT is used simply to discriminate between pulses.
The enabling pulse can be slightly wider than the pulse
to be measured. The 451 will automatically restrict the
measurement window entirely within the pulse. By shift-
ing the delay time of the snabling puise, each inputl pulse
of the sequence can be separately measured.

FIGURE 3-3.
PULSE PROFILE MEASUREMENT TEST SET-UP

INPUT SIGNAL 300 MM, — 18 GH;

PROFILE MEASUREMENT wWinNDOW

FREGUENCY PROFILE

a N

f AVERAGE

FIGURE 3-4. PULSE PROFILE MEASUREMENT

3-18. DYNAMIC CHARACTERISTICS OF TIME VARYING
SIGNALS

3-18. Many complex signals are not pulses at all but
simply continuous signals whose frequency varies repeti-
tively with time. One example is the measurement of the
response of & device such as a voltage controlied oscil-

3-4

MODULATED
SOURCE MICROWAVE RF 451
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TO BE F———————] " hiise INHIBIT

TESTED COUNTER ]ENPUT
TFREGUENCY
| MODULATION
}!NPUT
i
H
EMODULATION
MODULATOR T TRIGGER
E jc)uwu noweur
L DELAYING
TRIGGER Tl
OUTPUT PULSE
GENERATOR | PULSE
OUTRUT
FIGURE 3-5.

TIME VARYING SIGNAL MEASUREMENT TEST SET-UP

3~22. TIMING CONSIDERATIONS

3-23. Under most circumstances, internal timing within
the 451 would be of no concern io the user. However, in
applications where a few nanoseconds are significant,
some details of internal operation are important. These
involve two areas: {a} measurement window width, and
{b) internal timing delays.

{a) Measurement Window Width

The measurement window is the period during which
the GATE is actually cpen to enable the counting of a
signal. This GATE width will typically be 30 nanosec-
onds narrower than the pulse applied to the INPUT



INHIBIT. The width of the GATE is always an integral
number of clock periods (5 nanoseconds). For applica-
tions where the measurement window needs o be known
fo an accuracy better than 20 nanoseconds, it is recom-
mended that the GATE output on the 451 rear panel be
ohserved directly on a high speed oscilloscope. The
desired GATE width may then be set by varying the IN-
PUT INHIBIT pulse width. For accurate pulse represen-
tation, the osciiloscope input should be terminated in a
50 ohm load.

(b} Internal Timing Delays

When it is necessary to measure the signal frequency
at a precise point in time, the internal delays of the
measuring instrument can be significant. In the 451,the
total delay between the time a signal is applied fo an in-
put connector, and the time it is available to be counted,
is nominally 60 nanoseconds. The SIGNAL THRESHOLD
output on the rear panel of the 451 typically oceurs 20
nanoseconds after the signal is applied. The GATE sig-
nal at the rear panel cccurs at the measurement time
with virtually no delay. In other words, when absolute
time positioning of a signal is required, it is necessary
to consider that the GATE signal, which represents the
measurement period, is actually making a measurement
of the signal which appeared at the input conaector 80
nanoseconds earligy. If the SIGNAL THRESHCOLD cutput
is used as an indication of input signal, then it occurs
40 nanoseconds prior o measurement. Figure 3-6 shows
the relative timing of these signals for a pulsed input
signal. Timing however, is not a function of input sig-
nal characteristics.

INPUT MICROWAVE PULSE ~ I,
—I \WWWJUW;——
L-——mlw
SIGNAL THRESHOLD - %1
| e
o l
eeted 2579 |-—
1
H
I
DELAYED 1 PULSE -
| kﬂd tﬁuﬂﬂ
i — - 10ns
GATE £ }4 S
i ‘—;pw ~30ns
| m____j

FIGURE 3-6. INTERNAL TIMING DELAYS

3-24, ACCURACY

3-25. In a CW frequency counter, measurement accuracy
is generaliy specified as "time base accuracy * 1 count",
This means that the frequency measurement is in error by
the same percentage as the time base reference oscillator,
The maximum error in the time base is the sum of various
. possible errors, such as aging rate, temperature, eic.

3-26. The second type of error: * 1 count, is derived
from the relative timing of gate and signal. Simply stated,

if an event occurs every 400 ms (F = 2.5 Hz), a counier
could measure either 2 or 3 events in 2 one second interval,

3-27. There is a third possible source of error in a CW
counter: gate error. A gate is supposed fo represent a
precise number of reference oscillator cycles. Dus pri-
marily to differences in the rise and fali times of various
circuits, the actual gate will usualiy be a fixed amount
wider or narrower than desired. If this error is less than
one period of the maximum input frequency, no counter
error will eccur. Thus a 300 MHz counter needs a gate
accurate to about 3 nanoseconds.

3-28. Each of these three sources of error can contribute
to the overall error in pulse frequency measuremenis. In
fact for narrow pulses, the second and third scurces of
error which are usually ignored in a CW counter, become
the dominate scurces of error in & pulse counter.

3-29. Time Base Errors

3-36. A freqguency error in the time base reference os-
cillator, results in a proportional frequency measurement
error. - Two main sources of time base error are: aging
rate, and temperature. Aging rates of <|3 x 107 |/montk,
and temperature stability of <13 x 16~ *| over the range
of 0 to +30° C, are standard on the 451. An optional tem-
perature compensated crysial oscillator (TCXO} reduces
temperature instability to <12 x 10~ %|. By calibration
against a freguency standard, this error can be made less
than one one count, and thus becomes insignificant.

3-81. Averaging Error

3-32. In order ic cbtain high resclution, the freguency of
a number of measuremenis is averaged. Each.individual
measurement has a + 1 count uncertainty as previously
noted. If N measurements are made, then an uncertainty
of £ N counts is possible, but very unlikely. The result-
ant averaged measurement will follow the rules of sta-
tistics, in that successive measurements will vary ran-
domly to a certain degree. In fact, most of the readings
(63%) will fall between * v'N counts — this is called the
RMS averaging error. N is the number of gates required
te accumulate 100 ms (or 1 us) of gate time. The gate is
typically 30 ns narrower than the input pulse, s¢ the RMS
averaging error is.

Averaging Error (RMS) = 100 (or 30) kHz*

v PW - .03

PW = Pulse width in ms. * 30 kHz with 1 ms gate, 200
(or 60) kHz for Band A, NOTE: Since Band A gate times
are expanded by 4, YN increases by 2.

3-33. Gate Error

3-34, When narrow pulses are counted, the gate is open-
ed many times in order to obtain a high resolution meas-
urement. Each time the gate opens and cleses, there will
be a small but finite error. The total error is proportional
to the number of times the gate is cycled during a meas-
urement, and is thus inversely proportional o the gate
width, This error is also related to both femperature and
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input frequency. In the 451, the worst case error includ-
ing all variables, is specified as:
Max Gate Error = 40 kHz
PW - .03

where PW = pulse width in microseconds.

Unlike averaging error which is random, gate error is
systematic, and is not reduced by freguency averaging.

3-35. TECHNIQUES FOR IMPROVING ACCURACY

3-38. In most cases, specified accuracy of the 451 will be
more than sufficient to meet measurement requirements.
If greater accuracy is required, all three sources of error
can be minimized by a combination of error calibration
and long term averaging. It is recommended that if very
high accuracy is required, the counter include Options P1
(TCX0} and P4 {(BCD Output/Remote Programming].

3-37. Time Base Calibration

3-38. A frequency errer in the time base oscillator results
in the same percentage errer in the frequency reading for
either CW or pulsed signals. By directly measuring the 10
MHz time base frequency at the 10 MHz OUTPUT connecior
using a standard of known accuracy, this error can be
determined and corrected. As an example, suppose the
measured time base output is 10.0001 MHz. The time base
is thus 1 x 10~ ° high in frequency. and all readings will
be t x 10~ % low in frequency — a reading at 10 GHz will
be 10 kHz low. Instead of correcting the reading for this
srror, a better technigue is to set the time base osciliator
precisely on frequency. The advantage of a 451 equipped
with a TCXO is improved settability and temperature
stability.

3-39. Long Term Averaging

3-40. Averaging error, as noted previcusly, is simply
the result of a random statistical process. As in all such
processes, faking a larger number of samples reduces the
averaging error. On 451's equipped with BCD Output Op-
tion P4, a test set~up as shown in Figure 3-7 sliows the
random averaging error to be virtually eliminated. The
DAC takes the three least-significant-digits and produces
an analog veltage which is plotted on a sirip chart re-
corder. The average value of the output can be easlly ob-
tained from the strip chart.
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FIGURE 3-7.
CALIBRATION TEST SET-UP (AVERAGING/GATE ERROR]}

3-41. Gate Ervor

3-42. Gate error at any given frequency and pulse widih
can be virtuaily eliminated — this is accomplished by sim~ |
ulating a puised input and determining the gale error.
This calibration factor can then be added to, or subtracted
from, the indicated measurement to obtain the correct fre-
quency. Flrst, determine the gate error using a CW source
at approximately the same frequency (within 25 Milz) as
the indicated measurement. A pulsed input is then simu-
lated by applying an ENABLE signal — of the same width
as the pulse to be meastred — to the INPUT INHIBIT con-
nector. Gate error is the difference in reading between
the pulsed and non-pulsed measurement of the same CW
signal. This procedure provides the true gate error, and
avoids error associated with any possible pulling of the
signal source. The DAC and strip chart recorder shown
in Figure 3-7 can be used lo determine the error to a res-
olution of a few kHz. The result of a typical strip chart is
also shown. It should be noted that gate error can be cali-
brated out of the system for a given pulse width and fre-
quency. However,this calibration procedure will result in
additional error for any other pulse width or frequency.



SECTION 4
GENERAL THEORY OF OPERATION

4-1. GENERAL

4-2. The EIP Mcodel 451 Microwave Pulse Counter aute-
matically measures and displays the frequency of a CW
or pulsed signal in the range of $25 MHz to 18 GHz (Band
B}. An optionsal Prescaler (Option P2} extends this range
downward to 300 MHz (Band A}. In addition to fully auto~
matic measurements, it is possible to utilize the 451 with
accessory equipment to make dynamic frequency measure-
ments — the freguency of any repetitive signal can thus
be measured at any point in time. Measurement windows
as narrow as 20 nanoseconds are achievable.

4-3, Measurements in Band B (925 MHz ~ 18 GHz) are
achieved by heterodyning the input signal with a known
harmonic of 200 MHz. The reauliing difference frequency
is then processed by a 380 MHz Direct Counter. The
counter gate is enabled by the input itself in a manner
such that the gate is open only when a signal is present.

4-4. In the Direct Counter, obtainable resolution is in-
versely proportional to the measurement time. For exam-
ple: a 1 microsecond gate time will yield 1 MHz resolu-
tion. To achieve 10 kHz resoluiion, the 451 automaticaily
averages as many input pulses as necessary to obtain a
total gate interval of 100 ms (or I us). The required
number of puises is thus a function of the input pulse
width. (A more comprehensive discussion of this will be
found beginning with paragraph 4-27.)

4-5. Inthe optional Band A (300 MHz - $50 MEz), the in-
put frequency is divided by four. The divided frequency
is then counted in the Direct Ccunter for a 400 ps {or
4 ms} period to obtain a readout with 10 kHz resclution.
Ag in Band B. gafing is controlled by the input sipnal.

4-%. The system operation of the 451 is best described
by separating the instrument into its two main functionsl
blocks: the Microwave Converter, and the Direct Counter.

4-7. Flgure 4-1 shows a simplified block diagram of the

entire 451. Figure 4-2 shows a more complete block dia-
gram of the Microwave Converter section, while Figure
4-3 diagrams the Direci Counter. Detailed circuit descrip-
tions of all PC hoards are given in Section 9.

4-8. MICROWAVE CONVERTER

4-9. The Microwave Converter is a self-contained agsem-
bly which psrforms tha function of translating the input
microwave frequency downward into the range of 100 to
358 MHz. This transiation is accomplished by mixing the
incoming signal with a known reference frequency and
then amplifying the difference. The input frequency is
determined by counting this difference frequency and ad-
ding it to the known reference frequency (see Figure 4-2).

4-10. The reference frequency is an integral harmonic of
200 MHEz, generated within the YIG Comb Generator (A2067).
This unit is an integrated assembly containing a harmonic
{or comb) generator,and a two-stage YIG filter. The comb
generator converts the 200 MHz sine wave ipput into a
train of narrow pulses containing all the harmonics of 200
MHz ap to 18 GHz, while the YIG filter selects the desired
harmonic. Tuning of the YIG filter is accomplished by
varying the current through a pair of coils, which in turn,
varies a magnetic field within the structure. (A more com-
prehensive description of the operatien of a YIG-tuned
device is given later in this section.)

4-11. The 200 MEz reference is generated within Source/-
Amplifier A201 by an LC oscillator which is phase-iocked
to the 10 MHz Time Base Oscillator (Ai(8) within the 451,
This reference is amplified to produce up to one watt of
output power o drive the comb generator section of A287,
A second cutput at 200 MHz is used to generate the gale
and test functions within the Direct Counter.

4-12. The R¥ input signal to the Converter section first
passes through a Limbter /Attenuator (A208}. The limiter
portion of this module is a passive diode whose main func-
tion is to protect the Mixer (A205) against excessive input
power, Protection at levels up to one watt peak or average
is provided.The attenuator section contains a multistage,
matched PIN diode serving two functionsg: (8) to provide a
means of controlling the BF signal level to the Mixer, and
(b} to act as a switch which shuts off the input signal dur-
ing certain portions of Converter operation.

4-13. The Mixer (A205) is ancther integrated microwave
circuit assembly, containing a hybrid coupler, termina-
tion, mixer diode, and a DC return. The Mixer produces
two ouiput signals on a common line: (a) an IF signal
equal in frequency ito the difference between the RF sig-
nal and the reference signal; (b) s Video signal resulting
from rectification of either the RF or reference input.

4-14. The IF and Video signals are separated in the IF
Processor {A204). This assembly contains an IF amplifier,
video amplifiers, threshold circuits, and LOCK circuitry.
The output of the IF amplifier is the signal actusally meas-
ured by the Direct Counter, It is also used by the LOCK
clrcuitry to determine the correct reference frequency
{(comb line}. The Converter is considered to be locked
when a particular comb line mixes with the applied R¥
signal to produce an 1¥ signal of proper amplitude and
frequency.

4-15, The amplified Video ocutput is used fo gensrate thrse
separate signalg: two threshold, and one analog output.
One signal — SIGNAL THRESHOLD — is used to detect the
presence of sufficient BF signal to initiate operation of the
Converter and enable the gate of the Direct Counter, The
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second threshold —ATTENUATOR CONTROL- is activated
at a level approximately 7 dB above SIGNAL THRESHOLD,
and causes the attenuator to reduce the input signal level.
The third signal is an analog output corresponding to the
amplitude of the reference signal, and is used in the pro-
cess of stepping from one comb line to another.

4-16. YIG Cenirol board A203 contains all the functions
necessary to step the YIG filter to the proper comb line,
The primary circuits are a YIG Driver to supply the re-
quired current, a digital-to-analog converter {DAC} to
set the approximate center frequency,and a centering cir~
cuit to precisely center the YIG filter passband on a comb
line. The centering process involves modulating the YIG
center frequency via an auxiliary modulation coil in the
YIG structure. The modulation circuitry is also leeated on
the YIG Control PC board.

4-17. The remaining major assembly in the Converter is
the Converter Sequencer (A203). This assembly contains
the power level control function to set comb line ampli-
tude, the attenuator control function, and the Converter
Sequencer — which acts as the major conirol unit for the
entire Converter. (A detailed operational sequence is given
in Section 9}.

4-18. 350 MHz DIRECT COUNTER
4-18. After an RF signal is translated into the range below

350 MHz, the frequency is determined by the 350 MHz Di-
rect Counfer. This is accomplished by accumulating the

number of cycles of the signal which occur within a pre-
cisely determined time interval.Thils interval is based
on the frequency of the Time Base Oscillator. In the 451,
the total time intervals used are 100 microseconds and 1
millisecond. In order to measure narrow pulses {0 a reso-
lution of 10 kHz, it is necaessary o add together the num-
ber of cycles counted in each of a large number of pulses,
until the required total time interval is cbtained.

4-20. The Direct Counter consists of several major func-
tional blocks as shown in Figure 4-3. Input sighals are
applied to High Frequency board Al(8, where they are
processed into a standardized signal suitable for counting.
This signal then passes through the counter gate to the
first decade of the counling chain, which accumulates the
input count. The cutput of this decade goes to the Count
Chain {A103) which contains the remaining six decades.
A1(3 also includes the storage unit which holds all the
digital information of the previous reading.

4-21. Information display is controlled by Count Chain

Control (A102), which contazins all the reguired multiplex-
ing circuitry to drive the Display (A110). The logic to

suppress leading zeros on the display is also on A102.

£-22. Overzll control of the 451 Counter is performed by
the Control board (A104}. This assembly generates the
counter operating sequence, and interfaces with most of

the operating controls as well as the Converter and Pre-

scaler,
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4-23. GATE GENERATOR

4-24. The remaining function cof the counter, that of gen-
erating a precision gate, is accomplished by the Gate
Generator {A105). This function is considerably more
difficuit for pulsed signals than it is for CW signals, and
it is on this function that the overall accuracy of the 451
depends. Two separate operations are performed — the
first is to supply a GATE to the High Freguency board
which is present only when an input signal is alse pres-
ent. The second is to accumulate the total time during
which the GATE is applied, until 100 microseconds{cr
1 millisecond} is reached.

4-25, The first operation requires that the GATE begin
after the signal is preseunt at A108, and end prior foc the
end of the signal. This is accomplished by generating a
GATE approximately 30 nanoseconds shorter than the RF

signal (as determined by the SIGNAL THRESHOLD level).
The arrival time at A106 of the IF from the Converter (or

Prescaler), is then controlled by a delay line gso the GATE
will fall entirely within the IF pulse.

4-26. The second operation is accomplished by counting
clock pulses whenever the GATE is open, until a total
time of 100 us {or 1 ms) is obiained. This reguires that
each GATE opening is for an exact integral number of
clogk pulses. A 200 MHz clock is used for this, causing
the GATE width to be increased in 5 ns steps uniil a

total of 20,000 for 200,000) clock pulses is acoumulated.

4-27. ACCURACY

4-28. In the case of a CW measurement, ahsolute accuracy
is determined almost entirely by the Time Base Reference
frequency accuracy. In turn, this accuracy is a function
of initial calibration and reference stability with time and
temperature.

4-29. The remaining inaccuracy is the digital counting
erroy, specified as £ 1 count, and is normally insigni-
ficant in CW measurements. It results from the fact that
the number of periodic events that occur in a fixed time

4-4

interval can vary by one, depending upon the phase of
the signal.

4-30. When considering pulse measurement accuracy, the
digital counting error can become highly significant, es-
pecially for narrow pulses. This results from the fact
that the error is a random error, which occurs every time
the GATE is opened. Since the error is randem, it is sub-
ject to statistical fluctuations. This averaging error is
propertional to v N, where N is the number of times the
GATE is opened during a measurement. This, in tarn,
can be related directly to pulse width:

Averaging Error (BMS) = 100 {or 20} kHz*

v EPW - .03

PW = Pulse width in microseconds.
* 30 kHz with 1 ms gate, 260 (or 80) kHz in Band A.

Since the averaging error is random, its contribution to
overall measurement error can be made arbitrarily small
by mathematically averaging multiple readings.

4-31. The second source of error in pulse measurement
is GATE error. This error results from a GATE which is
not an exact intregral multiple of the clock period. In the
measurement of narrow pulses, GATE errors of small
fractions of a nanosecond can be significant. Fach time
the GATE is opened, a fixed errer is introduced. As a
result, the error is proportional to the number of times
the GATE is opened. This is a systematic error and will
not average out as will the averaging error. The worst
case GATE error, including all effects of frequency and
temperature, is given by:

40 kHz
PW - 03

GATE Error fmax) =

PW = Pulse width in microseconds.

If necessary, GATE error at any particular frequency and
pulse width, can be calibrated out of the counter.




AN INTRODUCTION TO YIG FILTERS

Highiy polished spheres of single crystal YIG {ytirium-
iron-garnet}, have a property called ferrimagnetic
resonance. Basically, the ferrimagnetic resonance pheno~
menon can be explained in terms of spinning elsctrons
creating a net magnetic moment in each molecule of a YIG
crystal {see Figure A). Viewing the material macroscopi~
cally, there is no net effect because the magnetic dipoles
associated with each molecule are randomly oriented (see
Figure B). The application of an external magnstic bias-
ing field, Hpg . causes the magnetic dipoles to be aligned
in the direction of the biasing field (see Figure C}.

An RF field can be used to creale an orthogonal magnetic
force. If the frequency of the BF fisld coincides with the

Figure A, Magnetic dipole
SPEN resuleing fram ¢ spioniag
slectron

NUCLEUS
ELECTRON O

PRECESSION
ANGLE

SOURCE

YIS SPHERE

X e

Figure 1. Orthogona! feid
causes dipole 10 precess.

1 Hpe

Figure . Magneric dipoles
aligned under the infuence
of 4 magnetie feld.

natural precession freqguency, there is a strong interac-
tion called forrimagnetic resonance {Figure D).

Figure E shows the basic elements of a YIG bandpass
filter. The filter consists of a YIG sphere at the center
of two loops. The two loeps are perpendicular to each
other and to the dc biasing field, Hpe. One loop car-
ries the RF input and the other the RF output. When
the BF signal frequency is the same as the natural pre-
cession frequency of the YIG, there is sirong coupling
between the input and output loeps. Thus RF can only
pass through the YIG filter at resonance. The resonant
frequency is a linear function of the magnetic biasing
field, Hpg . Generally, Hppe is provided by locating the
YIG spheres between the poles of an electromagnet, and
tuned by varying the current to the magnetic coils.

Figure B, Randomly oriented
magnetic dzpoics in the
unmagnerized ferrire

Y6
SPHERE

INPUT
CURRENT

Figure £. Tuned bandpass
filter consists af Y1G sphere

LOAD ar center of yweo mutually

orthogoenal toops.

4-5






SECTION b6
MAINTENANCE & SERVICE

5-1. GENERAL

5-2. This section provides instructions, procedures,
and information necessary io maintain, troubleshoot,
and repair the EIP 431 Microwave Pulse Counter.

5-3. FUSE REPLACEMENT

5-4. The counter uses one fuse, located in the POWER
INPUT module on the rear panel. For proper operation,
use only the fuse specified — do not increase fuse rating
or change fuse type. Power module PC board should dis-
play the correct nominal line voltage when installed in
the module. TO CHANGE TO ANOTHER LINE VOLTAGE:

a. SHde open power module cover and rotate FUSE
PULL to the left.

k. Select operating voltage by orieating PC board
s0 nominal supply line voltage appears on the top left
side of the PC board. Push beard firmly into module
siot, (NOTE: When board is completely inserted, only
the selected operating voltage will be visible)

c. Rotate FUSE PULL back into normal position and
insert fuse in holder, taking care to select correct
fuse value. Close module céver,

d. For 100/120 VAC cperation, use a 1.5 A, Slow-
Blow, 3AB/MDX type fuse. For 220/240 VAC operation,
use a .75 A, Slow-Blow, 3AB/MDL type fusse,

5-5. AIR CIRCULATION

5-8. During cperation of the counter, the internal fan
draws in cooling air through the venis in the rear panei,
If these vents ara blocked, the temperature inside the
enciosure may rise to the point where counter stability
is reduced, and component life shortened.

5-7. COUNTER SERVICING
5-8. Recommended Service Procedures:

a. Toremove plug-in PC boards: Turn off power to
counter. Ease PC board out of its socket by lifting up
on board handles. Remove carefully to avoid placing
strain on any connecting cables,

b. To unplug flat ribbon cables: Turn off power to
counter. Remove PC board as necessary. Use an IC
Extractor Tocl {EIP P/N: 5000094 or equivalent) to
unplug fiat ribbon connector.

¢. Toremove PCB socket locating key: Key must be
turned 890° before removal from or re-insertion into
socket 10 avold contact damage. Use long-nose pliers
for removal or insertion.

d. Internal cable and harness routing is shown hoth
in Figure 8-1 and inside the top cover of the counter,

e, OCircuit descriptions of PC board and modular as-
gemblies are shown on the same pages {in Section §)
as the related schematic diagram and component layout.

f. Troubleshooting Trees shown later in this section
are intended only as a guide,and do not describe every
possible failure situwation. To speed troubleshooting of
a board, replace the board with a known good one.

g. A listing of recommended test equipment for ser-

vicing, calibration, and performance testing, is given
in Table 5-1. Other sguipment may be used provided

performance equals or exceeds that listed.

5-9. SBervicing Precautions

a. The following assemblies should be replaced in-
stead of being serviced in the field due to the special-
ized test equipment and procedures required for re-
calibration: Source/Amplifier {A201), IF Processor
(A204).

b. If the following assemblies are repaired either at
EIP or in the field, recalibration in the associated
counter will be required for proper operation: Gate

Generator (Al08), High Frequency (A106), YIG Con-
trol (A202}, Converter Sequencer (A203}.

CAUTION

DO NOT ATTEMPT REPAIR OR DISASSEMBLY
OF THE FOLLOWING COMPONENTS: MIXER
{A205), PIN LIMITER/ATTENUATOR (A206),
YIG COMB GENERATOR {A207}, OR TCXO
TiME BASE OSCILLATOR (ON AT108).

5-10. FACTORY SERVICE

5-11. If the counter is to be returned to EIP for service
or repair, BE SURE TO INCLUDE THE FOLLOWING IN-
FORMATION WITH THE SEIPMENT:

a. Name and address of owner.




b. Model and complete serial number of counter.

c. A COMPLETE description of trouble {e.g: under

what conditions did trouble occur? What was the sig-
ral level? What asscciated equipment was attached or
connected to the counter? Did that equipment fail too?)

d. Name and telephone number of someone familiar
with the problem who may be contacted by EIP for any
further information if necessary.

e. Shipping address to which counter is to be re~
turned; include any special shipping instructions.

f. Pack the counter for shipment as follows:

(1} Wrap the counter in plastic or heavy kraft
paper, and repack in the original shipping con-
tainer (if still available} using the original
packing material.

{2) If the original container and packing material
are no longer available, use a heavy (275 1b. test)
double-walled carton, with approximately 4" of
suitable packing material between the inner and
outer walls, with additional packing material as

required between the counter and the inner carton.

Seal with strong filamentary tape or strapping.
(3) Mark shipping container to indicate that it

containg fragile electronic instruments. Ship to
EIP at address shown on title page of this manual.

5-12. TROUBLESHOOTING

5-13. MALFUNCTION AT TURN ON

5-14. If the counter fails to turn on {(no display, no fan,
etc.}, make the following checks:

a. Power module PC board correcily inserted and
fuse good (see paragraph 5-4).

b. Power cord plugged into counter and into active
AC power source.

¢. POWER switch at "on" position (button depressed
and green indicator showing}.

d. PC boards and contectors are properly engaged.
e. FPower supply voltages correct{measure at A100J3);
refer to paragraph 6-8 for acceptable tolerances.

5-15. FAILURE TO INDICATE ALL ZERODS

5-18. If counter turns on, bul fails to indicate all zeros
with no applied signal, CHECK THAT:

a. No RESOLUTION switches are depressed.

b. Rear panel MIN PRF switch is in 30 Hz position.
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c. PC beards and connecters are properly engaged.
d. Power supply veltages correct,

e. Perform Visual Display Test by pressing DISPLAY
TEST switch on front panel. Display should show the
numeral *8" in all decade positions.

f. ¥ counter fails the Visual Display Tast refer to
Troubleshooting Tree Figure 5-4. If counter displays
all eights but a digit is missing, refer to Figure 5-5.

if the display does not show all zeros when it should,
refer to Figure 5-6.

5-17. MALFUNCTION IN SELF TEST

5-18. If counter turns on, but fails to indicate a reading
of 200,90 (200 MHz) in the TEST mode, CHECK THAT:

a. Counter indicates all zeros with no applied signal.
b. PC boards and connectors are properly engaged.
¢. Power supply voliages correact.
d. Counter passes Vispal Display Test {para. 5-16).
e. Refer o Figure 5-7.
5-19. MALFUNCTION IN BAND A (OPTION P2}
{300 MHz to 950 MHz)

5-20. ¥ counter fails to read frequency correctly, CBECK
THAT:

a. BAND SELECT switch is in the Band A position.

b. A signal of the proper level and frequency range
is applied to the Band A input connector.

¢. I signal input is correct, counter should indicate
all zeros when signat is removed. If not, refer 1o para-
graph 5-186,

d. Counter passes Visual Display Test (para. 5-18).

&. Counter operates correctly in TEST mode. If not,
refer to paragraph 5-18,

f.  Refer to Figure 5-8.
5-21. MALFUNCTION IN BAND B
{925 MHz to 18 GHz}

5-22. If counter fails to read frequency correctly,
CHECK THAT:

a. BAND SELECT switch is in the Band B position.

b. A signal of the proper level and frequency range
is applied to the Band B input connector.



¢. If signal input is correct, counter should indicafe
ail zeros when signatl is removed. If not, refer to para-
graph 5-18.

d. Counter passes Visual Display Test {para. 5-18).

€. QCounter operates correctly in TEST mode, If not,
refer to paragraph 5-18.

f.  YIG Control{A202) and Converter Sequencer (A203)
PC board and co-ax connectors are properly engaged.

g. Refer fo Figure 5-8.

5-23. MODULE FAILURE VERIFICATION

5-24. Source/Amplifier (A201) Power Output Check:

a. Turn off counter power. Remove cable from A20132.

b. Connect a co~ax cable to A201J2 which is connected
to a 30 dB, 1 watt attenuator. Output of the attenuator
should be fed to a broadband calibrated detector.
CAUTION: 1 watt at 200 MHz can appear at A201J2.

c. Turn on counter. Set counter fo Band B,

d. Apply a +5 dBm, 1 - 18 GHz signal to the Band B
input connector,

eg. Check that Source/Amplifier (A201) has correct
power supply voltages, 10 MHz Reference, and Power
Reference inputs.

f. Connect dual-trace scope Channel A to A201FLZ
(2 V/div], and Channel B to detector output.

g. BSet Channel B sensitivity for full scaie deflection
at 6 dBm into detector {1 W at A20132).

h. Channels A and B should have similar waveforms,
with maximum detector output approximating 1 wati at
AZ201J2 (see Figure 5-1).

FIGURE 5~1
SOURCE/AMPLIFIER
POWER REF/DETECTED OUTPUT

5-25. Source/Amplifier Spurious Signal Check:

a. Connect A201J2 through a 30 dB, 1 watt attenuator
t0 a spectrum analyzer.

b. Remove wire connected to A201FL1, Connect FL1
to a variabie 0 t¢ +8 VDC source. Vary the DC level to
FL1 and observe the spectrum from 1006 MHz to 400 MHz
for spurious signals,

5-26, Front End Check:

a. Turn off counter power. Remove Converter tray
(AZ), and cover from IF Processcr module {A204).

b. With Converter tray out of counter, reconnect tray
to counter power at A200P1, Turn on power o counter.

¢. Apply a signal in the 1 ~ 18 GHz range at +5 dBm to
the Band B input connector.

d. Remove cable at A204J4 (Attenuatoer Conirot), then
depress RESET button.

&. Monitor IF input at A204J8; a DC voltage between
50 to 250 mV should be indicated. I cutput is not in
this range, either the Mixer (A205) or the Limiter/-
Attenuator (A206) is faulty. CAUTION: Static discharge
and/or voliage present at the input of some DVM's can
damage the Mixer dicde. Connect cables to test equip-
ment, and discharge the center conductor before meag-
uring the output at J8.

f. RBRe-install and reconnect above assemblies if OK,

5-27. Mixer Check:

a. Turn off counter power, Remove screws holding IF
Processor (A204) to Converter tray (A2).

b. Remove co-ax inputs fo Mixer (A205).
c. Unplug and remove IF Processor (A204),

d. Remove the two screws holding Mixer to IF Proces-
sor, and remove the Mixer.

e. Apply a 0 dBm signal in the 1 - 18 GHz range to
the Mixer RF input port (see Figure 5-3). Monitor DC
output with oscilloscope at IF converter port (connector
thal plugs into IF Processor). A DC voltage between 50
and 250 mV should be indicated.

f. Re-install and reconnect above agssemblies if OK.

5-28. PIN Limiter/Attenuaior Check:

a. Turn off counter power. Remove Converter tray (A2).
b. Bemove PIN Limiter/Attenuator (AZ08) from tray.

¢. Disconnect PIN Limiter/Attenuetor from Converter
Sequencer (A203). Unplug co-ax input to Mixer {A205).



d. Apply +7 VDC to A206P1 pin 4 and -8 VDC to A206P1
pin 1, with common to ground lug on module. CAUTION:
Static discharge to these control input pins can damage
the Limiter/Attenuator,

. Apply a 6 dBm signal in the 1 - 18 GHz range to
the type N connector. Outputl should be between -7 and
-8 dBm.

f. Re-install and reconnect above assemblies if OK.

5-289. YIG Comb Generator Check:

a. Carefully remove co-gx cable connecting YIG Comb
Generator output {A20751) and Mixer (A205P1).

b. Connectal - 18 GHz broadband calibrated detector FIGURE 5-~2

to AZ207J1. The dstector output should match Figure 5-2, YiG COMB GENERATOR
DETECTED QUTPUT

¢. GCheck that the YIG Comb Generator (A207) has the

proper inputs:

(1) 0 to 2 voit positive-going ramp at YIG Control
A202J3 pin 5.

(2) RF power at A20732 (from Source/Amplifier).

NOTE: Due to the special test equipment reguired to
theroughly test the performance of the YIG Comb Gen-
erator, the above check is adequate only as an indica-
tien of a gomplete failure.

Section b ~ Service

Section 6 ~ Calibration

Section 7 ~ Performance

EGUIPMENT DESCRIPTION MFR MODEL

Sipnal Source:

{1) 360 MHz ~ 1.4 GHz Wavetek 26018 x| x| x

(2) 1 GHz - 18 GHz S5-D H21-series X} x

(3) 306 MHz 18 GHz Pulse Modulator x| x

*See paragraphs
Pulse Generator IEC P23 x| x 6-21 and 7-10.

Oscilloscope: Dual Trace,

200 MHz Bandwidth Tektronix 475 x| x| x
Digital Voltmeter (44 digit) Dana 4800 x| =x
Power Meter HP 4328 x| x| x
Thermistor Mount (10 MHz-18 GHz) HP 8478 x| x| x
Crystal Detector Hp 8472A b3
20 4B Directional Coupler HP 779D X
Variable 115 Vac Source Staco IPNHOL X
Extender Card EIP 2028021 x| x
Adapter Cable {8MC to BNC) EIP 2040015 Xt X
Misc. Attenunators, adapters,

and cables | xix

TABLE 5-1

RECOMMENDED TEST EQUIPMENT
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5-30. IF Processor Check:

a. Turn off counter power. Disconnect both co-ax
inputs to Mixer (A205).

b. Remove IF Processor (A204) from Converter tray.
Keep A204P1 (power plug) connected to A200J1.

¢. Connect IF Precessor to two signal generators as
shown in Figure 5-3. Terminate A204J3 in 50 chms.

d. Turn on counter.
(Signal Threshold Detector Check)

e. Connect oscilloscope 10X probe to A204J8 (Band B
Threshold).,

f. Set LO signal source for 1 GHz + 1 MHz at -16 dBm,
and apply to LO Mixer port {see Figure 5-3).

g. Set RF signal source to 1.2 GHz. Vary RF level from
-30 to -20 dBm. A204J6 should go low before RF level
reaches -21 dBm.

{Converter Inhibit Check)

h. Set BR¥ source to -20 dBm. Terminate A204J5 in 50
ommns,

i, Verify that A205J6 is at an ECL high (-0.8 VDC).
Remove B0 ohm termination.

{Attenuator Control Check)
j. Connect oscilloscope Chan. A 10X probe to A20434

{Attenuator Control), and Chan., B 10X probe to A204J1
{Converier Thresheld).

k. Vary RF source level from below ~28 dBm o above
=10 dBm. Observe the following:

{1} When BF level is below -20 ¢Bm, A204J1 (ECL
level) and A20474 (TTL level) are both high.

(2) As the level of the RF source is increased,
A20471 goes low. Note this level.

{3) AZ204J4 goes low 8 to 8 dB higher than A204J1
went low.

{In-Band Detector /Lock Logic Check)
1. Connect Channel A 10X probe to A204J7 (Lock).

m, Set RF source o -20 dBm with 1 kHz square wave
modulation. Tune BF source from 1.4 GHz down to 1.0
GHz. Check that the Lock signal goes high (ECL level)
at 1.327 GHz + 3 MHz. Note this {requency.

n. TuneRF source from 1.0 GHz to 1.4 GHz. Check
that the Lock signal goes high at 1.100 GHz + 5 MHz,

and then goes low at & frequency 25 to 30 MHz higher
than that measured in step m above.

{Detectied Modulation Check)

0. Sel BRF source to 1.2 GHz at -30 dBm. Modulate RF
source with 1.5 microsecond pulses at a 20 kHz repeti-
tion rate.

p. Connect Channel A 10X probe to A204J2 (Detected
Modulation). Output should be 1.5 microsecond posi-
tfive pulses at 1.6 to 2.4 V amplitude (referenced to
-6 volts).

LO FIGURE 5-3
SIGNAL TEST SET-UP
SOURCE IF PROCESSOR [A204)
TO w— |
LO .
PORT ! r 2
-1 J3 (SEE
IF PROCESSOR [T | 54 TEXT
(A204) — | J5 FOR
,i] | J8 CONNEC-
RF L] J7 TIONS)
SIGNAL “
SOURCE RBF
PORT \-
MIXER P1 (POWER)
TO A200J1

(A205)
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START

VISUAL DISPLAY TEST

DEPRESS DISPLAY TEST
SWITCH. DISPLAY SHOULD
SHOW ALL 8's (AlLL SEG-

MENTS LIGHTED).

YES

NO

LAMP TEST INPUT

CHECK DECODER DRIVER
LAMP TEST INPUT AT
AT02U8 PIN 3.1S LEVEL
LOW {<0.4V)?

VISUAL
DISPLAY
TEST OK

NO

YES

i

DISPLAY SUPPLY

DISPLAY SUPPLY VOLT-
AGE AT A10208 EMITTER
SHOULD BE >>4.5V WITH
AT02R35 FULLY CW,

Y

CHECK DISPLAY
TEST SWITCH

NO

YES

LED READOUT

{F INDIVIDUAL SEGMENTS
OR DIGITS FAIL TO LIGHT,
REPLACE DEFECTIVE LLED.

TROUBLESHOOT DISPLAY
SUPPLY: AT020Q8 AND Q5.

DISPLAY,

NOT
oK

DISPLAY
OK

FIGURE 5-4

GO TO FIGURE 5-5:
MISSING DIGIT
TROUBLESHOOTING
TREE

VISUAL DISPLAY TEST

5580010
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(5 START

NO

DIGIT DRIVE MUX CLOCK GENERATOR
WITH AT02R35 FULLY CW, AND 10 NO
kHz RESOLUTION, CHECK DISPLAY - CHECK MUX CLOCK OUTPUT:
DRIVER INPUT (A102Q1-Q7 BASE}. LAt RN D STONAL SHOULD B
SIGNAL SHOULD BE <43V FOR 20 L <0Nw ibROgRSS kS, AND
4S5, AND 247V FOR 1204S. : 2B
YES
YES ¥
MUX SEQUENCE GENERATOR
CHECK A102U9 AND U10.
REPLACE DEFECTIVE IC.
CHECK DISPLAY DRIVER, CHECK | NOT
CONNECTIONS BETWEEN DISPLAY | OK
DRIVER AND DISPLAY {A110) IF ANY REPAIR
DIGET 1S MISSING.,
OK
|
DECODER DRIVERS
DEPRESS TEST SWITCH. CHECK
DRIVER SEGMENT OUTPUTS AT
A102J1 PINS 1-7. SIGNAL SHOULD BE | no
<04V FOR 20 S, AND 2.4V FOR . REPLACE
120 us. DECODER
YES
‘ NOT
) oK
CHECK CONNECTIONS BETWEEN _ REPAIR
DECODER DRIVER AND DISPLAY.
OK
y
RIPPLE BLANKING
IF A DIGIT IS STILL MISSING, THE
RIPPLE BLANKING CIRCUIT IS AT g;gfg:éﬁio!g;e
FAULT. REPLACE A102U2, Ud, CIReU TRy
OR UT2. DIGIT|  a102u2, U4, U12,
STILL
oK MISSING
¥
ALL DIGITS
ILLUMINATED
FIGURE B-b
MISSING DIGIT

REPLACE
Al02U6

5-7




3} START

oSe VIV RY)

ALL ZERO READOUT
WITH NO SIGNAL APPLIED, |ygg
MIN PRF SWITCH AT 50 Hz, - CIRCUITS
SAMPLE RATE FULLY CCW: oK
DOES DISPLAY INDICATE
ALL ZEROS?
NO
PRF LIMITER
DOES THE DISPLAY INDI- | YES TROUBLESHOOT PRF
CATE AND REMAIN ALL oo LIMIT CIRCUIT ON
ZEROS WHEN THE RESET CONTROL PCB (A104).
SWITCH IS DEPRESSED?
NO
|
RESET GENERATOR
YES CHECK FOR PRESENCE OF | YES TROUBLESHOOT HIGH
CHECK FOR PRESENCE OF s ECL LEVEL SIGNAL FREQUENCY PCB {A106).
3uS TTL RESET PULSE AT AT ATO6TP3,
AT04U7 PIN 6 EACH TIME
RESET SWITCH IS NO
DEPRESSED. ‘
NO LATCH OUTPUTS
Y CHECK LATCH QUTPUTS NO TROUBLESHOOT APPRO-

TROUBLESHOOT RESET
GENERATOR CIRCUIT:
ATOAUTA, USA, Q10, Q1L

{(A103U6-U12} CORRES-
PONDING TO NON-ZERO
DIGITS. ALL QUTPUTS
SHOULD BE LOW (<.4v).

5-8

YES

MULTIPLEXER

FTROUBLESHOOT MULTY-
PLEXER CORRESPONDING
TO NON-ZERQ DIGIT:
AT03U1, U3, U4, OR US,

oK
{

INTERCONNECTIONS

CHECK INTERCONNECTIONS
BETWEEN A103 AND A102.
IF OK: CHECK 7-SEGMENT
DISPLAY DECODER A1062U8,

FIGURE b-6
NON-ZERG DISPLAY

PRIATE LATCH AND
ASSOQCIATED DCU.
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? START

SELF TEST NO READING

GATE LIGHT

PLACE COUNTER IN 100 | INCORRECT

uS GATE. DEPRESS TEST [READING
SWITCH. DISPLAY
SHOULD INDICATE READS 800 MHz
206 MHz.

YES

TEST OK

DISPLAY INDICATES 800 MHz

CHECK FOR PROPER OPERATION

OF A105U10. THIS +4 CIRCUIT

SHOULD BE HELD IN THE SET
STATE DURING SELF-TEST.

IS GATE LIGHT
FLASHING?

NO

¥

10 MHz REFERENCE

NO TROUBLESHOOT

CHECK FOR 10 MHz 1V > REE. OSCILLATOR

P-P SIGNAL AT A100)3 (A108)

PIN 6
YES
¥

200 MHz REFERENCE

NO REPLACE SOURCE/

CHECK FOR 0 ¢Bm 200 Mtz
SIGNAL AT A105]4
(GATE GENERATOR)

YES

¥

TROUBLESHOOT GATE
GENERATOR (A105)

AMPL. REFER TO
PARAGRAPHS 5-24 &
5-25 FOR TESTING
PROCEDURE.

NOTE 1: BY GROUNDING At1]4 PIN 1,

THE COUNTER WILL BE PLACED IN A

FAST CYCLE MODE, FACILITATING THE
SIGNAL PROPAGATION CHECK.

IS THERE A 100u$ ECL LEVEL | YES B
PULSE AT A10647
NO
|
TROUBLESHOOT GATE

GENERATOR (A105)
FIGURE 5-7
SELF-TEST

5-9




53580010

TEST LATCH CHECK INTERCONNECTIONS
BETWEEN A106P1 PIN 5/E
15 A SIGNAL PRESENT AT NO AND A104P1 PIN 4. IF OK,
A106P1 PIN 5/ WHENEVER ™ CHECK TEST LATCH CIRCUIT
TEST SWITCH IS PRESSED? AT A104L2B,
LEVEL SHOULD BE 2>2.4V.
YES
SEQUENCE GENERATOR NO TROUBLESKHOOT
. e . TEST RESET
CHECK THAT SEQUENCE CIRCUITRY
GENERATOR 15 SET TO ZERO
EACH TIME TEST SWITCH IS
PRESSED, (CHECK A104U%1
PIN 11 FOR NEGATIVE 10uS
TTL PULSE,)
YES
|
NO TROUBLESHOOT
CHECK FOR 200 MHz i 200 MHz SHAPING CIRCUIT
SIGNAL AT A106)1 ON A105.
YES
¥
- NO TROUBLESHOOT DECADE
CHECK A106TP3 FOR 20 = DIVIDER, PULSE INVERTER,
MHz ECL LEVEL SIGNAL PULSE FORMING NETWORK,
YES SQUARING CIRCUIT AND
| INPUT SELECTOR ON A106,

SIGNAL PROPAGATION

CHECK SIGNAL PROPAGA- NO
TION (SEE NOTE 1) THRU .
COUNTING CHAIN {A103-U15
THRU U21). TRIGGER SCOPE
ON DCU OUTPUT, AND OB-
SERVE CLOCK INPUT. TEN
CLOCK PULSES SHOULD AP-
FEAR FOR EACH OQUTPUT
‘PULSE.

CHECK FOR DEFECTIVE DCU.
CHECK INTERCONNECTION.

f YES
‘ MUX OUTPUTS

LATCHES TRIGGER SCOPE WITH MUX

YES TIME FRAME 0{A102010 PIN YES

CHECK FOR CORRECT LATCH 9). CHECK DECODER DRIVER

¥

OUTPUT FROM EACH DCU.
ALL OUTPUTS SHOULD BE
LOW EXCEPT 1088,

INPUT LINES; ALL SHOULD
BE LOW EXCEPT A102UB PIN 1,
WHICH WILL BE HIGH DUR-

ING TF3 (10%B),

NO
y ¥ NO

CHECK FOR DEFECTIVE
LATCH. CHECK
INTERCONNECTIONS

CHECK MUX CIRCUIT
ATG2U9, U0, AND UTT,

CHECK DECODER
DRIVER AND
INTERCONNECTIONS

FIGURE 6~7
SELF-TEST
{Continued)
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9/78

START
BAND A
oK
PERFORM CHECKS IN I
PARAGRAPH 5-20 YES
) PULSE OPERATION | GO TO FIGURE 5-10:
: vEs | DOES THE COUNTER WORK NO PULSE INPUT
CW OPERATION | PROPERLY WITH A PULSE TROUBLESHOOTING
PLACE COUNTER IN 1m5 GATE, INPUT? TREE
DOES THE COUNTER WORK ]
PROPERLY WITH CW INPUT?
YES
NO
i
LEVEL LIGHT NO CHECK FOR ECL | noO TR{C})F)BLE%HOOT THRESH-
PRESS BAND A SWITCH. SET =1 LOW AT A105)2 = OL p;i;iiﬁgii?:” ON
REAR PANEL MIN PRE SWITCH (A109)
TO 50 Hz. APPLY 0 dBm 300- YES
950 MHz CW SIGNAL TO BAND A |
INPUT. 1$ LEVEL LIGHT ON? TROUBLESHOOT BAND | NOT
VES SELECT CIRCUITRY ON OK o REPAIR
GATE GENERATOR (A}05)
0K
TROUBLESHOOT PRF
LIMIT CIRCUIT ON
\ CONTROL (A104)
LOCK LIGHT
NO CHECK LOCK CIRCUJT
7 i fl
15 THE LOCK LIGHT ON ON CONTROL {A104)
YES
:
GATE LIGHT
YES YES
IS THE GATE LIGHT FLASHING? CORRECT DISPLAY? -
NO NO
|
1S THERE A GATE LIGHT CONNECT A116)2 (DE-
TRIGGER AT A105U13 PIN 47 LAY LINE) VIA 50 OHM | np
{0.4mS TTL PULSE) SHUNT FEEDTHRU TO - TROUBLESHOOT
‘ SCOPE. IS A 0.4V P-P §iG- PRESCALER {A109)
NO YES NAL PRESENT THAT IS
¥ 1/4 OF THE INPUT
TROUBLESHOOT FREQUENCY ?
CONTROL {A104) ' YES
¥ IS THERE A 4mS$ ECL YES 1 TROUBLESHOOT HIGH
LEVEL GATE AT A106147 . FREQUENCY (A105)
TROUBLESHOOT GATE
LIGHT DRIVE ON COUNT o
CHAIN CONTROL (A102)
TROUBLESHOOT GATE
GENERATOR (A103)
FIGURE 5-8

BAND A (OPT P2}
300 MHz - 950 MHz

3-11




i) START

5580010

YES

A

CW OPERATION
PERFORM CHECKS NOTED | YES GO TO FIGURE 5-10:
IN PARAGRAPH 5-22. DOES ®1 PULSE INPUT TROUBLE-
COUNTER WORK PROPERLY SHOOTING TREE
WITH CW INPUT IN BAND 87

NO
LEVEL LIGHT YES LOCK LIGHT
SET COUNTER TO BAND B, AUTO 1 1S LOCK LIGHT ON?
SWEEP, 00.0 GHz START FREQ.

APPLY 0 dBm, 925 MHz - 18 GHz
CW SIGNAL TO BAND B INPUT.
IS LEVEL LIGHT ON?

o

NO

15 AZ203U190 (SEQUENCE
GENERATOR) CYCLING?

([CYCLING IS INDICATED
BY A203TPO GOING LOW

NO
CHECK BAND SELECT PERIODICALLY)
BAND B THRESHOLD YES CIRCUIT ON A105, NO YES
LEVEL LIGHT CIRCUIT
1S A203TP14 HELD AT AN EGL ON A104, AND INTER- ¥
LOW=* FOR 20pS OR LONGER? CONNECTIONS WHICH STATE IS
No SEQ. GEN. IN? B
mmmmmmm “t
FOR UNITS \IHTH OPT P2 | NO 1
{(BAND A): CHECK FOR - :ﬁgﬁ?&ﬁggg; TP4,5, TP7
ECL LOW* AT A204)5 6 LOW LOW
i YES
o — — _J [
TP CHECK POWER CHECK LOCK LIGHT
‘ LOW LEVEL CONTROL CKT ON A204, AND
CONVERTER SEQUENCER = CKT ON A203 LOCK (TTL) ON A203
y
TP2, 4,6
CHE;:? jgongoLTt?R%S;r%NM Low TROUBLESHOOT
1 $EQ. GENERATOR
TPS CIRCUIT ON A203
TPO TP3 TPy LOW —
LOW LOW LOW C
‘ {
CHECK TTL INPUTS TO RESET REMOVE CABLETO  |NO P£R§ORM SLOPE AND
GENERATOR: A203U13 A204]2, DOES A203- |—sp=i OFFSETCALIBRATION
YES
| ] 3
ALL Low IS A202TP2 o | CHECK PHASE DETECTOR
INPUTS INPUT BETWEEN - ANP L?W PASS FILTER
HIGH 0.4 AND +0.4 VDC? CIRCUITS ON A202
YES
CHECK RESET GEN CHECK CHECK WINDOW DETEC-
{U3), 40 kHz CLOCK ol ASSOCIATED | TOR,ERROR DAC CON-
{U18), AND SEQ. GEN CIRCUIT TROL, AND ERROR DAC
ON A203 ’ ON A202
FIGURE 5-9

BAND B (CONVERTER}
925 MHz - 18 GHz
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A

L)
ARE CONVERTER SEQUENCE  [NO | TROUBLESHOOT YIG DRIVER
FUNCTIONS OF CORRECT 1 APPROPRIATE )
DURATION? (SEE TABLE 9-15A) FUNCTION REMOVE A201P2. IS WAVEFORM
‘ AT A202)3 PIN 5 (YIG RAMP) AS
 ves SHOWN IN FiG.5-9A7
| (RECONNECT A201P2).
CHECK FOR RAMP AT PE*QEECRKL%%B s
- EL NO
AZ01ET (SOURCEJAMPL) NGT CONTROL
oK
OK CHECK YIG DRIVER
3 CIRCUIT ON A202
IF 1
CHECK SOURCEJAMPL PER oK
PARAGRAPHS 5-24 AND 5-25. Y1G COMB GENERATOR
REPLACE IF BAD — SEE NOTE 2. CHECK YIG/COMB GENERATOR
{A206) PER PARAGRAPH 5-29.
YES NO
TROUBLESHOOT 20 kHz

AMPLIFIER AND VIDEO
AMPLIFIER ON A204

REPLACE A207
(SEE NOTE 1)

REMOVE AND GROUND CABLE

TO A204]14, JUMPER AZ03TPI6 TO

Y

CHECK INTERCONNECTIONS
FROM A2G3TP15 TO A204}7.

CHECK IN~BAND DETECTOR
ON A204 (iF PROCESSOR}

NO CHECK A203U3-Us
"TP15. 1S THERE A NOMINAL © =1 (ATEN RAMP GEN)
TO 1 VOLT RAMP AT A203TP17?
YES
¥
\ REMOVE TP16-~TPi5 JUMPER.
UNGROUND CABLE BUT DO
NOT RECONNECT TO |4, NG . N
- £ -
CHECK ECL LEVEL PRESS RESET SWITCH. IS BC i &:?g; E;LT?{EL
AT A203TFI15 LEVEL AT A203TP17 APPROXI- CKT ON 4203
MATELY -0.5VDC?
ECI. ECI. YES
HIGH*' LOW* |
¥ CHECK DCV AT A203]1. ‘
ISPIN 4+7V AND PIN 1 -8V 7 NO__ CHECK ATTEN-
CHECK SEQ, . {REPL.ACE A20434 CABLE o UATOR DRIVER
GEN.ON A203 AFTER CHECK)

YES

|

CHECK MIXER (A205) PER PARAGRAPH 5-27.
CHECK LIMITERJATTENUATOR {A206) PER PARAGRAPH 5-28.
REPLACE |F DEFECTIVE — SEE NOTE 2.
IF OK: CHECK VIDEOQ AMPLIFIER AND
SIGNAL THRESHOLD CKTS ON A204,

FIGURE 5-9

BAND B {CONVERTER)
925 MHz - 18 GHz (Continued)
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1
H
CATE LIGHT NO TROUBLESHOOT
IS GATE LIGHT FLASHING? AT05 (GATE GEN)
5
DISPLAY
NO 3 MSD INCORRECT CORRECT
3 MSD ONLY READING READING
¥ f
TROUBLESHOOT GO TO FIGURE 5-10:
COUNT CHAIN PULSE INPUT TROU-
(A103) BLESHOOTING TREE
¥ |
IF PROCESSOR
GROUND A203TP19. DISCONNECT CABLE
CHECK FOR CORRECT QUTPUT | OK NO | TO A105)1. PRESS RESET SWITCH. APPLY
TO AT06}3: <2 TO +3 dBm, 0 dBm, 100 - 350 MHz CW SIGNAL TO
AT BAND B INPUT FREQ. A112P3. DOES DISPLAY INDICATE THIS
MINUS 3MSD. FREQ?
NOT YES
y OK ¥ ¥ \
TROUBLESHOOT
DELAY LINE, AND IF TROUBLESHOOT A106 TROUBLESHOOT 1F
AMPLJLIMITER ON A204 (HIGH FREQUENCY) PROCESSOR (A204)
— SEE NOTE 2. — SEE NOTE 2

* ECL HIGH = -08VDC, ECL LOW = -1,7VDC,

NOTE 1: THE FOLLOWING ASSEMBLIES SHOULD BE
REPLACED, NOT REPAIRED, (F DEFECTIVE (SEE
PARAGRAPH 5-9); A205 (MIXER), A206 {LIMITER/
ATTENUATOR), A207 {COMB GEN).

NOTE 2: THE FOLLOWING ASSEMBLIES REQUIRE
SPECIAL CALIBRATION PROCEDURES AND SHOULD
BE REPLACED, NOT REPAIRED, IF BEFECTIVE (SEE
PARAGRAPH 5-8): A201 (SOURCE AMPLIFIER), AND
A204 (IF PROCESSOR).

FIGURE 5-9A. YIG RAMP

FIGURE 5-9
BAND B {(CONVERTER)
925 MHz - 18 GHz {Continued)
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f START

DOES COUNTER OPERATE | I e E R TG APPROPRIATE
PROPERLY WITH CW INPUT TROUBLESHOOTING
IN BAND A {IF PRESENT), . TREE
AND BAND B?
YES
{
DOES COUNTER OPERATE | yeg

PROPERLY WITH PULSE

INPUT IN BANDS A & B?

COUNTER
OK

¥

(SEE NOTE 1).
NO
=.| WHICH BAND 1S INOPERATIVE [ BANDB
FOR PULSE INPUTS?
BANDS BAND A
BANDS A & B R
CHECK BAND SELECT = ¥
CIRCUIT ON A103
(GATE GENERATOR) BAND A

TROUBLESHOOT HIGH
FREQUENCY {A106)

SET COUNTER TO BAND A. APPLY 300 MHz,
10905, -10 dBm PULSE MODULATED
SIGNAL TO BAND A INPUT. CONNECT HIGH

FREQUENCY 10X PROBES TO

A106J4(GATE) & AT06)2(DELAYEDIF

PULSE). SEE NOTE 2.

SIGNAL THRESHOLD GOOD

v

(

DELAYED IF PULSE BAD

|

BOTH SIGNALS BAD
OR SIGNAL
THRESHOLD BAD

DISCONNECT DELAY LINE
FROM A109]2. CONNECT

AT09)2 THRU 50 OHM SHUNT

TO SCOPE, ARE THERE 100nS,
75 MHz, 0.4V P-P RF PULSES

PRESENT?

TROUBLESHOOT
APPROPRIATE

YES NO

¥

TROUBLESHOOT
DELAY LINE
(SEE NOTE 3)

TROUBLESHOOT +4 OR
POWER CONTROL CIRCUIT
ONPRESCALER

9/78

CIRCUIT ON
PRESCALER (A109)

FIGURE 5-10
PULSE INPUT

YES

BOTH SIGNALS GOGH

V

RECONNECT DELAY LINE

TGO A106]2. IS THERE AN

ECL LEVEL PULSE TRAIN
AT Aj06}147

NG

¥

TROUBLESHOOT GATE
GENERATOR {A105)

TROUBLESHOOT HIGH
FREQUENCY [(A106)

5-15




BAND B

Y

SET COUNTER TO BAND B, MANUAL
SELECT, 0.10 GHz PRESET. APPLY 1.12 GHz,
100 n$, -10 d8m PULSE MODULATED
SIGNAL TO BAND B INPUT. CONNECT HIGH
FREQUENCY 10X PROBES TO
A1064 (GATE}] AND A106[3 {DELAYED IF
PULSE). SEE NOTE 2.

3580010

¥ |

¥

GATE SIGNAL BAD
DELAYED IFf GOOD

BOTH SIGNALS
BAD

BOTH SIGNALS
GOOD

GATE SIGNAL GOOD
DELAYED IF BAD

¥

ARE THERE 100 n$
ECL LEVEL PULSES
AT AT05)12

NO

¥

YES

PISCONNECT DELAY LINE FROM
A204)3. CONNECT A204}3 THRU 30
OHM SHUNT TO SCOPE. ARE
THERE 100nS, 120 MHz, 0.4V PP

1

REPLACE OR REPAIR
IF PROCESSOR (A204}

PULSES PRESENT?

CHECK BAND SELECT
CIRCUIT ON A0S
{GATE GENERATOR)

¥

YES NG

TROUBLESHOOT HIGH
FREQUENCY (Aj05)

NOTE 1:

NOTE 2:

NOTE 3:

IF THE PRF OF THE INPUT SIGNAL 15 LESS
THAN 50 PPS, THE MIN PRF SWITCH SHOULD
BE INTHE 0 Hz POSITION,

IN ORDER TO MEASURE THE TRUE TIME RE-
LATIONSHIP BETWEEN THE GATE AND DE-
LAYED IF SIGNALS, IT WiLL 8E NECESSARY
TO TAKE [NTO CONSIDERATION THE DIF-
FERENCE IN TiME DELAY BETWEEN THE
TWO CHANNELS OF THE OSCILLOSCOPE.
REFER TO FIGURE 3-10A FOR WAVEFORMS,
AND FIGURE 3-6 FOR TIMING DELAYS,

DELAY LINE SPECIFICATIONS: IMPEDANCE:
50 OHMS. DELAY: 70 nS, ATTENUATION AT
100 MHz: 7 dBm, AT 300 MHz: 13 dBm. COUN-
TERS EQUIPPED WITH OPTION P2 (PRE-
SCALER) HAVE TWO IDENTICAL DELAY
LINES CONTAINED WITHIN ONE ASSEMBLY,

REPLACE OR REPAIR
{F PROCESSOR
{A204)

TROUBLESHOOT
DELAY LINE
(SEE NOTE 3},

FIGURE 5-10A
DELAYED IF AND GATE SIGNALS

5-16

FIGURE 5-10
PULSE INPUT (Continued)
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SECTION 6

ADJUSTMENTS & CALIBRATION

6-1. GENERAL

6-2., This section describes the procedures to be fol-
lowed to correctly adjust the EIP 451 Microwave Pulss
Counter. In general, adjustments should oniy be made if
the Instrument is not operating within specifications, or
following replacement of components. Recommended test
eguipment is specified in Table 5-1. If adjustments do not
result in specified performance, refer to Section 5.

6-3. GENERATING AND MEASURING NARROW
RF PULSES

6-4. There are two potential problem areas that arise
when generating narrow RT pulses by modulation of a CW
source: {1) freguency pulling due to impedance changes
in the modulator, and {2) video leakage of the modulating
waveform.

6-5. The input impedance of a modulator generaily
varieg with iis state: on, off, or switching. This varia-
tion in lcading will cause shifts in the freguency of the
microwave scurce. The extent of this pulling effect is
dependent upoen the type of scurce, type of modulator,
and the degree of isolation between them. Pulling of
several megahertz for poorly isclated sources is not
UnNCOmMMmOon.

6-6. Modulators generally incorporate some form of
fast switching diode, whose state is changed by the ap-
plication of an appropriate bias current or voltage wave-
form. Coupling capacitors are used to separate the bias
lines from the BF circuit. Video leakage is the transient
signal caused by the modulating waveform being coupled
into the BF lines. Usually this appears as a spike or ring-
ing waveform af the leading and trailing edges of the mod-
ulating puise. If care is not taken o provide adequate fil-
tering, or otherwise eliminate this effect, sipnificant meas~

drement errors can occour, especially for fast rising pulses -

(less than 10 naposeconds). On an unfiltered sysiem,
video leakage can exceed applied RF signals by sevaral
orders of magnitude.

6-7. In order to measure the peak power of an BF pulse,
it will be necessary to use a calibrated crystal detector
(such as the HP 8472A), a 50 ohm shunt feedthru to ter-
minate the detector output, and a 50 MHz oscilloscope to
observe the detecied video pulse. The measuremant is
made by connecting the detector to the cable that nor-
mally feeds the Band A or B input of the counter, with
the detector output fed through the shunt to the scope,
The cbserved peak amplitude of the pulse is then com-
pared to the calibration curve of the detector to find the
peak pulse power. The 3 dB pulse width is the time in-
terval between the points on the pulse waveform corres-
ponding to one-half the peak power.

IMPORTANT

Many adiusiments are dependent upon pre-
vious ones. It is essential that care be taken
to perform adjustments in exactly the order
presented below. Adfustment locations are
shown in Figure 6-1.

6-8. POWER SUPPLY ADJUSTMENT

6-9. Prior to any power supply adjustments, the instru-
ment should be allowed to warm-up for at least 20 minutes.
All voltages are measured on Counter Interconnect board
at A100P3. Adjust basic DC voltages as follows:

a. Connect DVM to ground at A160P3 pin 12.

b. Measure +12 VDC output. Adjust ALO7R7 uniil
output is +12.906 + .01 VDC.

€. Measure +b VDC output. Adjust A167R15 until
cutput is +5.000 £ .010 VDC.

d. Measure -12 VDG output. Adjust A107R21 until
output is -12.000 £ .010 VDC.

e. Measure ~5.2 VOC output. Adiust AL07R31 until
cutput is ~5.200 + .010 VDC.

6-10. TIME BASE CALIBRATION

IMPORTANT

The precision of time base calibration
directly affects overall counter occu-
racy. Reasons for recolibrotion, end
procedures lo be used, should be
thoroughly understood before attempi-
ing any readjustment,

6-11. The fractional frequency error in the frequency
indicated by the counter, is equal to the negative of the
fractional frequency error of the Time Base Oscillator
with respect to its true value. That is:

A fg A ft

fs fit
where Iz is the true freguency of the measured signal,
and fy is the true frequency of the Time Base Oscillator,

Thus the inaccuracy associated with a freguency measg-

8-1




B.‘

AT0ZR35

A106R60

ATO7RIS
ATOTRY7

AT07R21
A107R31

A108C5

FIGURE 6-1
CALIBRATION
ADJUSTMENT

LOCATCR

A203R90

AZ03RLY
A203R21

AZ02ZR87
A20ZR89




urement is directly related to the quality of the Time
Base Oscillator, and a measure of the precision with
which it was originally adjusted.

6-12. RTO CALIBRATION PROCEDURE

a. Measure the frequency of the RTO {Room Tempera-
ture Crystal Oscillator} at the rear panel 10 MHz OUT
connector with a second counter of known accuracy.

b. Adjust the RTO (if necessary) by turning A108C5
until the measured frequency is 10 000 000 5 Hz.

6-13. TCXO CALIBRATION (OPTION P1)

6-14. Option Pl consists of a temperature-compensated
crystal oscillator {(TCX0) mounted in place of the RTG
on Oscillator board A108. The highest and lowest actual
measured TCXO frequencies will differ by no more than
2 parts in 10° if the temperature is varied slowly from
0° to +506°C, Therefore, an indicated measurement will
exhibit the same fluctuation even though the signal being
measured is not changing. Te center this fluctuation
on the true value of the measured signal, each TCXO has
imprintaed on its side, the frequency to which it must be
set at +25°C. The calibration procedure for this adjust-
ment is described in paragraph §-18.

6-15. At approximate room temperature (+25°C), the
slope of the frequency vs.temperature curve, is normally
no worse than -1 x 1077 parts per °C. Thereforse, if the
counter is used in an ordinary laboratery environment,
the TCXO may be set as ¢lose to 10 000 000 Hz as desired.
In this environment, a peak-to-pesk temperature varia-
tion of 5°C will result in a measured signal error due to
oscillator temperature characteristics of ne more than
+2.5x 1077 parts.

8~16. Ancther source of inaccuracy in the measured sig-
nal due to the Time Base Oscillator originates in the nat-
ural aging characteristic of the crystal. Aging refers to
the long term, irreversible change in frequency, gener-
ally in the positive direction, which ail guartz oscillators
experience. The magnitude of this frequency fluctation
in the TCXO is specified to be less than 3 x 10~ 7 parts
per month. This may be expected to improve in time to be
no worse than 1 x 10~ % parts per year in continuous
service.

6-17. Error due to aging adds directly fo error due fo
temperature perturbations, Thus the frequency of recali-
bration is depeadant upon the overall accuracy reguire-
ment of the counter and its environment. For example: If
the counter is subjected to the full operating temperaturs
range and initially adjusted properly, then one momnth
later the inaccuracy over temperature could be expected
to vary from + 1.3 x 10~ ¢ parts, to - 0.7 x 107 ° parts.

6-18. TCXO CALIBRATION PROCEDURE

a. Hemove top cover of counter. Connect counter to
reliable power source. Note ambient temperature.

b. Measure the frequency of the TCXO at the rear
panei 10 MHz OUT connector with a second counter
of known calibration accuracy.

¢. Adjusi the TCXO {if necessary) by furning the
calibration screw on the TCXO case until the measured
frequency is the same as that shown on the TCXO ¢ali-
braticn label.

6-19. BAND A (OPTION P2} ADJUSTMENTS
{300 MHz to 950 MHz)

a. If the High Frequency board {A106) is repaired
or replaced, perform the adjustments given in
paragraph §-22. No other Band A adjustment is
raguired.

6-20. BAND B ADJUSTMENTS
{925 MHz to 18 GHz)

a. 40 kHz Cleck Adjusiment

NOTE: Required only upon replacement of YIG
Comb Generator {A207), or Converter Sequen~
cer board (A283).

(1) Set A203RY90 fully cocw (counter-clockwise},

(2) Set counter to Band B, MANUAL SELECT, and
01.0 GHz PRESET FREQUENCY.

(3) Jumper A202TPI to TP3. Ground A202TPS.

{4) Connect oscilloscope Channel A to A202U1
pir 9, and Channel B to A202U1L pin 4.

(5) Adjust AZ02R89% for a symmetrical waveform as
shown in the upper trace of Figure 6-2. (All pulses
in the train should be of equal duration.)

(B) If necessary, select 2 now value for A203R93 so
the leading and trailing edges of the 20 kHz refer-

ence f{lower trace) cccur in ths center of the detec-
ted modulation pulses, {If A203R93 is changed, re-
adjust A202R89 as stated in (8) above.)

FIGURE 6-2
BETECTED MOD/20 kHz
REFERENCE PULSE TIMING

6-3




8lope and Offset Adjusiments
{1) Repeat paragraph 6-20a(1) threough (5}.

{2} Change preset in 1 GHz steps from 1 to 18 GHz,
adjusting A202R87 to produce a symmetrical wave-
form across the band.

(3) Repeat steps {1) and {2) above as necessary.

(4) Remove jumper from A202TP1 and TP3. Hemove
ground from A202TP5.

Attenuator Driver Adjustments

NOTE 1: These adjustments are difficult to make,
and require careful set-up by persormel familiar
with microwave return loss measurements. These
adjustments affect only the Band B input VEWR
of the counter, and should be made orly: (1)when
it is known that there is excessive input VSWE,
{2) the attenuator driver on A203 has been re-
paired,or (3) if A203 or AZ06 have been replaced,

NOTE 2: To make a meaningful return loss meas-
urement, use a directional coupler with a minimum
directivity of at least 25 dB (Exampie: HP 779D).

(1) Set counter to Band B, AUTO SWEEP, 06.0 GHz
START FREQUENCY.

(2} Carefully set-up equipment ag shown in Figure
B-3. Note especially where cables or adapters must
riot be used {which would degrade accuracy of the
adjustment).

(3) Set Limiter/Attenuator (A206} to maximum in-
sertion less, by connecting a jumper between A203-
TP16 and TP21.

{4) Adjust A203R44 for maximum return loss{wdve-

form will be a DC level).

NOTE 3: As R44 is rotated from full cow to full
cw, the amplitude observed on the scope will go
from a maximum point through a minimum point
and then to & maximum again.Maximum return loss
(minimum reflected signal) occurs at the minimum
point,

{5) Remove jumper from AZ03TP16 to TP21.

(6) Cycle Limiter/Attenuator (A208) through its
normal operating range by removing and ground-
ing the cable to A204J4.

£7) Inhibit the counter from locking up by jumpsr-
ing A203TP14 1o TP16.

(8) Connect an 0.47uf capacitor across A203C2.

(8) Trigger scope from A203TP17 {Attenuator Con-
trol Ramp).

(10) Adjust A203R21 for maximum return loss. See
Note 3, and Figure §-4 for typical waveform.

(11) Remove jumpey between A203TP14 and TP16.
Remove capacitor. Reconnect cable to A20474,

FIGURE 6-4
RETURN LOSS MEASUREMENT

10 GHz
TodB
20 dB COUPLER A /d "
451 ’ 4 CW SIGNAL
FIGURE 6-3 COUNTER ! 31:;51;3 CENERATOR
RETURN LOSS \ *
MEASUREMENT BAND B
SET-UP INPUT * DETECTOR

* DO NOT USE CABLE OR
ADAPTER HERE. MAKE
DIRECT CONNECTION,

/

OSCILLOSCOPE
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Attenuator Contrel Adjustments

NOTE: To be performed only upen installation of
a new Limiter/Attenuator (A208), or replacement
of the Converter Sequencer board (A203}.

(1) Connect an 0.47uf capacitor across A20302.
{2) Connect the Channel A 10X probe of scope to
A2037% pin 1 {Igerieg). Connect Channel B 10X
probe to A203TP17.

{3) Bemove and ground cable to A20474.

{4) Connect jumper between A203TP14 and TP16.

(5) Select a value for A203R18 so the first iwo or
three steps of the Attenuator Contrel Ramp have no

effect upon Igeries {see Figure §-5).

{8) Bemove jumper between A203TP14 and TPIS,
Remove capacitor. RHeconnect cable to A20474,

{7} Apply a 0 dBm, 1.4 GHz CW signa! to Band B
input.

(8) Press RESET switch. Increase signal level to
the Band B input until the REDUCE SIGNAL light
comes on. (Light should come on between +4 and
+8dBm. If it does not, select a new value for A203-
R17, and repeat steps (7) and (8) until it does.}

FIGURE 6-5
ATTENUATOR CONTROL
RAMP OFFSET ADJUSTMENT

Comb Leveling

(1) Set-up counter as described in paragraph
G-20c €13,

£2) Jumper A203TP14, TP15, and TP16 together.

(3) Connect Channel A 10X scope probe to A203-
TP12, Trigger scope from A203TP20 (Reset).

6-21.

(4} Press RESET switch.

{5) Adjust A203R$54 to level comb lines to 1 volt
nominai {see Figure 6-8).

(8) Remove jumpers from TP14, TP15, and TP18.

FIGURE 6-6
COMB LEVELING

HIGH FREQUENCY (A106) ADJUSTMENTS
Gate Accuracy — Band A (Option P2):

(1} Set~up counter and perform error measurement
as described in paragraph 7-10.

{2) Adjust A1GBRE0 to minimize difference betwsen
averaged pulse reading and CW reading.

NOTE: If using Method A, it will be necessary to (a)
have a stable RF source that will not be pulled more
than 1¢ kHz while being modulated by a 106 nS pulse,
{(b) have no video informaticn on the RF pulse,and (c)
have a means of measuring R¥ pulse width and ampli-
tude. Also, when using Method A, adiust AL108RE0 so
the average pulse reading is centered about the CW
reading {gate error egual to zero).

Gate Accuracy — for counters NOT equipped with
Band A (Option P2):

(1) Set SAMPLE RATE control fully counter-clock-
wise, BAND SELECT to Band B, MANUAL SELECT,
and 0.10 PRESET FREQUENCY.

£2) Apply a 1.3 GHz CW signal at ~10 dBm to the
Band B input.

{3) Adjust A108R59 per paragraph 8~22a(2).

8-b







SECTION 7
PERFORMANCE TESTS

7-1. GENERAL

7-2. The purpose of this section is to enable the user to
verify that the countsr meeis specifications over the en-

tire frequency range, with beth CW and pulse inputs.

NOTE: For the verification of specifications not included

in this section, please consult the factory.

7-3. VARIABLE LINE VOLTAGE

7-4. During the performance tests, the counter should
be connected to the power source through a variable volt-
age device, so line voltage can be varied # 10% from nomi-
nal (100/120 or 220/240 VAC), to assure propsr operation
of the counter under various supply conditions.

7-5, RECOMMENDED TEST EQUIPMENT
7-6. Refer to Table 5-1 for recommended test equipment.
Other equipment may be used provided that performance

is equal to, or better than, that listed in the table.

7-7, PERFORMANCE TESTS

7-8. RANGE, SENSITIVITY, AND MINIMUM PULSE
WIDTH — BAND A (OPTION P2}
(300 MHz to 950 MHz)

a. Set SAMPLE RATE control fully counter-clockwise,
and BAND SELECT switch to Band A,

b. Connect a CW signal source to the Band A input.

c. Vary source freguency from 300 MHz to 50 MHz at
=10 dBm. Counter should display correct frequency.

¢. Connect a 100 nanosecond pulse modulated signal
source to the Band A input. Set level to -10 dBm. Vary
source frequency from 300 MHz to 950 MHz. Counter
should display correct frequency. NOTE: Refer to para-
graph 6-3 for pulse width measurement.

7-9. RANGE, SENSITIVITY, AND MINIMUM PULSE
WIDTH - BAND B (925 MHz to 18 GHz)

a. Bet SAMPLE RATE control fully counter-clockwise,
BAND SELECT switch to Band B, AUTO SWEEP, and
00.0 GHz START FREQUENCY.,

b. Connect a CW leveled source to the Band B input.

c. Vary source freguency from 925 MHz to 18 GHz at
the following levels:

925 MHz ~ 10 GHz:
10 GHz - 18 GHz:

~-10 dBm
-5 dBm

Counter should display the correct frequency.

d. Comnecta 100 nancsecond pulse modulated signal
source to the Band B input. Repeat step ¢ above. NOTE:
Refer fo paragraph 6-3 for pulse width measurement,

7-10. GATE ERROR — BAND A {OPTION P2)

NOTE: Refer to paragraph 3-34 for discussion
of gate error.

a. Set SAMPLE RATE control fully counter-clockwise,
and BAND SELECT switch to Band A.

b. Apply a 950 MHz CW signal at -10 dBm to the Band
A input.

NOTE: Gate error readings can be taken using two moedu-
laticn methods (A or B), and two measurement methods:
strip chart (most accurate method) or scratch pad.

Modulation Methods:

METHOD A: Pulse modulates signal source with 1060
nS wide, negative-going ECL Ievel pulses.

METHOD B: Simulates modulation by applying 100
nS wide ENABLE pulses to INPUT INHIBIT connec-
tor on counter rear panel. {This method is preferred
as it avoids errors associated with possiblie pulling
of the signal source.)

¢. Error Measurement Using Sirip Chart Recorder:
{1) Set-up test eaquipment as shown in Figure 3-7,
with recorder connected to the BCD output of the
counter,
{2) Record the CW frequency reading.
{3) Pulse modulate — use Method A or B.
{4) Record the average pulse reading.
{b) Gate'error is equal to the difference between

the reading for (2) and (4}, For 100 ns wide pulses,
exror should be less than 570 kHz.




d. Error Measurement Using Scratch Pad:

{1} Heduce SAMPLE RATE time so each reading
can be recorded on scratch pad or chart,

(2) Record CW frequency reading.
(3) Pulse modulais — use Method A or B.

{4) Record and then average ten or more succes-
sive readings.

(5} Gate error is equal to the difference between

the readings for (2} and (4). For 100 ns wide pulses,

error should be less than 570 kHz.

71t GATE ERROR — BAND B

NOTE: Refer to paragraph 3-34 for discussion
of gate error.

a. Set SAMPLE RATE control fully counter-clockwisae,
BAND SELECT to Band B, AUTO SWEEP, and 01.0 GHz
START FREQUENCY.

b. Apply a 1.3 GHz CW signal at -10 dBm to the Band
B input.

¢. Repeat siep 7-10c. NOTE: Gate error is a function
of IF {requency.

7-12. REAR PANEL OUTPUT LEVELS

a. Apply a pulse modualated signal to the counter.

b. Measure GATE and SIGNAL THRESHOLD outputs
using a 50 chm shunt feedthru to an oscilloscepe.

(1) SIGNAL THRESHOLD QUTPUT should be zero
VI{C with no RF signal,and at least -0.5 VIG when
RF is present,

(2) GATE OUTPUT should be at least - 0.5 VDC,
corresponding to counter gate.

7-13. REAR PANEL INPUT INHIBIT LEVELS

NOTE: INPUT INHIBIT has a 50 ohm source impedance
returned to -2 VDC.

a. Apply a CW signal io the counter.

b. Apply ~1.7 VIC to the INPUT INHIBIT connector.
Gounter should cperate normally.

c. Apply - 0.9 VDC io the INPUT INHIBIT connector.
Counter sheuld stop counting, and operate as if 2 no
signal condition existed.



SECTION 8
PARTS LISTS

8-1. GENERAL

8-2, This section contains information helpful in order-
ing replacement parts for this counter. Four tables pro-
vide sufficient information for identifying a part and ob-
taining a replacement, either from EIP or from the manu-
facturer.

8-3. LIST OF TABLES

a. Table 8-1, REFERENCE DESIGNATCRS/ABBREVIA-~
TIONS: Lisis abbreviations used as schematic reference
designators, and in parts list descriptions. Note that
some components have two distinct "codes" identifying
that part. For example: an integrated circuit is identi-

fied on schematics as "U", but in the parts lists as "IG".

b. Table 8-2, LIST CGF MANUFACTURERS: Provides a
listing of manufacturers names and addresses, and
their Federal Supply Code for Manufacturers {FSCM)
number. The FSCM number {or an eguivalent} is used

in the parts lists as the guide to the manufacturer or

supplier of the part.

¢. Tabls 8-3, MASTER PARTS LIST: This list has an
enlry for each separate replaceable part used in the
counter. Entries are arranged by FIP Part Number and

contain a part description plus the manufacturer's part
and FSCM number. This table is used with Table §-4 to
completely identify a component part.

d. Table 8-4, REPLACEABLE PARTS LIST: This table
provides a detailed component parts listing for all PC
boards and assemblies where the parts or components
are fleld replaceabls. NOTE: Certain assemblies cannot
be field repaired, but must be returned to EIP for ser-
vice. This table is arranged first by Assembly number
(A101, A102, etc.}, then by the schematic reference
designator {if any} assooiated with the assembly. Parts
identical to those listed earlier for that assembly are
identified in the column headed "SAMEY, The EIP Part
Numbers refer to those listed in Table §-3.

g8-4. TO ORDER REPLACEMENT PARTS:

a. Send order directly te EiP at the address shown

on the title page of this manual.

B, Specify the EIF Part Number, Beference Designa-
tor {if any), and a brief description of the pari.

¢. For parts not listed in the Parts List: Specify the
function, location, and description of the part required,
and the mode! and serial number of the counter.

TABLE 8-1.
REFERENCE DESIGNATORS AND ABBREVIATIONS

REFERENCE DESIGNATORS

ABBREVIATIONS

A Assembly CAP Capacitor ML Male
B Battery or Fan CBN Carbon MTCH PR Matched Pair
C Capacitor CER Ceramic PC Printed Circuit
CR Diode CMT Cermet PCR PC Board Assembly
Dy Indicator (display) CNTR GCounter PF Picnfarad
F Fuse CONV  Converter PREC  Precision
J Jack or Connector COMP  Composition BSTR  Resistor
K Relay CONN  Connector RT AN Right Angle
L Inductor B Dicde S.A.T. Value or type selected
P Plug or POB contacls ELEC  Electrolytic during factory test.
Q Transistor FDTH  Feedthrough Part may not be used,
R Resistor FLM Fiim SW Switch
5 Switch FML Female TANT Tantalum
T Transformer GP General Purpose TRIM  Trimmer
TP Test Point H Integrated Circuit U¥ Microfarad
U Integrated Circuit K Kile (x 1,000) UH Microhenry
w Wire fcable) LED Light-emitting~diode VAR Variable
X Socket or Holder M Meg (x 1,000,000) WPRY Waterproof
Qi-3 Q1 through Q3 MET OX  Metal Oxide wWw Wirewound
Q1/2 Q1 and G2 (matched MF Metal Film XSTR  Transistor
pair) MH Millihenry




FSOM

00805
0ii21
c129%
GPEBD
0273s
Ga 00y
gagin
04TL3
DEPAL
DEEQY
OT2673
o877
Q9353
11236
12435
14798
14433
14324
188t H
21793
23E80
23936
2454 &
26654
27014
28480
29990
Sos22
LEPBY
TOO03
Fi400D
T2136
T2289
TR982
73138
73445
80031
81349
B&TIT
Gi163F
Q1A36
9B2TS
98291
SYa 00

[eEeRuleF -
0008
Q080C
0000L
COO0M
0000X

MFR NAME ¢ ADDERESS.ZIPCODE
CRIVEN LTD.WHITBY ONTARIDsCANADA
ALLEN=BRADLEY CUesSO.MILWAUKEE .WI $3204
TEXAS THSTRUMENTS INC. ¢DALLAS.TX 75222
AMPHENOL CONNECTOR DIVe sBUNKER RAMD CORP, +BROADVIEW.IL 60133
SCLID STATE DIVeoRCA CORP. s SOMERVILLEWNJ 08876
ARRIW«HART INCe pHARTFORDLCT 0561086
AMERICAN PAMCOR TNC.oPAOLI.PA 19301
SEMICONDUCTOR DIV, s MOTOROLA INCo o PHOENIXsAZ 85008
CORCOM INC .o CHICAGO:TL. 60639
GENE RAL RESISTANCE DIV oCHRONETICS INCesMT MERNONINY 105850
FAISCHILD SEMICONDUCTOR. MOUNTAIN VIEW:CA 94040
SLOAN CUOMPANY e SUN WALLEYLCA 81352
C AND K COMPONENTS THNC.-WATERTOWN.MA QOZ172
CTE OF BEANE TNCe»BERNESIN 46711
GEMNERAL DYNAWMICS CTDORP.SAN DIEGO.TA 92112
AMERTICAN COMBONENTS ENCs sCONSHOMCUKEN.PA 19428
ETT SEMICONDUCTOR DIV.OF ITT CORPewsWePALM BEACH.FL 33401
STIGNETICS CORP . «SUNNYVALESCA 24086
MS] ELECTRONICS INC. WODDSIDE «NY 11377
DANA LABORATORIES INC.sIRVINE.CA S26£64
STANFURD APPLIED ENGINEERINMNG INCasSANTA CLARACA 950850
PAVMOTOR INCL oBURLINGAME.CA Q20G10
CORNING GLASS WORKS BRADFORD,PA 16701
VARADYNE INDUSTRIES.SANTA MONICACA 90404
NATIOMAL SEMICONDUCTOR CURP .o SANTA CLARACA 95051
HEWLE TT-PACKARD COs«PALO ALTOLLA 94304
ATC DIV.PHASE TNDUST HUNTINGTON STATICNSNY 11745
ELECTRONIC SPECIAL PRODUCTS s MONSANTCO CO.e CUPERTINO.CA 9S04
SPRAGUE ELECTRIC CO.«NORTH ADAMS,MA 01247
BELDEN CORP . eCHICAGUs IL 60644
USEMAN MFEG DIVe s MCGRAW=EDISON COooBT.LOUTIS,MO 63107
ELECTRO-MOTIVE MFGe COe s WILLYMANTIC.CT 06226
NYTHONICS INCesPELHAM MANODRsNY 10803
ERIE TECHNULOCGICAL PRODUCTS INC.+ERIE.PA 16512
HELJPOT D{Ve s BECKMAN INSTRUMENTS FULLERTON.CA 92634
AMPEREX ELECTRONIC CORP.+HICKSVILLESNY 11802
MEPCG/ILECTRA INCe s MDRRISTOWN NJ 07960
MI.ITARY SPECIFICATION
RDGAN BRIS.INCa «SKNKIE, IL 60076
DALE ELECTRONICS INC, ¢ COLUMBUSNE 685601
KINGS ELECTRONICS COe e TUCKAHOE oNY 10707
VITRAMON INCe o BRIDGEPORT LT 06601
SEALECTRO s MAMARONECKNY 10844
DELAVAN DIVesAMERICAN PRECISION INDUSTe.EAST AURDRASNY 14052

FOLLOWING MFRS DO NOT HAVE FSCM NUMBER

MOLEX INCosLISLE, L 80532
STETINER=THRUSHyCAZENDVY Ao MY 13035

PLESSEY ELECTRO-PRODUCTSHLOS ANGELES.CA 90065
R=-0MM CORPORAT JON. IRVINE CA 92654

LEYD UosSo0Ae INC+BERKELEYCA 34710

ANY MANUFACTURER DF THIS PRODUCT

TABLE 8-2. LIST OF MANUFACTURERS



EIP P/N ITEM DESCRIPTION MFR MFR PART NUMBER

2620041 B IUNIVERSAL EXTENDER EIP

2020002 ASC L XKTAL T TCXD EIP SRCE CONT DWG
2030011 OSC+ XTAL: ROOM TEMP 00809  ALS8YDED-30
20320013 GSC«XTAL Y S5.185 MHYZ EIP SRCE CONT DuG
20400613 ASSYIHAFNESS EiP 45831-A110
2040065 ASSYIHARNESS EIP &451=A208
2040068 ASSY IHARNESS EIR 4£51-A200
2040073 ASSYICABLE.FLY RIBHON Ele 551-A210
2040050 ASSY ICABLEFLER,CO=AX EIP 451-4103
2040097 ASSYICADLE FLE Xa L O—AX E1p 451-A10%
2040092 ASSYICABLELFLEN,CO-AX ELf 451-AL05
2040093 ASSYICABLESFLEN «COwAX Ele 451 -A200
2040096 ASSYICABLE.FLEXCO-AX Eip &£51+A200
2040097 ASSYICARL E+FLER s CO~AX EIP &451=A 200
20400598 ASSYICABLE aFLEXSC O~AX Elp 4£51~A200
2040093 ASSY ICABLEFLEXeCO=-AX ELlP A45{=-A200
2040107 ASSYICABLEFLEXCD-AX Eip 451-A109
2040112 ASSYIHARNESS gErp

2100002 CAPICHIP L001UF 20% %0V $5275 VJ1210A102MF
2100010 caPICRIP 10PF 10% S50V 9%2T75 VYT3ICALOOKF
2100011 CApICHIP LOPF 5% 30V 299950 ATCL00A100JC50
23156001 CARICER 001UF 20% 1KV 56289 SGA-D10
2150003 CAPICER  L01UF 20% 100V 5628% VG6~510

2150005 CAPICER LQ0Z2UF 20% 100V 5628% T46-520

215001 ¢ CARICER  LO05UF 20¥ 7158990 UK20-503
2150012 CAPICER w1l UF 1AY QOOOR RT=16«0:312
2160004 CAPICER 10PF NPD 500V 72982 301000COHO100C
2160005 CAPICER 12PF NPO S00V 72982 301000C060120C
216006056 CAPICER 1S5PF NPD 500V 72982 301000C060150J
2160007 CAPICER 18PF NPO 500V 72982 Z204{0000060180J
2160008 CARPICER 2.2PF NPO SO0V 72982 201000C0J0229C
21€£0006 CAP CER 22PF NPD 500V 72%82 301000CO6U220J
2150010 CAPICER 240F NPQ 500V 72982 301000C060240J
2160011 CAPICER 3.0PF NPO S00v 72982 301000CDJO309C
2160012 CARICER  3.,3PF NPD 500V 72922 3201000C030333C
2160013 CAPICER &£, 70F NPG S00V 726982 3010000004 7SC
2160014 CAPICER £.8BPF NPO 500V 72982 30100CCOM0O689C
2160016 CAPICER 20PF NPD 500V 72982 201000COG0O200J
21 €0999 CAPICER-SELELT AT TEST 72682 J01000COXOXXRAX
22000190 CAP IELFEL  BSOOLF 28y BOO3Y1 91S25HABS2
2200011 CAPIELEC 40000UF 15y B0031 $i1s5i5.JD44
2200012 CAPIELEC 13000UF 15v 80031 39CS1SHPi13
2250001 CAP IMICA 10PF &% SQ0V 72136 DMISCDI00DO
2250007 CAPIMICA 100PF 5% 500V T213¢& DMISCDIO1IJID
2250003 CARPIMICA 1000PF 5% S00V 72136 DMASCD102J0
2250005 CAPIMICA 150PF S% 500V 72136 OMISCDISIJ0
2280008 CAPIMICA 180PF £% S00V 72136 DRISCDIBYJO
2ZS0008 CAPZMTCA 20PF 5% S00V T21i3& DMLIBCD20040
2250009 CAPIMICA 200PF 565X SH0v 72136 DMISCD20140
2250010 CAPIMICA 22PF 5% 500V 72136 DMISCDZ22040
2250011 CAPIMICA 220PF Sy S00V 721236 DHISCD22%1JC
2250012 CAPTMICA 27PF 5% 500V F213& OMISCD270.J0
2250018 LAPIMICA 2APF 5Y SO0V TR13€ OMISCDA3NID
2250015 CApIMICA AGOF £% 500V T213& DOMIBCDIY0I0
2250017 CAPIMICA 47PF Sx 500V T213& DMISCDATOJD
ZRT0024 CAP IMICA 30PF SX 500V 723136 DMISCDIQOJD
2250025 CAPIMICA 68PF 5% S00V 7217¢€ DMIECDER0JD
2250028 CAPIMICA 680PF 5% S00¥ TF2I3& DMISCDesi JD
2250027 CaPIMICA 120PF S%E 500V 72136 OMISCD1I21.J0
2250028 CAPIMICA 15RF 5% S00Y T213€ DMISCDLIS0J0
2250999 CAP IMICA-SELECTY AT TEST 72136 D#¥1SCDXXXXD
2300005 CAP ITANT o4TUF 35V 14433 TAGR2D-0.47/35-50
2300003 CAPITANT 1.0UF 35V 14433 TAGZO-1.0/35-80
23C0010 CAPZTANY L1OUF 16v 14433 TAGR0-10/16~50
2300015 CARITANT  33UF 10V 14433 TAG20-33/10~50
23000y 7 CAPITANT  ATUF a3V 12433 TAGR0~4T7/ 54350
2300020 CARITANT L10UF A8V 144723 TAG20=-.10/735«50
2300023 CAPITANTY  33UF 20X 20V 14433 TAG20-33/20
2300024 CAPITANT 100W 20X 6.3V 14433 TAG20-100/5.3
2200025 CAPITANT ATUF 20% 16V 314433 TAG20~4T7/16-20
2350001 CAPITRIM 2-3PF 250V 00008 10S-T-22-2/8
2350002 CAPITRIM  5H.5=18PF 250V QQ00R (05-T-22-5,5/18
2350003 CAPITRIM 8-28PF 250V Q000B 103-~TY«22-8/25
2350017 CAP+FOTHIRF FILYERSKPF 0A£18 B59556«1
2350022 CAPITRIM S.5~iBPF 250V 0000B 105-T+24-8,.5/18
2350027 CAPIMOND L022UF 10X 50V 26654 2130X7R0OS50R223K
26100140 CONNI JACK s BLKHD s RECRT 28291 51-025-0000
26100%L7 CONNIPLUGPC RCPTL3TR 98291 52-052-0000
2610018 CONNIJALK oPC RCPT .5TR 98291 S1-051=-0000
2610024 CONNIBNC sBLKHD, TRS FNSH 918386 KL~79-35

TABLE 8-3. MASTER PARTS LIST
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EIP P/N

2620005
Z2E20008
2e20014
2620016
Ze 20018
220019
cE2002G
26200482
2620044
ZHEGOGE
2630002
2630007
2640004
26400232
ZESQO00C2
ZTOOBET
2704001
2704154
Z2TOATST
Z2TO8227
2705230
270%2 31
27052 34
2705237
2710004
2710006
2710012
ETL0014
2710016
27TLRO028
2710029
2PTFL003D
27100731
2710032
2T20963
2800001
800004
2800008
280001 Q
2800054
2607400
3007402
3007404
3007403
30074 08
3007410
3007413
3007420
20074 30
200T432
Z00TALT
J00Ta 54
A0OT4T3
3007475
2007475
3007486
2G0TAGO
3007a4%3
3007495
3009602
3010616
3010627
30ii414
2011495
3023440
30% 3441
3014044
3040304
3040205
3040585
2040723
3040743
3041453
3043049
30431 30
3650005
3080311
3Q50710
3054002
3054040
2056201
304265
30T4308
2070001
3070002
Z070003
307G0 0
307000%
3GT0006
070007
3070008
FIN70009

I'TEM DESCRIPTION

CONMNIPC WAFFR 6P IN ML
CONNIPC RT AN SPIN ML
CIONNIPC WAFER 4PINe ML
CONNIPL WAFER, SPIN: ML
CONNIPC EDGE 186PIN
CONNTOC ERGE BRIN
CONNIPC RT AN3IPTNs ML
CONNIPC WAFER, HPIN, ML
COMNSPC WAFERs1Z2PIN. ML
CONNIPC RY AN 8PN ML
SUCKET? 14 PINNVYLON
SOCKET: 14 PINJNYLON
CONN SOPIN

CONNIRECP T46 PINML/F ML
CONN/FILTERTPANEL MNT
DICOE: 6.2V ZENER
DIQDES RECT

DIOLE: GEN PURP

DIODET B5lv ZENER
RIDDE: 3.8V ZENER
DICOED 4.7V ZENER
DIDDET etV ZENER
DIADE: 6.2V ZEMER
DICDE: 8.2V ZENER

DIQDE: HOT CARR

DICDES HOT CARR
DIODE:VOLT VAR CAP
DIODEMTCH PRIFHIIVO
DIOoDE: ROYT CARRIER
BROG RECT

BRIDE RECY

DIODEMTCH PRI MVL404
DI ODE ¢« GRADED TINSEQB-Q1
DIODE s GRADEDIING&EOB~02
SIQDES 12V ZENER

LAMP, INDTCAYORT RED
ICINUMERTIC IND, BRED
LAMP.LEDI GREEN
LAMPILED. SV 18MARED
LAMPILED ¢ YEL, DIFFUSED
TC2QUAD 2INP NAND GATE
ICIQUAD 2INP NOR  GATE
ICIHEX INVERTER

TCIHEX INVERTESR
TCTGUAD ZINP AND GATE
ICITRI  3INS MNAND GATE
fCSDUAL 4 INP NAND TRIG
ICIDUAL 4TNP MAND GATE
TCIB8INPUT NAND GATE
ICIQUAD 2INP DR GATE
ILIBCD/ATSEG DECODER
ICIAawIDE ZINP ADT GATE
ICI0UAL J=K F/F
TCIQUAD LATCH

iCIBUAL J=K F/F
IC:QUAD 2IMP EXCL OR GT

zcwst T SHIFT REGISTER

Q
G
B
r
-4
-
~
™
i
[#]
-
[n]
@
i
]
r
%
<

UHF COUNTER=-DIVIDE/A
UHF a0 DEC CNTR
DUAL DIFF COMP
fC3FOUR-QUAD MULTIPLIER
23 QUAD GPIB TRANSCYR
CIQUAD GPRIB TRANSCVR
CiPHASE/FREQ DIETECTOR
CIVOLY REG

VOLT REG

TIMER: LINEAR

DYFF Y IDEQ AMPIL,

oP AMPL

0P AMPL

P DUAL/DIFF AMPL

08 AMPL: COS/MOS
IHEX TNVERTER

SYOLY COMPARATOR
IVOLT COMPARATOR

C: QAM/QBiT DUTPUT PORT

(‘ nnn:‘\
be ¥s 4w au

TR LR TR

ﬁﬁﬁé"\h(“ [aTaXaTs)

P Gp I/ﬂ DEVICE
ROMA4~81IT T 0 PORTS
GuUAD 2-1 LN DATA SEL
UAD BI-5TABLE LATCH
T AMONOSTASLE MY

IM/AP OOT 88T SR
/S Th/sS DUT &BIT SR
UAD 2INP NOR GATE
UAD 271 MULTIPLEXR
UaD 271 MUX InNy OuUT
DUAL O FrsF

o P o S ot Yk Pt o (o B T Il B 5 ok 51 et B g B § o B ot e B ek ek Ptk
DOoLRNHOO

W ut de PR 4s 64 OG ba F8 #E 04

[alatalakelaltiaiatalg]

TABLE 8-3 (Continued).

MFR PART NUMBER

QG- 18=-50861
0G-66—305%
£9-~60~1041
0%-60-~10€1
1-5834 078
S83407-9
0G-66-1031
09~60~-1091
09~ E0~-312%
¢co-a6~1081
A=4497=16
A-44QT-a
57-40500
AT « JD6NYL
&Ja

EnB2T
tN4OO01
INALSS
INGETEY
ING2Z7
1nNS230
ING231%
1MS234
INGE3T
FHE100
SOS?“QBOO

MOAGQ O~1
MDA ST O~1
HAL L &
2730960
2730960
FHGEIA
MVYS021
5082~TF730
MyE25 3
PLES-RIPFEEALS
MVS 353
T&40 0N
TH02N
TalaN
F4OBN
T4GEN
TalOn
T4t AN
T420M
Taion
Ta&3I2N
T44TN
TA&GEN
TAT 3N
TaTHN
TA&TEN
T4EEN
TA490N
T#G 3N
T4S5N
GEO02N
SPRA1I6R
S5PBE&E3ITH
189348
14950
34400
2a4%P
40489
204

305
STSY
733
Ta&LCN
1458R%
30497
31308
87932
2iIN
T30CN
Pa00R-1
4049
£420%
PA2ES
r4308
TALSZETN
T4LSTHP
F4LI2 2P
TALIE&P
7aL1HER
FaL 502
TFALLISTR
v4sisap
T AL ST 4P

MASTER PARTS LIST



EIP P/N

3070010
3074123
3074168
30TR15T7
3I0TR1FE
2QTHLTY
2074163
3074t 96
FQT4L2TT
3074393
A0 74490

(= 8 Vo sk o 3 B
APRODOOQOCO
N
bO

OO hate e

DO UG Wil

Lo 0l Gl Gad Tt 4 T Gtk
Bt o Sk et ok o4 s Gt P B
WHoaMeoRe

W
i
ut 1ot
<O
<

40039

47035632

ITEM DESCRIPTION

(CIQUAD 2INP NAND GATE
ICITTL/MONDSTABLE My
DUAL Z/74LINE DECODE
QUAD 2INP MULT IPLEXR
PRESET DEC COUNTER
PRESET BINARY CNTR
UB/DN BIMARY CNTHR
PST DECADE COUNTER
GUAD R3 LATCH

DUAL 4-BTT BIN CNYR
DUAL DECADE CNTR
DUAL & INP AND GATE
TRIP 3INP AND GATE
ICTQUAD 2INP NOR GATE
I3 2INP AND GAYTE
ICITRY OR GATE
ICSTRIPLE LINE RECEIVER
TCIGQUAD TRANSLATOR
t
I
H
I
¥

W4 RE BN Ga RS L4 &3 BF Un WS NR

[alaletalalatatataltalaialialyl

o
<
»
<

SQUAD TRANSLATOR
IBI-QUINARY CIOUNTER
LrDUAL ATNPAIOUT OR GT
STRIPLE LINE RCVR
TDUAL D F/F

ADIGITAL MIXER/TRANS
CIHON~TNVERT HEX BUFFR
INDUCTORT OaluUk
INDUCTOR? 1+ QLM
INDUCTOR: QuliSUH
iNDUCTOR: 1 o2 UM
INDUCTORE Q.12UH
INDUCTORI 100 UH
RETRICOMP ©X TOLe 1/8W
RESTRICOMP-SLECT AT YEST
HETRICOMP SX TOL, i/4w
RSTRICOMP 5He1 OMMS 5%
RETRICOMD 5.6 DHMS 5X
RETRICOMP=-SLECT AT TEST
RSTRICOMP 5% TOL. 1/72%w
RETRICOMP 5% YOLs iw
RETRIPREC 121K OHM 1%
RSTRIPREC 39.9K OHM 1%
RSTRIPREC 750 OMM 11X
KSTRIPREC 14.7K OHM  1X%
RSTRIPREC 2.26K OHM X
RETRIPREC 2+473K OHM 1%
RETRIPREC R2.87K OxHM 1%
RSTRIPREC 478K OmHM 1%
RETRIPREC S.62K OHM 11X
FSTRIPREC S.7eK OHM 1%
RSTRIPAREL B.6EK OHM 1%
GRETRIPRFC 1O0K (OHM 1%
HSTRIPREC 200K QHM.25%
RETRIPREC 400K CHM 5%
RETRIPREC BOK OHM 1%
ESTRIWY 5 DHM 1% 7w
RETRIWW O.5 OHM 3IX 2W
RSTRIWW 30 OHM Sx . Lw
RETREW D686 OHM 3JFX 4w
RETRIWW 0.15 CHM 3% Sw
RETRICEM FILM R.2 OHM 5%
RETRICMT FLM 1.00MEG 1IX
ESTRICMT FEM 2.00MEG I%
ASTRICHMT FILM 4.,02MFG IX
RSTRIMEY OXe100PPM, /4w
RETRIMTOX=SLECT AT TEST

[alaialazals]

MFR

DoOOX
0000 X
Q000X
000GX
Q000X
Q000X
O00O0X
A00OK
G000X
Q000X
Q000X
00COX
Q000X
GOOCX
000G K
000aX
a000XK
[slsRe R ¢
0G00X
0000X
Q000X
oRo0x
QOpOX
Q000X
GROOX
TZRES
TF2259
95800
SPECT
t2es9
99800
81249
8i 349
AL 349
81 349
81349
81349
613249
813249
81349
81249
81349
81349
81239
Bl 324G
813249
Bl 249
R 240
At lag
BL2ag
14298
14298
18298
Lazae
1243¢
SiI€27
S&ZEQ
91637
G1637
QootL
oliz21
01121
0i121
2484 &
4545

MFR PART NUMBER

74l OON
74123N
TALHEN
741857N
741 TEN
FALTTN
74153N
THEQOEN
74279P
74393p
Fa4QOP
TAH2EN

183776
FEOSGFXXKJ
RCOSGF AMX S
RLOTGFURK I
RCOPGFSR1 G
FCOTGFSRED
RCOPGE XAXKS
RCROGFEXXXJ
RC32GF XXX
RNSBC1212F
BNSSBC3GREF
RNSSCTS00F
FN5BD1472F
ENSSD2264F
RNSSD2431F
FNESDZ8TLF
ENESSDAFERF
FENSSDEGE2IF
ENESDETELF
FASSDRAKEF
AMESE~C 3~ 10028
AMESS 3= 200 3C
AMESS L im4003D
AMESE-C2-R0028
Y7{10PPM}

R 5« 28

cASEI00S

R S=-2

R5-8
B25~8 ¢ 2-5%~1/4%
CCIO04F

CC200aF

CChROZ4F

Cars2y /70HMS

Ca&/7 2R/ XXX

2
NCTE:D 458P« RESISTORS NON-INDUCTIVE wIREWOUND

FSTRIPREC BK OHM ,01%
SSTRIPREC 10K OHMM -01%
FSTRIPREC 20K DHM. 025X
RETRIPREC 40K DHM L05%
RETRIPREC 3K DHM o1 %
RSTRIPREC BK DOHMM 1%
FETRIPOEC 37K OHM ol %
RSTE NETWOAKIIGKISK 2%
RSTRIVAR CER 1K DH™
RETRIVAR CER 10K OHM
RESTRIVAR CER 100K OHM
RSTRIVAR CER 500 (OFHM
RSTRIVAR CER 10 OHM
FSTRI VAR ww 500 OHM
RSTRIVAR 2S50K/SPDT S5¥W
SHITCHIP/R (PRR IND)
SHLTCHIP/B.8-STATN{451}
SHWITCHITOG.S5PDT 120V s 5A
SWITCHITOGDPODT 125V, 34
SWl TCH . THUMB WHEEL ; BCD
SWITCHIPC 7CKT,,SPST
KE5TRI NPN

TABLE 8-3 (Continued).

0H5%1
05591
055%1
05591
05561
06591
05591
80740
73138
T3t38
73138
T3iiise
73138
731138
1123¢€
EIP
g1
09353
04909
23880
23880
oT263

TYPE 458P15Sa
TYPE &4$8P158
TYPE £S8p158
TYPE 45S8P1S8
TYPE & S8P1S&
TYPE 458P1S8
TYPE &4SBP1S58
AG3~-1-RISK
T2AERIK
TERERY DK
T2RuR 100K
T2XWR300
T2XUR10
89PR~-%00
EFBO7TEB/RVFGS
SRCE CONT DwG
SRCE CONT DWG
Ti01H
BICE4SQ
00048
10Q7P-652
2N3S63

MASTER PARTS LIST



8-8

EiP P/N

ATV4T 24
GT7Q4L 20
470640}
AT044 L6
AT 0LEIEG
4TFG59A3
4705389
47310002
4750003

L2HO015
B440002

EIP P/N

2150008
2350018
2350021
2630009
2630010
2560028
3084123
3084155
3084193
3084796
3084257
3084393
3084490
3087400
3087402
3087404
3087405
3087408
3087413
3087420
3087430
3087432
3087447
3087475
3087476
30875486
3087490
3087593
5710007
4710026

ITEM DESCRIPTION

X3TRI NPN
K§TR: PNP

GP
ap

X5TRT NPN

X8FTR: N~CHAN JFETY

ASTRT PNP RF

X3TRI NPN  DuR

KS3TRI NPN PWR

XK3YR: PNP PR

XSTR: NP P Wi

XaTEy PNP

K3THI PHP  RF
RSTRIGRADED PNSIT7G~RED
KSTRIGRAGED 2NGS179~YEL
XSTRIGRADED 2ZNBLIT792-GRN
KETRIMTCH PR ZNSIT7O=YEL
HETRINPN RF Sw

KSTRT PNP  AMPL

XKETRT PNP AMPY

XETE:T NPN AMPL

KE5TRT N-LHAM JFET

XLSTRI PNP QF

AETRELI NPN  RF

X5TRI NPN RFE
TRANSFORMER . POWER
FANoaXIAL « 115VAL

TILT BaAIL

KMOBIRND WATHNSERT « 31D
KEYs POLARTIZING o PCB COMN
FUSE? «750AcSB:3AG,250V
FUST: 1oBA9 SR 3AG.250Y
BATYERY CLIP, 1/72%3PCG
COVERQZENCLE TOP
COWERENCLE BOTTOM

FOOT PLAST ICIENCLOSURE
CONNIMODIFIED, 24 PIN
LINE CORD SEYe 3-COND

MFR MFR PART NUMBER
DAT13  2N4iZa
04713 ZNALRE
C4T713 2NSACH
04713 2Na416
OAT13  ZNAOSY
04713 2ZNS9E3
QaTIZ  2N5989
04713 MJIE37O
04713 MJEERQ
Qa7L3 MJIEIGO
0471 MPS=HAY

cip 4705179
£ere ATOBITS
E1p sTOS179
Fip 4710052

04713 MMTY3IQEQ
04713 MPS~L51
04713 MPS-D5S
04713 MP5-DO0OS
or29% TIsST3
Q1298 AST4261%
73845 BFRGO

04T13 2NIB8E6IMOT}

EIP SPEC CONT o DWG
23936 8500

31793 4653458
86797 RB6T=0MLeZSSHFT
04638 BI0030~8
71400 MOL~3/4A
71400 MDRwl«1s2
833320 1234

21793 453453
21793 a53454
21763 4E3857

EIP  M/FI12640024
FOG03 17250

ADDITIONAL ENTRIES TO PRECEDING LIST

ITEM DESCRIPTION

CAP: CER . 005 UF 20% 100V
CAP.FDTH: RF FLTR, 5,000 PF
CAP: TRIM 2-8 PF, 250V
SOCKET: {4 PINIC

SOCKET: 16 PIN IC

CONN: RCPT, KEYED, & PIN, M/F 0000M

1C: TTL/MONOSTABLE MV

IC: DUAL. 2/4 LINE DECODER
1C: UP/DN BINARY COUNTER
tC: PST DECADE COUNTER
1IC: 2:1 MUX

1C: DUAL 4-BIT BINARY CNTR
IC: DUAL 4-BIT DECADE CNTR
1C: QUAD 2-INPUT NAND CATE
IC: QUAD 2-INPUT NOR GATE
IC: HEX INVERTER

[C:HEX INVERTER

IC: QUAD 2-INPUT AND GATE

EC: DUAL 4-INPUT NAND TRIGGER  9000X

{C: DUAL 4-INPUT NAND GATE
IC: 8-INPUT NAND GATE
1IC:QUAD 2-INPUT OR GATE
1C: BCD/7-SEGMENT DECODER
1C: QUAD LATCH

IC: DUAL J-K F/F

IC: QUAD 2-INPUT EXCL OR GATE

IC: DECADE COUNTER

IC: 4-BIT BINARY COUNTER
XSTR: NPN PWR

XSTR: NPN RF

MFR MFR PART NUMBER

56289 TG-D50

72982 1270-016
oooen 105-T-24-2/8
71785% 14-N-DIP
71785% 16-N-D1P
RG1.B.306.C
000X 78L5T23N
Q000X 74L5155N
Q000X 7HLST96N
000X TULSH196
000X 74LS257N
00ceX T415393P
000X 78L5490P
0000X T4LSOON
000X 7HESOZN
Q000X 741 S04N
0000X THLSOSN
000X 741.508N
TALS13N
0000X J4LS20N
0000X T4LS30N
0000X T4 832N
000X T4LS4TN
000eX THLST5N
000X TU4LST6N
0000X THLSB6N
0000X 7hE590N
0000X 74L.593N
000X MJE3055
0000X NE73432B

* CINCH DIV., TRW CORP., ELK GROVE VILLAGE, [L 60007
TABLE 8-3 {Continued}. MASTER PARTS LIST



ASSY A1 COMPONENTS PCB ASSY A102 PCB ASSY A103

(BASIC COUNTER) COUNT CHAIN CONTROL COUNT CHAIN g; 33;2?3
P/N: 2020084 P/N: 2020083
R3-4 4010100
REF EIP P/N R5 4010473
REE  SAME  EIP P/N REF  SAME  EIP P/N
R6 R1
FAN 5000012 RY 4010243
SIGNL LAMP 2800010 C1 2300008 ci 2300015 o 4010109
F1(115V) 5000107 C2-3 2750001 c2-3 2150003 R
E1(230V) 5000079  Ch 2250026 cu ci o m
J1(PWR MOD) 2650003  C5 2300015 C5-9 c2 Ri1-16 4010102
J2-5 2610028 C6-10 2150003 R1 Re
JB(ACC PWR)} 2680028  C11 2300029 J1-3 2630000 o 20
SMPL RT KNOB 5000056  C12 cé NS Ry
TILT BAIL 5000055 P2 2000110 o2 N
TOP COVER 5210023  J1 2630009 Roa R
BTM COVER 5210024 R1 4130181 o e
MTG FOOT 5220003  Q1-7 4710019 R2 4130241 s R2
AC PWR CORD 5040002 Q8 4710003 R77 e hoto183
S101(POWER) 4500008 Q9 4704126 U1 sopuas? 207 -
$102, S1o4 4510001 U2 3087408 20 o
THMBWHL SW 4540002 R] 4010100 U3-5 U1 e o
MAN/AUTO SW 4510007  R2-& 4010752 Ug-12 087475 0 N
T1(PWR XFMR) 4900004  R5-6 4010222 Ut3 3000004 o 4010821
R7 1010223 Ut U1 v s
RS 4010103 U1s 3110125 oo it
RY 14010101 U16-18 08176 Lo L
R10-11 RS U19 3084490 oo 4010101
PCB ASSY A100 R12-18 14010560 U20-21 3084196 Lo 4010392
CNTR INTERCONNECT R19-25 4010122 oauo Rn
P/N: 2020070 R26-32 1010471
Ru1 R1
R33 1010102 A
REF  SAME EIPP/N R34 5070821 e r
R35 4250009 PCE ASSY Al04 P e
J1-2 2620016  R36 5010181 CONTROL g .
J3 2620084  R37-38 RS P/N: 2020074
R4S RS
Jy-7 2630009 Ris .
J8 2620014 U1 (NOT USED) REE  SAME  EIP P/N
R50 4010272
Uz 3087405 Re; 4010303
R1/S9 4290001 U3 3087404 cl 2150003 oy Ré
R2 4010332 U4 3087476 c2 2300024
R3 4010182 US4 3640555 C3-12 2150001 S;i ;ggz;‘;g
Ri-18 5010222 U7 3087432 C13 2300075
Us 3087493
Us 3087447 Ci4 c1 s oovaos
S1-8 4500010 U9 3087493 Ccis 2300017 0 Toares
s9 R1/59 U10 5084155 C16 2300029 3 s
U1l 3087408 Ci7-20  C3 0 rourins
XA101-106 2620018 U12 U7 c21 c13 11 SO
XA107 2620019 C22-24  CI o et
XA108-109 2620018 c25 c13 o roaru0
CONN INSERT 5000060 C26 Ci
o s U1l 3087405
u1s 12
Ute u13
CR1-17 2routsy 18 o
01 704124 ijg 3:2
Q2 4704126
U20 Ui
Q3 Q1
Qas a2 uz1 U10 X
Qs o U2z 308740
Q10 Q2
Ql1-12 Q1
Q13 Q2

9/78 TABLE §-4. REPLACEABLE PARTS LIST 8-7



PCB ASSY A105

GATE GENERATOR

P/N: 2020083

REF  SAME  EiP P/N
1 2150003
C¢2/C3 Not Used

ol c1

cs 2250999
c6 c1

c7 cs

Cg-13 c1

Cly 2300015
C15-16  CI

ci7 2300929
C18-22  C1

€23 iy

cau ci

CR1 2704754
Ji-4 2610018

P2 2040091
P3 2040092

Q1/Q2
Q3 } Not used
Q4 4710012

R1

R2

R3

R4

R5 4010680
R& 4010201
R7

R8

R9

R10
R1
Riz-14 4010331
R15 4010102
R16 4010391
Rt7 4010180
R16-20 R12
R21-22

R23 R16
R24 4130182
R25 4730391
R26 4010270
R27 R16

R28 4510151
R29 R12

R3¢ 4130820
R31 4130131
R32 R30

R33 R31

R34-36 R21

R37 4010222
R38 R16

R3g 4010101
R40 R15

R41 R21

Not used

Not used

4010471

8-8

R42 4130122
R43-44 R24
Ru5 R21
R46 R16
Ry47 4130362
R48 8130152
R49 R37
R50 R39
R51 R37
U1 3110216
uz-3 3110231
Ug 3110102
us 3110138
ue 3110125
u7z 3110124
Ug-g 3090003
uio 3087476
Uir-1z 3084490
Ui3 3087404
Uig 3087402
u1s 3087413
uie U

PCB ASSY A 106
HIGH FREQUENCY
P/N: 2020081

REF SAME EIP P/N
C1-2 2150000
C3~4 2150003
Ch 2250001
Ce-7 C3

C8-10 2300010
Cri-12 C1

C13-14 2300025
C15 C1

Cie C3

C17 C1

C18-20 C3

C2 C1

C22-25 C3

C26 C8

C27 C3

C28 C8

C29-30 C3

C31 2300015
CR1-2 2704154
CR3 2705234
CR4 CR1 :
CR5 2705233
CR&-7 2710004
Ji-6 2610018

TABLE 8-4. REPLACEABLE PARTS LIST

Q1

Q2-4

Q5

Q6-7

o1]

Q9

Q10 Qs
Q11-12

R1

R2

R3

Ry

R5-6

R7

R8

RY R3
R10-11

R12

R13

R14 R1
R15 Ri2
R16 R13
R17

R18

R19~-21 R10
R22 R1
R23 Ri2
R24 R13
R25

R26

R27 R17
R28

R29

R30

R31 R17
R32

R33 R17
R34 R32
R35

R36 R17
R37 R29
R38

R39

R4&0 R1§
R4

R42

R43 R17
Ruy R42
R45

Ru46 R1i0
R47

R48 R45
Ru49 R3
R50-51 R45
R52

R53

R54-57

R58

R5g

R60

R61

4704124
4704126
4704959
4710017
4710023
4710024

4710011

4010510
4010392
4130102
4010202
4130120
4010221
4010331

4010102
4010302
4010272

4010596
4010511

4130202
4130680

E130430
4130101
4010431

4130560

4130999

4000820
4010470

4010100
4130390

4130203

4130180

4010681
4010182
4010103
4130221
4130999
425001¢
4130959

R&2-64 R45

Res 4130243
Ré&6 4130820
Re7 4130131
R68-69 R358

R70 R7

R71 4019151
R72 4130681
R73 R67

R74 4130472
R75 4130561
Ui-2 3043049
us 3040747
ug 3010837
us U3

(913 3110216
PCB ASSY A107

POWER SUPPLY

P/N: 2020077-01

REF SAME EiP P/N
Ct 2200010
C2 2300028
C3 2250017
(o) Cz

C5 2200011
Cé c2

C7 2250009
C8 2300025
C8 2300023
C1o 2300008
C11 2150001
Ci12 C1

C13 C2

C1g C10

C15 CcH

C16 Ca

c17 2200012
CRi-4 2704001
CR5 2710028
CRé& 2710029
CR7-8 CR1

CR9 2720963
CR10-11  CR1

CR12 CR9

J1 2620006
Q1 4710002
Q2 4710001
Q3 Q1

Q4 4705989
Qs 4704126
Q6 Q1

9/78



Q7
Qs
Q9
Q1o

R1

R2

R3

R4

RS

R&

R7

R&

R&

R10
R11
Ri2
R13
Rig4
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35

Ui-2
U3-4

9/78

Q2
Qs
1
Q2

R3

R1

R7

R4

R1

R19

R22
R7
R22
R1
Rz4
R25

4010680
4130360
4130821
4110012

4061472
4250009
4062251
4020430

4130200
4130101
4110013
4065621

4062871
4130123

4130911
4065761
4250003
4062431

40310107
4010102
4130512
4170004

4010911

3040305
3040304

PCB ASSY A108

REF. OSC. BUFFER
P/N: 2020078

* INDICATES OPTION P1
(TCX0) VALUES.

REF

C1-2
C3

Ca

C5
C6-10
C1i
ci1z2-21
Cc22
C23-31
€32
C33
C34
C35-38
C37

CR1-4
J1

Q1-3
Q4

Q5

Q6

Q7
Q8-9
Q1o
Q11
Q12-13
Q14

R1
R2-3
R4
R5-6
R7-8
R%
R16
R11
R12
R13
R14
R135
R16
R17
R18
R1¢
R20
R21
R22
R23
R24
R25

SAME  EIP P/N
2150003
2250002
27160999
2350021

C1
(NOT USED)
C1
2250014
C1
2300015
C1
2300029
Ci
C34
2704154
2620029
4703563
4710010
Q1
4704126
4710011
Q1
on
Q7
Q1
Qu
4130999
4130702
4010105
4010332
R2
4010102
4010596
4010999
4010100
4130822
4130392
4130581
4130391
4130912
R13
4130751
4130181
R17
R13
4130270
413030}
Ri2

R26
R26%*
R27
R27%
R28
R29
R29*
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39-40
R4l
Rz
R43
Ray
R45
R46
R47
R4g-~-49

Ut

Y1
Y2¥

R12
R13

R15

R12

R12
R13
R34
R15
R36
R1z2
R38
R39

4130113
4130912
4130132
4130222
4130621
4130101
1130361
4130431
4130911

4130432

4130561

4130112
4010591

31101186

2030011
2030002

PCB ASSY A108
PRESCALER ~ OPTION P2
P/N: 2020079

REF

Ci-5
Cé

c7

s
C9-10
C1i
Ci2-14
C15
C16-23
Cc24
C25-27
C28
C29
C30
C3
C32
C33
C34
C35
C36

SAME

c7

c7

C1

C1

C1
Cc28
C1
C30
C1
C7

TABLE 8-4. REPLACEABILE PARTS LIST

EiP P/N

2150003
210001
2100002
2250002
2160014
21600156

21000731

2250008

2300029

2300015

CRi-2
J1-6
P2

Q1-2
Q3~4

Q6-7
Q8-9
Q10

R1

R2

R3

R4

RS

R&

R7

R8

R9
R10
R11-12
R13
R14-15
R16
R17-18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
Rr29
R30
R31
R32
R33
R34
R35-36
R37
R38
R39
R49
Ryl
Ry2
R43
Ra4
R45-46
R47
R48

U1
uz
U3

R3

RY

R&

R4

R9

R10

R16

R10

2710016

2610018

2040107

4710012
4710024
4710017
4704126
4704724
4710002

4130820
4130131
4010202
4010391

4130221
4130332
4010431
4130102
4130681

41301701

4130132

4130821
4130201
4130912

4059999
4130181
4130510
4130302
4130911

4130240
4130431
4130471
41301863

4010153
4130621
4130271
4130361

4130202
4130392
4010102
4130752
4130472
4010471
4010432
4010362

3110276

3110104
30106176

8-3




PCB ASSY AT10
DISPLAY

P/N: 2020080
REF SAME
DS1-7

[BAE

DS9-11

DS12

J1

21

R1-5

EIP P/N
2800004
2800001
2800008
2800014
2050073
2080063

4010151

PCB ASSY A111

BCD OUTPUT/REMOTE

PROGRAMMING -

P/N: 2020082
REF SAME
C1-3

CR1-2

J1-6

P1

R1-5

R6

R7

R8

R9 R6
R10-20 R
R21

R22

OPT Pi

" EIP P/N

2150003
27048154
2630009
2640004
8010222
40107103

Loto2z4
Lo10104

40101571
4010101

31714050
3074157

ASSY A2 COMPONENTS
(CONVERTER TRAY)

REF

AZ2Q1

8-10

EIP P/N

4710009

PCB ASSY A200

CONVERTER INTRCONN

P/N: 2020090
REF SAME

J1
J2

1
P2
P3
Pu
P5
Pe

XA202-203
CONN INSERT

EIP P/N

2620014
2620042

2040068

2040095

2040096
2040097
2040098
2040099

2620018
5000060

PCB ASSY A201

SOURCE/AMPLIFIER
(PART OF MODULE

ASSY 2010091)

REF SAME
Ci-2

C3

Cy

C5

C6

C7-10 C1
C1t

C12

C13-15 C1
Cle

C17

C18

C19 C1
C20

c2 Ci
Caz

C23

c24

C25

C26-28 C1
C24-30 C22
C31 CcHl
C32 C1
C33-34 Cé
35 C16
C36 c17
C37 C18
C38 C1
C39

C40

Cat-4z
Cu3-44 C1
Ci5 Cuo

EIP P/N
2150003
2300008
2300015
2250032
2150001

2160016
2160007

2350003
2160013
2160008

2250005

2160005
2350001
2160008
2160004

2250002
2350002
2160010

Chs
Ch7-49
C50
C51
C52
C53
C54-55
C56
C57-58
C59-61
C62
C63
CH4-66
ce7
C68
C69-79
C81-82
£83-84

CR1
CR2
CR3
CR4
CR5
CRE-11

FlLi-4

J1-3

L1-2
L3

La
L5-6
L7
Le-9
L10
.13
L12
L13
L14-15
L16
[.17
L18-21
L22
.23
[.24-33

Q1-2
Q3
Qu
Q5
Q&-7
Q8
Q9
G10
an
Q12

cu
1
C39
Ci
Ca0
cin
C1
2350022
C39
i
23000265
Cé
C1
2250014
{NOT USED)
C1
Cé
C1
2710006
2704154
2710012
CR2
CR1
CR2
2350018
2610010
{NOT USED}
3520007
3510003
(P/O PCB}
LA
(P/0O PCR)
3510010
3510001
.4
(P/O PCB)
L10
L4
(P/O PCB)
L10
3510011
.4
L10
B7045124
4710012
4710010
Q3
4704416
Q3
Q4
4704126
4710013
Q6

TABLE 8-4. REPLACEABLE PARTS LIST

Q13-14
Q15-16
Q17
Q18-21
Q22
R1
R2
R3
R4
RS
R$
R7
R8
Rg
R10-11
R12
R13
R4
R15
R16
R17-18
R19
R26
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
Ra1
R4z
R43
Ray
Ras
Ras
Ru7
Rag
Rug
R50
R51
R52
R53
R54
R55
R56
R57-58
R59

G3
5720002
4710003

210

Q1
4010222
4010570
4130682
4130392
4130271
4130202

R4

R3
4130998

{(NOT USED}
4010391
4o1o11%
413024
4130182
4130122
4130622
4130562
4130912
4130302

R16
4130821
4130102
4e10102
EOT0472
4130511
4130221

Rz27

R15

R28
5130332
4730243
4010243

R33

R24
4130113
8010393
4130201

R24

R20

R21

R18

R23

Rz4

R4

R21

R39
4130300

R9

R17

R24

R33

{NOT USEM)
4130112
2130101

R17

R24
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Re0 4130223
R61 R24

R62 30103
RB3 R37

Rb4 R23

R85 4130272
R66 4010272
R67 5130472
R&38 R9

R69 R32

R70 4010101
R71 4010103
R72-78 R70

R79 {NOT USED)
R80-81 4130222
U3 3010657
Uz (NOT USED)
(K1 3014044
Ui-5 3040741
PCB ASSY A202

YIG CONTROL.

P/N: 2020092

REF SAME EIP P/N
C1-2 2150010
c3 2150003
Ci-86 3

Cc7 2150008
Cs 2150001
Co-11 C3

Ci2 2250003
C13 2150006
Ciy 2300029
C15-16 C3

17 C7

C1i8 C3

C19 C8

C20 2300020
Ccz21 C3

C22 2300008
C123 Cc8

C2k 2250008
C25-26 2250014
C27-28 Ci4

C29 2300023
C30-32 C3

C33 2300015
34 C3

C35 C33

£36-39 C3

Cuo <29

Ci C3

CR1 2705231
CRr2 2704154
CR3 2700827
CRY CR2

CR3 2704757
CR& 2704001
CR7-8 CR2

J1-2 2630009

9/78

43

G1
Q2-10
Qi
Q12
Qi3
Q14-15
Q16
Q17
Q18
Q19
Q20

R1-2
R3-4
R5
R&
R7-8
R9
R10
R11
R12-13
R16-17
R18
R1%
R20
R21
R22
R23
R24
R25
R26
R27-28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39%
Rao
Ryt
Ra2
Ri3
R
Ra5
Riag
Ru7
Rug
R49-55
R56
R57
R58
R59
R60
R61
R62
R&3
Ray
R&5

2620048
704124
4704401
Q1
45710018
(NOT USED)
Q3
5704126
Q1
5710009
Q16
4710003
4130103
4130222
4130302
4130752
3130113
R5
R3
14130202
&1
4120203
4010682
4010133
4010513
4010112
4010101
40102402
4010911
4010222
4010473
4010102
RZ6
R24
R23
R22
4016103
5910104
4010362
R25
4610333
R25
R27
R25
4010201
14120010
14120011
4120012
4010825
4010166
4010336
4010626
14010272
1010271
4010512
R25
Rug
4104003
R33
R49
4102003
R33
R49

Ré6
R&7
R68
R69
R70
R
R72
R73
R74
R75
R76
R77
R78
R79
R80
R81
R82-83
Raa
R85
Rg6
R87
R8s
R8&9
R0
R91
R92
R93
R94-95
R96
Rg97-104
R105
R106
R107
R108
R109
Ri16
R111
R112
R113-114
R115
R116
R117
R118-119
1120
R121
R122
R123

U1
Uz2-3
Uy

Us

Ue

Uz

ug
Usg-10
Uii-14
Uis
Uié
Ut7-18
U19-20

4101003
R33
Rag
3108002
R33
Ras
4140033
4010123
R4g
4140032
4010203
Rag
5140031
R25
4140030
4057500
11400635
5010152
B140034
4140039
4280009
4051212
4250003
0053922
R85
4110003
0910162
4010391
R27
R25
0010752
4010153
4020100
0010432
401051%
R106
4019392
R7
5130181
R7
0010121
4110010
R107
R1186
R17
(NOT USED)
4130999
30114935
3040741
3087493
3071414
3087500
3087462
3087405
3084193
U2
Us
3087430
3087486
3074176

TABLE 8-4. REPLACEABLE PARTS LIST

PCB ASSY A203

CONVERTER SEQUENCER
P/N: 2020093

REF

C1
C2

R10
R11
R1i2
Ri3
R4
Ri5
R16
R17
R18

SAME

Ci
C1

C1

c1

C1

C7
Ci
Ciz

C1
c16
Cc1
c12
C1
Ci2
C1
C10

CR1

CR4
CR1

Q1
Q3

R8

EIP P/N

2150003

2150008

2300005

2300029
2300008
2300615

2250014

2250003

2300026
2704154
2710004
2705230
2705237
2704001

2705227
2703231

2620008

4708124
5704126

0016201
(310123
4610512
4010102
4010152
4010624
0910334
3010164
4010753
4010393
4730183

4gtog22

4130273
4010434
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R19 4330103 RS9 4010181 C38 23060029 R2 4130201

R20 R7 R90 R21 C39 C36 R3 4130621
R21 4230006 R91 4010302 Cho-41 €38 R4 4130560
R22 4010569 R92 R65 CU42-42 2300005 23] 4130242
R23 4130122 R93 R17 Ciy C38 R& 4010596
R4 4130152 R4 R24 cas o R7 R3

R25 4010104 R95 R26 CH46 c2 RS 4130911
R26 4010471 196 4010751 a7 cs R9 (NOT USED)
R27 4030820 Ut 3110125 cug C3 R1G-11 4120608
R28 4010703 Uz 3087402 C49 (NOT USED) R12 Ry

R29 R19 U3 3084123 C50 Cs R13 RS

R30 4130222 Us 3084393 C51-53 2160009 R4 R

R31 R19 Us-6 3041458 C54 2160011 R15 R3

R32 R16 u7y 3087432 Cs5 cs R16 R8

R33 4010101 us 3074177 Cs56 €35 R17-18 R0

R34 4010163 U9 3087400 C57 o 2160007 R19 RY

R35 40710596 u1o 3084155 C58 2160013 R20 R5

R36 R16 ut1 3089602 C59 C35 R21-23  Rs

R37 4010473 u12 U9 C60 C58 R24 R3

R38 R34 U13 3087420 C61 2250025 R25 RS

R39 4130153 Uty 3087408 C62-63  C3 R26 (NOT USED)
RUO R23 U1s U9 Cé4 2250008 R27-28  RI10

R 4130102 U16-17 3043130 CE5-66 2250027 R29 4010510
R42 4068661 uU1s 3040555 ce7 C3 R30 4010470
R43 R42 u1g U4 C68-69 2250016 R31 4139271
R4 4250003 U20 Us c70-72 €3 R32 4130122
R4S 4130431 C73 C38 R33 4016100
R46 4130271 C74 C3 R34 4130121
RA47 4130182 PCB ASSY A204 C75 C38 R35 4130910
R48 R26 IF PROCESSOR (PART OF C76 C3 R36 4130821
R49 4010202 MODULE ASSY 2010094) 77 C36 R37 R6

R50 4130240 C78-79  C5 R38 R29

R51 4010390 REF  SAME  EIF P/N R39 R30

R52 R47 CR1-2 2710016 R40 R31

R53 4130203 C1-2 2250012 CR3-4 2705234 R41 R32

R54 4130243 C3-4 2150003 CR5/CRE 2710014 RY42 R33

R55 4010472 s 2150001 R43 R34

R56 4010562 C6-7 C3 FL1-3 2350017 R4b R35

R57 R55 ol 2250028 R45 R36

R58 4010622 Co-10 C3 31-7 2610010 RuG R6

R55-60  R28 cn C5 J8 2610017 R47 4130471
R61 R7 c12-13  C3 R48 4250003
R62 4010203 Cly c8 L1-2 3516001 R49 RY47

R63 R26 €15 C3 L3-9 (P/O PCB) R50 4010334
R64 4010242 C1é Cs L10-11 3510010 R51 4230006
R65 4010333 Ci7-18  C3 L12 3510008 R52 4420161
R66 R55 C1g cs 1.13-15 (P/0 PCB) R53 R6

R67-68  Ru47 C20 C5 L17-19 3510011 RS54 4130101
R69 4010392 c21 2250001 L2021 (P/O PCB) R55 4130162
R7G-73 R3 cz2 C5 R56 4130751
R74 4130822 c23 c3 P 2040066 R57 R52

R75 R14 24 C5 R58 R3

R76 4010363 gzs 2160012 Q1 4710026 R59-60  Ro4

R77 R12 C26-27  C5 Q2-4 B710011 RET 4130102
278 R11 P o Q5-10 4710023 R62 4130201
R79 R10 ¢29 cs Qi 4710012 RS3 4010181
R8O R9 c30 P Q12 BTOMI2E g5 4070432
R81 4010999 (3 s Q13 HIORIZ6 g 5010431
R82 4010221 Caz 5250017 Qua-15 Qs R67 4070133
RB3 4130133 C33 (NOT USED) Qre-17 Q2 R68-69 4010101
R84 4130472 o3y cs ais BTTO0T0 - g 4010621
R85 4130561 P 2160014 Qre-20 Q2 R71 R68

RE6 4130999 C36 7360015 Q21-22 Q18 R72 4010102
R87 4130272 37 c3 R1 4130999 R73 R63

R8s 4010362

8-12 TABLE 8-4. REPLACEABLE PARTS LIST 9/78



R74
R75
R76
R77
R78
R79
Rgo
Rg1
R§2
R83-84
R85
R86
R87
R8s
R89
R8O
R9
R92
R93
Ro4
R95
R96
R97
R98
R9%
R100
R101
R102-103
R104
R105
R106
R107
R108-109
R110
R1%1
R112
R113
R1i4-115
R116
R117
R118
R119
R120
R121
R122
R123
R124
R125
R126
R127

U
Uz
U3-4
Us

4130510
R33
R32
R31
R30
4130331
{NOT USED)
4010821
R6
4130470
4010332
R30
R85
4010103
R4
4130103
4130433
R4
R90
4130473
R51
4130183
2130132
4130152
4010472
4010391
R61
R72
4010200
R100
R72
R61
R72
R100
4010221
4010111
R68
R8s
4010753
{NOT USEDj)
4010104
Rgs
4130301
R36
R72
4010820
4010131
4130202
R34
4010390
3040733
30507310
3110105
U2

ASSY A205
MIXER
P/N: 2010007

{NO REPLACEABLE
COMPONENTS}

ASSY A206
LIMITER/ATTENUATOR
P/N: 2010113

{NO REPLACEABLE
COMPONENTS)

ASSY A207
YiG COMB GENERATOR
P/N: 2010122-03

{NO REPLACEARLE
COMPONENTS)

TABLE 8-4, REPLACEABLE PARTS LIST






SECTION 9

CIRCUIT SCHEMATICS & DESCRIPTIONS
COMPONENT LOCATORS

9-1. GENERAL §~4. Urnless otherwise specified, the foliowing notes
apply to all figures in this section,
8-2. Schematics and Component Locators are arranged

by Assembly number {A161, A102, etc.}. Circuit descrip- a. Resistanece values in ohms.

tions and circuit theory are shown on the same or adja-

cent pages. All assembly related drawings and diagrams b. Capacitance values in microfarads {"pf" values in
have the same figure number, but have different suffix picofarads).

letters (8-8A, 9-6B, etc.}.
¢. Connector reference numbers may not appear on
¢-3. Parts Lists and Ordering Information will be found part.
in Section 8.
d. SAT = Selected at Test. Nominsl value shown;
part may not be installed. MP = Matched Pair.
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FIGURE 9-3A
COMPONENT LOCATOR
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COUNT CHAIN CONTROL (A102)
General

Count Chain Gontrol A102 controis and processes the flow
of information on Count Chain board Al108, and drives the
front panel visual display. A pulse-streicher and driver
(on A102) also operate the GATE indicator on the front
panel of the counter.

The clock generator, a +18 counter, and a 3-8 line decoder,
serve to produce a sequence of eight addresses. These
cause the DCU's on AL03 to read out their BCD contents,
in seguence, back to the data input of A102. The digits

of the number representing the frequency measured by
the counter are thus read in sequence into A102. The
BCD numbers are decoded by U8 to drive the segments

of each display digit on Display hoard A110. The same
address generator that selected DCU's on A103, now ad-
dresses and drives the proper display digit of A110, so
the number of a particular DCU of A103 will be displayed
in the proper position. The address drive to certaln dis-
play digits may be removed (to blank these digits) via the
RESOLUTION switches.

The gate trigger is applied to a pulse-stretcher on A102,
This insures that the gate control signal is of sufficient
duration that the GATE indicator will produce a visible
flash for each measurement cycle of the counter. (Short
gates of 100 s would not otherwise be visible.)

Display Address Generator (U8, U§-11)

The Address Generator is driven by the clock generated
in U6 at & 200 kHz rate. This drives binary counter U9,
producing a sequence of sixteen different states on its
four output lines. The last three lines: B, C, and D,
drive decoder Ul6¢ which produces an cutput on one of
eight output lines for each of the eight different states of
the inputs: B, C, and D.

Seven of the eight single line outputs of decoder U10 are
used to select display digits directly. The address {o the
DCU's of A103 however, is a one-oi-four line code, plus
an odd-even code on a {fifth line. The one-of-four line
code is obiained by combining successive outputs ef de-
coder U190 in groups of two in the four AND gates of Ul1.
The edd~even code is simply the A input to U10.

Display Decoder, Driver, and Leading Zero SBuppres-
sion Circuiis (U2, U4, UR)

The BCD to 7-segment decoder is included in US It
directly supplies the cathode curreats to the segmenis
of the display digits which must be illuminated to display
the number given by the BOD code. Additional inputs to
U8 allow all outputs to be activated simultanecusly {Lamp
Test which displays all 8's), all outputs turned off simul-
taneousiy {BI/RBO which blanks the display), or the out-
put bianked if the BCD input is zero (RBI). This last in-
put is used in leading zero suppression.

The anode currents of the seven display digits are sup-
plied by the seven individual digit drivers Q1-Q7. These
drivers are furned on in sequence by outputs 1 through
7 of U10, and effectively apply the +5 volt adjustable sup-
ply to the ancdes of the display digits. The segment cur-
rents are then determined by the segment drive cutputs
0f U8, and the seven resistors in the output lines. (Active
outputs are driven to ground so output currents will be
determined by the value of the series resistors.) Corres—
ponding segments of all display digits are wired in paral-
lel, with all seven display digits being driven simul-
taneously by the 7-line decoder. Only one of these digits
is supplied anode current by the digit drivers at any
given time. The correct BCD input to US is selected by
address decoders on the Count Chain {A103).

2020084
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The zero suppression circuits cause all digits to the left
of the first non-zero display to be blanked. Qutputs of
dacoder Ul0 are processed in U2, U4, U8, and U1Z, to
produce this result.

Decoder outputs of U0 occur in regular lime segquence
0 through 7. Defining the interval in which output 0 is
active as TFQ (Time Frame §), then intervals TF0, TF1
..... TFY, are of egual length, and occur in a regular
repetitive sequence. Display digits are driven in Time
Frames THF1 - TE?7, The zero suppression latches are re-
set in TFO of sach sequence. The BCD cutput from A103
is coded to be always zerc in TF0. This is decoded in
data detector U2 to produce a high at the set input to the
U4 latch. U%A output, and UL0 TFO output, are combined
in U3 and U7 to produce a reset input to U4B at TF} {the
second half of TF0). U4RB is then always reset at the be-
ginaning of the TF1-TF7 sequence, Buring this sequence,
the DCU cutpuis of A103 are addressed and read oufin
seguence: 16 GHz, I GHz ... 100 kHz. H any of these
BCD outputs are non-zero, detector U2 immediately sets
U4B. U4B is then reset until the lefi-most non-zero digit
of the display appears after which it remaing set through
the remainder of each display seguence. This flip-flop
is used to remove the suppression when ail digits are
zero, otherwise the display would disappear completely
if there were no input to the counter (zero freguency).
The narrow MUX clock is applied to the non-zero data
detector via Ul2 to disable the detector during clock
pulses, so swiiching transients do not cause problems.

Flip-flop U4A controls the zero suppression directly. If
U4R is in the set state at the end of a display sequence,
then U4A is reset by the clock pulse at T¥{ of the next
sequence. If U4B is in the reset state at the end of TF7,
then U4A is set at TF$ of the next sequence. If non-zero
data ccours in a display sequence, U4A is set and enables

9-§

zero suppression in the next sequence. If all data is zero
through a sequence, U4A is set and disables zero sup-
pression in the next sequence. Assuming that many dis-
play seguences occur for each set of BCD data, then all
zero data receives no suppression, and all zeros are
displayed, while non-zero data has leading zeros sup-
pressed.

UU4A enables zero suppression in its reset state by apply-
ing the low @ cutput to the ripple blanking RBEI input of
U8, With this input low, all decoder outputs are shut off
when the data is low and the BI/RBO ouiput is also low.
When ever data becomes non-zero, BI/RBO goes high and
sets U4A, removing the REBI input enable. This can oaly
be again enabled at the start of a following sequence
when 4A may be reset.

Gate Indicator Driver (U3, Us, U7}

The froat panel GATE indicator is driven directly by OR
gate U7C in response to the gate trigger from A105. A
second input to this gate is obtained from US which is also
set by the gate trigger via inverter U3E, US5 is a one-shot
whose period Is set tc abowt 30 ms. The drive pulse to the
indicator in response o each gate trigger is then of suf-
fictent duration to be visible, even for very shori gate
times.

FICGURE 9-4A
COMPONENT LOCATOR
COUNT CHAIN CONTROL (A102)
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COUNT CHAIN [AT03)
General

Count Chain board A103 accumulates the counts provided
by the output of High Frequency board A108, and on com-
mand, stores this BCD information in a separate storage
unit. A multiplexer scans the information one digit at a
time, and presents the BOD digits serially on a four line
ocutput bus. (For Cption P4, the same information is pre-~
sented in parallel form to the rear panel BCD Output con-
nector.) The last three DCU's of the counting chain may
be preset before normal counting begins.

The 451 Counter measures frequencies by dividing the
input frequency in cascaded Decimal Gounting Units
{DCU's) for a precisely determined gate time. The num-~
ber eof accumulated counts, divided by the gate time,
gives the frequency directly. The first DCU is on A106,
and is followed by seven additional DCU's on this board.
Each DCU has a four-line BCD ouiput to show itg acou-
mulated count. These BCD ocutputs are decoded and
drive the front panel display which shows the value of
the digits accumulated by each of these DCU's.

Counting Chain (U16-21)

The counting chain incorporates seven DCU's. The first
two are higher speed than the remaining five, as they
must operate at higher frequencies. Except for the first
DCU, the D cutput of each DCU directly drives the clock
input of the next DCU. The first DCU is presettable by

the 1 ms gate command. When this command is not acti-
vated, the DCU is held in the "9" state. The DCU carry
from the High Freguency board (Ai06) then bypasses

the first DCU and directly clocks the second DCU. When
the 1 ms gate command is activated,the preset is removed,
and the DCU carry clocks the first DCU which clocks the
second. In this state, the first DCU is effectively placed
in the count ¢chain. The last three DCU's may be preset fo
any desired number by applying a load command before
normal counting begins. This is used to add the Convert-
er local oscillator freguency fo the counting chain o ob-
tain the actual input frequency in Band B.

Storage Unit (U6-12, U14)

Seven 4-bit latches are provided which store the infor-
mation from the DCU's. The last six are driven directly
from the BCD information of each corresponding DCU.
The first one is driven from a data selector multiplexer
which is controiled by the 1 ms gate command. When
this command is not activated, the dats selecior presents
the BCD information from Al06 to the latch. When the
1 ms gate command is activated, the data selector selects
the BCD information from the first DCU on this board.

Storage Unit (U6-12, U14)

Seven 4-bit latches are provided which store the infor-
mation from the DCU's. The last six are driven directly
from the BCD information of each corresponding DCU.

The first one is driven from a data selector muliiplexer

2020083 D
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which is contrelled by the 1 ms gate command. When
this command is not activated, the data selector presents
the BCD informaticn from AlG6 to the latch. When the
1 ms gate command is activated, the data selector selecis
the BCED information from the first DCU on this board.
A load command to all latches, causes the DCU informa-
tion to be stored and held until the next load command.
Al} information from the counting chain fo the balance of
the counter, is ebtained from these latches.

Data Output Multiplexer (U1, U3-5)

The multiplexer converts the parallel BCD information
located in the latches, 1o the serial form necessary to
drive the front panel display. Each multiplexer has tri-
state outputs — this means that the multiplexer can be
gated into an active or passive state. In the passive state,
the output is a high impedance which does not respond
to the input, thereby allowing the output to be controlled
by another IC. Each IC containg four separate channels,
with one output and two inputs per channel. A select in-
put to each IC allows one or the other of the inpuis to be
transferred to the output. The parallel BCD information
from the latches is directly applied to the multiplexer in-
puts. An input select line {(MUX 0dd/Even), combined
with a four-line gating bus (MUX Select Bus}, serially
selects this BCD information and places it on the muld-
plexer outputs which are tied together. The end result
is serial BCD information which corresponds to the input
frequency.

-8
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CONTROL. (A104}
General

The primary function of this unit is to control and step the
counter through the sequence of operations required to
measure the frequency of the input signal to the counter.

As with the central processing unit of a computer, gener—
ation of this seguence of commands fo various portions of
the counier is timed by an internal clock: The sequence
may be modified by external control inputs, hence the out-
puts of most panel controls on the counter feed directly to
this unit (TEST, BAND, RESET, etc.). Reset always
returns the sequence immediately to a fixed starting point.

Contro! Seguence Generator (Ui-35)

This unit produces control signals in sequence on one of
sixteen output lines. U5 is a straight scale-of-sixteen bi-
nary counier which advances one state each time a clock
pulsé is applied to its input. The four outputs A, B, C,
and D,are applied to two 3-8 line decoders (U3,U4) to pro-
duce an output on one of 16 lines corresponding to each of
the sixteen possible states of binary counter Ub. A resel
signat to Ub returns the unit to the start of the sequence
with the "0" output line active. A disable input to the de-
coders allows all outputs o be deactivaled at any point in
the seguence. This is used during the clock pulse or the
reset input to U5 to prevent false outputs on any decoder
lines from cccurring during fimes when the counter out-
puts are in transistion between states,

Flip-flop U2A is used to indicate whether the sequence is
in one of the states "0" through "9" or in one of the states
"10" through "15". After state "9", the frequency measure-
ment is already complete but not yet displayed. The re-
action to external interrupts is then different in these two
cases,

Flip-flops U1A and Ul1B are used to produce a much longer
than normal step in the control sequence. This allows ex-
tra time to read data from the DCU's of the Count Chain in
A103 through a multiplexer into latches which hold this

data. Cutput state "11"" sets flip-flop UlA which immediately

gaies off all the decoder cutputs via gates UL0B, U8B, UllA,
and U11B. The sequence generator then operates at full
speed in states "12" through a second "12". Flip-flop U1B

is set by the D output of U5 while going into state "87,
which reactivates the decoder outputs. The output during
state "12" is able this time to reset both UiA and U1B, and
return the sequence generator to normal operation. The
DATA UPDATE output during this long step of the sequence
is obtained from UIA rather than from the decoder ouiputs.

Decoder cutputs "13" and "14" are combined in U16 to pro-
duce a Print Command pulse twice the duration of the nor-
mal sequence outputs,

The control sequence may be frozen in any state by inter-
rupting the clock input to binary counter US.

Control Sequence

There are 16 output lines from the decoders which are en-
ergized in sequence each time the counter repeats a meas-
urement cycle. The operations which correspond to com-
mands on each of these lines 0-15 are listed in Table 9-6A.

Any of the normal times listed the Table may be extended
by interrupting the sequence clock. The times listed as
varizble in the Table are conirolled by internally gener-
ated interrupt signals. With Programming Option P4, such
an interrupt may be applied from outside the counter. This
might occur with & printer, which must freeze the data in
the counter until printing is complete. Other interrupts
may be generated internally, depending upon the state of
the input signal to the counter.

Control Sequence Reset or Interrupt Conditions

The Sequence Generator is reset to iis "0" state in a variety
of conditions where a measurement has started but cannot
be successiully completed. The reset then prevents erron-
eous data from being displayed or sent cut {o other remote
equipment, The actions that cause these resets include:
externally controlied changes of the mode in which the
counter operates (band change, Test, etc.),or large
changes In the input signal itself before a successiul meas-
urement can be completed, The sequence can also be in-
terrupted or reset by direct external commands.

2020074
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Events which cause both reset of the sequence to "0* and

Converter recycle {plus immediate zero display), are as
follows:

Counter power turn-on.

Switch to Band B.

End Test in Band B.

Reset commands externally or manually applied.

oo oe

Other events which cause the sequence to be reset {o "0":

Change of RESOLUTION controls,

Switch to Band A.

Start Test.

End Test in Band A.

Start-cycle command from external source.
Converter lock or unlock in Band B during se-
quence !l{]!! - "9”_

g. PRF limit signal changes state {input signal ap-
pears or drops out) during sequence "0" - 9%,

SR Q0 TR

A number of conditions alsc cause the sequence to be in-
hibited:

a. A direct Seguence Inhibit command from an ex-
ternal source,

b. Operation of the Display Time Generator. This
produces a variable time inhibit controlled by
the SAMPLE RATE control or a permanent in-
hibit with the control at HOLD. A reset (external
or manual) command ever-rides this signal and
causes a single sequence before the inhibit is re-
established.

c. Operation of the Gate Generator (A105). During
Seguence "8" if the counter is in Test or locked
te an input signal, the Gate Generator inhibits
the seguence until the prescribed gate time is
accumulated. Input signal dropout removes this
inhibit unless the unit is in the Test mode.

d. PFR limit signal appears (input signal level above
threshold) in Band B, but Converter LOCK absgent.
A delay is produced before seguence continues
(or resets) o see of Lock will soon be achieved.

9-10

e. LOCK lostin Band B. Time is allowed for relock
to a measurable input signal before a reading of
zero is produced. This prevents zero readings
when lock is broken, even though a measurable
input is present continuously.

Reset Pulse Trigger Generators

A iarge proportion of A104 consists of circuits which reset
the sequence generator or other portions of the counter.
The triggers which operate the reset generators are form-
ed from the varicus inputs in the same way. The input sig-
nais are step functions which are differentiated in RC net-
works (C18, R37, for exampie), and coupled through dicdes
to a common two transistor output stage {Q10, Q11, for ex-
ample}. The TTL compatible output trigger then drives the
IC reset generator or gate.

Six inputs to C7-C12 are combined in diodes CR3 - CR§
and output stage Q3, Q4 fo reset the sequence generator
through gate UilD. Four additicnal inputs to €3-C§ are
combined in CR10-CR13 and output stage Q5, Q6 to drive
OR gate U22A. During sequence states "0" - "8"%, this
gate drives the first network through CRY and resets the
sequence generator if any input to C3-C6 cocurs during
states "0"-"9M,

Three inpuis to C17 - C19 drive a similar network through
CR15 - CR17, and Q9, Q9. These trigger the reset genera-
tor one-shot U7A, which produces a uniform pulse about

5 us in duration. This pulse resets the sequence genera-
tor, the display generafor, the lock delay generator, and
externally the Count Chain and Converter. The Gount
Chain immediately generates and displays a zero.

The inputs to C18 and €19 are obtained from Schmitt trig-
gers in US. Inputs to UY are slow rise signais which are
changed to single fast steps by the threshold circuits of Ug.

FIGURE 9-6A
COMPONENT LOCATOR
CONTROL (A704)



SEQUENCE FUNCTION DURATION
[H Reset - Resets "0" - "8" Detector. 19 us
1 Reset - Counting Chain reset to zero. Hus
2 Offset Load - Last three DCU's of Count Chain
set to any desired number. 10 us
3 Blank 10 us
4 Blank 10 us
5 Blank Wus
8 Reset Time Base Generator — Resets Time Base
Flip-flop and accumulator on A105, G us
7 Blank 1D us
8 Signal Gate Enable - Allows Gate Generator {A105)
to open the signal gate for the prescribed
gate time in response to indication of a
measurable input signal to the counter.
This is the period when the measurement
of input signal frequency actually occurs. Variable
g Biank 10 us
it Measurement complete - Sets '"6" - 9" Detector
to show that measurement portion of
cycle is complete. 10 us
11 Update Data - Latches associated with each DCU
of the counting chain are latched to
new DCU data. 70 us
12 End Update Data - Hesets update data fdip-flops. 0us
13 Print - Sends out signal indicating that new
14 measurement data is available. 20 us
15 Display - Starts variable time delay, controlled
by SAMPLE RATE control, which sepa-
rates successive measurement cycles, Variable

TABLE 9-6A. CONTROL SEQUENCE



Display Time Generator

After each measurement is complete, this unit inhibits
the Sequence Generator for a time interval determined
by the front panel SAMPLE RATE control. In the HOLD
position, the inhibit is permanent until a manual or ex-
ternal reset command is applied, or the power is turn-
ed off.

The generator includes a variable period one-shot U7B
and DCU UB. The one-shot is connecied to produce a free
running multivibrator during the delay time. Its output
drives the DCU, which extends the period of the ons-shot
by a factor of ten. The only output of the display genera-
tor is a sequence inhibit signal. The DCU outputs are
combined to inhibit the sequence, in all but the DCU "3"
state. This signal is further combined with the sequence
"15" and Fast Cycle conirols so that inhibil can cccur only
in sequence "15" with Fast Cycle not applied and with the
display generator DCU not in the "8" state. The Hold in-
put keeps the DCU at "0" state, which applies a permanent
seguence inhibit in sequence state "15" as long as Fast
Cycle is not applied (or the unit reset] .

To start the display time, the DCU is set {rom the previous
n9Y grate to "0" during Sequence "14". At Seguence "15",
the dispiay time one-shot is triggered and commences to
free run at a rate defermined by the SAMPLE RATE control
setting (approximately .3 - 30 pulses per seccnd). Unless
held reset by @ Hold command, the DCU is stepped 4t this
same rate until it reaches state "8". The seguence inhibit
is then removed and the sequence continues normally, thus
ending the display time.

Test Mode

The circuits involved in test mode generation are primarily

Test Flip-flep U2B. The input command is inverted and
drives the flip-flop into the set state. It is held in this state
until the input command is removed. Sequence Generator
115" putput then resets the flip-flop at the end of the meas-
urement cycle. Outputs of the flip-flop reset the sequence
generator at start and finish of TEST, supply TEST com-
mands te the Gate Generator (A1053) and the High Frequency
{A108) hoards, remove the Offsef Load command in Bandg B,
and remove the Band A and B control signals to A108. The
cutpuis provided cause the counter t¢ measure an internal
200 MHz test signal as long as the Test Flip-Flop is held
set.

PRF Limit

The PRF Limit cirouits receive the inpul threshold signal
from Gate Generator A105. This signal is present when-
ever the input signal o the counter is above the presel
threshold level, and absent when if is below this Ievel.
The PRF circuit then produces a continuous oufput un-
less gaps in the input exceed about 160 ms, indicating a
drepout of the input signal. The PBRF Limit Disable input,
when active, causes the PRF circuit to produce a perman-

ent high output, despite the disappearance of the input
signal.

The PRF gircuit includes a one-shot (UBA} , triggered by
the step which cccurs when the inpuf threshold signal dis-
appears. The threshold signal also produces a fast-fall,
slow-rising output from inverter U4A with C14, R25, ang
R26 load. This signal and the cne-shot Q ouiput are com-
bined in NAND gate 520D to produce a signal that rises
rapidly with appearance of the threshold signal. If does
not fall however, unless the threshold signal stays low for
more than 100 ms {the time constant of the one-shot. )
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GATE GENERATOR {(A105)
General

The primary function of this unit is to produce the gate
signal which conirels the time intervals over which the
input to the counter is accumulated. It also produces the
160 kHz Contrel Segquence Glock, and & 200 MHz Test sig-
nal. These cutpuis are all based on 200 MEz and 10 MHz
references supplied from other portions of the counter.

Gate and Enable Flip~Flops {UBA/Bj

The flip-flops are dual ECL types, both clocked by the

same 200 MHz reference signal. The Gate Flip-flop con-
trols the main counter signal gate directly, while the
Enabile Flip-flop determines which cycle of the 200 MHz
clock will trigger the Gate Flip-flop.

The enable signal to the Enable Flip-fiop, is derived from
the counter input threshold circwit, and is present only
at fimes when an input signal of adequate amplitude is
present. This signal is combined with a signal from Con-
trol board A1G4, which indicates that the counter is in
the correct part of its cycle to actuelly measure the input
signal frequency. The rise time of the enable signal is
faster than the clock period, so the Ensbie Flip-flop will
always seitls definitely into one of its two stable states
when any individual clock pulse arrives,

The output of the Enable Flip-flop is applied to the en-
able input of the Gate Flip-flop which is triggered to the
corresponding state by the next 206 MHz clock pulse.
Transistions of the Gate Flip-flop occur only at a defined
trigger point on the clock pulse, which is timed very ac~
curately (< < 1 ns from periodic 200 MHz). The output of
the Enable Flip-flop is also combined with the output of
the Time Base Flip-flop (U10B). This allows only a speci~
fied number of clock pulses {0 ocour during the gate time
of each measurement cycle of the counter. Accumulated
cate times arel Ims or 100 us (4 ms or 400 us in Band
A). The Gate control signal is applied via a 50 ohm cable
to the signal gate on A106.
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Time Base Flip-Flop (U10B)

This is another fast ECL flip-flop. It is clocked by =& 260
MHz signal, slightly delayed from that driving the Enable
and Gate Flip-flops. The delay aliows the Gate Flip-flop
(triggered by the normal clock), to conirol the delayed
cleck during the same ¢lock peried in which the Gate
Flip-flop changes state. The clock delay and propagation
delay through the flip-flop, are approximately equal. The
Time Base Flip-flop is reset at the beginning of each
measurement cycle, removing the disable signal applied
by it, to the Gate Flip-flop.

During the gate enable portion of the counter control se-
quence, the Gate Flip-flop is controlled by the input
threshold circuits via the Enable Flip-flop and the 200
MHz clock. Each time the Gate Flip-flop opens the Sig-
nal Gate, the 200 MHz delayed clock is also applied o
the Time Base Accumulator and to the Time Base Fiip-
flop clock input. The clock pulse which opens the signal
gate is ignored. All pulses which occur during a Signal
Gate open period are recognized, including the one
which closes the Gate. Coincidence circuits in the Time
Base Accumulator produce signals when N-4 and N-3
clock pulses have been applied to the Accumulator. N is
the number of clock periods required to produce the de-
sired accumulated gate time. The N-4 signal is applied

to the clock enable input, and the N-3 signal {0 the enable
input of the Time Base Flip-flop. The N-Z clock pulse
then actually triggers the Time Base Flip-flop to its set
state. The delay already present in the delayed clock
driving the accumulator, is extended by a delay network
following the Time Base Flip-flop. The disable gignal from
the Time Base Flip-flop fo the Gate Flip-flop Input is then
delayed until after the N-1 normal cleck pulse. The N
clock pulse resets the Gate Flip-flop, and ends gate time
for that measurement cycle.

Time Base Accumuiator (U3A, Ub, U16-12)

The Time Base Accumulator includes five DCU's (U3, U141,
U12}, preceded by a binary divider. The count capacity
of this group is 200K clock pulses, each of § ns period, or

2020085 F
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1 ms total, The last DCU may be removed from the string
1o permit a 100 us gate time. In addition to the string of
DCU's, a +4 anit is included between the first and second
DCU's, which may be switched into or out of the chain.
The :4 is included when operating in Band A, to increase
the gate time by a factor of four. The input to ALDE is di-
vided by four before reaching the Signal Gate, so the
gate time must be exiended to cause the counter to read
the input freguency directly.

A coincidence detector consisting of U7A, U8, U, U14D,

4, CR1, and the D output of U3, produces an ocuiput

when all DCU's of the string are in state "8", and the +4

unit is in state "37. The first DCU of the string is preset

to § originally, giving coincidence after N-2, rather than
N-1 clock pulses w0 the first DCU. (Driving Cpp input
with the A, rather than the inverted A output, is equiva-
lent to & preset 8.) Since the acoumulator clock input is

divided by two in binary U10A before the first DCU, co-

incidence cuiput ocours on the N-4 input pulse,

Since coincidence occurs when all DCU's are at 8, and the

string if held at these counts. U12B has an external set
9 input to produce the shorter 100 us gate time in this
manner, This +4 unit may also be held at 3 by an externsal
conirol signal (Band B or Test), but additional gating

must be provided to pass the input signal around the

stage, since the following DCU's siill have to operate.

This is accomplished in U8B, which transmits either the

input or output of U10 to the input of Ul1A.

The +2, and the first DCU of the Accumulator, are fast

ECL circuits, able to divide the 200 MHz clock to 10 MHz;
the remaining cirguits are TTL.
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Band Select Circuits (U4B-D, U7B/C, Ul4A)

These circuits select one of the Band Threshold signals
from either the Converter {Band B} or Prescaler (Band
A}, snd processes this to conirol the Enable and Gate
Flp-flops. U7C is simply a buffer/inverter which is
driven by a level derived from the front panel BAND
SELECT switch., The buffer output drives one input of
U4B, while the invertsr output drives one input of U4C,
such that one of the pair U4B/U4C is always enabled, and
cne digabled. The inverting outputs of U4B and U4C are
"ORed" together to drive one 4D input. The direct cut-
of U4B is now a replica of the envelope of the signal to
the selected input to the counter — being high if the sig-
nal is above threshold level, and low if the signal is less
than threshold. The second input to U4D is high in the
Test mode, so the Gate Flip-flop operates as if the 200 MHz
Test signal is always above threshold level.

The output of U4D to the Enable Flip-flop goes low when-
ever the inpul signal o the countsr is above threshold.
A capacitor to ground siows the fall of this transistion
without great effect on the risetime, The signal is squared
up again in U1C to produce an Enable signal which is de-
layed from the rise of the input signal to threshold, but
disappears without delay as the input drops below thresh-
old. This delays counting of the input signal until irregu-
larities on the rise of the RF pulse have died out.

Control Sequence Clock Generator (U1£-16)

This circuit divides the input 10 MHz reference by 100 to
form the 100 kHz Seguence Clock. The input accepis a
wide varisty of input levels and waveshapes, while pro-
ducing a sguare wave of the proper level to drive Ul6.
U158 gates the outputs of Ul6 to form 100 ns pulses at a
100 kHz rate. U14C aliows the Clock to be gated by an
external control level.

FIGURE 9-7A
COMPONENT LOCATOR
CATE GENERATOR (A105)
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HIGH FREQUENCY {A1086)

The High Frequency board provides the initial signal pro-
cessing and first decade of counting for the Direct Counter.
It selects and processes one of three input signals: the
Converter IF output, the Prescaler divide-by-four output,
and the 200 MHz Test signal. BCD information and the di-
vide~by-ten output from the first decade counting unit
are sent from this board to the Count Chain board (A103)
for further counting and display.

One of the three input signals is selected by enabling one
of three differential amplifiers: U1B, UZA, or U2B. UlA
provides additional gain for the Converter IF signal when
input U1B is selected. Enabling of the appropriate ampli-
fier is achieved by activating transistor Q2, Q3 or Q4, by
TTL Band Select commands entering on P1,

The output of the input selector differentially drives the
squaring circult. Q5 is a current mirror, which is used as
as an overdriven voitage-to-current converter. The col-
lector current of Q5 drives the pulse forming network
which begins with a wide-band, high-speed differential
amplifier (Q6/Q7). The output of this differential amplifier
drives 8, which is used as a current switch, The result-
ing current sqguare wave from Q8 drives inductor L4, pro-
ducing a series of pulses — a positive pulse when Q8 turns
on, and a negative puise when Q8 turns off.

The pulse inverier is essentially a high-speed zerc bias
amplifier. QY% performs this function by being biased at
cut~off by diode CR4. In this mode, the amplifier not only
inverts the positive puises, but removes the unwanied

negative pulses. The ouiput of the pulse inverter drives
the input of decade divider U4. The blas point for U4's

input is established by a tracking bias supply (U3/Q10).
The output 6f U3 is equal to the voliage on U4 pin 1, plus

" a fixed DC oifset selected by resistor divider R47/H48.

The divide-by-ten output of the decade divider is a 66/40
duty cycle ECL level signal called "DCU CARRY", The
ioad resistor for this signal is located on the Count Chain
board (A103} to provide a termination for the connecting
co-ax cable,

The BCD output information is available on P1 pins 11-14.
During a count cycle at high frequencies, thig information
ig slew rate limited, therefore the actual ouiput levels can-

- not be seen until the circuit comes to rest. After the cir-

cuit is finished counting, TTL level signals are present
on these outpuis. The decade divider is reset after the
counting cycle is complete by a TTL reset signal on U4
pin 3. This signal comes into the board via P1 pin 10.

The gate signal (an inverted ECL level logic signal) enters
the board at J4, and passes through UB, The first stage is
an input buffer whose threshold signal (U6 pin 5} is de-
rived from op amp temperature-compensated bias supply
U5. US's function is similar to U3 with the ouiput tracking
the reference veltage (UG pin 11}, plus some fixed offset
supplied by voltage divider R59-R61. This accomodates
slight changes in threshold which produce the effect of a
change in gate width,

The gate ouiput to the rear panel is supplied by the Gate
Output Buffer, consisting of Q11, Q12, and associated cir—
cuitry.

2020081 G
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FIGURE 9-8A
COMPONENT LOCATOR
HIGH FREQUENCY (A106)}
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POWER SUPPLY (A1/A107)

The Power Supply furnishes all basic operating voliages
required by the counier. The supply consists of two
assembly groups:

{1} PC board Al(7 containing the rectifiers, filter
capacitors, and regulator circuitry.

{2) Chassis mounted components [Al-) consisting of
ihe power iransformer (AlT1), primary wiring, POWER
INPUT module (containing the fuse, voltage changing
PCB, and power input connector), and the front panel
POWER switch,

Circuit Description

The basic voltages required by the counter are: unregu-
lated +18 Vdo, regulated +12 Vdc, ~12 Vde, +5 Vdc, and
-5.2 Vde.

All the regulated voliages are produced by full wave rec-
tifier and series regulator circuiis. The +18 V unregu-
iated voltage is also the input voltage for the +12 V
regulator.

Each of the four regulator circuiis contains an integrated
circait voltage regulator with current foldback capability,
protective diodes, and provision for adjusiment of the re-
quired output voltage.

The type of IC used in both the +12 V and +5 V regulaicrs
iz an LM 305. This !C contains an internsl temperaiure
compensated voliage reference, as well as the necessary
circuits to provide gain and current foldback limiting.
The foldback current limit control resistors in the +5 V
supply {for example), are R11, R1Z, and Ri3.

The negative supplies utilize an LM 304 as the basic IC
regulator. This IC also contains an internal temperature
compensated reference. To implement this reference an
exiernal pre-regulator is reguired, In the -12 V circult
(for example), the pre-regulator includes R22, R25, and
CRS. Current foldback limiting uses internal IC circuitry
in additicn to R17, R18, R18 and Q5.

FIGURE 9-9A
COMPONENT LOCATOR
POWER SUPPLY {A107)
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REFERENCE OSCILLATOR BUFFER {A108)

A room temperature, crystal controlled oscillator (RTO)
is used as the basic reference against which all input sig-
nals are compared. An additional temperature-compensated
crystal oscillator {TCXO) is available ag Option P1, which
allows the user to select a higher level of precision com-
patible with measurement requirements.

Circuit Pescription

The signal irom the oscillator is either a square wave
from the RTO, or a sine wave from the optional TCXO.
This waveform is converted to a positive-going square
wave at J1 by a linear amplifier (Q1), current switch
(Q2,Q3), and an cutpul current driver (Q4).

The outputs appearing at P1 pins 6 and 14,are processed
by a linear, low gain amplifier pair (Q5 and Q6}, and two
identical line driver circuits Q7-GQ10, and Q11-Q14). Low
gain, common emitter input stages (Q7,Q11), are followed
by emitter followers {Q8, Q12), which drive push-pull
emitter follower output pairs (Q9,.Q10, and Q13,G14).

FIGURE 9-10A
COMPONENT L.OCATOR
REFERENCE OSCILLATOR BUFFER (A108)
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DISPLAY {(A110)

Display board AilD contains seven LED numerical display
units mounted side-by-side, grouped into a 2-digit GHz
gsection, and a 5-digit MHz section. The MHz section also
contains an LED decimal point between the second and
third least-significant-digits {decimal point extinguishes
when the two least-significant-digits are blanked by the
front panel RESOLUTION switches}. All drive signals for
the display are obtained from the Count Chain Control.

The digit displays are 7-segment LED's, with the anodes
of all segments of each digit tied together. When the anode
is at a positive voltage, grounding any cathode through its
associated resistor illuminates that segment,

In this muitiplexed system, the anode supply voltage is
applied in pulses (through anode drivers), which are
synchronized with the cathode data to determine which
segment shall light. The segment drive is applied directly
to all display digits, Corresponding cathode segments are
all tied together in groups of seven.

The LED digits each use a single transistor driver. The
drivers saturaie when turned on, applying a voltage al-
most equal to the supply voltage for the display, This
voltage is variable (by AZ102R35) for display brightness
adjustment.

Four display lamps are included on this assembly, which
fliuminate to indicate GATE operation, input signal LEVEL,
LOCK, and REMOTE operation {Option P4}.

FIGURE 9-11A
COMPONENT LOCATCR
DISPLAY (A110)
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SOURCE AMPLJIFIER (A201)
General

A source of up to one wait of power at 200 MHz is requirec
to drive the step recovery diode Comb Generator in YIG
Asssembly A207. The 200 MHz must be both stable and co-
kerent with the master oscillator in the counter. Stability
is required to provide an IF specirum that is dependent
only upon the input signal spectrum. Ccherence with the
master oscillator is reguired to make counting accuracy
dependent only upeon the accuracy of the master oscillator.

The reguirements of stability and coherence are satisfied
by using a phase locked loop to lock a 200 MHz LC oscilla-
tor to the 10 MHz time base oscillator. The required ouiput
power is generated by a Class C amplifier that contains a
leveling loep to set the power output at any desired ievel
from 1 mW to 1.3 W.

Cirguit Description

The phase lock locp is a standard second order leop, im-
plemented by using digital phase lock loop components.
The 204 MHz LC oscillator is a modified Colpitts civouit
with bias stabilization supplied by Qi0. The output fre-
auency of the 200 MHz oscillator is divided by 20 in Ul and
U2 to preduce a 10 MHz square wave. This signal is com-
pared e the processed 10 MHz reference by phase detector
U3. Phase error is amplified by active filter U4,and ap-
plied to voltage variable capacitor CR3. This holds the 200
MHz oscillator "locked” in phase to the 10 MHz reference
slgnal. C23 sets the open loop center frequency of the os-
cillator.

The main power amplifier consists of four stages: buffer
amplifier Q12 and Q13, linear amplifier Q14, and two Class
C stages Q15 and Q16. Output power level is controlled by
adjusting the value of the negative voliage supplied by
Q17 and Q18 to the linear amplifier and Class C stages.

The power leveling loop cperates by sampling the peak
value of the output signal with GRS, and cemparing this
peak value to the Power Reference. The comparison is
made by differential amplifier Q18 and Q20, which in turn
controis Q17 and Q18.

FIGURE 9-13A
COMPONENT LOCATOR
SOURCE/AMPLIFIER (A201)
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¥IG CONTROL (A202)
General

The YIG Control Board (A202) contains circuits required
to set the frequency of the YIG fiiter (A207) and to gener—
ate the BCD preset information for the Count Chain (A193].
The main digitai-fo-analog converter {DAC) selecis a par-
ticular comb line and provides the output frequency in-
formation. An error DAC provides a correction signal to
precisely center the YIG filier passband on a comb line,
based on information derived {rom the centering circuits.
These circuits operate by modulating the center frequency
of the YIG passband at a 20 kHz rate. This causes the filter
te be tuned back and forth through the desired comb line,
producing a pulse each time the YIG passes through the
comb frequency. The phase of this detected modulation is
then compared to the modulation frequency to produce the
reguired centering information.

Main DAC

Steps of 200 MHz to the YIG filter are controiled by the
main BAC. This DAC consists of a voliage reference (CRS,
Ul2}, preseitable BCD counters (U1S, U20), a series of
transistor switches (Q3-Q10), precision summing resistors,
and a summing amplifier (U13). Data from the fronfi panel
thumbwheel switch is preset into U1$ and U20 during the
Reset period. Each cutput line controls a transisior switch
which connects a precision resistor to the 3.1V voltage
reference. The value of the resistor determines the cur-
rent into the SUM line, while the summing amplifier pro-
vides a voltage output proportional to the total input cur-
rent. The digital output of U19 and U20 are also used to
provide 3MSD preset information to A183.

f

B e o

In the AUTO mode, pulses from A203 into the clock input
of U19 cause the DAC to step in 200 MHz increments upon
command. In the MANUAL mode, a Parity Checker (U18,
Ui7, U18), compares the thumbwheel information with the
actual states of U19 and U20. If they differ, an output is
obtained which triggers a Beset, and in turn causes the
DAC oufput {o equal the thumbwheel switch setting.

¥YIG Driver

The voliage cutput of the summing amplifier is converted
into a current in the YIG Driver (Ul4, Q11, Qi2, and chas~
sis mounted A2Q1), R89 sets the current offset, while R87
sets the slope. The current sense resistor (R92) provides
the required feedback voltage for the driver. CRS5 limits
the voltage across the YIG filter tuning ceil during Reset
in order to protect Q12 and A20Q1.

YIG Passhand Modulation

As part of the centering funciion, the cenier frequency of
the YIG passband is modulated by means of an auxiliary
tuning ceil within the YIG. A 40 kHz cleck is divided in U4
to produce a 20 kHz square wave. This signal is converted
t0 a triangular waveform by integrator Ull. This output is
then converted to a current in the Modulation Coil Driver.
Q14-Q16 form a high gain voltage amplifier. The single en-
dad output at the collector of Q18 is converted to & bipolar
output with Q17 and Q19, while CR7 and CR8 compensate
for base emitter junction voltages. Q18 and Q20 provide
increased current capability. Feedback for the driver is
supplied by sensing the current through R107, thus con-
verting the voltage input to a curreni outpui. Nominal de-
viation of the YIG center frequency is = 50 MHz,

2620092 P
9/78

YIG Centering Circuit

Centering of the YIG passband is achieved by detecting
the output of the modulated comb generator and phase
comparing it to the modulation frequency in U1, Ul isa
four quadrant muitiplier, producing outputs proportional
to the product of two inputs. The positive and negative
outputs of Ul differentially drive an active low pass filler
(12}, which in turn, drives another low pass filter (U3).
The output of U3 represenis the DC component of the out--
put of UZ. Its amplitude and sign are directly related to
the frequency offset of the YIG filter passhand from the
comb frequency . This signal is sensed by window detector
UG. If the output at U3 exceeds the threshold reference,
one of the two cutputs of U5 is driven high.

The fwo outputs of U5 are used to control the Error DAC.
This DAC supplies an ervor signal directly into the Main
DAC summing amplifier. R42-R48 are summing resistors
switched on by U9 and U10 (binary up-down counters).
Clock pulses from U4 at a 2.5 kHz rate cause UY to either
count up, count down, or remain fixed depending on the
outputs of U5,

Thus, & continuglly increasing (or decreasing) error sig-
nal is applied to the main tuning coil of the YIG until the
DC output of U3 falls inside the threshold limits. The
Borrow output of U10 provides a low level clamp on the
DAC, while the G output of U10 provides a high level
clamp. The Error DAG step at U6 pin 11 provides the in-
formation to the Converter Sequencer (A203) that the YIG
centering cycle is completed.

FIGURE §-14A
COMPONENT LOCATOR
YIG CONTROL (A202)
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CONVERTER SEQUENCER (A203)
General

The Converter Sequencer (A203) generates the signals
required to step the RF Converter (A2) through its speci-
fied frequencies. The beard contains a Sequence Generator
to generate properly timed start and stop commands for

all the required functions. Among the circuits controlled
are: the attenuator control and driver circuitry for level-
ing and switching of the incoming signal, the power level
conirol circuit for contreiling the YIG comb power, and
Error DAC (digital-to-analog gonverier) signals control-
ling the timing of the YIG filter centering circuitry.

Sequence Generator

The basic part of the Converter Sequencer is the Sequence
Generator, composed of a binary counter (U8) and a de-
mulfiplexer (U10). This circuit generates eight discrete
steps, each of which is identified by a low on a corres-
ponding test point {TP0 - TP7}.

U8 is driven by a 40 kHz clock (U18} through a network
of gates which allow holding the Sequence Generator in
any given step until a set of specific conditions signifies
that the step is completed. The function of each sequence
is shown in Table 8-15A.

Sequence 0 is the siate the converter sequence goes to
when the converter is disabled. Sequence 0 seis a latch
(U12 pin 1) whose output turns off the RF signal by set-
ting the attenuator driver to maximum atienuation, and
sending & command to the YIG Control board (A202) to
begin the 20 kHz YIG coil modulation. Sequence 0 also
sands out a Main DAC step command which steps the Main
DAG to the next comb line unless the Converter is being
disebled. If so, the disable reset command over-rides the
DAC step, and the YIG stops at the bottom for preset) fre-
guency.

N

Sequence 1 begins the YIG power leveling cycle. A 1.5
ms one-shot {Ull) resets the YIG power DAC (Ul9) for
minimum power, and seis a latch (U15 pins 3,8), whose
output inhibits the clock into the Sequence Generator
until the power leveling cycle is complete. At the end of
the 1.5 ms reset time, the YIG power DAC begins increas-
ing the LO power into the Mixer until either the detected
modulation (P pin 3) exceeds its threshold, or the LO
power reaches its maximum output. At this point the U15
latch is reset which stops the clocking of the power DAC
and allows the Sequence Generator to move to the next
step.

Sequence 2 begins the YIG ceil centering cycle. The
centering circuitry is located on the YIG Conirol board
{A202), but the enable time is controlled by the Converter
Sequencer.

A 1 ms one-shot is triggered by Sequence 2. Two outputs
are taken from the one-shot: the Q output which is used

as an Error DAG enable signal to turn on the centering
circuitry on the YIG Cantrol board; and § eutput which is
fed back to hold the Sequence Generator in Sequence 3
until the centering process is complsted. The end of this
process is indicated by a lack of error DAC step pulses.
When this cccurs, the one-shot times out, and the Sequence
Generator is released to go on to Ssquence 4,

Sequence £ is the first step of the sequence in which the
input signal is examined. In this step, the latch (U12 pin
1) controlling the input signal is reset; this also turns off
the YIG modulation. A second latch (U12 pin 12) is set at
the start of Sequence 4. This Iatch inhibits the sequence
during Sequence 5 until a Band B Threshold signal is ob-
tained. This step thus guarantees that at least one input
signal has been recelved during either Sequence 4 or 5.

Sequence 6 is used as a 25 usec delay period o provide
the necessary time for operation of the Attenuator Control
on signals with slow rise times. This is discussed further
in the Attenuator Control paragraphs below.

2020093 AA
9/78

Sequence 7 is the LOCK sensing portion of the sequence.
If the signal received during Sequence 4 or 5 resulted in
a LOCK command from the IF Processor, then the sequence
will remain in Sequence 7, and send a LOCK command to
the Control board (A184) in the Basic Counier. If no LOCK
was obtained, the Sequencer will continue to Sequence 0,
and repeat the sequence with the next comb line.

Atienuator Control

The Attenuator Control circuits perform the function of
limiting the variations in input signal amplitude as seen
by the Mixer (A205). The ATTENUATOR CONTROL com-~
mand from the IF Processor (A204) is activaled whensever
the input signal received by A205 exceeds the minimum
signal by at least 7 dB. This command triggers one-shot
3. The output of U3 drives a DAC consisting of a counter
(U4}, summing resistors (R§ ~ B14), a summing amplifier
(U353, and an inverting amplifier {U8). Each DAC slep re-
sults in a nominal 0.5 dB increase in attenuator insertion
loss. The REDUCE SIGNAL indicator on the front panel is
activated when the DAC reaches its 32nd siep.

The DAC acts as a sample and hold circuit for attenuation
level. As long as there is insufficient attenuation, the
ATTENUATOR CONTROL command will cause the atfenua-
tion to increase 0.5 dB for each input pulse. On long
pulses or CW signals, U3 will retrigger as long as the
ATTENUATOR CONTBROL command remains active.

- In addition fo increasing attenuator insertion loss, the

ATTENUATOR CONTROL command forces the Sequence
Generator to Sequence 3 by activating the preset strobe
ling of U§. Since the BF switch remains open, and the
YIG modulation is not enabled, the Sequencer then moves
on through Sequence 4 and 5, and again waits for Band
B Threshold. The result is that the Sequencer cannot go
on to Seqguence 6 until the attenuator has reduced the in-
put signal sufficiently.

Attenuator Dyiver

The cutput of U8 Is a voltage corresponding to the desired
attenuation. This signal is converted into two related cur-
rents by the Aitenuator Driver, These currents: Iygral and
Iseries. determine both the atienuation and the input VSWR
of the PIN Diode Atftenuator (part of A208).

Series current is generated by the network of Us and Q8.
R53 is the sense resistor for the current scurce. The non-
linear current output versus input level is achieved with
a double breakpoint shaping network — Q2 and Q3 form
one breakpoint, while Q4 and Q5 form the other. Variable
resistor R47 sets the series current, and optimizes VSWR,
at high attenuation levels.

Total current is the sum of series current and shunt cur-
rent. The shunt current waveform is shaped by diode net-
work CR2, CR3, and their associated resistors. Variable
resistor R23 is used te adjust the ratio between series and
shunt currents at moderate attenuation levels, U§ and cur-
rent booster Q1, combine series and shunt networks to
produce the total current output.

Power Level Control

During Sequence 1, the YIG coamb level is set. This func-
tion is accomplished by varying the POWER REFERENCE
level into the Source/Amplifier (A201). This in turn
varies the 200 MHz power into the YIG/Comb Generator
(A207). The comb line output is detected by the Mixer,
and sensed by the Threshold Detector Ul7. Variable re-
sistor R64 sets the threshold level.

Operation of the Power Level Control beginsg at the end of
the 1.5 ms period of Ull. Clock pulses from U18 are then
allowed to step the Power Level DAC (U8, R74 thru R80).
When the comb ouiput exceeds the threshold, Ul17 triggers,
resetting the latch (U15 pin 10), inhibiting the clock input
to the DAC and ending the sequence. If the DAC reaches
maximum output, the same result is cbtained.

FIGURE g-15A
COMPONENT LOCATOR
CONVERTER SEQUENCER (A203)



SEQUENCE

FUNCTIONS

DURATION

0 1. Attenuator fo max attenunation. 25 us unless held
2. YIG Modulation enabled. by RESET.
3. Main DAC step.
4. Reset state.
1 1. YIG comb leveling cycle. 1.5 - 4.7 msec.
2 1. Initiate YIG centering cycle. 25 useconds,
3 1. YIG centering cycle. 1 - 10 mseconds.
4 1. Asfenuator ic normal conirol. 25 yseconds.
2. Modulation off.
3. Initiate wait for Band B Threshold.
5 1. Wail for Band B Threshoid. Dapends upon PRF,
8 1. 25 ysecond delay. 25 useconds.
7 1. LOCK sensing sequence. 25 usec if no LOCK.

TABLE 9-15A. CONVERTER SEQUENCE FUNCTIONS
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IF PROCESSOR {A204)

IF Processer A204 recelves its input from the Mixer
(A205). It separates the Mixer output inio IF and Video
componenis, and pro¢esses the components to produce
several ouiputs. The IF signal is amplified and limited
for counting. The Video signal is used 1o preduce the
SIGNAL THRESHOLD, DETECTED MODULATION,and AT~
TENUATOR CONTROL signals directly. SIGNAL THRESH-
OLD is combined with the external INHIBIT INPUT to pro-
duce BAND B THRESHOLD. This signail, together with the
IF signal, is used to determine LOCK.

IF_Amplifier

The IF compenent of the Mixer output is amplified in a six
stage amplifier having an overall gain of 50 dB, and a
bandwidth covering 100 MHz to 375 MHz. Stage 1 {Q1) is
a commen emitter amplifier with shunt feedback (B2}, L2
and L3 provide high frequency shaping of the responss.
Stages 2, 3, and 4 (Q2-4) are similar to Stage 1. Gain is
set by the emitter resistors. High frequency gain shaping
is provided by the emitter RC network (R11,C8), and the
collecior inductor (L5).

Stages 5 and 6 are limiting amplifiers, each consisting of
an amplifier (Q5,Q7) and an emitter follower (Q6,Q8).
Fach stage bas a nominal gain of 10 d8, determined by
the input and feedback resistors (R30,34,35). Capacitive
bypassing (G28) is used for high frequency gain shaping.
Diodes (CR1,2) limit the final oniput still further.

Video Circuils

The Video output of the Mixer, representing the detected
envelope of a microwave signal, is amplified by Ul. B48
sats the voltage gain (pominaily 106), while B51 nulls
out any offset between the differential outputs at Ul pins
7 and 8.

Outputs of Ul are applied to a high speed differential am-
plifier (Q9,198). Positive feedback from R&l converts this
cirguit to a Schmift trigger. Q11 is an emitter follower
used to drive the high speed ECL gates. The same outpuis
of Ul also differentially drive comparator U which forms
the Attenuator Threshold Detector. Resistive biasing and
feedback (R114-116,118) set the trigger level of this cir-
cuit approximutely 7dB above the Signal Threshold Detec—
tor leved,

The remaining Videc circuit is the 20 kHz ampiifier con-
sisting of Q12 ard Q13. This circuit provides an additional
voltage gain of 100 at frequencies near 20 kHz, and is used
te detect the modulated comb lines during YIG leveling and
centering operations.

In-Band Detector

The In-Band Detector determines whether or not an IF sig-
nal exists within the correct frequency range and at sui-
ficient level 1o obtain LOCK. The correct frequency range
is the region from 100 MHz to 325 MHz. After LOCK, the
upper end of this region is extended to 35¢ MHz,

A portion of the IF signal is coupled into an additional lim-
iter section (Q14,15) similar fo the limiters in the IF Am-
plifier section. The output then drives two filter networks
in parallel. The output of each network is detected (CRS,-
CRE}, and compared in U2, Since input signal amplitude
is held consiant, the detected signals are determined en-
tirely by the filter characteristics. One of the filter net-
works consists of a 100 MHz high-pass section {C51-53,-
L12) in series with a 325 MHz low-pass section (Li3-16,-
C54}, thus forming a band-pass filter from 100-300 MHz.

The second network consists of a 100 MHz low-pass sec-
tion (L17-19,C587) in parallel with & 325 MHz high-pass
section (C58-60,L20,L21), forming a band reject filter
from 100-325 MHz.
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By comparing the outputs of these two networks in U2, a
determination of the IF frequency is made. B35 is used to
pracisely set the crossover frequency, After LOCK is ob-
tained, Q18 and Q17 are turned on, shorting out L16 and
L.21, and increasing the crossover point from 325 Miz to
350 MHz.

LOCK Logic

The LOCK logic determines whether or not the proper con-
ditions exist to consider the Converter locked. The condi-
tion to ebtain LOCK is that an In-Band signal (from U2 pin
9) appears within 70 nanoseconds of the appearance of
BAND 8 THRESHOLD (at Q11 collector). Once this condi-
tion is met, the LOCK command is latched, and remains
active until a loss-of-leck condition is obtained — that is:
an In-Band signal is not received within 70 nanoseconds
of BAND B THRESHOLD.

BAND B THRESHOLD is genersted by combining CONVERT-
ER THRESHOLD (from Q11} with the external INHIBIT IN-
PUT. The INHIBIT INPUT is buffered by Q21 and Q22. The
two signals are combined at pins 12 and 13 of OR gate U3.

The LOCK latch consists of two gates of U4 with the out-
put at U4 pin 14. The set input to this latch (U4 pin 5) is
driven by a 3-input NOR gate (U4). The lalch is set when
all three inputs of the NOR gate are simultaneously low.
R107 and C88 provide a 70 nanasecond delayed BAND B
THRESHOLD to one input, while the inverted signal with~
out a delay is applied to the second input, An inveried IN-
BAND signal is applied to the third input. Thus a 70 nano-
second interval exists after BAND B THRESHOLD ocours,
during which the LOCK latch may be set. The reset input
to the latch is also a 3-input pate (U3), connected so IN-
BAND must ccour within 70 nanoseconds or the latch will
be reset. If INVBAND drops out while BAND B THRESHOLD
remains (at any point in time after the 70 nanosecond inter-
val), the latch is immediately reset.

9-34

FIGURE 9-16A
COMPONENT LOCATOR
IF PROCESSOR (A204)



IF AMPLIFIER

F#FMBW;WAED (eEE)

L S i)d? {fo pELAY LuE AR}

it
0
il
N
k

R VAYRS

l C’?Z_I. cval“"
T el E8 FLl
: e ¥ $ %—-w-iwb-lzv
I**- — cn}, el L
K3 z [t} 1‘{» £9 s
ST ¥ T +—»—I—w-m\/
CTo - CTF = fro-
T
N BAND DETECTOR s S E LOCK LOGIC  ——mr—y

12y
r’99

-+

LiZ
255 1By Qf {sl=11]
LK dx
2%
ABTAZ G

§
7%
ATTEN. THRESHOLD 3 =
DETECTOR  — 1 Bt T L
thit Ri24 T *

: :;%&O %%a 130 I

: % -5 {rp-4i-J8)
== T w52
'r‘%z ke i Ellmw.mmm‘r
o T fpvm
T | <

ut g_wazc'}v . ; 2% E&o-ﬁd
bea ﬂ:fﬁf@; - EA}{\W:W_, 4
/A PART OF PC BOARD. ' 5500094 H  9/78

/A SEE PARTS LisT. FIGURE $-16B

A MATCHED PAIR. SCHEMATIC DIAGRAM
IF PROCESSOR {A204)






SECTION O
OPTIONS

0O-1., This section provides schematic diagrams, circuit
descripticns and component locators, for options available
for use with the 451 Microwave Pulse Counter.

0-2. OPTION P1 - TCXO

0-3. For a description of the use of this option, refer to
paragraphs 3-29 through 3-38, and paragraph 4-28. The
TCXO is installed on Reference Oscillator Buffer board
Al08 in place of the standard RTO. See pages 9-20 and
§-21 for schematic, board layout, and circuit description,

C-4. OPTION P2 - PRESCALER

O-5. This option extends the frequency range of the 451
down to 300 MHz 1o 950 MHz. See pages O-2and 0-3 for
schematic, beard layout, and circuit descyiption.

0-6. QOPTION P3 - REAR PANEL INPUTS

0O-7. For this option, the Converter is switched end-for-
end, with the Band B input connector prejecting through
the existing opening in the rear panel, and with certain
cables re-routed and changed in length.

0-8. TO FIELD CHANGE BAND B TO REAR INPUT

a. Disconnect power cord, and remove both fop and
bottom covers from the counter.

b. Unplug all cables which connect Converter to Basic
Counter. Note cable routing and connections.

c. Unscrew Converter tray retaining screws (from
beottom of Counter}.

d. Lift rear of Converter tray, and carefully slide Con-
verter out of counter enclosure,

e. Turn Converter end-for-end, and insert the Band B
connector through the hole in the rear panel labeled
925 MHz - 18 GHz.

f. Lower Converter carefully into counter enclosure,
taking precautions not to pinch any wires or cables.

g. Install screws which hold Converter in enclosure,
and reconnect cables unplugged in step b above.

h, Perform Incoming Operational Check described in
Section 2 - Installation.

i.  Apply a signal to the Band B input connector within
the correct frequency and power limits, checking for
proper operation of the Converter. Speclilications remain
identical to those for front panel cperation.

0-9. TO FIELD CHANGE BANDS A AND B TO REAR INPUT

a&. Disconnect power cord, and remove both top aad
bottom covers from the counter.

b. Unplug all cables which connect Converter to Basic
Counter. Note cable routing and connections.

¢. Unscrew Converter tray refaining screws {from
bottom of Counter}.

d. Lift rear of Converter tray,and carsfully slide Con~
verter out of counter enclosure,

e. ‘Turn Converter end-for-ead., and insert the Band B
connector through the hole in the rear panel labeled
925 MHz - 18 GHz,

f. Lower Converter carefully into counter enclosure,
taking precautions not to snag or pinch any wires or
cables.

g. Install sgrews which hold Converter in enclosure.

h. Looate Double Delay Line Assembly A118. Noie that
three cables exit from under one end of the cover, and

one cable fto AZ04J3} exits from under the other end of
the cover. Loosen, but do not remove the screws hold-

ing the Delay Line cover in place. Re-route the cable to
A204J3 so it exits from the same end as the remaining
three cables. Tighten the Delay Line cover screws,

i. A1l three plug-in cables to the Prescaler PC board
(A199) must be replaced with those of a different length
as follows: Replace short W30 cable £A108J1 - ALT11Y)
with long W30 cable (with BNC connector mounted on
rear panel}; replace short W31 cable (A10935 - A204J1)
with leng W3l cable: replace long W32 cable (A108J4-
A204J38) with short W32 cable.

j. Reconnect all cables unplugged in steps b and 1.

k. Perform Incoming Operational Check described in
Section 2 - Installation.

1.  Apply a signal to the Band B input connector within
the correct frequency and power limits, checking for

proper operation of the Converter. Specifications remain
identical to those for front panel input.

m. Apply a signal o the Band A input connector within
the correct frequency and power limits, checking for
proper operation of the Prescaler. Specifications remain
identical to those for front panel input.

0-10. OQPTION P4 - BCD OUTPUT/REMOTE PROCRAMMING

0-11. BCD output, remete programming, and YiG preset,
are the three basic functions provided by this option.Cir-
cuitry to agcomplish these functions is contained on PG
board Alil, with connections made through rear panel
REMOTE INPUT/OUTPUT connector ALJ7. All inputs and
outputs are TTL compatible. Each basic function will be

described separately, with AlJ7 pin assignments and func-

fions shown in Table O-1. {Recommended mating connector
for A1J7: Amphenel 57-30500, 50 pin male — EIP Part No.
2640003.) See pages O-4 and 0-5 for schematic and layout.

0-12. BCD QUTPUTS

0-13, BCD formated ouipuis to AlJ7 correspend to the

applied signal input frequency. A PRINT command cutput
signal indicates the presence of valid data,while an IN-
HIBIYT input prevents the data from being altered. Both
PRINT and INHIBIT signals are active high.

0-14. BCD information from High Frequency board A108
enters A1ll via J5 and J6. Ul through U3 buffer the in-
formation and supply it via P1 1o ALJ7.

©-15. YIG PRESET

0-16. YIG preset information is supplied to the counter
from two sources, depending upon the status of the Local /-
Remote line, In the Local mode, preset information comes
from the front panel thumbwheel and MAN SELECT/AUTO
SWEEP switches. In the Remote mode, preset information
is obtained via AlJ7, and controlled by the status of the
Conv Man/Auto line. Increments of 200 MHz may be pro-
grammed using the standard 1-2-4~8 BCD code.

©-17. REMOTE PROGRAMMING

0-318. Except for POWER ON/OFF and SAMPLE RATE, all
front panel switch functions can be remotely controlled.
Additional remotely programmable functions which are
in continuous operation and are unaffected by the status
of the Local/Remote line, are: m Cycle Counter,
arid Pulse Reset. Fast Uycle bypasses the display delay
generator and over-rides the SAMPLE RATE control.Cycle
Counter is a capacitive-coupled input signal to reset the
Basic Counter and initiate a new reading. Pulse Reset
triggers a one-shot to reset the Counter and Converter.

0-19. U8 through U$ are gquad Z-input multiplexers which
are selected by the Local/Remote line to provide data from
either the front panel switches (Local mode), or from the
rear panel connector A1J7 (Remote mode). R6-RO and U3
act as an input buffer for the INHIBIT line, thus allowing
operation from 0 to +50 velts. CR1 and CR2 act as clamping
dicdes.

028

. OPTION P5 - GENERAL PURPOSE INTERFACE BUS

See marual supplement.




PRESCALER [A109)
General

This option permits the measurement of pulse modulated
signals that lie within the frequency range of 300 MHz o
950 MHz, and with pulse widths as narrow as 100 nsec.

The Prescaler divides the input signal frequency by four
befere applying it to the High Frequency hoard {A106}.
Simultaneously, the gate time is extended by a factor of
four, to allow display of the true input frequency.

Circuit Description

Input RF power is amplified in broadband limiting ampli-
fiers Q3 and Q4, and applied tc U3 which divides the fre-
guency by four, Emiiter follower Q5 provides sufficient
drive current for 50 ohms lines,

The ocutput of Q3 and Q4 is also applied to a threshoid
trigger circuit. The envelope is first detected by C6, CRI,
and CRZ, before driving Schmitt trigger UIA. Threshold
of the Schmiit circuitl is adjusted to trigger only at signal
levels that are sufficiently larpge enough to permit reliable
counting in the divide by four circuitry of U3.

Power for U3 is switched on or cff by the circuitry asso-
ciated with Q6 - Q10. When the Band A Select line goes
to a TTL high, differential amplifier G6/7 saturates Q9

and aliows the base of Q8 to become biased at approxi- .~

mately ~7.4 volts, Q8 and Q10 are emitter followers that
supply the -7.4 volts at approximately 60 ma to U3,

The remainder of the circuitry is interface switching logic
{o provide the indicated control signals. When the Band A
Select line goes to a TTL high, U2A is enabled and passes
the Band A signal thresheld to the SIGNAL THRESHOLD
output connector on the rear panel of the counter.
Conversely, when the line is a TTL low, the Converter
threshold signal is passed through U2B to the connector.

If the INHIBIT INPUT is either open, an ECL low (-1,7 V),
or -1 volt from a 50 ohm source, 10 enables U2C¢ allow-
ing passage of the threshold trigger tc the Gate Generator.

FIGURE P2-A
COMPONENT LOCATOR
PRESCALER (A109)
OPTION P2
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Pin No.

—_

-~ ¢ Wwr I u  ra

10
11
12
13
14
15
16
17

Function

10%
10t
10°
10°
108
108
107
107
108
10°
108
10° B
10%A
10%8
Inhibit

P Tm o W or w o ® oW >

Preset 10 GHz

Preset 4 GHz

Pin No,

18
19
20
21
22
23
a4
25
26
27
28_
29
30
31
32
33
34

Function

Preset 1 GHz
Preset 0.4 GHz
Conv. Man/AUto
Cycle Counter
Fast Cycle

T MHz Resolution
Band A

l.ocal /Remote
10 ¢

10 D

103
10°
108
108
107
167
10°%

O w o o0 o0

Pin Nso.

35
36
37
38
39
40
41
52
43
4y
U5
46
u7
48
49
50

Function

HIAS
10* C
10D
10 ;
+5 Vde Re}.

Print Command

Preset 8 GHz

Preset 2 GHz
Preset 0.8 GHz
Preset 0.7 GHz
Hold
Test

Reset

100 kHz Reseolution
Pulse Reset

Ground

—

NOTES FOR TABLE O-1:

The 10* bit is the least significant bit, and corresponds to the 10 kHz
output. A, B, C, and D are the 1, 2, 4 and 8 bits of each BCD digit.
"Barred" commands (Hold, Tesl, efc.) are active iow,

The command "Hold" retains the reading untit manually reset. "Fesi®
provides the same information as the front panel TEST switch. "Reset"
over-rides the SAMPLE RATE/HOLD control, resets the display to zero,
and initiates a new reading, "100 kHz" and "1 MHz" set the resolution
in the same manner as the front panel RESOLUTION switches. "Band A"
places the countar in the Band A (Prescaler) range: 300 MHz - 950 MHz.

TABLE O-1
PIN ASSIGNMENTS
BCD CUTPUT/REMOTE
PROGRAMMING CONNECTOR
(A1J7}

REFER TO PAGE O-1 FOR CIRCUIT DESCRIPTION

FIGURE P4-A
COMPONENT LOCATOR
BCD OUTPUT/REMOTE
PROGRAMMING (A111)

. OPTION P4
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