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MANUAL CHANGE INFORMATION 

MODEL 451 

At EIP we continuatly 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. 

Sometimes, due to printing and shipment requirements, 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: 

Q-3. A109 Prescaler !5500079), Change R33 to 7.5K, 1/4 W. 

,Q-5. 

3-1.. 

3-1. 

S.7. 

S.7. 

8-9. 

8-9 

Changfl R34 to 10K, 1/4 W. 

A111 BCD Output/Remote Prog., Signal from Pl pin 15 to AS should be inhibit. 

P<;:~ragraph 3-8, line 4, should read "925 MH<~:- 18 GHz, or Band A (Option ?2) for frequencies". 

Paragraph 3-15, last line should read "produce 1.5V at the INPUT INHIBIT thus enabling the 451". 

A1 Basic Counter, Change FAN part number to 5000151. 

A 104 Control (2020074), Change CS to Mica, 200 pF, part number 2250009. 
Add CR18, General Purpose diode, part number 2704154. 
Delete R20. 

A 107 Power Supply {2020077), Change C1 to part number 2200016. 
Change C5 to part number 2200018. 

A106 High Frequency (2020081), Change R47 to part number 4130999. 

A107 Power Supply (2020077) Change R20 to part number 4130999. 

A 109 Pre scaler (2020079) Change R33 to 4130752. 

Change R34 to 4010103. 

9·5. A 100, {5500070) Rear panel Ml N PRF switch should be labeled 0 {not ON} and 50 Hz (not OFF}. The blue 

and green wires from J1 should be transposed so the green wire goes to 0. 

9-9. A103 Count Chain schematic(55000S3-A) U16~ U17, and U18 ·change pin 14 to pin 1. 

9-13. A104 Control (5500074-D), Change C5 to 200pF. 

Replace R20 with CR1S '(anode side to ground). 

C2 should be 6.3 V. 

9-15. A105 Gate Generator, Signal from PlM to. U14C pin 2 should be clock inhibit. 

9-19. A 107 Power Supply (5500077], Change C1 value to 9500 uF .25V. 

Change CS value to 44,000 uF .15V. 

Change R20 to 5.6K, 2%. 

9-33. A203 Converter Sequencer schematic· delete fine between U7 pin 3 and U9 pin 2. 

·-add line between U9 pin 2 and U4 pin 1. 

-change 03, now shown as NPN, should be PNP. 

~hange C4 to .005 value. 

4-L Paragraph 4-4, line 6 should read" 1 OO;..ts (or 1 mid." i 

8-12. A204 ! F Processor (2020094) -Note the following part numbe( changes. 

C25 is 2150003 
C33 is 2150003 
R32 is4l30431 
R34 is.4130271 
R35 is 4130221 

R41 is 4130151 
R43 is 4130431 
R44 is 4130221 
R76 is4130471 
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9-35. A204 IF Processor (5500094)- Change the revision lener to J and make the following changes to your 
schematic diagram. 

C25 is now .01p.F 
C33'is now .01)-IF 
A33 is now430 ohm, 2% 
R34 js now 270 ohm, 2% 
R35 js now 220 ohm, 2% 

R41 is now 150 ohm~ 2% 
R43 is now 270 onm, 2% 
R44 Is now 220 ohm, 2% 
R761s now 470 ohm, 2% 

1-2. Table 1-1. Specifications, General. Gate error (max) should read"± 1QQ J.;Ho.'; for Band A and~ for Band B. 
PW • .03 PW - ,03 

6-5. Paragraph 6-21, hem b., (3) should read "Adjust A106R60per paragraph 6-21a (2)." 

7·1. Paragraph 7-10, C. (5), last sentence should reed "For 100 ns wide pulses, error should be less than 1.42 MHz, 
7-2. Paragraph 7-10, D (5}, !a>t sentence should read "For 100 ns wide pulses, error should be less than t .42 MHz, 

Paragraph 7-11, C, add the following sentence, "Gate error sh auld be less than 570 kHz. 

9-5. A100 Counter fnterconnect (5500070)- Delete Gate Mod switch that was connected to J1 pin 1 and 2 on the rear panel, 
Delete modulation trace that runs from J1 pin 1 to High Frequency XA 106 pin 15. 

9-15. · .. A105 Gate Generator, J1 should read BAND B THRESHOJ._D <Jnd J2 should re<Jd BAND A THRESHOLD. 

9-17. A106 High Frequency, R47 should be 18ohm nom .. 7/1:., S.A.T. 

9-29. A202 YlG Control, Add U8 Inverter Gate, p!n 11 (!n)/1 O(out) from P1 pin 7, 40kHz Clock slgnal to 
U4 pin 14. 

-. ERROR DAC ENAB!..E, at U6 pin 2 should be ERROR DAC ENAB!..E. 

ERRO'FiOAC STEP. at U6 pln 11 should be ERROR DAC STEP. 
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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 war.ranty is expressed or implied. 

ASSISTANCE 

For assistance, contact the EIP representative in your area, or EIP Microwave. 
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SECTION 1 

GENERAl INFORMATION & SPECIFICATIONS 

1~1. DESCRIPTION 

1 ~ 2. The EIP Model 451. Microwave Pulse Counter auto~ 
matically and directly measures the frequency of pulse 
modulated microwave signals between 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 q51 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 switching 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 925 MHz ··· 18 GHz. 

1-4. All front panel controls except SAMPLE RATE are 
externally programmable. One input to the counter (Band 
8) 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 - 950 MHz. 

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

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

1-7. For applications where less resolution is required, 
pushbutton 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 circuit boards or in easily 
removed modules. Special test points allow monitoring of 
critical circuit functions. 

1-9. INSTRUMENT IDENTIFICATION 

1-10. The 451 Pulse Counter is identified by two number 
sets: the Model and Configuration Control Number (e.g: 
451-CCN1001), and a specific Serial Number (e.g: 12345). 
Both sets of numbers should be mentioned in any corre~· 
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. 

I 



GENERAL SPEGIFIOA:TIC>I'\IS 
' Sensitivity: 

Frequency Range: 
Band A: 300 MHz to 950 MHz (Option P2) 
Band B: 925 MHz to 18 GHz 

Band A {Opt. P2): 300 to 950 MHz -10 dBm peak 
Band B: 925 MHz to 10 GHz -10 dBm peak 

10 GHz to 18 GHz -5 dBm peak 

FM Tolerance CW: 40 MHz p-p deviation for mod. rates DC-
Pulse Characteristics: Band B (minimum): 10 MHz. PULSE (w/o Input Inhibit): 20MHz 

Pulse width: 100 nsec min. (measured at 3 dB points) 

Pulse repetition freq.: Minimum-50 Hz normal, 0 Hz rear panel 
selected, Maximum- No limit 

max. freq. shift across pulse. FREO.UENCY 
PROFILE (using Input Inhibit): 20 MHz max. 
freq. shift during input inhibit pulse. 

Maximum Input 

Accuracy: Level (peak): Operating Burnout Level 
CW or pulses Band A: 300 to 

> 100 Jlsec: Time base accuracy ± 1 count 950 MHz 

Pulse< 100 Jlsec: Time base accuracy± averaging error± (Opr.P2) +10 dBm +27 dBm 
gate error Band B: 925 MHz 

Averaging error 
Band A Band B (kHz rms): 

1 00 J1s Gate: 
200 100 

1 PW-.03 -/PW·.03 

to 18 GHz +10 dBm +30 dBm 

Band A (Opt. P2) Band B 

Input impedance: 50 Dnom. 50 S1 nom. 
Connector: BNC Type N precision 

1 ms Gate: 
60 30 

.j PW-.03 JPW-.03 

Measurement Speed 
(Band BOn!y): 
Acquisition Time: 

Gate error I max.): ± 40kHz PRF >100Hz: 1 00 msec + 50 msec/GHz 

PW -.03 PRF <100Hz: 100 msec + ~5~sec/GHz 
PRF 

PW ~pulse width in Jls. 
Time Base: <><anaaro upt1on I"' 1 

Reading Time Band A Band B 
Band B (sec): 

400 100 
Oscillator Type: Room Temperature Temperature Com-

Crystal pensated Crystal 
1 00 ,Us Gate: (PW)(PRF) (PW)(PRF) 

(TCXO) 4000 1000 

Crystal frequency: 10 MHz 
1 ms Gate: (PW)(PRF) (PW)(PRF) 

Stability: 
Aging rate: <I 3 x 10·71 /mon. 

PW ~ pulse width (,Used 
PR F ~ pulse repetition frequency (Hz) 

Temperature: 
(0-50°C) <I 3 X 10-5 1 < 12 X 1Q·6J 

Display: 7 digit LED with fixed decimal point. 
Leading zero suppression. 

Line voltage: ±10% change produces 
frequency shift <11 X 1 o-7 i Resolution: 10kHz, 100kHz, 1 MHz 

Warm up time: None required Power: 1 00/120/220/240 VAG± 1 0%, 50-60 Hz, 

" 1 00 watts nominal. 

GENERAL SPE::CS. CONT'O. 

Operating Tern-
0 to 50°C perature: 

Weight: Net 30 lbs. Shipping 35 lbs. 

Dimensions: 3.5" high and 16. 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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FRGNT Pl-\1\l.El: 

Controls: 

Sample Rate/Hold: Varies display reading time from 0.1 sec( 
reading to 10 sec(reading. "Hold'' displays 
last reading. 

Test .. 200 MHz: Displays 200 MHz internal test frequency. 

Display Test: Tests all LEO numeral segments. 

Resolution: (1 MHz, 100kHz, 10kHz): Sets display 
resolution. 

1 ms Gate: Selects 1 ms gate, 
Band Select (A or B): Switch selects either Band A {Opt. P2) or 

Band B input. 

Auto( Manual I Band B): 

Auto Mode: Band B searches upward for input signal be-
ginning 100 MHz above preset number. 

Manual Mode: Inhibits search. Signal must lie between 
100 MHz and 325 MHz above preset 
number. 

Thumbwheel Switch 
(Band B): 

Auto Mode: Sets start point of frequency sweep 11 00 
MHz above preset number .I 

Manual Mode: Sets operating frequency range 1100 MHz 
to 325 MHz above preset numbed 

Indicators: 

Level-: Indicates sufficient input level. 

Lock: Indicates signal acquired. 

Gate: Indicates measurement in process. 

Remote: Indicates Remote Programming (Option P4 

Reduce Signal 
or PS) active. 

(Band B): Indicates excess signal level. 

Connectors: 

Band A input: Type BNC female- 300 to 950 MHz 
(Option P2) 

Band B input: Type N precision female- 925 MHz to 
18 GHz 

REAR PANEL: 
' .. 

Controls: 

Power input: 

Storage {On/Off): 

Min. PRF = (50 Hz( 
0): 

Connectors: 

10 MHz reference 
output: 

Gate Output: 

Signal Threshold 
Output: 

Inhibit Input: 

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

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

Normally in 50 Hz position. In 0 position, 
allows measurements of very low PRF 
signal. 

1 V peak-to-peak min. into 50[/; 

-0.5v min. into 50 n corresponding to 
counter gate. 

-0.5v min. into 50 .11 corresponding to 
signal exceeding threshold. 

ECL high {-0.9v) inhibits. ECL low (-1.7v) 
enables. From 50[/; source, 0 volts will 
inhibit, -1v will enable. 

Input impedance: 50 .1"2to -2 volts. 

MODELl OPTJONS: . 
Model 451 Microwave Pulse Counter 

P1: TCXO- temperature compensated crystal 
oscillator 

P2: Band A: 300 · 950 MHz 

P3: Rear panel inputs: Band A and B 

P4: BCD output( remote programming 
Remote programming: provides rear 

panel programming of all front panel 
controls except SAMPLE RATE. 
Requires ground contact closure; one 
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 IEEE STD 
488·1975. 

TABLE 1-1 (Continued]. SPECIFICATIONS - 451 MICROWAVE PULSE COUNTER 
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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 operate mechanically. Report any damage 
to EIP immediately. 

2-4. INSTALLATION 

2-5. There are no special installation instructions for 
the IJ51 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, 
50-60 Hz power line for operation. CAUTION: Check cur­
rent rating of counter fuse and voltage range PC 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 outlines an operational 
check of the counter which may be conducted 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 opera­
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 voltage 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 panel) to turn 
counter on. The counter display should light, and the 
internal cooling fan should operate. 

d. Partially depress either ofthe two RESOLUTION 
switches and release i.t, so neither switch remains in 
the depressed position. All digits in the display should 
indicate "0" (zero). 

e. Depress the front panel 200 MHz TEST switch. The 
display should indicate "200. 00" (200 MHz). 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 dis-· 
play should indicate "200. 011 • 

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

i. Unblank all display digits (see "d" above). 

j. With no input signal, the entire 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. 

2-1 
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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 TO BE 
INOPERATIVE. 

3-1. INTRODUCTION 

3-2. The Model 451 Microwave Pulse Counter has three 
principle modes of operation: automatic, manual, and ex­
ternally enabled. This section will describe each of these 
modes, and will provide infurmation on timing considera­
tions and instrument accuracy. 

3-3. CONTROLS, INDICATORS AND CONNECTORS 

3-4. Front panel controls, indicators and connectors are 
shown in Figure 3-1 and described in Table 3-L Rear 
panel controls and connectors are shown in Figure 3-2 
and described in Table 3-2. 

3-5. NUMERICAL DISPLAY BRIGHTNESS ADJUSTMENT 

3-6. Apparent brightness of the light-emitting-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 R35 clockwise to increase 
display brightness, or counter-clockwise to decrease the 
brightness. 

3-7. OPERATION IN THE AUTOMATIC MODE 

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 P';[) for frequencies 
between 300 MHz - 950 MHz. If the input signal level is 
sufficient for counting, the LEVEL indicator will light. 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 

3-9. In Band B, acquisition speed may be improved by 
presetting the start frequency via the thumbwheel switch. 
The minimum frequency which can be acquired will then 
be 100 MHz above the switch setting. 

CAUTION: An erroneous reading may result if an applied 
signal is less than 700 MHz above the switch setting. 

3-10. OPERATION IN THE MANUAL MODE 

3-11. Manual 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 erroneous 
readings. 

3-12. EXTERNALLY ENABLED OPERATION 

3-13. The use of the rear panel INPUT INHIBIT makes 
possible a class of measurements known as dynamic 
frequency measurements - measurements made at a 
specified point in time on a signal whose frequency is 
some repetitive function of time. When a high level is 
applied, the 451 is inhibited from making a measurement. 
Thus a signal at the INPUT INHIBIT can be used as an en­
able signal to make a measurement at a desired time. The 
width of the enable signal determines the duration of the 
measurement - typically 40 nanoseconds less than the ap­
plied pulse. 

3-14. INPUT INHIBIT REQUIREMENTS 

3-15. The INPUT INHIBIT on the 451 is desicrned to be 
compatible with either a 50 ohm impedance pul~e 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 level signal 
(-0. 8 to -1.1 V) will inhibit 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
turned to -2 V. The direct compatibility with a 50 ohm 
pulse generator results from the fact that zero volts from 
a 50 ohm source will produce -1 Vat the INPUT INHIBIT 
(inhibiting the 451), while a -1 V signal into 50 ohms will 
produce ,.;J:v at the INPUT INHIBIT thus enabling the 451. 

- /,511 

3-16. PULSE PROFILE MEASUREMENTS 

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

(Continued on Page 3-4) 
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FIGURE 3~1. FRONT VIEW ~ 451 MICROWAVE PULSE COUNTER 

TABLE 3~1. FRONT PANEL CONTROLS, INDICATORS AND CONNECTORS 

POWER On/Off Switch 

Turns counter power on and off. 

SAMPLE RATE/HOLD Control 

Continuously variable control for one-tenth to ten seconds 
per reading. (Required Gate time is added to sample time.) 
HOLD position :retains reading until manually reset. 

200 MHz TEST Switch 

Provides check of internal counter circuits. Display should 
indicate 11 200.00 MHz. 

DJSPLA Y TEST Switch 

Displays "88 888.88" to test all LED segments. 

RESOLUTION (100 JlS GATE) Switches 

Provide blanking of either one or two least significant 
digits for resolution of 10kHz, 100 kHz, or 1 MHz, with 
100 microsecond gate time. 

1 ms GATE Switch 

Provides 10 kl'Iz resolution with 1 millisecond gate time 
fox reduced pulse averaging error. 

RESET Switch 

Manually 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 (900 MHz 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 

3~2 

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. Blinking light indicates that PRF (pulse re~ 
petition frequency} is too low. 

LOCK Indicator 

When lit, indicates that input signal has been acquired. 

GATE Indicator 

Indicates that counter is in measurement porti.on of its 
cycle. 

REMOTE Indicator 

Used with Option P 4 (BCD /Remote Frog ramming). When 
lit, indicates that Remote Enable has been activated, and 
that all front panel controls except SAMPLE RATE are 
disabled. 

MANUAL SELECT I AUTO SWEEP Switch 

Selects manual or automatic operation for Band B. 

PRESET /START FREQUENCY Thumb wheel 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 mode, 
the switch sets t:t:ie start of the search range. Input fre­
quency 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. 
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FIGURE 3-2. REAR VIEW - 451 MICROWAVE PULSE COUNTER 

TABLE 3-2. REAR PANEL CONTROLS AND CONNECTORS 

Rear Panel Inputs Remote Input/Output Connector 

(Opti.on P3) Allows modification of counter for rear panel 
inputs. 

ACCESSORY POWER OUT Connector 

Provides power for 451 Pulse Counter accessories. 

10 MHz OUTPUT Connector 

Output of internal 10 MHz clock, 1 V p-p min into 50 ohms. 

SIGNAL THRESHOLD OUTPUT Connector 

Pulse output representing signal threshold level of input 
pulse. 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 is being made. Used in frequency profile 
measurement. 

INPUT INHIBIT Connector 

External pulse input for frequency profile measurements. 

(Option P4) Connector for BCD/Remote Programming. 

GPIB Input/Output Connector 

(Option P5) For connection to General Purpose Interface 
Bus (IEEE STD 488-1975). Hefer to separate Instruction 
Manual for EIP Model 451 Option P5. 

STORAGE Switch 

Normally ON. In the OFF position, display updates con­
tinuously during measurement cycle. 

MIN PRF Switch 

Normally in 50 Hz position. 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 receptacle, fuse, and PC board 
for voltage selection. 
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near the leading and trailing edges of the pulse, or a 
pulsed Gunn diode oscillator may exhibit frequency shift 
during a pulse due to peak power thermal 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 output of the 451 is used 
to trigger the pulse generator. The generator's output 
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 nanoseconds or 
less can be used, although wider windows yield higher 
accuracy. 

SIGNAL 

SIGNAL 
TH~ESHOLD ~ 

451 
INPUT MICROWAVE 

PULSE INHIBIT 

COUNTER INPUT L.r 

PULSE
1
drRIGGER 

OUTPUT INPUT 

DELAYING 
PULSE 

GENERATOR 

FIGURE 3-3. 
PULSE PROFILE MEASUREMENT TEST SET-UP 
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FIGURE 3-4. PULSE PROFILE MEASUREMENT 

3-18. DYNAMIC CHARACTERISTICS OF TIME VARYING 
SIGNALS 

3-19. 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 a device such as a voltage controlled oscil~ 
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lator (VCO). A square 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 3-5 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, a trigger must be obtained from the modulating 
source. 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 enabling pulse, each input pulse 
of the sequence can be separately measured. 

MODULATED 

SOURCE 
MICROWAVE RF 451 
OUTPUT INPUT MICROWAVE 

TO BE PULSE INHIBIT 
TESTED 

COUNTER INPUT 

T FREQUENCY 
MODULATION 

tiNPUT 

I 

trdDULATION 
TRIGGER MODULATOR OUTPUT 

..JL INPUT 

TRIGGER DELAYING ..JL 
OUTPUT PULSE 

GENERATOR PULSE 
OUTPUT 

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 to 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 open 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 to be known 
to an accuracy better than 20 nanoseconds, it is recom­
mended that the GATE output on the 451 rear panel be 
observed 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 oscilloscope 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 to 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 occurs 20 
nanoseconds after the signal is applied. The GATE sig­
nal at the rear panel occurs 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 connector 60 
nanoseconds earlier. If the SIGNAL THRESHOLD output 
is used as an indication of input signal, then it occurs 
40 nanoseconds prior to 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. 

DHAYW !F- PULSE 

GATE----

FIGURE 3-6. INTERNAL TIMING DELAYS 

3-24. ACCURACY 

3-25. In a CW frequency counter, measurement accuracy 
is generally 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, etc. 

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 counter 
could measure either 2 or 3 events in a one second interval. 

3-27. There is a third possible source of error in a CW 
counter: gate error. A gate is supposed to represent a 
precise number of reference oscillator cycles. Due pri­
marily to differences in the rise and fall times of various 
circuits, the actual gate will usually 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 occur. 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 measurements. In 
fact for narrow pulses, the second and third sources of 
error which are usually ignored in a CW counter, become 
the dominate sources of error in a pulse counter. 

3-29. Time Base Errors 

3-30. A frequency 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< Is x 10- 7 1/month, 
and temperature stability of < 13 x 10-· 5

1 over the range 
of 0 to +50 o C, are standard on the 451. An optional tem­
perature compensated crystal oscillator (TCXO) reduces 
temperature instability to < 12 x 10- 6 1. By calibration 
against a frequency standard, this error can be made less 
than one one count, and thus becomes insignificant. 

3-31. Averaging Error 

3-32. In order to obtain high resolution, the frequency of 
a number of measurements 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 ± IN counts ~ this is called the 
RMS averaging error. N is the number of gates required 
to accumulate 100 ms (or 1 )J s) of gate time. The gate is 
typically 30 ns narrower than the input pulse, so the RMS 
averaging error is: 

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

IPW - .03 

PW =Pulse width in ms. * 30kHz with 1 ms gate, 200 
(or 60) kHz for Band A. NOTE: Since Band A gate times 
are expanded by 4, iN 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 closes, 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 to the gate 
width. This error is also related to both temperature 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 frequency averaging. 

3-35. TECHNIQUES FOR IMPROVING ACCURACY 

3-36. 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 Pl 
(TCXO) and P4 (BCD Output/Remote Programming). 

3-37. Time Base Calibration 

3-38. A frequency error in the time base oscillator results 
in the same percentage error in the frequency reading for 
either CW or pulsed signals. By directly measuring the 10 
MHz time base frequency at the 10 MHz OUTPUT connector 
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- 6 high in frequency, and all readings will 
be 1 x 1o·· 6 low in frequency -- a reading at 10 GHz will 
be lO kHz low. Instead of correcting the reading for this 
error, a better technique is to set the time base oscillator 
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 previously, is simply 
the result of a random statistical process. As in all such 
processes, taking a larger number of samples reduces the 
averaging error. On 45l's equipped with BCD Output Op­
tion P4, a test set-up as shown in Figure 3-7 allows the 
random averaging error to be virtually eliminated. The 
DAC takes the three least-significant-digits and produces 
an analog voltage which is plotted on a strip chart re­
corder. The average value of the output can be easily ob­
tained from the strip chart. 
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FIGURE 3-7. 
CALIBRATION TEST SET-UP {AVERAGING/GATE ERROR) 

3-41. Gate Error 

3-42. Gate error at any given frequency and pulse width 
can be virtually eliminated ~ this is accomplished by sim­
ulating a pulsed input and determining the gate error. 
This calibration factor can then be added to, or subtracted 
from, the indicated measurement to obtain the correct fre­
quency. First, determine the gate error using a CW source 
at approximately the same frequency {within 25 MHz) 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 measured- 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 to 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 Model 451 Microwave Pulse Counter auto­
matically measures and displays the frequency of a CW 
or pulsed signal in the range of 925 MHz to 18 GHz (Band 
B). An optional 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 frequency 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 resulting difference frequency 
is then processed by a 350 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 resolution, the 451 automatically 
averages as many input pulses as necessary to obtain a 
total gate interval of 100 ms (or 1 JlS). The required 
number of pulses 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. In the optional Band A (300 MHz - 950 MHz), the in­
put frequency is divided by four. The divided frequency 
is then counted in the Direct Counter for a 400 Jl s (or 
4 ms) period to obtain a readout with 10 kHz resolution. 
As in Band B. gating is controlled by the input signaL 

4-6. The system operation of the 451 is best describsd 
by separating the instrument into its two main functional 
blocks: the Microwave Converter, and the Direct Counter. 

4-7. Figure 4-1 shows a simplified block diagram of the 
entire 451. Figure 4-2 shows a more complete block dia­
gram of the Microwave Convertsr section, while Figure 
4-3 diagrams the Direct Counter. Detailed circuit descrip­
tions of all PC boards are givsn in Section 9. 

4-8. MICROWAVE CONVERTER 

4-9. The Microwave Converter is a self-contained assem­
bly which performs the function of translating the input 
microwave frsquency downward into the range of 100 to 
350 MHz. This translation 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 MHz,generated within the YIG Comb Generator(A207). 
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 input into a 
train of narrow pulses containing all the harmonics of 200 
MHz up to 18 GHz, while the YIG filter selects the desired 
harmonic. Tuning of the YIG filter is accomplished by 
varying the currsnt through a pair of coils, which in turn, 
varies a magnetic field within the structure. (A more com­
prehsnsive description of ths operation of a YIG-tuned 
device is given latsr in this section.) 

4-11. The 200 MHz rsference is generated within Sourcs/­
Amplifier A201 by an LC oscillator which is phase-locked 
to the 10 MHz Time Base Oscillator (A108) within ths 451. 
This reference is amplified to produce up to one watt of 
output power to drive the comb generator section of A207. 
A second output at 200 MHz is used to gsnerate the gate 
and test functions within the Direct Counter. 

4-12. The RF input signal to the Converter section first 
passes through a Limiter I Attenuator (A206). The limiter 
portion of this moduls 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 multistags, 
matched PIN diode serving two functions: (a) to provide a 
means of controlling the RF signal lsvel to the Mixer, and 
(b) to act as a switch which shuts off the input signal dur­
ing certain portions of Convsrter operation. 

4-13. The Mixer (A205) is another integrated microwave 
circuit assembly, containing a hybrid coupler, termina­
tion, mixsr diode, and a DC rsturn. The Mixer produces 
two output signals on a common line: (a) an IF signal 
equal in frequency to the diffsrence bstween ths RF sig­
nal and the reference signal; (b) a Video signal resulting 
from rectification of sither the RF or reference input. 

4-14. The IF and Video signals are separated in i.he IF 
Processor (A204). This asssmbly contains an IF amplifisr, 
video amplifiers, threshold circuits, and LOCK circuitry. 
The output of the IF amplifier is the signal actually meas­
ursd by the Direct Counter. It is also used by ths LOCK 
circuitry to dstermine the correct reference frequency 
(comb line). The Converter is considered to be locked 
when a particular comb line mixes with the applied RF 
signal to produce an IF signal of proper amplitude and 
frequency. 

4-15. The amplified Video output is used to generate three 
separate signals: two threshold, and one analog output. 
One signal - SIGNAL THRESHOLD - is used to detect the 
presence of sufficient RF signal to initiats operation of the 
Converter and enable the gate of the Direct Counter. The 
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second threshold- ATTENUA TOR 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 Control 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 located 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 control unit for the 
entire Converter. (A detailed operational sequence is given 
in Section 9) 

4-18. 350 MHz DIRECT COUNTER 

4-19. After an RF signal is translated into the range below 
350 MHz, the frequency is determined by the 350 MHz Di­
rect Counter. This is accomplished by accumulating the 
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number of cycles of the signal which occur within a pre­
cisely determined time interval. This 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 to a reso-
1 ution of 10 kHz, it is necessary to add together the num­
ber of cycles counted in each of a large number of pulses, 
until the required total time interval is obtained. 

4-20. The Direct Counter consists of several major func­
tional blocks as shown in Figure 4-3. Input signals are 
applied to High Frequency board A106, 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 counting chain, which accumulates the 
input count. The output of this decade goes to the Count 
Chain (A103} which contains the remaining six decades. 
A103 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 contains all the required multiplex­
ing circuitry to drive the Display (AllO). The logic to 
suppress leading zeros on the display is also on A102. 

4-22. Overall 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 of the counter, that of gen­
erating a precision gate, is accomplished by the Gate 
Generator {A105). This function is considerably more 
difficult 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 Frequency board 
which is present only when an input signal is also pres­
ent. The second is to accumulate the total time during 
which the GATE is applied, until 100 microseconds(or 
1 millisecond) is reached. 

4-25. The first operation requires that the GATE begin 
after the signal is present at A106, and end prior to 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 so 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 ].(S (or 1 ms) is obtained. This requires that 
each GATE opening is for an exact integral number of 
clock pulses. A 200 MHz clock is used for this, causing 
the GATE width to be increased in 5 ns steps until a 
total of 20,000 (or 200, 000) clock pulses is accumulated. 

4-27. ACCURACY 

4-2B. In the case of a CW measurement, absolute 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 
error, specified as t 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 
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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 random, it is sub­
ject to statistical fluctuations. This averaging error is 
proportional to I'N. where N is the number of times the 
GATE is opened during a measurement. This, in turn, 
can be related directly to pulse width: 

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

/Pw- .o3 
PW = Pulse width in microseconds. 
* 30kHz with 1 ms gate, 200 (or 60) 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. Each time 
the GATE is opened, a fixed error 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 
tempera.ture, is given by: 

GATE Error (max) 40 kHz 
PW- .03 

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 

Highly polished spheres of single crystal YIG (yttrium­
iron-garnet), have a property called ferrimagnetic 
resonance. Basically, the ferrimagnetic resonance pheno­
menon can be explained in terms of spinning electrons 
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 magnetic bias­
ing field, Hnc, causes the magnetic dipoles to be aligned 
in the direction of the biasing field (see Figure C}. 

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

natural precession frequency, there is a strong interac­
tion called ferrimagnetic 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 loops are perpendicular to each 
other and to the de biasing field, Hnc· One loop car­
ries the RF input and the other the RF output. When 
the RF signal frequency is the same as the natural pre­
cession frequency of the YIG, there is strong coupling 
between the input and output loops. Thus RF can only 
pass through the YIG filter at resonance. The resonant 
frequency is a linear function of the magnetic biasing 
field, Hnc. Generally, Hnc is provided by locating the 
YIG spheres between the poles of an electromagnet, and 
tuned by varying the current to the magnetic coils. 

hgure B. H_;mdomly oneraed 
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SECTION 5 

MAINTENANCE & SERVICE 

5-t. GENERAL 

5-2. This section provides instructions, procedures, 
and infurmation necessary to maintain, troubleshoot, 
and repair the EIP 451 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. Slide open power module cover and rotate FUSE 
PULL to the left. 

b. Select operating voltage by orienting PC board 
so nominal supply line voltage appears on the top left 
side of the PC board. Push board firmly into module 
slot. (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 cover. 

d. For 100/120 VAG operation, use a 1.5 A, Slow­
Blow, 3AB/MDX type fuse. For 220/240 VAG operation, 
use a 0. 75 A, Slow-Blow, 3AB/MDL type fuse. 

5-5. AIR CIRCULATION 

5-6. During operation of the counter, the internal fan 
draws in cooling air through the vents in the rear paneL 
If these vents are blocked, the temperature inside the 
enc.losure may rise to the point where counter stability 
is reduced, and component life shortened. 

5-7. COUNTER SERVICING 

5-8. Recommended Service Procedures: 

a. To remove 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 Tool (EIP PIN: 5000094 or equivalent) to 
unplug flat ribbon connector. 

c. To remove PCB socket locating key: Key !!JUSt be 
turned 90 o before removal from or re-insertion into 
socket to avoid contact damage. Use long-nose pliers 
for removal or insertion. 

d. Internal cable and harness routing is shown both 
in Figure 9-1 and inside the top cover of the counter. 

e. Circuit descriptions of PC board and modular as­
semblies are shown on the same pages (in Section 9) 
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 situation. 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-l. Other equipment may be used provided 
performance equals or exceeds that listed. 

5-9. Servicing 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 (A105), 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 
T!ME BASE OSCILLATOR (ON A108). 

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 SHIPMENT: 

a, Name and address of owner. 
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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
nal level? What associated 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 lb. test) 
double-walled carton, with approximately 4" of 
suitable packing rna terial 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 
contains 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 correctly inserted and 
fuse good (see paragraph 5-4). 

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

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

d. PC boards and connectors are properly engaged. 

e. Power supply voltages correct (measure at A100J3); 
refer to paragraph 6-8 for acceptable tolerances. 

5-15. FAILURE TO INDICATE ALL ZEROS 

5--16. If counter turns on, but 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 50 Hz position. 
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c. PC boards and connectors are properly engaged. 

d. Power supply voltages 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. If counter fails the Visual Display Test 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 200.00 (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. 

c. Power supply voltages correct. 

d. Counter passes Visual Display Test (para. 5-16). 

e. Refer to Figure 5-7. 

5-19. MALFUNCTION IN BAND A (OPTION P2} 
(300 MHz to 950 MHz) 

5-20. If counter fails to read frequency correct] y, CHECK 
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. 

c. If signal input is correct, counter should indicate 
all zeros when signal is removed. If not, refer to para­
graph 5-16. 

d. Counter passes Visual Display Test (para. 5-16). 

e. 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. 



c. If signal input is correct, counter should indicate 
all zeros when signal is removed. If not, refer to para­
graph 5-16. 

d. Counter passes Visual Display Test {para. 5-16). 

e. Counter 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 to Figure 5-9. 

5-23. MODULE FAILURE VERIFICATION 

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

a. Turn off counter power. Remove cable from A201J2. 

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 to Band' B. 

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

e. 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 A201FLl 
(2 Vldiv), and Channel B to detector output. 

g. Set Channel B sensitivity for full scale deflection 
at 0 dBm into detector (1 W at A201J2). 

h. Channels A and B should have similar waveforms, 
with maximum detector output approximating l watt at 
A201J2 (see Figu.re 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 
to a spectrum analyzer. 

b. Remove wire connected to A20 lFLl. Connect FL1 
to a variable 0 to +8 VDC source. Vary the DC level to 
FLl and observe the spectrum from 100 MHz to 400 MHz 
for spurious signals. 

5-26. Front End Check: 

a. Turn off counter power. Remove Converter tray 
(A2), and cover from IF Processor module {A204). 

b. With Converter tray out of counter, reconnect tray 
to counter power at A200Pl. Turn on power to counter. 

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

d. Remove cable at A204J4 (Attenuator Control), then 
depress RESET button. 

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

f. Re-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 to Mixer (A205). 

c. Unplug and remove IF Processor (A204). 

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

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 
that plugs into IF Processor). A DC voltage between 50 
and 250 mV should be indicated. 

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

5-28. PIN Limiter /Attenuator Check: 

a. Turn off counter power. Remove Converter tray (A2). 

b. Remove PIN Limiter I Attenuator (A206) from tray. 

c. Disconnect PIN Limiter I Attenuator from Converter 
Sequencer (A203). Unplug co-ax input to Mixer (A205). 
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d. Apply +7 VDC to A206Pl pin.!!, and -8 VDC to A206Pl 
pin l, with common to ground lug on module. CAUTION: 
Static discharge to these control input pins can damage 
the Limiter I At ten uator. 

e. Apply a 0 dBm signal in the l - 18 GHz range to 
the type N connector. Output should be between -7 and 
-8 dBm. 

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

5-29. YIG Comb Generator Check: 

a. Carefully remove co-ax cable connecting YIG Comb 
Generator output (A207J1) and Mixer (A205Pl). 

b. Connect a 1 - 18 GHz broadband calibrated detector 
to A207J1. The detector output should match Figure 5-2. 

c. Check that the YIG Comb Generator (A207) has the 
proper inputs: 

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

(2) RF power at A207J2 (from Source/Amplifier). 

NOTE: Due to the special test equipment required to 
thoroughly test the performance of the YIG Comb Gen­

F!GURE 5-2 
YIG COMB GENERATOR 

DETECTED OUTPUT 

the above check is adequate only as an indica-erator, 
tion of a 

Section 5 Service 
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complete failure. 

EQUIPMENT DESCRIPTION MFR MODEL 

Signal Source: 

{1) 300 MHz- 1.4 GHz Wavetek 2001B X 

(2) 1 GHz- 18 GHz S-D 521-series X 

(3) 300 MHz 18 GHz Pulse Modulator 

Pulse Generator IEC P23 

Oscilloscope: Dual Trace, 
200 MHz Bandwidth Tektronix 475 X 

Digital Voltmeter (H digit) Dana 4800 X 

Power Meter HP 432B X 

Thermistor Mount(10 MHz-18 GHz) HP 8478 X 

Crystal Detector 

20 dB Directional Coupler 

Variable 115 Vac Source 

Extender Card 

Adapter Cable (SMC to BNC) 

Misc. Attenuators, adapters. 
and cables 

HP 8472A 

HP 779D 

Staco 3PN501 

EIP 2020021 X 

EIP 2040015 X 

X 

TABLE 5-1 
RECOMMENDED TEST EQUIPMENT 

Section 6 - Calibration 

Section 7 - Performance 

X X 

X X 

X X 
*See paragraphs 

X X 6-21 and 7-10. 

X X 

X 

X X 

X X 

X 

X 

X 

X 

X 

X X 



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 A204Pl (power plug) connected to A200Jl. 

c. Connect IF Processor to two signal generators as 
shown in Figure 5-3. Terminate A204.J3 in 50 ohms. 

d. Turn on counter. 

(Signal Threshold Detector Check) 

e. Connect oscilloscope lOX probe to A204J6 (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 RF source to -20 dBm. Terminate A204J5 in 50 
ohms. 

i. Verify that A205.J6 is at an ECL high (-0.8 VDC). 
Remove 50 ohm termination. 

(Attenuator Control Check) 

j. Connect oscilloscope Chan. A lOX probe to A204J4 
(Attenuator Control). and Chan. B lOX probe to A204Jl 
(Converter Threshold). 

LO 
SIGNAL 
SOURCE 

TO Jl 
LO 

PORT 
J2 

k. Vary RF source level from below -20 dBm to above 
-10 dBm. Observe the following: 

(1} When RF level is below -20 dBm, A204.Jl (ECL 
level) and A204J4 (TTL levei) are ])oth high. 

(2) As the level of the RF source is increased, 
A204J1 goes low. Note this level. 

(3) A204.J4 goes low 6 to 8 dB higher than A204Jl 
went low. 

(In-Band Detector /Lock Logic Check) 

l. Connect Channel A lOX probe to A204J7 (Lock). 

m. Set RF source to -20 dBm with 1kHz square wave 
modulation. Tune RF 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 frequency. 

n. Tune RF 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 a frequency 25 to 30 MHz higher 
than that measured in step m above. 

(Detected Modulation Check) 

o. Set RF source to 1. 2 GHz at -30 dBm. Modulate RF 
source with 1.5 microsecond pulses at a 20kHz repeti­
tion rate. 

p. Connect Channel A 1 OX probe to A2 04.J2 (Detected 
Modulation). Output should be 1. 5 microsecond posi-· 
tive pulses at 1. 6 to 2. 4 V amplitude (referenced to 
-· 6 volts) . 

J3 

FIGURE 5··3 
TEST SET-UP 

IF PROCESSOR (A204) 

(SEE 
IF PROCESSOR J4 TEXT 

(A204) J5 FOR 
.J6 CONNEC-

RF .J7 TIONS) 

SIGNAL 
SOURCE RF 

PORT 

MIXER Pl (POWER) 

(A205) TO A200Jl 
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r START 

VISUAL DISPLAY TEST 

DEPRESS DISPLAY TEST YES VISUAL 
SWITCH. DISPLAY SHOULD DISPLAY 
SHOW ALL 8's (ALL SEG- TEST OK 

MENTS LIGHTED). 

NO 

LAMP TEST INPUT 

CHECK DECODER DRIVER NO 
CHECK DISPLAY 

LAMP TEST INPUT AT TEST SWITCH 
A102U8 PIN 3.1S LEVEL 

LOW (<0.4V)? 

YES 

DISPLAY SUPPLY 

DISPLAY SUPPLY VOLT- NO 
TROUBLESHOOT DISPLAY 

AGE AT A102Q8 EMITTER 
SUPPLY: A102Q8 AND Q9. 

SHOULD BE >4.5V WITH 
A102R35 FULLYCW. 

YES 

DISPLAY 

LED READOUT NOT 
GO TO FIGURE 5-5: OK 

IF INDIVIDUAL SEGMENTS MISSING DIGIT 

OR DIGITS FAlL TO LIGHT, TROUBLESHOOTING 

REPLACE DEFECTIVE LED. TREE 

DISPLAY 
OK 

FIGURE 5-4 
VISUAL DISPLAY TEST 

5580010 

9/78 



5580010 

9/78 

1 START 

DIGIT DRIVE MUX CLOCK GENERATOR 

WJTH A102R35 FULLY CW, AND 10 NO 
CHECK MUX CLOCK OUTPUT: 

kHz RESOLUTION, CHECK DISPLAY 
A 102U6 PIN 3. SIGNAL SHOULD BE DRIVER INPUT (A 1 0201-07 BASE). 
PULSE TRAIN >2.4V FOR 8 p.S, AND SIGNAL SHOULD BE <4.3V FOR 20 

<0.4V FOR 0.3 p.S. vS, AND >4.7V FOR 120J.t5. 

YES 
t YES 

MUXSEOUENCEGENERATOR 

CHECK A102U9 AND UlO. 
REPLACE DEFECTIVE IC. 

< 

NOT CHECK DISPLAY DRIVER. CHECK 
CONNECTIONS BETWEEN DISPLAY OK 

DRIVER AND DISPLAY (Al10) IF ANY REPAIR 
DIGIT IS MISSING. 

OK 

DECODER DRIVERS 

DEPRESS TEST SWITCH. CHECK 
DRIVER SEGMENT OUTPUTS AT 

A 1 02) 1 PINS l-7. SIGNAL SHOULD BE NO 
REPLACE <OAV FOR 20J.t5, AND >2.4V FOR 

120MS. DECODER 

YES 

NOT 

CHECK CONNECTIONS BETWEEN 
OK 

REPAIR 
DECODER DRIVER AND DISPLAY. 

OK 

RIPPLE BLANKING 

IF A DIGIT IS STILL MISSING, THE 
TROUBLESHOOT 

RIPPLE BLANKING CIRCUIT IS AT RIPPLE BLANKING 
FAULT. REPLACE A 102U2, U4, CIRCUITRY: 

OR U12. DIGIT A 1 02U2, U4, U12. 
STILL 

OK MISSING 

ALL DIGITS 
ILLUMINATED 

FIGURE 5-5 
MISSING DIGIT 

NO 
REPLACE 1---
A102U6 
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~ START 

ALL ZERO READOUT 

WITH NO SIGNAL APPLIED, YES 
MIN PRF SWITCH AT 50 Hz, 
SAMPLE RATE FULLY CCW: 

DOES DISPLAY INDICATE 
ALL ZEROS? 

NO 

PRF LIMITER 

DOES THE DISPLAY INDI­
CATE AND REMAIN ALL 
ZEROS WHEN THE RESET 
SWITCH IS DEPRESSED? 

NO 

YES 

RESET GENERATOR 
~--------------------~YES 

5-8 

CHECK FOR PRESENCE OF 
3MS TTL RESET PULSE AT 
A l 04U7 PIN 6 EACH TIME 

RESET SWITCH IS 
DEPRESSED. 

NO 

TROUBLESHOOT RESET 
GENERA TOR Cl RCUIT: 

A 1 04U7 A, U9A, Q1 0, Q1l. 

CIRCUITS 
OK 

TROUBLESHOOT PRF 
LIMIT CIRCUIT ON 

CONTROL PCB (A 1 04). 

CHECK FOR PRESENCE OF YES 
ECL LEVEL SIGNAL 

AT A106TP3. 

NO 

LATCH OUTPUTS 

CHECK LATCH OUTPUTS 
(A 1 03U6-U 12) CORRES· 

PONDING TO NON-ZERO 
DIGITS. ALL OUTPUTS 

SHOULD BE LOW (<AV). 

YES 

MULTIPLEXER 

TROUBLESHOOT MULTI­
PLEXER CORRESPONDING 

TO NON-ZERO DIGIT: 
A 1 03U1, U3, U4, OR US. j 

OK 

INTERCONNECTIONS 

CHECK INTERCONNECTIONS 
BETWEEN A 103 AND A 102. 
IF OK: CHECK 7-SEGMENT 

DISPLAY DECODER A 1 02U8. 

FIGURE 5-6 
NON-ZERO DISPLAY 

NO 

!)!)tJUUIU 

TROUBLESHOOT HIGH 
FREQUENCY PCB (A 1 06). 

TROUBLESHOOT APPRO· 
PRIATE LATCH AND 
ASSOCIATED DCU. 

9/78 



5580010 

! START 

SELF TEST NO READING GATE LIGHT YES A 
PLACECOUNTERINlOO INCORRECT IS GATE LIGHT 

pS GATE. DEPRESS TEST READING FLASHING? 
SWITCH. DISPLAY 

SHOULD INDICATE READS 800 MHz NO 

200 MHz. 

YES 10 MHz REFERENCE 
NO TROUBLESHOOT 

CHECK FOR lOMHz 1V ~ REF. OSCILLATOR 
P-P SIGNAL AT A100]3 (Al08) 

TEST OK PIN 6 

YES 

It 

200 MHz REFERENCE 

NO 
REPLACE SOURCE/ 

CHECK FOR 0 dBm 200 MHz ---- AMPL. REFER TO 
SIGNAL AT Al05)4 PARAGRAPHS 5-24 & 

(GATE GENERATOR) 5-25 FOR TESTING 
PROCEDURE. 

YES 

DISPLAY INDICATES 800 MHz 
TROUBLESHOOT GATE 

CHECK FOR PROPER OPERATION GENERATOR (A105) 

OF A105U10. THIS 74 CIRCUIT 
SHOULD BE HELD IN THE SET 

STATE DURING SELF-TEST. 

IS THERE A lOOpS ECL LEVEL ~ PULSE AT A106]4? 

NO 

TROUBLESHOOT GATE 
GENERATOR (A 105) 

9/78 

FIGURE 5-7 
SELF:_ TEST 

NOTE 1: BY GROUNDING A11)4 PIN 1, 
THE COUNTER WILL BE PLACED IN A 
FAST CYCLE MODE, FACILITATING THE 

SIGNAL PROPAGATION CHECK. 

5-9 



TEST LATCH 

0- IS A SIGNAL PRESENT AT 
A106P1 PIN 5/E WHENEVER 

TEST SWITCH IS PRESSED? 
LEVEL SHOULD BE >2.4V. 

YES 

SEQUENCE GENERATOR 

CHECK THAT SEQUENCE 
GENERATOR IS SET TO ZERO 

EACH TIME TEST SWITCH IS 
PRESSED. (CHECK A1 04UJ1 

PIN 11 FOR NEGATIVE 1 OMS 
TTL PULSL) 

B 
YES 

CHECK FOR 200 MHz 
SIGNAL AT Al06]1 

YES 

CHECK A106TP3 FOR 20 
MHz ECL LEVEL SIGNAL 

YES 

SIGNAL PROPAGATION 

CHECK SIGNAL PROPAGA-
TION (SEE NOTE 1) THRU 

COUNTING CHAIN (A103-U16 
THRU U21). TRIGGER SCOPE 

ON DCU OUTPUT, AND OB· 
SERVECLOCKINPUT.TEN 

CLOCK PULSES SHOULD AP· 
PEAR FOR EACH OUTPUT 

·PU LS"E. 

Y'ES 

LATCHES 

CHECK FOR CORRECT LATCH 
OUTPUT FROM EACH DCU. 
ALL OUTPUTS SHOULD BE 

LOW EXCEPT 108 B. 

NO 

CHECK FOR DEFECTIVE 
LATCH. CHECK 

INTE RCONN ECTJONS 

5-10 

NO 

NO 

NO 

NO 

NO 

YES 

CHECK INTERCONNECTIONS 
BETWEEN A 1 06P1 PIN 5/E 

AND A104P1 PIN 4. IF OK, 
CHECK TEST LATCH CIRCUIT 

AT A104U2B. 

TROUBLESHOOT 
TEST RESET 
CIRCUITRY 

TROUBLESHOOT 
200 MHz SHAPING CIRCUIT 

ON A105. 

TROUBLESHOOT DECADE 
DIVIDER, PULSE INVERTER, 
PULSE FORMING NETWORK, 

SQUARING CIRCUIT AND 
INPUT SELECTOR ON A 106. 

CHECK FOR DEFECTIVE DCU. 
CHECK INTERCONNECTION. 

MUX OUTPUTS 

TRIGGER SCOPE WITH MUX 
TIME FRAME O(A102U10 PIN 
9). CHECK DECODER DRIVER 
INPUT LINES; ALL SHOULD 
BE LOW EXCEPT A 1 02U8 PIN 1, 
WHICH WILL BE HIGH DUR· 

INGTF3 (10 8 Bl. 

+ NO 

CHECK MUX CIRCUIT 
A 1 02U9, U 10, AND Ull. 

FIGURE 5-7 
SELF-TEST 
(Continued) 

5580010 

YES 

CHECK DECODER 
DRIVER AND 

INTERCONNECTIONS 

9/78 



5580010 

~ START 

PERFORM CHECKS IN 
PARAGRAPH 5-20 

CW OPERATION 
e----

PLACE COUNTER IN lmS GATE. 
DOES THE COUNTER WORK 
PROPERLY WITH CW INPUT? 

NO 

LEVEL LIGHT 

PRESS BAND A SWITCH. SET 
REAR PANEL MIN PRF SWITCH 

TO 50 Hz. APPLY 0 dBm 300-
950 MHz CW SIGNAL TO BAND A 

INPUT. IS LEVEL LIGHT ON? 

YES 

. 
LOCK LIGHT 

IS THE LOCK LIGHT ON? 

YES 

GATE LIGHT 

IS THE GATE LIGHT FLASHING? 

NO 

IS THERE AGATE LIGHT 
TRIGGE.R AT A105U13 PIN 4? 

(0.4 mS TTL PULSE) 

+NO YES 

TROUBLESHOOT 
CONTROL (A104) 

TROUBLESHOOT GATE 
LIGHT DRIVE ON COUNT 
CHAIN CONTROL (A102) 

9/78 

BAND A 
OK 

t YES 

PULSE OPERATION GO TO FIGURE 5-l 0: 

DOES THE COUNTER WORK 
NO PULSE INPUT 

YES ----PROPERLY WITH A PULSE 
INPUT? 

t YES 

~ 
CHECK FOR ECL NO 
LOW AT A105)2 

t YES 

TROUBLESHOOT BAND 
SELECT Cl RCUITRY ON 

GATE GENERATOR (A105) 

tOK 

TROUBLESHOOT PRF 
LIMIT CIRCUIT ON 
CONTROL (Al04) 

NO 

1---- CHECK LOCK Cl RCU,IT 
ON CONTROL (A 1 04) 

YES 
!------- CORRECT DISPLAY? 

+NO 

CONNECT A116)2 (DE-
LAY LINE) VIA 50 OHM 

SHUNT FEEDTHRU TO 
SCOPE. IS A 0.4 V P-P SIG-
NAL PRESENT THAT IS 

1/4 OF THE INPUT 
FREQUENCY? 

+YES 

IS THERE A 4mS ECL 
LEVEL GATE AT A106j4? 

t NO 

TROUBLESHOOT GATE 
GENERATOR (A 1 05) 

FIGURE 5-8 
BAND A (OPT P2) 

300 MHz- 950 MHz 

TROUBLESHOOTING 
TREE 

TROUBLESHOOT THRESH-
OLD TRIGGER CIRCUIT ON 

PRESCALER (A109) 

NOT 
OK REPA! R 

YES 

NO 
~ TROUBLESHOOT 

PRESCALER (A109) 

YES TROUBLESHOOT HIGH 
f--.. FREQUENCY (A106) 

5-11 



5-12 

f START 

CW OPERATION 

PERFORM CHECKS NOTED YES GO TO FIGURE 5-10: 
IN PARAGRAPH 5-22. DOES PULSE INPUT TROUBLE· 
COUNTER WORK PROPERLY SHOOTING TREE 
WITH CW INPUT IN BAND B? 

~NO 

LEVEL LIGHT YES LOCK LIGHT 

SET COUNTER TO BAND B, AUTO f---- IS LOCK LIGHT ON? 
SWEEP, 00.0 GHz START FREQ. 
APPLY 0 dBm, 925 MHz- 18 GHz I NO 
CW SIGNAL TO BAND B INPUT. 

IS LEVEL LIGHT ON? 

t NO 
CHECK BAND SELECT 

BAND B THRESHOLD YES CIRCUIT ON A 105, 

f---- LEVEL LIGHT CIRCUIT 
IS A203TPJ4 HELD AT AN ECL ON A104, AND INTER-
LOW* FOR 20pS OR LONGER? CONNECTIONS 

NO r-------, 
l 

FOR UNITS WITH OPT P2 NO 
(BAND A): CHECK FOR r--- TROUBLESHOOT 

ECL LOW* AT A204J5 
A109U1CCIRCUIT 

1 YES 
I 

1------_J 
TP1 CHECK POWER 

LOW LEVEL CONTROL 
CONVERTER SEQUENCER f---1- CKT ON A203 

CHECK FOR TTL LOW SIGNAL TP2, 4, 6 

AT A203TPO TH RU TP7 LOW 

I 
TP5 

TPO TP3 TP7 LOW 
LOW LOW LOW 

+ 
CHECK TTL INPUTS TO RESET REMOVE CABLE TO 

GENERATOR: A203U13 A204)2. DOES A203-

PINS 1, 2, 4 AND 5 TP3 REMAIN LOW? 

t YES 

ALL LOW IS A202TP2 
INPUTS INPUT BETWEEN 
HIGH -0.4 AND +0.4 VDC? 

YES 

CHECK RESET GEN 
CHECK 

(U3), 40kHz CLOCK ~ ASSOCIATED 
(Ul8), AND SEQ. GEN 

ON A203 
CIRCUIT 

FIGURE 5-9 
BAND B (CONVERTER) 

925 MHz- 18 GHz 

5580010 

YES 
A 

IS A203U10 (SEQUENCE 
GENERATOR) CYCLING? 
(CYCLING IS INDICATED 
BY A203TPO GOING LOW 

PERIODICALLY) 

NOi 
YES 

WHICH STATE IS 
SEQ. GEN. IN? B 

J 
TP4,5, TP7 
6 LOW LOW 

J 
CHECK LOCK LIGHT 
CKT ON A204, AND 

LOCK (TTL) ON A203 

leD 
TROUBLESHOOT 

l 
SEQ. GENERATOR 
CIRCUIT ON A203 

@ 
NO PERFORM SLOPE AND --- OFFSET CALIBRATION 

(PARA. 6-20a AND b). 

CHECK PHASE DETECTOR 
NO --- AND LOW PASS FILTER 

CIRCUITS ON A202 

-
CHECK WINDOW DETEC-
TOR, ERROR DAC CON-
TROL, AND ERROR DAC 

ON A202 

9/78 
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9/78 

0----------------~~0 
B 

t 
ARE CONVERTER SEQUENCE NO TROUBLESHOOT YIG DRIVER 

FUNCTIONS OF CORRECT f-- APPROPRIATE 
DURATION? (SEE TABLE 9-15A) FUNCTION REMOVE A201P2. IS WAVEFORM 

AT A202j3 PIN 5 (YIG RAMP) AS 
YES SHOWN lN FIG. 5-9A? 

(RECONNECT A201P2). 

CHECK FOR RAMP AT CHECK A203 

A201El (SOURCE/AMPL) 
~ POWER LEVEL YES t NO NOT CONTROL 

OK 
OK 

CHECK YIG DRIVER 
Cl RCUlT ON A202 

IF 
CHECK SOURCEjAMPL PER OK 

PARAGRAPHS 5-24 AND 5-25. YIG COMB GENERATOR 

REPLACE IF BAD- SEE NOTE 2. 
CHECK YIGJCOMB GENERATOR 
(A206) PER PARAGRAPH 5-29. 

YES t NO 

TROUBLESHOOT 20kHz 
AMPLIFIER AND VIDEO --- REPLACE A207 

AMPLIFIER ON A204 (SEE NOTE 1) 

REMOVE AND GROUND CABLE 

c TO A204]4. jUMPER A203TP16 TO No CHECK A203U3-U6 

TP15. IS THERE A NOMINAL 0 (ATTN RAMP GEN) 

TO 1 VOLT RAMP AT A203TP17? 

D t YES 

REMOVE TP16-TPI5 JUMPER. 
UN GROUND CABLE BUT DO 

NOT RECONNECT TO ]4. NO 
CHECK ATTENU-

CHECK ECL LEVEL PRESS RESET SWITCH. IS DC r-----
AT A203Tf'15 LEVEL AT A203TP17 APPROXI· 

UA TOR CONTROL 

MA TEL Y -0.5 VDC? 
CKT ON A203 

ECL ECL t YES 
HIGH*' LOW* 

CHECK DCVAT A203]1. 
NO IS PIN 4+7V AND PIN 1 -8V? CHECK ATTEN-

CHECK SEQ. (REPLACE A204J4 CABLE ---- UATOR DRIVER 
GEN. ON A203 AFTER CHECK) 

• YES 

CHECK MIXER (A205) PER PARAGRAPH 5-27. 
CHECK INTERCONNECTIONS CHECK LIMITER/A TTENUATOR (A206) PER PARAGRAPH 5-28. 
FROM A203TP15 TO A204)7. REPLACE IF DEFECTIVE- SEE NOTE 2. 

CHECK IN-BAND DETECTOR IF OK: CHECK VIDEO AMPLIFIER AND 
ON A204 (IF PROCESSOR) SIGNAL THRESHOLD CKTS ON A204. 

FIGURE 5-9 
BAND B (CONVERTER) 

925 MHz- 18 GHz (Continued) 

5-13 



A 

NO 3 MSD 
3 MSD ONLY 

TROUBLESHOOT 
COUNT CHAIN 

(A 103) 

IF PROCESSOR 

CHECK FOR CORRECT OUTPUT 
TO Al06)3: -2 T0+3 dBm, 
AT BAND B INPUT FREQ. 

MINUS 3MSD. 

NOT 
OK 

TROUBLESHOOT 
DELAY LINE, AND IF 

AMPL/LIMITER ON A204 
-SEE NOTE 2. 

5580010 

GATE LIGHT NO TROUBLESHOOT - A lOS (GATE GEN) IS GATE LIGHT FLASH lNG? 

DISPLAY 

INCORRECT CORRECT 
READING READING 

GO TO FIGURE 5-10: 
PULSE INPUT TROU-
BLESHOOTING TREE 

GROUND A203TP19. DISCONNECT CABLE 
OK NO TO A 105 J 1. PRESS RESET SWITCH. APPLY 

0 dBm, 100-350 MHz CW SIGNAL TO 
A112P3. DOES DISPLAY INDICATE THIS 

FREQ? 

YES 

TROUBLESHOOT A106 TROUBLESHOOT IF 

(HIGH FREQUENCY) PROCESSOR (A204) 
-SEE NOTE 2 

* ECL HIGH"' -0.8 VDC, ECL LOW'" -1.7 VDC. 

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

NOTE 2: THE FOLLOWING ASSEMBLIES REQUIRE 
SPECIAL CALIBRATION PROCEDURES AND SHOULD 
BE REPLACED, NOT REPAIRED, IF DEFECTIVE (SEE 
PARAGRAPH 5-9): A201 (SOURCE AMPLIFIER), AND 
A204 (lF PROCESSOR}. 

FIGURE 5-9A. YIG RAMP 

5-14 

FIGURE 5-9 
BAND B {CONVERTER) 

925 MHz- 18 GHz (Continued) 
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5581105 

f START 

DOES COUNTER OPERATE 
PROPERLY WITH CW INPUT 

IN BAND A (IF PRESENT), 
AND BAND B? 

J YES 

DOES COUNTER OPE RATE 
PROPERLY WITH PULSE 
INPUT IN BANDS A & B? 

(SEE NOTE 1 ). 

I NO 

BANDSA&B 

CHECK BAND SELECT 
CIRCUIT ON Al05 

(GATE GENERATOR) 

t 
TROUBLESHOOT HIGH 

FREQUENCY (A 1 06) 

SIGNAL THRESHOLD GOOD 
DELAYED IF PULSE BAD 

t 
DISCONNECT DELAY LINE 
FROM A109)4.CONNECT 

A 109)2 THRU 50 OHM SHUNT 
TO SCOPE. ARE THERE lOOnS, 
75 MHz, 0.4 V P-P R F PULSES 

PRESENT? 

t YES 

TROUBLESHOOT 
DELAY LINE 
(SEE NOTE 3) 

TROUBLESHOOT 74 OR 
POWER CONTROL CIRCUIT 

ON PRESCALER 

9/78 

NO REFER TO APPROPRIATE 
TROUBLESHOOTING 

TREE 

YES COUNTER 
OK 

WHICH BAND IS INOPERATIVE BAND B A 
FOR PULSE INPUTS? 

BANDS BAND A 
A&B 

BAND A 
,_.,_ ...... ~. 

SET COUNTER TO BAND A. APPLY 300 MHz, 
lOOnS, -10 dBm PULSE MODULATED 

SIGNAL TO BAND A INPUT. CONNECT HIGH 
FREQUENCY 1 OX PROBES TO 

A 1 06)4 (GATE) & A 1 06)2 (DELAYED IF 
PULSE). SEE NOTE 2. 

~ BOTH SIGNALS BAD BOTH SIGNALS GOOD 

NO 

OR SIGNAL 
THRESHOLD BAD 

TROUBLESHOOT 
APPROPRIATE 
CIRCUIT ON 

PRESCALER (A 1 09) 

FIGURE 5-10 
PULSE INPUT 

YES 
r-

~ 

RECONNECT DELAY LINE 
TO A106j2. IS THERE AN 
ECL LEVEL PULSE TRAIN 

AT A106]4? 

NO 

TROUBLESHOOT GATE 
GENERATOR (A 105) 

TROUBLESHOOT HIGH 
FREQUENCY (A 106) 

5-15 
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BAND B 

SET COUNTER TO BAND B, MANUAL 

A SELECT, 0.10 GHz PRESET. APPLY 1.12 GHz, 
100 nS, -10 dBm PULSE MODULATED 

SIGNAL TO BAND B INPUT. CONNECT HIGH 
FREQUENCY10XPROBESTO 

A 106 )4 (GATE) AND A106j3 {DELAYED IF 
PULSE). SEE NOTE 2. 

t 
GATE SIGNAL BAD BOTH SIGNALS BOTH SIGNALS GATE SIGNAL GOOD 
DELAYED IF GOOD BAD GOOD 

ARE THERE 100 nS NO -ECL LEVEL PULSES 
AT A 105) 1? 

YES 

REPLACE OR REPAIR 
IF PROCESSOR (A204) 

CHECK BAND SELECT TROUBLESHOOT HIGH 
CIRCUIT ON A105 FREQUENCY (A 1 06) 

{GATE GENERATOR) 

NOTE 1: IF THE PRF OF THE IN PUT SIGNAL IS LESS 
THAN 50 PPS, THE MIN PRF SWITCH SHOULD 
BE IN THE 0 Hz POSITION. 

NOTE 2: IN ORDER TO MEASURE THE TRUE TIME RE· 
LATIONSHIP B.ETWEEN THE GATE AND DE· 
LAVED IF SIGNALS, IT WILL BE NECESSARY 
TO TAKE INTO CONSIDERATION THE DIF· 
FERENCE JN TIME DELAY BETWEEN THE 
TWO CHANNELS OF THE OSCILLOSCOPE. 
REFER TO FIGURE 5-1 OA FOR WAVEFORMS, 
AND FIGURE 3-6 FOR TIMING DELAYS. 

NOTE 3: 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. 

DELAYED IF BAD 

DISCONNECT DELAY UNE FROM 
A204)3.CONNECT A204)3 THRU 50 

OHM SHUNT TO SCOPE. ARE 
THERE 1 OOnS, 120 MHz, 0.4 V P-P 

PULSES PRESENT? 

YES NO 

REPLACE OR REPAIR 
IF PROCESSOR 

(A204) 

TROUBLESHOOT 

~ 
DELAY LINE 

(SEE NOTE 3). 

FIGURE S-10A 
DELAYED IF AND GATE SIGNALS 

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 Pulse 
CounteL In general, adjustments should only be made if 
the instrument is not operating within specifications, or 
following replacement of components. Recommended test 
equipment 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 RF pulses by modulation of a CW 
source: (1) frequency pulling due to impedance changes 
in the modulator, and (2) video leakage of the modulating 
waveform. 

6-5. The input impedance of a modulator generally 
varies with its state: on, off, or switching. This varia­
tion in loading will cause shifts in the frequency of the 
microwave source. The extent of this pulling effect is 
dependent upon the type of source, type of modulator, 
and the degree of isolation between them. Pulling of 
several megahertz for poorly isolated sources is not 
uncommon. 

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 RF circuit, Video leakage is the transient 
signal caused by the modulating waveform being coupled 
into the RF lines. Usually this appears as a spike or ring­
ing waveform at the leading and trailing edges of the mod­
ulating pulse. If care is not taken to provide adequate fil­
tering, or otherwise eliminate this effect, significant meas­
urement errors can occur, especially for fast rising pulses · 
(less than 10 nanoseconds), On an unfiltered system, 
video leakage can exceed applied RF signals by several 
orders of magnitude. 

6-7. In order to measure the peak power of an RF 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 detected video pulse. The measurement is 
made by connecting the detector to the cable that nor­
mally feeds the Band A orB input of the counter, with 
the detector output fed through the shunt to the scope. 
The observed 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 poweL 

IMPORTANT 

Many adjustments are dependent upon pre­
vious ones. It is essential that care be taken 
to perform adjustments in exactly the order 
presented below. Adjustment 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 an Counter Interconnect board 
at A100P3. Adjust basic DC voltages as follows: 

a. Connect DVM to ground at AlOOP3 pin 12, 

b. Measure +12 VDC output. Adjust A107R7 until 
output is +12, 000 ± . 010 VDC, 

c. Measure +5 VDC output. Adjust A107R15 until 
output is +5.000 ± .010 VDC. 

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

e. Measure -5,2 VDC outpuL Adjust A107R31 until 
output is -5.200 ± . 010 VDC. 

6-10, TIME BASE CALIBRATION 

IMPORTANT 

The precision of time base calibration 
directly affects overall counter accu­
racy, Reasons for recalibration, and 
procedures to be used, should be 
thoroughly understood before attempt-· 
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: 

where fs is the true frequency of the measured signal, 
and ft is the true frequency of the Time Base OscillatoL 
Thus the inaccuracy associated with a frequency meas-

6-·1 
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A 102R35 

6--2 

A 1 07R7 
A107R21 
A107R31 

FIGURE 6-1 
CALIBRATION 
ADJUSTMENT 

LOCATOR 

A203R90 

A203R44 
A203R21 

A202R87 
A202R89 



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 (TCXO} mounted in place of the RTO 
on Oscillator board Al08. The highest and lowest actual 
measured TCXO frequencies will differ by no more than 
2 parts in 10 6 if the temperature is varied slowly from 
0 o to +50 oc. Therefore, an indicated measurement will 
exhibit the same fluctuation even though the signal being 
measured is not changing. To center this fluctuation 
on the true value of the measured signal, each TCXO has 
imprinted 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 6 .. 18. 

6-15. At approximate room temperature (+25°C}, the 
slope of the frequency vs. temperature curve, is normally 
no worse than -1 x 10- 7 parts per oc. Therefore, if the 
counter is used in an ordinary laboratory environment, 
the TCXO may be set as close to 10 000 000 Hz as desired. 
In this environment, a peak-to-peak temperature varia­
tion of 5 oc will result in a measured signal error due to 
oscillator temperature characteristics of no more than 
± 2.5 x 10- 7 parts. 

6-16. Another 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 all quartz oscillators 
experience. The magnitude of this frequency fluctuation 
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- 6 parts per year in continuous 
service. 

6-17. Error due to aging adds directly to error due to 
temperature perturbations. Thus the frequency ofrecali­
bration is dependent upon the overall accuracy require­
ment of the counter and its environment. For example: If 
the counter is subjected to the full operating temperature 
range and initially adjusted properly, then one month 
later the inaccuracy over temperature could be expected 
to vary from+ 1.3 x 10- 6 parts, to- 0.7 x 10- 6 parts. 

6-18. TCXO CALIBRATION PROCEDURE 

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

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

c. Adjust the TCXO {if necessary} by turning the 
calibration screw on the TCXO case until the measured 
frequency is the same as that shown on the TCXO cali­
bration 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 6-22. No other Band A adjustment is 
required. 

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

a. 40 kHz Clock Adjustment 

NOTE: Required only upon replacement of YIG 
Comb Generator (A207}, or Converter Sequen­
cer board (A203). 

(1) Set A203R90 fully ccw (counter-clockwise). 

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

(3) Jumper A202TP1 to TP3. Ground A202TP5. 

(4) Connect oscilloscope Channel A to A202U1 
pin 9, and Channel B to A202Ul pin 4. 

(5} Adjust A202R89 for a symmetrical waveform as 
shown in the upper trace of Figure 6-2. (All pulses 
in the train should be of equal duration.} 

(6) If necessary, select a new value for A203R93 so 
the leading and trailing edges of the 20 kHz refer­
ence (lower trace) occur in the center of the detec­
ted modulation pulses. (If A203H93 is changed, re­
adjust A202R89 as stated in (5) above.) 

FIGURE 6-2 
DETECTED MOD/20 kHz 

REFERENCE PULSE TIMING 

6-3 



b. Slope and Offset Adjustments 

(1) Repeat paragraph 6-20a(1) through (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 (I) and (2) above as necessary. 

(4) Remove jumper from A202TPI and TP3. Remove 
ground from A202TP5. 

c. Attenuator Driver Adjustments 

B-4 

NOTE 1: These adjustments are difficult to make, 
and require careful set-up by personnel familiar 
with microwave return loss measurements. These 
adjustments affect only the Band B input VSWR 
of the counter, and should be made only: (1) when 
it is known that there is excessive input VSWR, 
(2) the attenuator driver on A203 has been re­
paired, or (3) if A203 or A206 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 (Example: HP 779D). 

(1) Set counter to Band B, AUTO SWEEP, 00. 0 GHz 
START FREQUENCY. 

(2) Carefully set-up equipment as shown in Figure 
6-3. Note especially where cables or adapters must 
not be used (which would degrade accuracy of the 
adjustment). 

(3) Set Limiter I Atten;Jator (A206) to maximum in­
sertion loss, by connecting a jumper between A203-
TP16 and TP21. 

(4) Adjust A203R44 for maximum return loss(wave­
form will be a DC level). 

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

FIGURE 6-3 
RETURN LOSS 
MEASUREMENT 

SET-UP 

451 
COUNTER 

20 dB COUPLER 

BAND 8 
INPUT* 

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

{5) Remove jumper from A203TP16 to TP21. 

(6) Cycle Limiter/Attenuator (A206) through its 
normal operating range by removing and ground­
ing the cable to A204J4. 

(7) Inhibit the counter from locking up by jumper­
ing A203TP14 to TP1B. 

(8) Connect an 0. 47uf capacitor across A203C2. 

(9) Trigger scope from A203TP17 (Attenuator Con­
trol Ramp). 

(10) Adjust A203R21 for maximum return loss. See 
Note 3, and Figure 6-4 for typical waveform. 

(11) Remove jumper between A203TP14 and TPIB. 
Remove capacitor. Reconnect cable to A204J4. 

10 GHz 
AT 0 dBm 

FIGURE 6-4 
RETURN LOSS MEASUREMENT 

CW SIGNAL 
GENERATOR 



d. Attenuator Control Adjustments 

NOTE: To be performed only upon installation of 
a new Limiter I Attenuator (A206), or replacement 
of the Converter Sequencer board (A203). 

(1) Connect an 0 .47uf capacitor across A203C2. 

(2) Connect the Channel A lOX probe of scope to 
A203J1 pin 1 fiseriesl· Connect Channel B lOX 
probe to A203TP17. 

(3) Remove and ground cable to A204J4. 

(4) Connect jumper between A203TP14 and TP16. 

(5) Select a value for A203R18 so the first two or 
three steps of the Attenuator Control Ramp have no 
effect upon !series (see Figure 6-5). 

(6) Remove jumper between A203TP14 and TP16. 
Remove capacitor. Reconnect cable to A204J4. 

(7) Apply a 0 dBm, 1. 4 GHz CW signal 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 
+6 dBm. 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 

e. Comb Leveling 

(1) Set-up counter as described in paragraph 
6-20c(l). 

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

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

(4) Press RESET switch. 

(5) Adjust A203R64 to level comb lines to 1 volt 
nominal (see Figure 6-6). 

(6) Remove jumpers from TP14, TP15, and TP16. 

FIGURE 6-6 
COMB LEVELING 

6-21. HIGH FREQUENCY (A106) ADJUSTMENTS 

a. Gate Accuracy - Band A (Option P2): 

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

(2) Adjust A106R60 to minimize difference between 
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 10 kHz while being modulated by a 100 nS pulse, 
(b) have no video information on the RF pulse, and (c) 
have a means of measuring RF pulse width and ampli­
tude. Also, when using Method A, adjust AlOSRBO so 
the average pulse reading is centered about the CW 
reading (gate error equal to zero). 

b. 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 d.Bm to the 
Band B input. 

(3) Adjust A106R59 per paragraph 6-22a (2). 
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SECTION 7 

PERFORMANCE TESTS 

7-1. GENERAL 

7-2. The purpose of this section is to enable the user to 
verify that the counter meets specifications over the en­
tire frequency range, with both 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 proper 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 frequency from 300 MHz to 950 MHz at 
-10 dBm. Counter should display correct frequency. 

d. 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. Set 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 frequency 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. Connect a 100 nanosecond pulse modulated signal 
source to the Band B input. Repeat step c above. NOTE: 
Refer to 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 modu­
lation 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 100 
nS wide, negative-going ECL level pulses. 

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

c. Error Measurement Using Strip Chart Recorder: 

(1) Set-up test equipment 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. 

(5) Gate error is equal to the difference between 
the reading for (2} and (4). For 100 ns wide pulses, 
error should be less than 570 kHz. 
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d. Error Measurement Using Scratch Pad: 

(l) Reduce SAMPLE RATE time so each reading 
can be recorded on scratch pad or chart. 

(2) Record CW frequency reading. 

(3) Pulse modulate- 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 570kHz. 

7-11. GATE ERROR- BAND B 

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

a. Set SAMPLE RATE control fully counter-clockwise, 
BAND SELECT to Band 8, AUTO SWEEP, and 01.0 GHz 
START FREQUENCY. 

b. Apply a 1. 3 GHz CW signal at -10 dBm to the Band 
B input. 

c. Repeat step 7-lOc. NOTE: Gate error is a function 
of IF frequency. 

7-2 

7-12. REAR PANEL OUTPUT LEVELS 

a. Apply a pulse modulated signal to the co•Jnter. 

b. Measure GATE and SIGNAL THRESHOLD outputs 
using a 50 ohm shunt feedthru to an oscilloscope. 

(1) SIGNAL THRESHOLD OUTPUT should be zero 
VDC with no RF signal, and at least -0.5 VDC 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 to the counter. 

b. Apply -1.7 VDC to the INPUT INHIBIT connector. 
Counter should operate normally. 

c. Apply- 0.9 VDC to the INPUT INHIBIT connector. 
Counter should stop counting, and operate as if a 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 DESIGNATORS/ABBREVIA· 
TIONS: Lists 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 "lC". 

b. Table 8-2, LIST OF MANUFACTUH.ERS: Provides a 
listing of manufscturers names and addresses, and 
their Federal Supply Code for Manufacturers (FSCM) 
number. The FSCM number (or an equivalent) is used 
in the parts lists as the guide to the manufacturer or 
supplier of the part. 

c. Table 8-3, MASTER PARTS LIST: This list has an 
entry for each separate replaceable part used in the 
counter. Entries are <Jrranged by EIP Part Number and 

contain a part description plus the manufacturer's part 
and FSCM number. This table is used with Table 8-4 to 
completely identify a component part. 

d. Tsble 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 field replaceable. 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) associated with the assembly. Parts 
identical to those listed earlier for that assembly are 
identified in the column headed "SAME". The ElF Part 
Numbers refer to those listed in Table 8-3. 

8-4. TO ORDER REPLACEMENT PARTS: 

a. Send order ::!_!!ect_!y to ElF at the address shown 
on the title page of this manual. 

b. Specify the EIP Part Number, H.eference Designa­
tor (if any), and a brief description of the part. 

c. For parts not listed in the Parts List: Specify the 
function, location, and description of the part required, 
and the model 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 PCB PC Board Assembly 
DS Indicator (display) CNTR Counter PF Picofarad 
F Fuse CONV Converter PREC Precision 
J Jack or Connector COMP Composition RSTH Hesistor 
K Relay CONN Connector RTAN Right Angle 
L Inductor Dl Diode S.A.T. Value or type selected 
p Plug or PCB contacts ELEC Electrolytic during factory test. 
Q Transistor FDTH Feed through Part may not be used. 
R Resistor FLM Film sw Switch 
s Switch FML Female TANT Tantalum 
T Transformer GP General Purpose TRIM Trimmer 
TP Test Point IC Integrated Circuit UF Microfarad 
u Integrated Circuit K Kilo (X 1,000) UH Micro henry 
w Wire (cable) LED Light-emitting .... diode VAH. Variable 
X Socket or Holder M Meg (X 1.000,000) WPRF Waterproof 
Ql-3 Ql through Q3 MET OX Metal Oxide ww Wirewound 
Ql/2 Ql anc!_ Q2 (matched MF Metal Film XSTR Trans.istor 

pair) MH Millihenry 
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FSCM 
00'309 
01121 
01295 
O?~.oO 
021''35 
04009 
04t:18 
04713 
05245 
0'5f91 
0726'1 
08717 
0935:. 
11236 
12436 
14298 
14433 
18324 
1851 b 
21793 
23880 
23936 
24546 
26654 
27014 
28480 
29990 
50522 
5;6?89 
70903 
71400 
72136 
722:;>9 
72982 
7 3138 
73445 
8003~ 
81349 
86797 
91637 
91836 
95275 
98291 
99800 

OOCOA 
oooou 
ooooc 
OOOOL 
OOOOM 
oooox 

MFR NAME.AOD~ESS.zfPCODE 
CR~VE~ LTD•W~lTBYoONTARIO~CANAOA 
ALLEN-3RAOLEY CO •• SO.MlLWAUKEEoWI 53204 
TEXAS !NSTRUMENTS lNC •• DALLASoTX 75222 
AMPHENOL CONNECTOR DIV •• BUNKER RAMO CORP •• BROAOVIEW.tL 60153 
SCL!D STATE D!v •• RCA CORP •• SOMERVILLE.NJ 08876 
ARROoii'-HART t NCo oHARTFOPOoCT 06106 
AMERICAN PAMCOR !NC •• PAOL19PA 19301 
SEMTCONDUCTOR OIVooMOTOROLA INCu•P~OEN!XoAZ 85006 
CCPCOM INCooCHICAGD.JL 60639 
GENERAL RESISTANCE DIVooCHRONETICS INC.~MT.VERNONo~Y 10550 
FAI'tCrliLO SEMtCONOUCrQR, MOUNTAIN VlE\1/oCA 94040 
SLOAN COMPANYoSU~ VALLEV.CA 91352 
C AND K COMPONENTS lNCooWATERTOWNoMA 02172 
CTS OF BERNE INC.o8ERNEo1N 46711 
GFNEclAL.. DYNA.Iv'lCS COR?.,SAN DIEGO.CA 92!12 
AMERIC~N CO~PONENTS lNCooCONSHOHOCKENoPA 19428 
tlT SEM!CONOUCTOR DIV.OF ITT CORPeoWoPALM BEACHoFL 3.3401 
SlGNETICS CORP • oSUNNYVALEoCA 94086 
MSI ELECTRONICS INC.oWOODStOEoNY 11377 
OANA LABORATORIES lNCoolRVIN~oCA 926e4 
STANFORD APPLIED ENGrNEER!NG INC.oSANTA CLARAoCA 95050 
PA~OTGR lNC.,RURLtNGAME.CA 94010 
CO~NtNG GLASS WORKSo8RADFOROoPA 16701 
VA~AOY~E INOUSTRIES.SANTA MONICAoCA 90404 
NATtDNAL SEM!CONOUCTOR CORP •• SANTA CLAPAoCA 95051 
HF~LETT-PACKARO CO •• PALQ ALTOoCA 94!04 
ATC OIV,PHASE INDUST.HUNTINGTON STATlCNoNY 1!746 
ELECTRONfC SPECIAL PROOUCTSoMONSANTO COoeCUPERTlNOoCA 950!4 
SPRA~UE ELECTPIC co~.NORTH ADAMSoMA 0'247 
B~LDEN CORPooCHtCAGOoiL 60644 
~USSMAN MFG DtVoo~CGRAW-EDISON CO •• SToLOUISoMO 63107 
ELcCTRJ-MOTIVE MFGo CO •• W!LL!MANTICoCT 062~6 
NYTRQN!CS !NC •• PELHAM MANOR.NV t0803 
ERIE TECHNOLOGICAL PRODUCTS INC.oEAiEoPA 16512 
HELlPOT r>XV •• BECKMAN INSTRUMENTSoFliLLE'RTON.CA 92634 
AMPf-REX ELECTRONIC CORPoo~!CKSV!LLE•NV 11802 
~EPCG,~LF.CTRA tNC.,MCRRtSTOWNoNJ 07960 
MI.ITARY SPECtFlCAT!ON 
ROGAN BROS.!NCooSKDKIEelL 60016 
DALE ELECTRONICS tNCooCOLUMBUS,NE 68601 
KJNG5 ELECTRONICS COooTUCKAHOFoNY l0701' 
VtTRAMUN fNC •• BR~DGEPORToCT 06601 
SEAL..ECTROoMAMARONECK.NY 1054.4 
DELAVAN DIVooAMERICAN PRECISION lNOUST.oEAST AUPORAoNY 14052 

FOLLGW!NG MFPS DO NOT H~VE FSCM NUMBER 
MOLEX INC •• LlSLEolL 60532 
ST~TTNcR-THRUSH,CAZENOV'AoNY 13035 
PLFSSEY ELECTRO-PROOUCTSoLOS ANGELESoCA 90066 
R-O:·H<I CORPORAT tONolRVlNE oCA 92664 
LEio!:l U.S.A. INC. ,f:}ERKELEYoCA 94710 
ANY MANUFACTUqER OF THIS PRODUCT 

TABLE 8~2. LIST OF MANUFACTURERS 



ElP P/N ITEM DESCRIPTION MFR MFR PART NUMBER 

2020041 f>Ct3:UNIVERSAL F..XTE'.NOER EIP 
20~·0002 JSC oXTIIo.L: TCXC EIP SRCE CONT OWG 
2030011 O'>C .XTAL: ROOM TE!ItP 00809 A187DE.D-30 
2030013 uSC • XTAL: 5o\R5 MHZ EIP SRCE CONT 0\II'G 
2040063 ASSV:I-IAPNESS EIP 451-AllO 
2040065 ASSY:HARNESS EIP 451-A204 
2040068 ASSV:HARNESS EIP 451-A200 
2040073 ASSY:CABLEoFLT RIBBON ElP ll-'51-A110 
2040090 ~ssv:CABLE,FLFX.CO-~X ElP 451-A103 
2040091 ASS Y: CA.8L€ oF LEx~ C 0-A X EI P 451-AlOS 
2 04 0092 ASSY:CABLEoFLEXoCO-AX ElP 45l-A105 
2040095 ASSV:CABLEtFLfX.CO-AX EIP 451-A200 
2040096 ASSV:CABLEoFLEX.CO-AX EIP 451-A200 
2040097 ASSY:CABLEoFLEXoCO-AX EIP 451-A 200 
2040098 II.SSY:C>\BLE oFLEXoC 0-AX EtP 451-A200 
2 04 0099 ASSY!CABLEoFLEX.CO-AX EIP 45t-A200 
2040107 ASSY:CABLEoFLEX.CO-AX EIP 451-AlO<;i 
2040112 ASSY!HARNE'SS EJP 
2100002 CAP:CH!P oO 0 l UF :?OX 5011 95275 VJ1210A102MF 
21000l0 CAP!CHlP 1 OPF 10% 50\f 95275 VY73C A\ 00 KF 
2100011 CAP:t::HtP 1 OPF 5% 50\f 29990 ATClOOAtOOJC"SO 
215000, CAP:CFR eOOtUF ?.0% lKV 56289 SGII.-010 
21'50003 CAP!CER oOl UF 20% 100\f 56289 TG-Sl 0 
2150006 CAP!CER o02UF 20% tOOV 55289 TG-520 
2150010 CAP:CER .OSUF 20\f 71590 UK2Q-503 
2\50012 CAP!CE"l ol UF 1 .SV 00001< RT-16-0.lZ 
2160004 CAP:CER 10PF NPC 500V 72982 30!000COH0100C 
2160005 CAP!CER 1 2PF NPO 500V 72982 301000COGOt20C 
2160006 CAP:CER 15PF NPO 50011 72982 301000COG0l50J 
2160007 CAP :CER 18PF NPO 500V 729R2 30lOOOC0GOl80J 
216000!:1 CA.P!CER 2o2PF NPO 50011 729P.2 30tOOOCOJ0229C 
21t:0009 CII.P :CER 22PF NPO 500V 72982 301000COG0220J 
2160010 CAP: CE'l: 24-PF NPO soov 7298;; 30100 OCOG02 4t'J 
?.:1600lt CAP!CER 3·0PF NPO 50011 ?2982 301000CDJ0309C 
2l600t2 CAP!CER 3o3PF NPO 500V 72982 301000CO.I0339C 
2160013 CAP:CF.I:! t< o 7PF NPO 500\f 72982 301000CQI-'0479C 
21!>00! 4 CAP!CEI'< o.BPF NPO soov 72982 301000COH0689C 
21>6001 6 CAP:CER 20PF NPO 500V 72982 2'0tOOOcOG0200J 
21 ~0999 CAP :CER-SELE CT ,t.T TEST 72982 301 ooocoxo:r:xxx 
2200010 CAP:ELF:C 8500UF 25V 80031 9\ S25HA852 
2200011 CAP!Et..EC 40000UF 15V 80031 9tSl5J64-4 
22000).2 C""P!ELEC UOOOUF l5V 80031 39CS15JPl13 
2250001 CAP!"'ICA 1 OPF 5¥ 500V 72136 DM!5CDt0000 
225000~ CAP:MtC.A lOOPF 5); soov 72:13~ DM15CD1 Ot .10 
2250003 CAP !I>I!C/1, 1000PF 5% 500V 72136 OM15C0102JO 
2250005 CAP:"'ICA 150Pf' 5X soov 72136 0M15CD!5l.JO 
2?50006 CAP!M!CA 180PF '0:% soov 72136 D~t5CD181 JO 
2250008 (.AP:,.ICA 20PF 5X 500V 72.136 DMt5CD200.JO 
2:250009 CAP:MICA 200PF 5" 500V 72136 OM15C020t.JO 
2250010 CAP!"'!CA 22PF 5% 500V 72136 OM15C0220JO 
2250011 CIIP!'HCA 220PF 5% 500V 72136 DI'I15C0221 JO 
2250012 CAP~"'ICt.. 27PF 5% 500V 7213t' OM l5CD270.JO 
2250014 CAP:MtCA 33PF sx soov 72136 DM15C0330 JO 
22"'>0016 CAP:MICA 39PF t::% 500V 72136 0~15C0390JO 
22!50017 CAP!MlCA 47PF 5% 500\f 72136 D!oi15C0470JO 
22!'0024 CAP :MICA 30PF sx 500V 72136 DI<I15CD300JCl 
2250025 CAP!MICA 68PF 5:t soov 72136 0Ml5CD680JO 
2250026 CAP:MtCA 6BOPF 5% 50011 72136 DM15COe8t JO 
225002.7 CAP: Ml CA 120PF 5% 500V 72136 OM15CD12t JO 
2250028 CA?:MtCA 15PF 5X 500\f 72136 DM15C0150JO 
22~0999 CAP :M!CA- SELECT AT TEST 72136 DM15C0XXXXO 
2300005 CAP: TANT ~47UF 35V 14433 TAG20- O. 4 71'35-5 0 
2300008 CAP: TANT loOUF 35V 14433 T,AG20-1•0/35-50 
23C0010 CI\P !TANT 1 OUF 16V 144-33 TAG20-10/16-50 
230001~ CAP:TANT 33UF l ov 14433 TAG20- 33/l o-so 
2300017 CAP:TANT 47UF 6e311 t 1),43~ T AG20-471'6o 3-50 
2300020 CAP:TANT olOUF 35V 144?3 TAG20-ol01'35-50 
2300023 CAP:TANT 33Vr 20% 20V 144-33 TAG20-33/20 
2300024 CAP:TA,NT lOOur 20X 6o 3V 14433 T .AG20-1 00/6.3 
2"300025 CII.P!TANT 47Uf' 20% 1611 14433 TAG20-471'16-20 
2350001 CAP:TR:IM 2-SPF 25011 00008 t os-T-~2- 2/8 
2350002 CAP: TRIM 5c 5-18PF 250V 0000£' 105-T-22-5.,5/18 
235000:~ CAP: TRIM 8-25PF 25011 00008 1 os-T-22- 8/25 
23500\7 CAP,FOTH:RF FlLTER.SKPF 04618 859556-1 
2350022 CII.P:TRJM 5.5-tBPF 25011 OOOOB 105-T-24-5.5/18 
2350027 CAP:MONO o022UF 10% 50V 26654 2130X71<050R223K 
2610010 CONN!JACKoBLKHO,RECPT 982Q1 51-045-00 00 
2610017 CONN:PLUGoPC RCPToSTR 98291 52-052-0000 
2610018 CONN: JACK oPC RCPT.STR 98291 51-051-0000 
2610024 CONN:BNCoBLKHD,TR5 FNSH 91836 KC-79-35 

TABLE 8-3. MASTER PARTS LIST 
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EIP P/N 
26?000':> 
2620006 
2620014 
;;~620016 
21:>20018 
?620019 
<?.6200?9 
2620042 
2620044 
~ 62 0048 
26'30002 
263000:' 
2640004 
2640022 
2650003. 
2700647 
2704001 
2704154 
27047'57 
.2705227 
2705230 
2705.2 31 
2705234 
2705237 
?710004 
27\ oo oc 
2710012 
27l0014 
27100H> 
2710028 
27100 29 
2710030 
27100 31 
2710032 
2720963 
2 800001 
2800004 
28000 08 
?800010 
2800014 
:!007400 
3007402 
30 07404 
3007405 
30074 08 
3007410 
3007413 
3007420 
::."007430 
:"007432 
3007447 
3007454 
3007473 
21007475 
3007476 
3007486 
3007490 
3007493 
3007495 
3009602 
3010616 
3010637 
3011414 
::1011495 
.3013440 
3013441 
::1014044 
3040304 
3040~ 0'5 
3040555 
3040733 
3040741 
3041458 
3043049 
30431 30 
3050005 
3050311 
'3050710 
3054002 
3054040 
3054201 
3054265 
3054308 
3070001 
3070002 
3070003 
3070004 
307000:S 
307000,.., 
3070007 
3070008 
3070009 

ITEM DESCRIPTION 
CONN:PC WAFFR 6?1N ML 
CONN:PC RT AN 5PIN ML 
C8NN:PC •AFER 4P1No ML 
CONN:PC WAFER. 5P1N• ML 
CONN:PC EDGE 15PlN 
(IJNN!"C EDGE 8PtN 
CONN:PC AT ANo3P1No ML 
CONN:PC WAF~R• 9PINo ML 
CONN:Pc WAFER~12PlNo ML 
C'JNN:PC RT AN 8P[N ML 
SOCKET! lQ PIN.NVLON 
SOCKET! 14 P!N.NYLON 
CONN 50PrN 
CONN:RECPT•6 PINoML/FML 
CDNN/FlLTER!PANEL MNT 
DlOOC: 6.2V ZENER 
DIODE! RECT 
OIOPE: GEN Pl..IRP 
D!OOF: 51V ZENER 
iHOOE: 3.6V ZENER 
DIODE: 4.7V ZENER 
orooe: s.tv ZENER 
DIODE: 6.2V ZENER 
DIODE: 8o2V ZENER 
DIODE: HOT CARR 
O'!OOE: HOT CARR 
DIODE!VOLT VAR CAP 
DIODE.MTCH PR:FHllOO 
D!ODS: HOT CARRiER 
8RDG RECT 
BRIDE R!?:CY 
DIODE.MTCH PR! MVl404 
DIODEoGRADEO!lN9608-01 
DlODE.GRADEO!lN9608-02 
OX ODE: 12V ZENER 
LAMPoiNDtCATOP: RED 
!C:NUMF.P!C INDo REO 
LAMP.LED! GREEN 
LAM~:LEO.~V t5~AoRED 
LAMP:LEDoYEL DtFFUSED 
rc:QUAD 2INP NAND GATE 
lC!QUAO ~!NP NOR GATE 
IC:HEX INVERTER 
tc: HEX INVERTER 
IC ~QUAO 2lNP AND GATE 
!C!TRI 3INP NAND GATE 
iC:DUAL 4!NP NAND TRIG 
IC!DUAL 41NP NAND GATE 
tC:BlNPUT NAND GATE 
~C!QUAO 2lNP OR GATE 
IC!8CD/7SEG DECODER 
IC:~WIOF. 2INP AOI GATE 
IC!DUAL J-K F/F 
tc:auAD LATCH 
lC:OUAL J-K F/F 
!C!QUAD 2lNP EXCL OR GT 
JC:DECAD£ COUNTER 
lC!4SIT BINARY COUNTER 
IC:4BlT SHIFT REGISTER 
1C!DUAL TTL/MONOSTBL MV 
1C!UHF COUNTER-DlVlDE/4 
IC:UHF BCO DEC CNTR 
IC!DUAL D!FF CDMP 
IC:F~UR-OUAD MULTIP~IER 
lC:OUAD GPIB TRANSCVR 
lC:OUAO GP!8 TRANSCVR 
IC!PHASE/FREQ DETECTOR 
IC:VQLT REG 
!C:VOLT REG 
! C: Tl AIER • LINEAR 
XC:O~FF ViDEO AMPL 
IC:OP AMPL 
J!;.,:OP AMPL 
~C:OUAL/DlFF AMPL 
lC~OP AMPL: COS/MOS 
!C:HEX INVERTER 
!C:VOLT COMPARATOR 
IC!VOLT COMPARATOR 
IC:~AM/4BIT OUT~UT PORT 
JC:4-9l1 CPU 
lC!CLOCK GENERATOR 
!C:PGqM GP l/0 DEVICE 
TC:R~M/4-BlT I/0 PORTS 
IC:QUAD 2-l LN DATA SEL 
IC!QUAO BI-STABLE LATCH 
IC:TfL/MONOSTA3LE MV 
l<.:s IN/P OUT 881T SR 
JC:P,S tN/S OUT eatT SR 
Ic:QUAD 21NP NOR GATE 
lC:QUAD ?/1 MULTIPLEXR 
;c:au•o 2/l ~ux INV ouT 
\C:DUAL D F/F 

MFR 
OOOOA 
000011 
OOOOA 
OOOOA 
04618 
04tl s 
000011 
OOOOA 
OOOOA 
000011. 
OOOOP. 
OOOOA 
02660 
OOOOM 
05245 
0471:0 
04713 
07263 
04713 
04713 
04713 
04713 
04713 
04713 
07263 
284fl 0 
04713 

ElP 
?8480 
04713 
04713 
18518 

EI P 
EJP 

047!3 
50!:'2::? 
2.848 0 
~0522 
08717 
50522 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
0000)( 
oooox 
oooox 
oooox 
ooooc 
ooooc 
oooox 
ooocx 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
l8324 
oooox 
oooox 
34649 
34649 
34o49 
3464 .. 
34649 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 

MFR PART NUMBER 
oc-ts-5061 
09-66-1051 
09-60-104-l 
09-60- t 0£1 
1-5834 07-8 
5S3407-9 
09-6~-lO:'ll 
09-60-1091 
09-60-112, 
09-65-1081 
A-449 7-16 
A-4-497-tA 
57-40500 
RAt.306NYL 
6J4 
1 N82'7 
1 1<14001 
1N4l54 
1N4757 
1N52?7 
tN52.30 
1N'5231 
1 N52.34 
l N5?37 
FHllOO 
5082-2800 
MVlO~ 
2710004 
5082-2835 
!IIIO.A990-1 
MO,I\970-t 
HAt\6 
2730960 
2730960 
1N963A 
1111V502l 
5082-7730 
MV5253 
2L '55-RTPF L5/ 1 5 
!IIIV5353 
7400N 
7402N 
7404N 
7405N 
7408N 
7410N 
7413N 
7420N 
7430N 
7A32N 
7447N 
7454N 
7473N 
7475N 
7476N 
7486N 
7490N 
749JN 
7495N 
<:l602N 
SP86166 
SP8637B 
1414L 
1495L 
3440P 
3441P 
4r:l44P 
304 
305 
555V 
733 
741CN 
1 458P l 
304qT 
31305 
BT93A 
311N 
710CN 
P4002-t 
C4040 
P4201 
P4265 
P430!:' 
7~S257N 
74LS75P 
74L123P 
74Ll64P 
74Llf>5P 
74LS02P 
74L 157P 
74S158P 
74L S74P 

TABLE 8-3 (Continued). MASTER PARTS LIST 



EJP P/N 

:3070010 
3074123 
30741 5!:' 
3074157 
307~t 76 
3074177 
307419.3 
3074196 
3074279 
3074393 
3074490 
3090003 
3090004 
3110102 
3110! 04 
3110105 
3110116 
3110124 
3110125 
31!01 38 
31102.10 
3110216 
31102.3~. 
31!2000 
3114050 
3510001 
3510003 
1510008 
35100~0 
35 tOO 11 
35?0007 
4000XXX 
4000999 
4010XXX 
4010591 
4010596 
401099<; 
40.:?0XXX 
4030XXX 
4051212. 
4053922 
4057~00 
40fl472 
40622£1 
40t2431 
406281'1 
401;.4752 
4065621 
4 Of5 761 
4068661 
4101003 
4102003 
4104003 
41 Od002 
4110003 
4110004 
4110010 
4110012 
4110013 
412:0006 
4120010 
4120011 
4120012 
4130XXX 
4130999 

4140030 
41400.31 
4 t 4003<! 
4140033 
4140034 
4140035 
4140039 
4170001 
42.50003 
4 250006 
4250008 
4250009 
4250011 
4280009 
4290001 
4500008 
1t50001 0 
4510001 
(1.5l0007 
4540002 
4540003 
4703563 

ITEM DESCRIPTION MFR MFR PART NUMBER 

1C:OUA0 2!NP NAND GATE OOOOX 74LOON 
!C~TTL/MONOSTABLE MV OOOOX 74123N 
IC:DUAL 2/4LtNE OECODR OOOOX 74155N 
IC!OUAD 2INP MVLT!PLEXR OOOOX 74157N 
lC!PRES~T DEC COUNTER OOOOX 7417~N 
!C!PPESET BINARY CNTR OOOOX 74l77N 
IC!UO/ON BINARY CNTR OOOOX 74193N 
tC:PST DECADE COUNTER OOOOX 74l96N 
tC:OUAO R5 LATC~ OOOOX 74279P 
IC!OUA.L 4-B!T B!N CNTR OOOOX 74393P 
IC:DUAL DECADE CNTR OOOOX 74490P 
IC!DUAL 4lNP AND GATE OOOOX 74H21N 
IC:TRIP 31NP AND GATE OOOOX 74HltP 
lC:OUAD 2INP NOR GATE OOOOX 10102P 
!C:OuAO 2INP AND GATE OOOCX l0104P 
IC:TRI OR GATE OOOOX 10t0'5L 
IC!TRIPLE LINE RECEIVE? OOOOK 1C116P 
IC:OUAO TRANSLATOR OOOOX !0124L 
!C!OUAD TRANSLATOR OOOOX 10l2FL 
IC!Bl-QUlNARY COUNTER OOOOX 10138P 
rc:DUAL 3INP/30UT OR GT OOOOX 10210L 
IC:TR!PLE L!NE RCVR OOOOX 10216L 
~c:DUAL D F'F OOOOX 10231L 
lC:OtGrTAL MIXER/TRANS OOOOX t2000P 
IC:NON-!NVERT HEX BuFFR OOOOX 14050CP 
INDUCTOR: OolVH 72259 00-0.tO 
INOUCTOk: loOUH 7225~ DD-t.OO 
l: NDUC TOR: 0 ol '5UH 9980 0 1 025-00 
1 NDUCTOR! 1 *?.VH 99800 1025-22 
INDUCTOR! O.t?UH 72259 OD-Oo12 
INDUCTOR: 100 UH 99800 1537-76 
RSTR:COMP 5% TOLe 1/SW Rt349 PC05GFXXXJ 
RSTP.:COMP-SlECT AT TEST 81349 PC05GFXXXJ 
~STR:COMP 5% TOLo 1/4W 81349 RC07GFXXXJ 
RSTR:COMP 5ol OHMS 5% 81349 RC07GF5PlJ 
F<STR:COIIIP 5o6 OHMS 5X 61349 l'lC07GF5R6.J 
RSTR:COMP-SLECT AT TEST 81349 RC07GFXXXJ 
kSTR!COMP 5% TOL• 1/2w 81349 PC20GFXKXJ 
RSTR!COMP 5% TOL. 1W 81349 RC32GFXXXJ 
RSTR!PREC 12.tK OHM 1% 8134~ RNS5C1212F 
RSTR!PRfC 39o9K OHM t~ 81349 RN55C3922.F 
RSTR!PREC 750 OHM 1% 81349 RN55C7500F 
RSTR!PREC 14.7K OHM 1% 81349 FNS501472F 
flSTR:PRFC 2e26K OHM lll: 61349 FN55022E:,H' 
RSTR:PRfC 2•43K OHM 1% 81349 RN55D2431F 
RSTP:PREC 2o87K OHM 1% 81349 PN5502871F 
RSTR!PREC 47o5K OHM 1% 81349 PN5504752F 
~STR:PREC 5.62K OHM 1% 81!49 PN5505621F 
PSTR!PREC 5o7!-K OHM 1%81349 PN550!!576lF 
RSTR!PAEC 6.66K OHM 1% 81!49 RN5508661F 
RSTP:PI'WC lOOK O~M .U; !4298 AME5..,·-C3-t0038 
RS TR! PREC 2 OOK OHMo25% t 4298 AME55-C3-'200 3C 
~STP!PREC 40QK CHM o5X ld29S AME55-C1-4003D 
RSTR!PREC BOK C~M .1~ l429e ~ME55-C3-8002B 
RSTR!-~ 5 O~M 1% 7W 1243~ T7(10PPM) 
R5.TR:WW Oa5 Q~M 3% 2W 9lt:37 R5-28 
PSTP:WW 30 OHM 5% lW 56289 239E3005 
KSTR!WW 0.66 OHM 3X 4W 91637 RS-2 
RSTP!WW Oo15 OHM 3X 5W 91637 RS-5 
RSTR:CBN FLM 8o2 OHM 5% OOOOL P25-a.2-5%-l/4W 
RSTR!CMT FLM loOOMEG lX 01121 CCl004F 
RSTP;CMT FLM 2oOOMEG 1% 01121 CC2004F 
f<STR!CMT FLM 4.02ME"G 1% 01121 CC4024F 
RSTR!MET OXolOOPPMol/4W 24~46 C4/2%/0HM$ 
RSTR:MTOX-SLECT AT TEST 24546 C4/2%/XXX 
~OTF: 4SSP- RESISTORS NON-INOLCTlVE WIRFWOUND 
~STR:PREC 3K OHM oOt¥ 05591 TYPE 458PlS8 
~STR!PREC lOK OHM o01% 05591 TYPE 4S8P1S8 
FSTR:PREC 20K OHMo02'5% 05591 TYPE 4S8P1S3 
RSTR:PRF.C 40K OHM o05% 05'591 TYPE 4S8P1S8 
RSTR:PREC 3K OHM ol% 05591 TYPE 4S8P1S8 
RSTR:P~F.C 8K OHM •1% 05591 TYPE 4S8Pl58 
RSTR!PREC 3.7K OHM .1% 05591 TYPE 4S8PlS8 
RSTP NETWORK!t5Xl5K 2% 80740 898-t-RISK 
RSTR:VAP CER \K OHM 73138 72KWR1K 
~STR:VAR CE'l lOK OHM 73138 72XWIUOK 
RSTR!VAR CE'< lOOK OHM 73138 72XWR100K 
RSTR!VAR CER 500 OHM 73138 72XWRSOO 
RSTR!VAR CER 10 OHM 73138 72XWR10 
~STR:V-R WW 500 OHM 731~8 89PR-500 
RSTR!VA.R 250K/SPDT SW 11236 FFI'J078/RVF45 
S~tTCH!P/B (PWR INO) ElP SRCE CONT OWG 
Sw!TCH:P/B.8-STATN(451 l EIP SRCE CONT 0\1/G 
SWITCH!TOG.SPDT.l20Vo5A 09353 7101H 
SWITCrl~TO~.OPOTol25Vo3A 0~009 83054SQ 
SW.I TCHoTHUM8WHEEL: 6CD 23680 900048 
SWtTCH!PC 7CKT,SPST 23880 1007-69~ 
l(STR: NPN 07263 2N3563 

TABLE 8-3 {Continued). MASTER PARTS UST 8-5 



8-6 

EIP P/N 
4704-1 ,>4 
4-704~26 
4704-401 
4704416 
47049:59 
4705983 
4705989 
4710002 
471.0003 
4710009 
4710010 
47!00 ll 
47100:..2 
47~:>013 
4710015 
471.0017 
4710018 
4710019 
'171002\ 
47~0022 

47100"03 
47100,~4 
4-7?0002 
4900004 
5000012 
50000')<., 
fOOOOC\6 
500001)0 
'5000079 
5000101 
5000112 
!!:210023 
!52!0024 
5220003 
!:>2A00lf:, 
5440002 

EIP P/N 

2150008 
2350018 
2350021 
2630009 
2630010 
2560028 
3084123 
3084155 
3084193 
3084196 
30842 57 
3084393 
3084490 
3087400 
3087402 
3087404 
3087405 
3087408 
3087413 
3087420 
3087430 
3087432 
3087447 
3087475 
3087476 
3087486 
3 087490 
3087493 
4710001 
471 0026 

ITEM DESCRIPTION MFR MFR PART NUMBER 
XSTR: NPN GP 04-713 2f>.4124 
XSTF<: PNP GP 04713 2N412E 
XST'<! NPN 04713 2N44C t 
XSTQ: N-CHAN .JFET 04713 2N4416 
xsrr~: PNP 9F 04713 2N4959 
XSTP: NPN DljjR 04713 2N5983 
XSTf'i: NPN ;:>WR 04713 2N5989 
xc;r><: PNP PWP 04713 MJE'370 
xsn~: NPN P ... R 04713 toJE520 
xsr;:.,: PNP 047! 3 MJE350 
XSTR: PNP RF 0471:"'1 MPS-Hf!l 
XSTP:GRADfD ;>N5179-REO EtP 4705179 
XSTP:GPADED 2N5l79-VEL E!P 4705179 
XSTR:GRI>DE'O 2N'3179-GRN EIP 4 705179 
XSTP!MTCH pq.2N5179-VEL FlP 4710012 
X ST'I :NPI'< RF Sol 04713 MMT39f:O 
XSTi<: PNP AMPL 0471 3 MPS-L51 
XSTR: PNP A!'WL 0471.3 MPS-055 
xs Tf;: NPN AMPL 04713 MPS-0 05 
XSTR: !\:-CH&.N JFET 01295 TlS73 
)( :,TR: PNP qF 01295 A5Tll26t 
XSTP! NPN RF 73445 8FR90 
XSTR: NPN RF 04713 2N386t<(MOT) 
TkA~SFOPMER.POWEP EtP SPFC., CONT .OwG 
FAN.~X!ALol15VAC 23936 8'500 
T!L T 8t.!L 21793 4<:'3458 
I<NOi3!PND wi!NSERT .510 86797 ~B67-0ML .. :?5SHFT 
KEY.POLARIZINGoPC8 CONN 04618 53003 o-t 
;:: USE: .7~0Ao58o3~G.250V 71400 MOL-3/4A 
FUS':O: t.5A.SBo3AG.250V 71400 MDX-1-1/2 
BATTF.RY CLIPo ll P. .. SPCG 83330 1234 
C'JVE~.FNC.L: TCP 21793 4!53453 
CC'VER .ENCL: BOTTOM ?.1793 453454 
FOOT.PLAST!C!FNCLOSURE 2179 ::'! 4~3457 
CONN:MO:J!FtEOo 24 PIN ErP M/F:2640024 
UNE CORD SET. 3-COND 70903 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, 2 50V 
SOCKET: 14 PIN !C 

MFR 

56289 
72982 
OOOOB 
71785* 

SOCKET: 16 PIN !C 
CONN: RCPT, KEYED, 6 PIN, 
!C: TTL/MONOSTABLE MV 

71785* 
M/F OOOOM 

oooox 
IC: DUAL 2/4 LINE DECODER 
lC: UP/DN BINARY COUNTER 
IC: PST DECADE COUNTER 
!C: 2: 1 MUX 
IC: DUAL 4-BIT BINARY CNTR 
IC: DUAL 4-BIT DECADE CNTR 
lC:QUAD 2-!NPUT NAND GATE 
lC: QUAD 2-!NPUT NOR GATE 
lC: HEX INVERTER 
!C: HEX INVERTER 
IC: QUAD 2-lNPUT AND GATE 

oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 
oooox 

IC: DUAL 4-lNPUT NAND TRIGGER OOOOX 
lC: DUAL 4-lNPUT NAND GATE OOOOX 
IC: 8-lNPUT NAND GATE 
lC:QUAD 2-lNPUT OR GATE 
lC: BCD/7-SEGMENT DECODER 
lC: QUAD LATCH 
lC: DUAL J-K F/F 

oooox 
oooox 
oooox 
oooox 
oooox 

lC: QUAD 2-!NPUT EXCL OR GATE OOOOX 
lC: DECADE COUNTER OOOOX 
lC: 4-BIT BINARY COUNTER oooox 
XSTR: NPN PWR oooox 

MFR PART NUMBER 

TG-D50 
1270-016 
10S-T-24-2/8 
14-N-DlP 
16-N-DJP 
RG1. B.306.C 
74LS123N 
74LS155N 
74LS196N 
74L54196 
74LS257N 
74LS393P 
74LS490P 
74LSOON 
74LS02N 
74LS04N 
74LS05N 
74LS08N 
74LS 13N 
74L520N 
74L530N 
74LS32N 
74LS47N 
74LS75N 
74LS76N 
74LS86N 
74LS90N 
74LS93N 
MJE3055 

XSTR: NPN RF OOOOX NE73432B 
*CINCH DlV., TRW CORP., ELK GROVE VILLAGE, IL 60007 
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ASSY A 1 COMPONENTS PCB ASSY A 102 PCB ASSY A 103 
R1 4010222 

(BASIC COUNTER) COUNT CHAIN CONTROL COUNT CHAIN 
R2 4010332 

P/N: 2020084 P;N: 2020083 
R3-4 4010100 

REF EIP P/N 
R5 4010473 

REF SAME EIP P/N REF SAME EIP P/N 
R6 Rl 

FAN 5000012 
R7 4010243 

SIGNL LAMP 2800010 C1 2300008 C1 2300015 
R8 4010103 

F1 (115V) 5000101 C2-3 2150001 C2-3 2150003 
R9 R1 

F1 (230V} 5000079 C4 2250026 C4 C1 
R10 R7 

J1 (PWR MOD) 2650003 C5 23 0001 5 C5-·9 C2 
R11-16 4010102 

J2-5 2610024 C6-10 2150003 
R17 R8 

J6{ACC PWR} 2640028 C11 2300029 Jl-3 2630009 
R18-21 R11 

SMPL RT KNOB 5000056 C12 C6 
R22 R7 

TILT BAIL 5000055 P2 2040110 
R23 Rl 

TOP COVER 5210023 J1 2630009 R24 R8 
BTM COVER 5210024 R1 4130181 

R25 R1 
MTG FOOT 5220003 Q1-7 4710019 R2 4130241 

R26 R2 
AC PWR CORD 5440002 Q8 471 0003 

R27 R5 4010183 
5101 (POWER) 4500008 Q9 4704126 U1 3 0842 57 

R28 R3 
5102, 5104 4510001 U2 3 087404 

R29 R1 
THMBWHLSW 4540002 R1 4010100 U3-5 U1 

R30 R3 
MAN/AUTO SW 4510007 R2-4 4010752 U6-12 3087475 

R31 R1 
T1 (PWR XFMR) 4900004 R5-6 4010222 U13 3090004 

R32 4010821 
R7 4010223 U14 Ul 

R33 R8 
R8 4010103 U15 3110125 

R34 R11 
R9 4010101 U16-18 3084176 

R35-3 6 R1 
R10-11 R5 U19 3084490 

PCB ASSY A 1 00 R12-18 4010560 U20- 21 3084196 
R37 4010101 
R38 4010392 

CNTRINTERCONNECT R19-25 4010122 
R39-40 R11 

P/N: 2020070 R26-32 4010471 
R41 R1 

R33 4010102 
R42-44 R11 

REF SAME EIP P/N R34 4010821 
R35 4250009 PCB ASSY A 104 

R45 R8 
R46 R7 

J1-2 2620016 R36 4010181 CONTROL 
R47 R1 

J3 262 0044 R37-38 R5 P/N: 2020074 
R48 R8 

J4-7 2630009 
R49 R7 

J8 2620014 U1 (NOT USED) REF SAME EIP P/N 
[~50 401 0272 

U2 3087405 
R51 4010393 

R1/S9 4290001 U3 3087404 C1 2150003 R52 RB 
R2 4010332 U4 3087476 C2 230002LI 

U1-2 3087476 
R3 4010182 U5-6 3040555 C3-12 2150001 

U3-4 3084155 
R4-18 4010222 U7 3087432 C13 2300015 us 3087493 us 3087447 C14 C1 U6-7 3009602 
$1·8 4500010 U9 3087493 C15 2300017 

U8 3087490 
59 R1/S9 U1 0 3084155 C16 2300029 

U9 3087413 
U11 3087408 C17-20 C3 

U10 3987432 
XA101-106 2620018 U12 U7 C21 C13 

U11 3087400 
XA107 2620019 C22-24 C1 

U12 3087404 
XA 108-109 2620018 C25 C13 

U13 3087408 
CONN INSERT 5000060 C26 C1 

C27 C13 
U14 3087405 
U15 U12 

CR1-17 2704154 
U16 U13 
U17 U12 

Q1 4704124 
U18 U10 
U19 U13 

Q2 4704126 
U20 U11 

Q3 Q1 
U21 UlO 

Q4-5 Q2 
U22 3087402 Q6-9 Q1 

Q10 Q2 
Q11-12 Q1 
Ql3 Q2 

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



PCB ASSY A 105 
GATE GENERA TOR 
P/N: 2020085 
REF SAME EIP P/N 

C1 2150003 
C2/C3 Not Used 
C4 C1 
C5 2250999 
C6 C1 
C7 CS 
C8-13 
C14 
C15-16 
C17 
C18-22 
C23 
C24 

CR1 

J1-4 

P2 
P3 

C1 

C1 

C1 
C14 
C1 

Q1/Q2} Q3 Not used 

2300015 

2300029 

2704154 

2610018 

2040091 
2040092 

Q4 4710012 

~~} Not used 
R3 
R4 
R5 
R6 

:: } Not used 
R10 
R11 
R 12-14 
R15 
R16 
R17 
R18-20 R12 
R21-22 
R23 R16 
R24 
R25 
R26 
R27 R 16 
R28 
R29 R12 
R30 
R31 
R32 R30 
R33 R31 
R34-36 R21 
R37 
R38 R16 
R39 
R40 R 15 
R41 R21 

8-8 

4010680 
401 0201 

4010331 
4010102 
4010391 
4010180 

401 0471 

4130182 
4130391 
4010270 

401 0151 

4130820 
4130131 

4010222 

4010101 

R42 
R43-44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 

U1 
U2-3 
U4 
us 
U6 
U7 
U8-9 
U10 
U11-12 
U13 
U14 
U15 
U16 

R24 
R21 
R16 

R37 
R39 
R37 

U11 

4130122 

4130362 
4130152 

311 021 6 
3110231 
3110102 
311 0138 
3110125 
311 0124 
3090003 
3087476 
3084490 
3087404 
3087402 
3087413 

PCB ASSY A 106 
HIGH FREQUENCY 
P/N: 2020081 

REF 

C1-2 
C3-4 
cs 
C6-7 
CS-10 
C11-12 
C13-14 
C15 
C16 
C17 
C18-20 
C21 
C22--25 
C26 
C27 
C28 
C29-30 
C31 

CR1-2 
CR3 
CR4 
CR5 
CR6-7 

J1-6 

SAME 

C3 

C1 

C1 
C3 
C1 
C3 
C1 
C3 
CB 
C3 
C8 
C3 

CR1 

EIP P/N 

2150001 
2150003 
2250001 

2300010 

2300025 

2300015 

27041 54 
2705234 

2705231 
271 0004 

2 61 0018 

Q1 
Q2-4 
QS 
Q6-7 
QB 
Q9 
Q10 
Q11-12 

R1 
R2 
R3 
R4 
R5-6 
R7 
R8 
R9 
R10-11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19-21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50-51 
R52 
R53 
R54-57 
R58 
R59 
R60 
R61 

Q6 

R3 

R1 
R 12 
R13 

R10 
R1 
R12 
R13 

R17 

R17 

R17 
R32 

R17 
R29 

R18 

R17 
R42 

R10 

R45 
R3 
R45 

TABLE 8-4. REPI.ACEABLE PARTS liST 

4704124 
4704126 
4704959 
4710017 
4710023 
4710024 

4710011 

4010510 
4010392 
4130102 
4010202 
4130120 
401 0221 
4010331 

40101 02 
4010302 
4010272 

4010596 
4010511 

4130202 
4130680 

4130430 
4130101 
4010431 

4130560 

4130999 

4000820 
4010470 

401 0100 
4130390 

4130203 

4130180 

4010681 
4010182 
4010103 
4130221 
4130999 
4250011 
4130999 

R62- 64 
R65 
R66 
R67 
R68·69 
R70 
R71 
R72 
R73 
R74 
R75 

U1-2 
U3 
U4 
us 
U6 

R45 

R58 
R7 

R67 

U3 

PCB ASSY A 107 
POWER SUPPLY 
P/N: 2020077-01 

REF SAME 

C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 

CR 1-4 
CR5 
CR6 
CR7-8 
CR9 
CR10·-11 
CR12 

J1 

Q1 
Q2 
Q3 
Q4 
QS 
Q6 

C2 

C2 

C1 
C2 
C10 
Cll 
C9 

CR1 

CR1 
CR9 

Q1 

Q1 

4130243 
4130820 
4130131 

4010151 
4130681 

4130472 
4130561 

3043049 
3040741 
3010637 

3110216 

E!P P/N 

2200010 
23000 29 
2250017 

2200011 

2250009 
230002 5 
2300023 
2300008 
2150001 

2200012 

2704001 
2710028 
2710029 

2720963 

2620006 

4710002 
4710001 

4705989 
4704126 
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07 
os 
09 
010 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
RB 
R9 
R10 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 

Ul-2 
U3-Lf 

9/78 

02 
os 
01 
02 

R3 

R1 

R7 

R4 

R1 

R19 

R22 
R7 
R22 
R1 
R24 
R25 

4010680 
4130360 
4130821 
4110012 

4061472 
4250009 
4062261 
402 0430 

4130200 
4130101 
4110013 
4065621 

4062871 
4130123 

4130911 
4065761 
4250003 
4062431 

40101 01 
40101 02 
4130512 
4110004 

4010911 

3040305 
3040304 

PCB ASSY A 1 08 
REF. OSC. BUFFER 
P/N: 2020078 

*INDICATES OPTION P1 
(TCXO) VALUES. 

REF 

C1-2 
C3 
C4 
C5 
C6-10 
C11 
C12-21 
C22 
C23-31 
C32 
C33 
C34 
C35-36 
C37 

CR1-tr 

J 1 

01-3 
04 
05 
06 
07 
08-9 
010 
011 
012-13 
0111 

R1 
R2~3 

R4 
RS-6 
R7-8 
R9 
R10 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 

SAME 

C1 

EIP P/N 

2150003 
2250002 
2160999 
2350021 

(NOT USED) 
C1 

C1 

C1 

C1 
C3Lf 

01 

01 
04 
07 
01 
04 

R2 

R13 

R17 
R13 

R 12 

2250014 

2300015 

2300029 

2704154 

2620029 

4703563 
4710010 

4704126 
4710011 

4130999 
4130102 
4010105 
4010332 

4010102 
401 0596 
4010999 
4010100 
4130822 
4130392 
4130681 
4130391 
4130912 

4130751 
4130181 

4130270 
4130301 

R26 
R26* 
R27 
R27* 
R28 
R29 
R29* 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39-40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48-49 

U1 

Y1 
Y2* 

R12 
R13 

R15 

R12 

R12 
R13 
R34 
R15 
R36 
R12 
R38 
R39 

4130113 
4130912 
4130132 
4130222 
4130621 
4130101 
4130361 
4130431 
4130911 

4130432 

4130561 

4130112 
401 0591 

3110116 

2030011 
2030002 

PCB ASSY A 1 09 
PRESCALER - OPTION P2 
P/N: 2020079 

REF SAME E!P P/N 

C1-5 2150003 
C6 2100011 
C7 2100002 
C8 2250002 
C9-10 2160014 
C11 2160016 
C12-14 C7 
C15 2100011 
C16-23 C7 
C24 2250008 
C25-27 C1 
C28 2300029 
C29 C1 
C30 2300015 
C31 C1 
C32 C28 
C33 C1 
C34 C30 
C35 C1 
C36 C7 

TABLE 8-4. REPLACEABLE PARTS LIST 

CR1-2 

J1-6 

P2 

01-2 
03~4 

05 
06-7 
08-9 
010 

R1 
R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
R10 
R11-12 
R13 
R14-15 
R16 
R17-18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R3 5-3 6 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45-46 
R47 
R48 

U1 
U2 
U3 

R3 

R4 

R6 

R4 

R9 

R10 

R16 

R10 

2710016 

2610018 

20401 07 

4710012 
4710024 
4710017 
4704126 
4704124 
4710002 

413 0820 
4130131 
4010202 
4010391 

4130221 
4130332 
4010431 
4130102 
413 0681 

4130101 

4130132 

4130821 
4130201 
413 0912 

4059999 
4130181 
4130510 
4130302 
4130911 

4130240 
4130431 
4130471 
4130161 

4010153 
4130621 
4130271 
4130361 

4130202 
4130392 
40101 02 
4130752 
4130472 
11010471 
4010432 
4010362 

311 0216 
3110104 
3010616 
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PCB ASSY A 1 1 0 
DISPLAY 
P/N: 2020080 

REF SAME 

DS1-7 
DS8 
DS9-11 
DS12 

J 1 

P1 

R1-5 

PCB ASSY A 111 

EIP P/N 

2800004 
2800001 
2800008 
2800014 

2040073 

2040063 

4010151 

BCD OUTPUT /REMOTE 
PROGRAMMING- OPT P4 
P/N: 2020082 

REF 

C1-3 

CR1-2 

J1-6 

P1 

R1-5 
R6 
R7 
RS 
R9 
R10-20 
R21 
R22 

U1-5 
U6-9 

SAME 

R6 
R1 

EIP P/N 

2150003 

2704154 

2630009 

2640004 

4010222 
4010103 
4010224 
4010104 

4010151 
4010101 

3114050 
3074157 

ASSY A2 COMPONENTS 
(CONVERTER TRAY) 

REF EIP P/N 

A201 4710009 

8-10 

PCB ASSY A200 
CONVERTERINTRCONN 
P /N: 2020090 

REF SAME EIP P/N 

Jl 2620014 
J2 2620042 

Pl 2 040068 
P2 2040095 
P3 2040096 
P4 2040097 
P5 2040098 
P6 2040099 

XA202-203 2620018 
CONN INSERT 5000060 

PCB ASSY A201 
SOURCE/ AMPUF IER 
(PART OF MODULE 
ASSY 2010091) 
REF SAME EIP P/N 

C1-2 
C3 
C4 
cs 
C6 
C7-10 
C11 
C12 
c 13-15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26-·28 
C29-30 
C31 
C32 
C33-34 
C35 
C36 
C37 
C38 
C39 
C40 
C41-42 
C43-44 
C45 

C1 

C1 

Cl 

C1 

C1 
C22 
C11 
C1 
C6 
C16 
C17 
C18 
C1 

C1 
C40 

2150003 
2300008 
2300015 
2250032 
2150001 

2160016 
2160007 

2350003 
2160013 
2160006 

2250005 

2160005 
2350001 
2160008 
2160004 

22 50002 
2350002 
2160010 

C46 
C47-49 
C50 
C51 
C52 
C53 
C54-55 
C56 
C57· 58 
C59-61 
C62 
C63 
C64-66 
C67 
C68 
C69-79 
C81-82 
C83-84 

CR1 
CR2 
CR3 
CR4 
CRS 
CR6-11 

FL1-4 

J1-3 

Ll-2 
L3 
L4 
LS-6 
L7 
LS-9 
L10 
L11 
L12 
L13 
L14--15 
L16 
L17 
L18-21 
L22 
L23 
L24-33 

Q1-2 
Q3 
Q4 
Q5 
Q6··7 
08 
09 
Q10 
011 
012 

C41 
C1 
C39 
C1 
C40 
C41 
C1 

C39 
C1 

C6 
C1 

2350022 

2300029 

2250014 
(NOT USED) 
Cl 
C6 
C1 

CR2 
CR1 
CR2 

2710006 
2704154 
2710012 

2350018 

2610010 

(NOT USED) 
3520007 
3510003 

(P/0 PCB} 
L4 
(P/0 PCB) 

3510010 
3510001 

L4 

L10 
L4 

(P/0 PCB) 

(P/0 PCB) 
L10 

L4 
LlO 

03 

03 
04 

06 

3510011 

4704124 
4710012 
4710010 

4704416 

4704126 
4710013 

TABLE 8-4. REPLACEABLE PARTS LIST 

013-14 
Q15-16 
017 
018-21 
022 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R1 0-11 
R12 
R13 
R14 
R15 
R16 
R17-18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R~9 

R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57-58 
R59 

Q3 

Q10 
01 

R4 
R3 

4720002 
4710003 

4010222 
4010510 
4130682 
4130392 
4130271 
4130202 

4130999 
(NOT USED) 

4010391 
4010111 
4130241 
4130182 
4130122 
4130622 
4130562 
4130912 
4130302 

R16 

R27 
R15 
R28 

R33 
R24 

R24 
R20 
R21 
R16 
R23 
R24 
R4 
R21 
R39 

R9 
R17 
R24 
R33 

4130821 
4130102 
4010102 
4010472 
4130511 
4130221 

4130332 
4130243 
4010243 

4130113 
4010393 
4130201 

4130300 

(NOT USED) 
4130112 

4130101 
R17 
R24 
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R60 
R61 
R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 
R70 
R71 
R72--78 
R79 
R80-81 

U1 
U2 
U3 
U4-5 

R24 

R37 
R23 

R9 
R32 

R70 

4130223 

4130103 

4130272 
4010272 
4130472 

4010101 
4010103 

(NOT USED) 
4130222 

3010657 
(NOT USED) 

3 014044 
3040741 

PCB ASSY A2 02 
YIG CONTROL 
P/N: 2020092 

REF 

C1-2 
C3 
C4-6 
C7 
C8 
C9-11 
C12 
C13 
C14 
C15-16 
C17 
C18 
C19 
C20 

SAME 

C3 

C3 

C3 
C7 
C3 
C8 

C21 C3 
C22 
C23 
C24 
C25-26 
C27-28 
C29 
C30-32 
C33 
C34 
C35 
C36-39 
C40 
C41 

CR1 
CR2 
CR3 
CR4 
CR5 
CR6 
CR7-8 

J1-2 

9/78 

C8 

C14 

C3 

C3 
C33 
C3 
C29 
C3 

CR2 

CR2 

EIP P/N 

2150010 
2150003 

2150008 
2150001 

2250003 
2150006 
2300029 

2300020 

2300008 

2250006 
2250014 

2300023 

2300015 

2705231 
2704151f 
2700827 

2704757 
2704001 

2630009 

J3 

Q1 
Q2-1 0 
Q11 
Q12 
Q13 
Q14-15 
Q16 
Q17 
Q18 
Q19 
Q20 

R1-2 
R3-4 
RS 
R6 
R7-8 
R9 
R10 
R11 
R12-15 
R16-17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27-28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
Rl+3 
RlfLI 
R45 
R46 
R47 
R48 
R49-55 
R56 
R57 
R58 
R59 
R60 
R61 
R62 
R63 
R64 
R65 

Q1 

2620048 

4704124 
47011401 

1!71 0018 
(NOT USED) 
Q1 

Q1 

016 

R5 
R3 

R1 

R26 
R24 
R23 
R22 

R25 

R25 
R27 
R25 

R25 
R49 

R33 
R49 

R33 
R49 

4704126 

4710009 

4710003 

4130103 
4130222 
4130302 
4130752 
4130113 

4130202 

4130203 
4010682 
4010133 
4010513 
4010112 
4010101 
4010242 
4010911 
!W1 0222 
4010473 
4010102 

4010103 
4010104 
4010362 

4010333 

4010201 
4120010 
4120011 
1+120012 
4010825 
4010166 
4010336 
4010626 
4010272 
4010271 
4010512 

4104003 

4102003 

R66 
R67 
R68 
R69 
R70 
R71 
R72 
R73 
R74 
R75 
R76 
R77 
R78 
R79 
R80 
R81 
R82-83 
R84 
R85 
R86 
R87 
R88 
R89 
R90 
R91 
R92 
R93 

R33 
R49 

R33 
R49 

R49 

R49 

R25 

R85 

4101003 

4108002 

4140033 
4010123 

4140032 
4010203 

4140031 

4140030 
4057500 
4140035 
4010152 
4140034 
4140039 
4280009 
4051212 
42 50003 
4053922 

4110003 
4010162 

R9LI-95 4010391 
R96 R27 
R97-1 04 R25 
R1 05 4010752 
R106 4010153 
R107 
R108 

4020100 
4010432 

R109 4010511 
R110 R106 
R111 4010392 
R112 R7 
R113-114 
R115 R7 
R116 
R117 
R 118-119 R 1 07 
R120 R116 
R121 R117 

4130181 

4010121 
4110010 

R122 (NOT USED) 
R123 4130999 

U1 
U2-3 
U4 
us 
U6 
U7 
U8 
U9--10 
Ull-·14 
U15 
U16 
U17-18 
u 19-20 

U2 
us 

3011495 
3040741 
3087493 
3011414 
3087400 
3087402 
3087404 
3084193 

3087430 
3087486 
3074176 

TABLE 8-4. REPLACEABLE PARTS LIST 

PCB ASSY A203 
CONVERTER SEQUENCER 
P/N: 2020093 

REF 

C1 
C2 
C3 
C4 
C5-6 
C7 
C8-9 
C10 
C11 
C12 
C13-14 
C15 
C16 
C17 
C18 
C19 
C20-22 
C23 
C24 
C25 
C26--27 
C28 
C29 
C30 
C31 
CR1-2 
CR3 
CR4 
CR5 
CR6 
CR7 
CR8 
CR9 
CR10 
CR11 

J1 

Q1-2 
Q3 
Q4 
Q5-6 

R1 
R2 
R3-6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 

SAME 

Cl 
C1 

C1 

C1 

C1 

C7 
C1 
C12 

C1 
C10 
C1 
c 12 
C1 
C12 
C1 
C10 

CR1 

CR4 
CR1 

Q1 
Q3 

R8 

EIP P/N 

2150003 

2150008 

2300005 

2300029 
2300008 
2300015 

2250014 

2250003 

2300026 

2704154 
2710004 
2705230 
2705237 
2704001 

2705227 
2705231 

2 620008 

4704124 
4704126 

4010201 
4010123 
4010512 
4010102 
4010152 
4010624 
4010334 
4010164 
4010753 
4010393 
4130183 

4010822 
4130273 
4010434 

8-11 



R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
RL~O 

R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59-60 
R61 
R62 
R63 
R64 
R65 
R66 
R67-68 
R69 
R70-73 
R74 
R75 
R76 
R77 
R78 
R79 
R80 
R81 
R82 
R83 
R84 
R85 
R86 
R87 
R88 

8-12 

R7 

R19 

R19 
R16 

R16 

R34 

R23 

R42 

R26 

R47 

R55 

R26 
R7 

R26 

R55 
R47 

R3 

R14 

R12 
R11 
R10 
R9 

4130103 

4250006 
L~01 0569 
4130122 
4130152 
4010104 
4010471 
4030820 
4010103 

4130222 

4010101 
4010163 
4010596 

4010473 

4130153 

4130102 
4068661 

4250003 
4130431 
4130271 
4130182 

4010202 
4130240 
4010390 

4130203 
4130243 
4010472 
4010562 

4010622 

4010203 

4010242 
4010333 

4010392 

4130822 

4010363 

4010999 
4010221 
4130133 
4130472 
4130561 
4130999 
4130272 
4010362 

R89 11010181 
R90 R21 
R91 4010302 
R92 R65 
R93 R17 
R94 R24 
R95 R26 
R96 4010751 
U1 3110125 
U2 3087402 
U3 
U4 
US-6 
U7 
U8 
U9 
U10 
U11 
U12 
U13 
U14 
U15 
U16·-17 
U1 8 
U19 
U20 

U9 

U9 

U4 
us 

3084123 
3084393 
3041458 
3 087432 
3074177 
3087400 
3084155 
3089602 

3087420 
3087408 

3043130 
3040555 

PCB ASSY A204 
IF PROCESSOR (PART OF 
MODULE ASSY 2010094) 

REF 

C1-2 
C3-4 
cs 
C6-7 
cs 
C9-·10 
C11 
C12-13 
C14 
C15 
C16 
Cl7-18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26-27 
C28 
C29 
C30 
C31 
C32 
C33 
C34 
C35 
C36 
C37 

SAME 

C3 

C3 
cs 
C3 
C8 
C3 
C5 
C3 
C8 
C5 

cs 
C3 
cs 

cs 
C21 
cs 
C3 
C5 

E!P P/N 

2250012 
2150003 
2150001 

2250028 

2250001 

2160012 

2250017 
(NOT USED) 
C5 

C3 

2160014 
2300015 

C38 
C39 
C40-41 
C42-43 
C44 
C45 
C46 
C47 
C48 
C49 
C50 
C51-53 
C54 
C55 
C56 
C57 
C58 
C59 
C60 
C61 
C62-63 
C64 
C65-66 
C67 
C68-69 
C70-72 
C73 
C74 
C75 
C76 
C77 
C78-79 

CRl-2 
CR3-4 
CR5/CR6 

FLl-3 

J 1- 7 

J8 

L 1-2 
L3-9 
Ll0-11 
Ll2 
L13-16 
L17-19 
L20-21 

P1 

Q1 
Q2·4 
QS-1 0 
Qll 
Q12 
Q13 
Q14-15 
Q16-17 
Q18 
Q19-20 
Q21-22 

R1 

C36 
C38 

C38 
cs 
C21 
C5 
C3 

2300029 

2300005 

(NOT USED) 
C5 

C5 
C35 

C35 
C58 

C3 

C3 

C3 
C38 
C3 
C38 
C3 
C36 
C5 

2160009 
2160011 

2160007 
2160013 

2250025 

2250008 
2250027 

2250016 

2710016 
2705234 
2710014 

2350017 

2610010 
2610017 

3510001 
(P/0 PCB) 

3510010 
3510008 

(P/0 PCB) 
3510011 

(P/0 PCB) 

QS 
Q2 

Q2 
Q18 

2 040066 

4710026 
4710011 
4710023 
4710012 
4704124 
4704126 

4710010 

4130999 

TABLE 8-4. REPLACEABLE PARTS LIST 

R2 
R3 
R4 
RS 
R6 
R7 
R8 
R9 
R10-11 
R12 
R13 
R14 
R15 
R16 
R17-18 
R19 
R20 
R21-23 
R24 
R25 
R26 
R27-28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59-60 
R61 
R62 
R63 
R64··65 
R66 
R67 
R68-69 
R70 
R71 
R72 
R73 

R3 

4130201 
4130621 
4130560 
4130242 
4010596 

4130911 
(NOT USED} 

4120008 
R4 
R5 
R6 
R3 
R8 
R10 
R4 
RS 
R6 
R3 
R8 
(NOT USED] 
R10 

R6 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R6 

R47 

R6 

R52 
R5 
R54 

R68 

R63 

4010510 
4010470 
4130271 
4130122 
4010100 
4130121 
4130910 
4130821 

4130471 
4250003 

4010334 
4250006 
4020161 

4130101 
4130162 
4130751 

4130102 
4130241 
4010181 
4010432 
4010431 
4010133 
4010101 
4010621 

4010102 
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R74 4130510 
ASSY A205 

R75 R33 
MIXER 

R76 R32 
P/N: 2010007 

R77 R31 
R78 R30 

{NO REPLACEABLE 
R79 4130331 

COMPONENTS} 
R80 {NOT USED) 
R81 4010821 
R82 R6 

ASSY A206 
R83-84 4130470 

LIMITER/ATTENUATOR 
R85 4010332 

P/N: 2010113 
R86 R30 
R87 R85 

(NO REPLACEABLE 
R88 4010103 

COMPONENTS} 
R89 R4 
R90 4130103 
R91 4130433 

ASSY A207 
R92 R4 

YIG COMB GENERATOR 
R93 R90 

P/N: 2010122-03 
R94 4130473 
R95 R51 

(NO REPLACEABLE 
R96 4130183 

COMPONENTS) 
R97 4130132 
R98 4130152 
R99 4010472 
R100 4010391 
R1 01 R61 
R102-103 R72 
R104 4010200 
R105 R100 
R106 R72 
R107 R61 
R1 08-109 R72 
R110 R100 
R111 4010221 
R112 4010111 
R113 R68 
R114-115 R88 
R116 4010753 
R117 {NOT USED) 
R118 4010104 
R119 R88 
Rl20 4130301 
R 121 R36 
R122 R72 
R123 4010820 
R124 4010131 
R125 4130202 
R126 R34 
R127 4010390 

Ul 3040733 
U2 3050710 
U3-4 311 0105 
us U2 

TABLE 8-4. REPLACEABLE PARTS LIST 8-13 





SECTION 9 

CIRCUIT SCHEMATICS & DESCRIPTIONS 

COMPONENT LOCATORS 

9~1. GENERAL 

9-2. Schematics and Component Locators are arranged 
by Assembly number (AlOl, A102, etc.). Circuit descrip­
tions and circuit theory are shown on the same or adja­
cent pages. All assembly related drawings and diagrams 
have the same figure number, but have different suffix 
letters (9-BA, 9-BB, etc.). 

8-3. Parts Lists and Ordering Information wiH be found 
in Section 8. 

9-4. Unless otherwise specified, the following notes 
apply to all figures in this section. 

a. Resistance values in ohms. 

b. Capacitance values in microfarads ("pf" values in 
picofarads). 

c. Connector reference numbers may not appear on 
part. 

d. SAT= Selected at Test. Nominal value shown; 
part may not be installed. MP =Matched Pair. 

9-1 



9-2 

I Fl• 

. ., 

Tl 

.. ~ 

CABLE TO 

A103-P2-·-·-- Wl -- A106··J5 
A105-P2·-·---- WZ --A106·Jl 
Al05-P3-~·- W3--A106-J4 
A200···P2 W4 --A 105-JT 
A200- P3 ---·-- W5 --- A204-J6 
A200 P4 --- W6 -- A204-J2 
A200-P5 --- W7 --A204-J7 
A200-P6 ······-- W6 -- A201!··J4 
A101-J1 ---·- W9 A 1 05-J4 
A201-J2 ---~WJO-··---- A207-J2 
All2 P1~W11--A204-J3 

A 112 P2 t::::_____ W12 ···················-A 1 06-J 3 
Al03 J3 ----- W13 A202··J2 
A 110 P2 --- W14 ·----A 102-Jl 
A1-Pl21 --··--W15 -- A202-J1** 
A201··P1--·-·Wl6--··-A200-J2 
A110-Pl --W17·--·······-A100 J2 
A200-P1 --Wl8--AlOO-J3 
A201!·P1 ····---- W19 ~- A200-J I 

FROM CABLE TO 

A206-P2 --W20-- A203-Jl 
A202·J3 --W21 ~-A 1-01 

"-- A107-J3 
A1[T1]P101-W22·-- A107 Jl 
Al (J2) P102 -W23-- A 108 Jl 
A1 [J3)P103 -W24·--A204-Jl* 
Al [J4] P104 -W25·-- A106-J6 
A 1 [JS) Pl05 --- W26 --A204-J5* 
A1 [JG)P106 -W27 --ATOO-JS 
A 1-Pl 07 --W2B --A 100-Jl 
A205··P1 --·W29 --A207-J 1 

451 

FIGURE 9-1 
ASSEMBLY LOCATOR 

CABLE INTERCONNECTIONS 

Wl9 

I . 

~::: 

!I 

W6 :• 

f" PRESET SW 

AUTO/MAN SW 

*PRESCALER OPT. !:'l~ . .l.Q~,~~Gl_ 
FROM SABLE TO 

A1-P103-- W24--A 109-JG 
Al-P105-- W26 --·-A 109-J3 
A1·-J111 --- W30 --- A109-J1 
A204-J1--W31--A109···J5 
A204·J5 --- W32 -- Al09-J4 
A105-J2 ---W33--A109-P2 
Al-16 Pl ~ W34--- A 109-J2 

A116-P2~ W35--A10G-J2 

=~EM PGM(BCD OUT OPT. P4 [A@ 
FROM CABLE TO 

A1-P121---W!5-- A100···J6 
A111 J1·-··--W4o-- Alo0-J4 
A111 J2 --WI!!-- A100-J5 
A111-J3 --W41---CA 100-J6 
A111-J4 -- W1!2--A202-J1 
A111-J5 --W43 --A1Q3-JS 
A111···J6--W44 --AJ03-J1 
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FIGURE 9-3A 
COMPONENT LOCATOR 

COUNTER INTERCONNECT (A 1 00) 
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COUNT CHAIN CONTROL (A 102) 

General 

Count Chain Control A102 controls and processes the flow 
of information on Count Chain board A103, and drives the 
front panel visual display. A pulse-stretcher and driver 
(on Al02) also operate the GATE indicator on the front 
panel of the counter. 

The clock generator, a 716 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 sequence, back to the data input of Al02. 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 US to drive the segments 
of each display digit on Display board A110. The same 
address generator that selected DCO'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 certain 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 Jl s would not otherwise be visible.) 

Display Address .Generator (U6, U9-11) 

The Address Generator is driven by the clock generated 
in U6 at a 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 U10 which produces an output 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 UlO are 
used to select display digits directly. The address to the 
DCU's of A103 however, is a one-of-four line code, plus 
an odd-even code on a fifth line. The one-of-four line 
code is obtained by combining successive outputs of de­
coder U10 in groups of two in the four AND gates of Ull. 
The odd-even code is simply the A input to UlO. 

Display Decoder, Driver, and Leading Zero Suppres­
sion Circuits (U2, U4, UB) 

The BCD to 7-segment decoder is included in UB. It 
directly supplies the cathode currents to the segments 
of the display digits which must be illuminated to display 
the number given by the BCD code. Additional inputs to 
U8 allow all outputs to be activated simultaneously (Lamp 
Test which displays all 8's), all outputs turned off simul­
taneously (BI/RBO which blanks the display), or the out­
put blanked 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 Ql-Q7. These 
drivers are turned on in sequence by outputs 1 through 
7 of U10, and effectively apply the +5 volt adjustable sup­
ply to the anodes of the display digits. The segment cur­
rents are then determined by the segment drive eutputs 
of US, 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 F 
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The zero suppression circuits cause all digits to the left 
of the first non-zero display to be blanked. Outputs of 
decoder UlO are processed in U2, U4, U8, and U12, to 
produce this result. 

Decoder outputs of U10 occur in regular time sequence 
0 through 7. Defining the interval in which output 0 is 
active as TFO (Time Frame 0), then intervals TFO, TFl 
..... TF7, are of equal length, and occur in a regular 
repetitive sequence. Display digits are driven in Time 
Frames TFI - TF7. The zero suppression latches are re­
set in TFO of each sequence. The BCD output from A103 
is coded to be always zero in TFO. This is decoded in 
data detector U2 to produce a high at the set input to the 
U4B latch. U9A output, and UlO TFO output, are combined 
in U3 and U7 to produce a reset input to U4B at TF± (the 
second half of TFO}. U4B is then always reset at the be­
ginning of the TF1-TF7 sequence. During this sequence, 
the DCU outputs of Al03 are addressed and read out in 
sequence: 10 GHz. 1 GHz ... 100kHz. If any of these 
BCD outputs are non-zero, detector U2 immediately sets 
U4B. U4B is then reset until the left-most non-zero digit 
of the display appears after which it remains set through 
the remainder of each display sequence. This flip-flop 
is used to remove the suppression when all digits are 
zero, otherwise the display would disappear completely 
if there were no input to the counter (zero frequency). 
The narrow MUX clock is applied to the non-zero data 
detector via U12 to disable the detector during clock 
pulses, so switching transients do not cause problems. 

Flip-flop U4A controls the zero suppression directly. If 
U4B is in the set state at the end of a display sequence, 
then U4A is reset by the clock pulse at TF± 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 occurs in a display sequence, U4A is set and enables 

9-6 

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 sequences 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. 

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

Gate Indicator Driver (U3, U5, U7) 

The front 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 U5 which is also 
set by the gate trigger via inverter U3E. US is a one-shot 
whose period is set to about 30 ms. The drive pulse to the 
indicator in response to each gate trigger is then of suf­
ficient duration to be visible, even for very short gate 
times. 

FIGURE 9-4A 
COMPONENT LOCATOR 

COUNT CHAIN CONTROL (A 1 02) 



~
-c~. :;:;;;;~_··rc"Nol~ivl 

-············~-~········- ·-
1 Not u~e:'d 
2 DM7JiL~05 7 14 

3 DM74LS04 7 ! 14 
4 DM71iLS76 I 13 s 
5.ti NE555V i 1 8 

l
iJ7,12 DM7~L~>32Jl' 7 14 
US DM74l.S47 8 IS 

U9 DM7•1.S93 10 w· 
u10 !I [)M71iLSlss a 16 
U11 DM74LSOB 7 14 

·---~--~ .... 

rNO N ZERO DATAl 
DETECTOR 

"'"SV 

R6 
2.21( 

1,--... 
~ 

,U2l' 
2 U!2 

U2 9 
~ 

I 

rZERO SUPPkESSION-, 
LATCH I 

'<= 
,---.-Jt K 

t 
1 
~~ 
b~ 

0~!!-P"-AV 

{ SEGMEM!" DRlVf! 
(S.E(:o~.AENT-5-

.'l··g) 

r4LINE BCD~ 0~ 
1 7SEGMENT __ ~ l -----

DISPLAY DECODER (:::. - > 

~ ~1~:::> 
\_D1::0,TA 6U5 c·· -- --

DR!VU< (MU><) 
coo-e:v~'l-....1 CO~R.-Ct... 

--. ·····--~·--- ---·-------·----·-----~-------

L DISPLAY __j 
INTENSITY 

CONTROL 

5500084 c 
9/78 

FIGURE 9-4B 
SCHEMATIC DIAGRAM 

COUNT CHAIN CONTROL (A 1 02) 
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AI03·P2. 
(W AIOro·J?) 

COUNT CHAIN (A 103} 

General 

Count Chain board A103 accumulates the counts provided 
by the output of High Frequency board AlOB, 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 BCD digits serially on a four line 
output bus. (For Option 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 Counting Units 
(DCU's) for a precisely determined gate time. The num­
ber of accumulated counts, divided by the gate time, 
gives the frequency directly. The first DCU is on A lOB, 
and is followed by seven additional DCU's on this board. 
Each DCU has a four-line BCD output to show its accu­
mulated count. These BCD outputs are decoded and 
drive the front panel display which shows the value of 
the digits accumulated by each of these DCU 1s. 

Counting Chain (U16_:1!1 

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 output of each DCU directly drives the clock 
input of the next DCU. The first DCU is presettable by 

... ···•~ F. uH: t 
.·.·.·.·········•···•·· •...... ··.· · .. ·· ......... ·········.·.· .. ·· ... · ... ·•· 

·. []·~·.·. ···.·····J2; . 
.· ~·. .;; ::. 

:: : -. ,- : ·®··· ..0 
\) 
::· 

. · .. 
·, :- ·.·.· 

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 Frequency board (AlOB} then bypasses 

· .. ·U3. •· 

'-"---'-' 

the first DCU and directly clocks the second DCU. When 
the l 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 to 
any desired number by applying a load command before 
normal counting begins. This is used to add the Convert~ 
er local oscillator frequency to the counting chain to ob~ 
tain the actual input frequency in Band B. 

Star~ 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 controlled by the 1 ms gate command. When 
this command is not activated, the data selector presents 
the BCD information from A106 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 (UB-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 

~®~;w ·· ... ·· .... ··· .. ····+PI 
@ 

2020083 D 

9/78 

which is controlled by the 1 ms gate command. When 
this command is not activated, the data selector presents 
the BCD information from AlOB to the latch. When the 
l ms gate command i.s activated, the data selector selects 
the BCD information from the first DCU on this board. 
A load command to aU latches, causes the DCU informa~ 
tion to be stored and held until the next load command. 
All information from the counting chain to the balance of 
the counter, is obtained from these latches. 

Data Output Multiplexer (Ul, U3-5) 

The multiplexer converts the parallel BCD information 
located in the latches, to 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 contains 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 inputs 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 Odd/Even), combined 
with a four-line gating bus (MUX Select Bus), serially 
selects this BCD information and places it on the multi­
plexer outputs which are tied together. The end result 
is serial BCD information which corresponds to the input 
frequency. 
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FIGURE 9-SA 
COMPONENT LOCATOR 
COUNT CHAIN (A 103) 
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FIGURE 9-58 
SCHEMATIC DIAGRAM 
COUNT CHAIN (A 1 03) 
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CONTROL (A104} 

General 

~····· •.. 

~t'~/,, 

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 sequence of commands to various portions of 
the counter 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. 

Control Sequence Generator (Ul-S) 

This unit produces control signals in sequence on one of 
sixteen output lines. US is a straight scale-of-sixteen bi­
nary counter which advances one state each time a clock 
pulse' 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 U5. A reset 
signal to U5 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 to be deactivated at any point in 
the sequence. This is used during the clock pulse or the 
reset input to U5 to prevent false outputs on any decoder 
lines from occurring during times 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 11 011 through 11 9" or in one of the states 
"10" through "15 11

• 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 U1B 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. Output state "11 11 " sets flip-flop U1A which immediately 

.. ~ 

gates off all the decoder outputs via gates UlOB, U9B, U11A, 
and UllB. 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 US while going into state "8", 
which reactivates the decoder outputs. The output during 
state "12" is able this time to reset both UlA and U1B, and 
return the sequence generator to normal operation. The 
DATA UPDATE output during this long step of the sequence 

is obtained from UlA rather than from the decoder outputs. 

Decoder outputs "13" and "14" are combined in Ul6 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 U5. 

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 
variable in the Table are controlled by Internally gener­
ated interrupt signals. With Programming Option P4, such 
an interrupt may be applied from outside the counter. This 
might occur with a 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 its 11 011 state in a variety 
of conditions where a measurement has started but cannot 
be successfully completed. The reset then prevents erron­
eous data from being displayed or sent out to other remote 
equipment. The actions that cause these resets include: 
externally controlled changes of the mode in which the 
counter operates (band change, Test, etc.) ,or large 
changes in the input signal itself before a successful meas­
urement can be completed. The sequence can also be in­
terrupted or reset by direct external commands. 
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Events which cause both reset of the sequence to "0" and 
Converter recycle (plus immediate zero display), are as 
follows: 

a. Counter power turn-on. 
b. Switch to Band B. 
c. End Test in Band B. 
d. Reset commands externally or manually applied. 

Other events which cause the sequence to be reset to "O": 

a. Change of RESOLUTION controls. 
b. Switch to Band A. 
c. Start Test. 
d. End Test in Band A. 
e. Start-cycle command from external source. 
f. Converter lock or unlock in Band B during se­

quence "0" - "9"-
g. PRF limit signal changes state (input signal ap­

pears or drops out) during sequence "0" - "9". 

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

a. A direct Sequence 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-
hi bit with the control at HOLD. A reset (external 
or manual) command over-rides this signal and 
causes a single sequence before the inhibit is re­
established. 

c. Operation of the Gate Generator (AlOS). During 
Sequence "8" if the counter is in Test or locked 
to an input signal, the Gate Generator inhibits 
the sequence 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 absent. 
A delay is produced before sequence continues 
(or resets) to see of Lock will soon be achieved. 
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e. LOCK lost in 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 large 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 various inputs in the same way. The input sig­
nals are step functions which are differentiated in RC net­
works (C16, R37, for example), and coupled through diodes 
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 - CR8 
and output stage Q3, Q4 to reset the sequence generator 
through gate UllD. Four additional inputs to C3-C6 are 
combined in CR10-CR13 and output stage Q5, QB to drive 
OR gate U22A. During sequence states "0" - "9", this 
gate drives the first network through CR9 and resets the 
sequence generator if any input to C3-C6 occurs during 

states "0"-"9". 

Three inputs to C17 - C19 drive a similar network through 
CR15 - CR17, and Q9, Q9. These trigger the reset genera­
tor one-shot U7 A, which produces a uniform pulse about 
S ll s in duration. This pulse resets the sequence genera­
tor, the display generator, the lock delay generator, and 
externally the Count Chain and Converter. The Count 
Chain immediately generates and displays a zero. 

The inputs to C18 and C19 are obtained from Schmitt trig­
gers in U9. Inputs to U9 are slow rise signals which are 
changed to single fast steps by the threshold circuits of U9. 

FIGURE 9-6A 
COMPONENT LOCATOR 

CONTROL (A 1 04) 



SEQUENCE FUNCTION DURATION 

0 Reset "" Resets "0" - "9" Detector. 10 \1 s 

J Reset - Counting Chain reset to zero. 10 lJ s 

2 Offset Load - Last three DCU's of Count Chain 
set to any desired number. 10 \1 s 

3 Blank 10 \1 s 

4 Blank 10 lJ s 

5 Blank 10 lJ s 

6 Reset Time Base Generator - Resets Time Base 
Flip-flop and accumulator on A105. 10 \1 s 

7 Blank .10 lJ s 

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 

9 Blank 10 lJ s 

10 Measurement complete - Sets ''l)" - "9" Detector 
to show that measurement portion of 
cycle is complete" 10 tJ s 

11 Update Data- Latches associated with each DCU 
of the counting chain are latched to 
new DCU data. 170 jJ s 

12 End Update Data - Resets update data flip-flops. 10 lJ s 

13 Print - Sends out signal indicating that new 
14 measurement data is available. 20 tJ s 

15 Display - Starts variable time delay, controlled 
by SAMPLE RATE control, which sepa-
rates successive measurement cycles. Variable 

TABLE 9-GA. CONTROL SEQUENCE 
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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 U8. The one-shot is connected to produce a free 
running multi vibrator during the delay time. Its output 
drives the DCU, which extends the period of the one-·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 "9" 
state. This signal is further combined with the sequence 
"15 11 and Fast Cycle controls so that inhibit can occur only 
in sequence "15" with Fast Cycle not applied and with the 
display generator DCU not in the 11 9" state. The Hold in­
put keeps the DCU at "0 11 state, which applies a permanent 
sequence inhibit in sequence state 11 15" as long as Fast 
Cycle is not applied (or the unit reset) . 

To start the display time, the DCU is set from the previous 
"9" state to "0" during Sequence "14". At Sequence 11 15 11 , 

the display time one-shot is triggered and commences to 
free run at a rate de·termined by the SAMPLE RATE control 

setting (approximately . 3 - 30 pulses per second). Unless 
held reset by a Hold command. the DCU is stepped at this 
same rate until it reaches state "9". The sequence 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 
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Test Flip-flop 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 
"15" output 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 to the Gate Generator (Al05) and the High Frequency 
(A106) boards, remove the Offset Load command in Band B, 
and remove the Band A and B control signals to A106. The 
outputs provided cause the counter to measure an internal 
200 MHz test signal as long as the Test Flip-Flop is held 
set. 

PRF Limit 

The PRF Limit circuits receive the input threshold si.gnal 
from Gate Generator AlO 5. This signal is present when­
ever the input signal to the counter is above the preset 
threshold level, and absent when it is below this level. 
The PRF circuit then produces a continuous output un-

less gaps in the input exceed about 100 ms, indicating a 
dropout of the input signal. The PRF 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 circuit includes a one- shot (U6A) . triggered by 
the step which occurs when the input threshold signal dis~ 
appears. The threshold signal also produces a fast~fall, 
slow-rising output from inverter U4A with C 14, R25, and 
R26 load. This signal and the one-shot Q output are com~ 
bined in NAND gate U20D to produce a signal that rises 
rapidly with appearance of the threshold signal. It 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 (A lOS) 

General 

The primary function of this unit is to produce the gate 
signal which controls the time intervals over which the 
input to the counter is accumulated. It also produces the 
100 kHz Control Sequence Clock, and a 200 MHz Test sig­
nal. These outputs are all based on 200 MHz and 10 MHz 
references supplied from other portions of the counter. 

Gate and Enable Flip-Flops (U8A/B) 

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 
Enable Flip-flop determines which cycte of the 200 MHz 
clock will trigger the Gate Flip-flop. 

The enable signal to the Enable Flip-flop, is derived from 
the counter input threshold circuit, and is present only 
at times when an input signal of adequate amplitude is 
present. This signal is combined with a signal from Con­
trol board A104, which indicates that the counter is in 
the correct part of its cycle to actually measure the input 
signal frequency. The rise time of the enable signal is 
faster than the clock period, so the Enable Flip-flop will 
always settle 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 200 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 to occur during the gate time 
of each measurement cycle of the counter. Accumulated 
gate times are: 1 ms or 100 JlS (4 ms or 400 JlS in Band 
A). The Gate control signal is applied via a 50 ohm cable 
to the signal gate on A106. 

~-»~-------------------------------------------------------------------~--~ 

Time Base Flip-Flop (UlOB) 

This is another fast ECL flip-flop. It is clocked by a 200 
MHz signal, slightly delayed from that driving the Enable 
and Gate Flip-flops. The delay allows the Gate Flip-flop 
(triggered by the normal clock), to control the delayed 
clock during the same clock period 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 to 
the Time Base Accumulator and to the Time Base Flip­
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 to the enable 
input of the Time Base Flip-flop. The N-2 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 signal from 
the Time Base Flip-flop to the Gate Flip-flop input is then 
delayed until after the N-1 normal clock pulse. The N 
clock pulse resets the Gate Flip-flop, and ends gate time 
for that measurement cycle. 

Time Base Accumulator (U3A, U5, Ul0-12] 

The Time Base Accumulator includes five DCU's (U5, Ull, 
U12), preceded by a binary divider. The count capacity 
of this group is 200K clock pulses, each of 5 ns period, or 
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1 ms total. The last DCU may be removed from the string 
to permit a 100 JlS gate time. In addition to the string of 
DCU' s, a + 4 unit 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 A106 is di­
vided by four before reaching the Signal Gate, so the 
gate time must be extended to cause the counter to read 
the input frequency directly. 

A coincidence detector consisting ofU7A, US, U9, U14D, 
Q4, CR1, and the D output of U5, produces an output 
when all DCU's of the string are in state "9", and the +4 
unit is in state "3". The first DCU of the string is preset 
to 9 originally, giving coincidence after N-2, rather than 
N-1 clock pulses to the first DCU. (Driving CBD input 
with the A, rather than the inverted A output, is equiva­
lent to a preset 9 .) Since the accumulator clock input is 
divided by two in binary U10A before the first DCU, co­
incidence output occurs on the N-4 input pulse. 

Since coincidence occurs when all DCU's are at 9, and the 
., .. 4 at 3, any one of them is effectively removed from the 
string if held at these counts. U12B has an external set 
9 input to produce the shorter 100 Jl s gate time in this 
manner. This .;- 4 unit may also be held at 3 by an external 
control signal (Band B or Test), but additional gating 
must be provided to pass the input signal around the 
stage, since the following DCU's still have to operate. 
This is accomplished in UBB, which transmits either the 
input or output of UlO to the input of U11A. 

The 72, and the first DCU of the Accumulator, are fast 
ECL circuits, able to divide the 200 MHz clock to 10 MHz; 
the remaining circuits are TTL. 
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Band Select Circuits (U4B-D, U7B/C, U14A} 

These circuits select one of the Band Threshold signals 
from either the Converter (Band B} or Prescaler (Band 
A), and processes this to control the Enable and Gate 
Flip-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 inverter output drives one input of U4C, 
such that one of the pair U4B/U4C is always enabled, and 
one disabled. The inverting outputs of U4B and U4C are 
"0Red11 together to drive one U4D input. The direct out­
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 input signal to the counter is above threshold. 
A capacitor to ground slows 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 (U14-16) 

This circuit divides the input 10 MHz reference by 100 to 
form the 100kHz Sequence Clock. The input accepts a 
wide variety of input levels and waveshapes, while pro­
ducing a square wave of the proper level to drive U16. 
U15B gates the outputs of U16 to form 100 ns pulses at a 
100kHz rate. U14C allows the Clock to be gated by an 
external control level. 

FIGURE 9-7A 
COMPONENT LOCATOR 

GATE GENERATOR (A105) 



Cl 
J4 .01 

2:00MH... REF. rr 
(10 A20!-Jl) ~ 

J2 
BA®A 

T~HOLO 
(mAI01H'l.J " 

.JI 
t3ANO B 

TH~SHOLO 
(To .u::o-PZ) 

R34 ~ 
470 470 

""5Z/ -5.1V 

IGNDT+SV- ~ .. -~ ,..---

U1 
U2,J 
U4 
us 
UG 

TYPI' 

MCIOll& 
MC10131 
MC10102P 
MC101 JSP 
MC10125L 

1.1cl 
1.16 
1, 16 
1. 16 

16 
U7 MC1012tJL 16 

us. 9 I DM7'1H21N 7 

Ull,12,1£. DM7.1!LStr9-0 :8 

U13 DM74LS04 7 

U15 DM74LS13 7 

14 

15 
T~ 

14 

-5.2V Vbb 

11 

U10 lDM74I ... S75 13 

U11l DM7>LSO~l 7 

- ·--~-·· --~---·-·'--··-L---' 

~~~r--~ 
-5.2V 

Rl7 
18 ;' ~~:~: l f~ ± 

"'4L-·---+200~AHi!. DELAYED CLOCK ~-~~ ~ ............. ~~---

R5of RIS JOO 330 

V;;;o , -52V 
. UK 

BAt-105 -· 

"'5Vc~ 1e~oiC111cel.u3Ic151c~i4~+J­
.01 ~ .Ot ~-01 ~.01 !.01 ~ Dl ~33! 

+IZV oz-I(2, Cl7 + 
.01 _I .01.I_10 l 

5 

L 

------~ 

+5V 
<-5V 

+SV 

RSr~J 2.ZK 

0 

UI:S 

" 

fPZ 

5500085 c 
9/78 

FIGURE 9-78 
SCHEMATIC DIAGRAM 

GATE GENERATOR (A105) 
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HIGH FREQUENCY (A 1 06) 

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 (Al03) 
for further counting and display. 

One of the three input signals is selected by enabling one 
of three differential amplifiers: U1B, U2A, or U2B. UlA 
provides additional gain for the Converter IF signal when 
input UlB is selected. Enabling of the appropriate ampli­
fier is achieved by activating transistor Q2, Q3 or Q4, by 
TTL Band Select commands entering on Pl. 

The output of the input selector differentially drives the 
squaring circuit. Q5 is a current mirror, which is used as 
as an overdriven voltage-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 Q8, which is used as a current switch. The result­
ing current square wave from QB drives inductor L4, pro­
ducing a series of pulses - a positive pulse when Q8 turns 
on, and a negative pulse when QB turns off. 

The pulse inverter is essentially a high-speed zero bias 
amplifier. Q9 performs this function by being biased at 
cut-off by diode CR4. In this mode, the amplifier not only 
inverts the positive pulses, but removes the unwanted 

•)~~!1•!~;J;J~~ f·c··· •;,·· 

---------------------~----------------~-----------c~~'~' 

negative pulses. The output of the pulse inverter drives 
the input of decade divider Ul!. The bias point for U4's 
input is established by a tracking bias supply (U3/Q10). 
The output of U 3 is equal to the voltage on U4 pin 1. plus 
a fixed DC offset selected by resistor divider R47/R49. 
The divide-by-ten output of the decade divider is a 60/40 
duty cycle ECL level signal called "DCU CARRY". The 
load 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, this information 
is slew rate limited, therefore the actual output 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 outputs. 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 U6. 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 output tracking 
the reference voltage (U6 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 output to the rear panel is supplied by the Gate 
Output Buffer, consisting of Q11, Q12, and associated cir­
cuitry. 
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POWER SUPPLY (Al/A107) 

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

(1) PC board A107 containing the rectifiers, filter 
capacitors, and regulator circuitry. 

(2) Chassis mounted components (Al-) consisting of 
the power transformer (A1Tl), 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 Vdc, regulated +12 Vdc, -12 Vdc, +5 Vdc, and 
-·5.2Vdc. 

All the regulated voltages are produced by full wave rec­
tifier and series regulator circuits. The +18 V unregu­
lated voltage is also the input voltage for the +12 V 
regulator. 

Each of the four regulator circuits contains an integrated 
circuit voltage regulator with current foldback capability, 
protective diodes, and provision for adjustment of there­
quired output volta'ge. 

The type of IC used in both the +12 V and +5 V regulators 
is an LM 305. This IC contains an internal temperature 
compensated voltage 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 Rll, R1.2, and R13. 

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 
external pre-regulator is required. In the -12 V circuit 
(for example), the pre-regulator includes R22, R25, and 
CR9. Current foldback limiting uses internal IC circuitry 
in addition to R17, Rl8, R19 and Q5. 

FIGURE 9-9A 
COMPONENT LOCATOR 
POWER SUPPLY (A 1 07) 
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REFERENCE OSCILLATOR BUFFER (A 108) 

GENERAL 
---w-~~ 

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 as Option Pl, which 
aHows the user to select a higher level of precision com­
patible with measurement requirements. 

Circuit De13cription 

The signal from 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 Jl by a linear amplifier (Ql), current switch 
(Q2,Q3), and an output current driver (Q4). 

The outputs appearing at Pl pins 6 and 14,are processed 
by a linear, low gain amplifier pair (Q5 and Q6), and two 
identical line driver circuits Q7-Q10, and Qll-Q 14). Low 
gain, common emitter· input stages (Q7,Q11), are followed 
by emitter followers (Q8, Q12l. which drive push-pull 
emitter follower output pairs (Q9,Q10, and Q13,Q14). 

FIGURE 9-1 OA 
COMPONENT LOCATOR 

REFERENCE OSCILLATOR BUFFER (A108} 
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DISPLAY {A110) 

Display board A110 contains seven LED numerical display 
units mounted side-by-side, grouped into a 2-digit GHz 
section, 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 multiplexed 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 saturate when turned on, applying a voltage al­
most equal to the supply voltage for the display. This 
voltage is variable (by A102R35) for display brightness 
adjustment. 

Four display lamps are included on this assembly, which 
illuminate to indicate GATE operation, input signal LEVEL, 
LOCK, and REMOTE operation (Option P4). 

FIGURE 9-llA 
COMPONENT LOCATOR 

DISPLAY (A 11 0) 
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SOURCE AMPLIFIER (A201) 

General 

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

The requirements 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 output 
power is generated by a Class C amplifier that contains a 
leveling loop to set the power output at any desired level 
from 1 mW to 1.1 W. 

Circuit Description 

The phase lock loop is a standard second order loop, im­
plemented by using digital phase lock loop components. 
The 200 MHz LC oscillator is a modified Colpitts circuit 
with bias stabilization supplied by 010. The output fre­
quency of the 200 MHz oscillator is divided by 20 in Ul and 
U2 to produce a 10 MHz square wave. This signal is com­
pared to 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 
signal. C23 sets the open loop center frequency of the os­
cillator. 

The main power amplifier consists of four stages: buffer 
amplifier 012 and 013, linear amplifier 014, and two Class 
C stages 015 and 016. Output power level is controlled by 
adjusting the value of the negative voltage supplied by 
017 and 018 to the linear amplifier and Class C stages. 

The power leveling loop operates by sampling the peak 
value of the output signal with CR5, and comparing this 
peak value to the Power Reference. The comparison is 
made by differential amplifier 019 and 020, which in turn 
controls 017 and 018. 

FIGURE 9-13A 
COMPONENT LOCATOR 

SOURCE/AMPLIFIER (A201) 
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YIG CONTROL (A202} 

General 

The YIG Control Board (A202) contains circuits required 
to set the frequency of the YIG filter (A207) and to gener­
ate the BCD preset information for the Count Chain (A103J, 
The main digital-to-analog converter (DAC) selects a par­
ticular comb line and provides the output frequency in­
formation. An error DAC provides a correction signal to 
precisely center the YIG filter passband on a comb line, 
based on information derived from the centering circuits, 
These circuits operate by modulating the center frequency 
of the YIG passband at a 20 kHz rate, This causes the filter 
to 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 
required centering information. 

Main DAC 

Steps of 200 MHz to the YIG filter are controUed by the 
main DAC. This DAC consists of a voltage reference (CR3, 
U12), presettable BCD counters (Ul9, U20), a series of 
transistor switches (Q3-Q10), precision summing resistors, 
and a summing amplifier (U13). Data from the f:ront panel 
thumbwheel switch is preset into U19 and U20 during the 
Reset period. Each output line controls a transistor switch 
which connects a precision resistor to the 3 .lV 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 A103, 

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 (U16, 
Ul7, U18), compares the thumbwheel information with the 
actual states of U19 and U20. If they differ, an output is 
obtained which triggers a Reset, and in turn causes the 
DAC output to equal the thumbwheel switch setting. 

YIG Driver 

The voltage output of the summing amplifier is converted 
into a current in the YIG Driver (Ul4, Qll, Q12, and chas· .. 
sis mounted A2Ql). R89 sets the current offset, while R87 
sets the slope. The current sense resistor (R92) provides 
the required feedback voltage for the driver. CR5 limits 
the voltage across the YIG filter tuning coil during Reset 
in order to protect Q12 and A2Q 1. 

YIG Passband Modulation 

As part of the centering function, the center frequency of 
the YIG passband is modulated by means of an auxiliary 
tuning coil within the YIG. A 40 kHz clock is divided in U4 
to produce a 20kHz square wave. This signal is converted 
to 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
ded output at the collector of Q16 is converted to a bipolar 
output with Q17 and Ql9, while CR7 and CRB compensate 
for base emitter junction voltages. Q 18 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 current output. Nominal de­
viation of the YIG center frequency is ± 50 MHz, 

YIG Centering Circuit 
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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 Ul. Ul is a 
four quadrant multiplier, producing outputs proportional 
to the product of two inputs. The positive and negative 
outputs of Ul differentially drive an active low pass filter 
(U2), which in turn, drives another low pass filter (U3). 
The output of U3 represents the DC component of the out-. 
put of Ul. Its amplitude and sign are directly related to 
the frequency offset of the YIG filter passband from the 
comb frequency. This signal is sensed by window detector 
US. If the output at U3 exceeds the threshold reference, 
one of the two outputs of US is driven high. 

The two outputs of US are used to control the Error DAC. 
This DAC supplies an error signal directly into the Main 
DAC summing amplifier. R42-R48 are summing resistors 
switched on by U9 and UlO (binary up-down counters). 
Clock pulses from U 4 at a 2. 5 kHz rate cause U9 to either 
count up , count down, or remain fixed depending on the 
outputs of U5. 

Thus, a continually 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 UlO provides a low level clamp on the 
DAC, while the C output of UlO provides a high level 
clamp. The Error DAC step at U6 pin 11 provides the in­
formation to the Converter Sequencer (A203) that the YIG 
centering cycle is completed. 
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FIGURE 9-14A 
COMPONENT LOCATOR 
YIG CONTROL (A202) 
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FIGURE 9-148 
SCHEMATIC DIAGRAM 
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 board 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 
control circuit for controlling the YIG comb power, and 
Error DAC (digital-to-analog converter) 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
multiplexer (U10). This circuit generates eight discrete 
steps, each of which is identified by a low on a corres­
ponding test point (TPO- TP7). 

UB is driven by a 40 kHz clock (UlB) 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 9-15A. 

Sequence 0 is the state the converter sequence goes to 
when the converter is disabled. Sequence 0 sets a latch 
(Ul2 pin 1) whose output turns off the RF signal by set­
ting the attenuator driver to maximum attenuation, and 
sending a command to the YIG Control board (A202) to 
begin the 20 kHz YIG coil modulation. Sequence 0 also 
sends out a Main DAC step command which steps the Main 
DAC to the next comb line unless the Converter is being 
disabled. If so, the disable reset command over-rides the 
DAC step, and the YIG stops at the bottom (or preset) fre­
quency. 

Sequence 1 begins the YIG power leveling cycle. A 1. 5 
ms one-shot (Ull) resets the YIG power DAC (U19) for 
minimum power, and sets 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 (Pl 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 coil centering cycle. The 
centering circuitry is located on the YIG Control 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 DAC enable signal to turn on the centering 
circuitry on the YIG Control board; and Q output which is 
fed back to hold the Sequence Generator in Sequence 3 
until the centering process is completed. The end of this 
process is indicated by a lack of error DAC step pulses. 
When this occurs, the one-shot times out, and the Sequence 
Generator is released to go on to Sequence 4. 

Sequence 4 is the first step of the sequence in which the 
input signal is examined. In this step, the latch (U12 pin 
l) 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 latch 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 received during either Sequence I! or 5. 

Sequence 6 is used as a 25 lJ sec delay period to 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. 
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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 (A104) in the Basic Counter. If no LOCK 
was obtained, the Sequencer will continue to Sequence 0, 
and repeat the sequence with the next comb line. 

Attenuator 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 activated whenever 
the input signal received by A205 exceeds the minimum 
signal by at least 7 dB. This command triggers one-shot 
U3. The output of U3 drives a DAC consisting of a counter 
(U4). summing resistors (RS - R14), a summing amplifier 
(U5), and an inverting amplifier (U6). Each DAC step 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 step. 

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 attenua­
tion to increase 0. 5 dB for each input pulse. On long 
pulses or CW signals, U3 will retrigger as long as the 
ATTENUATOR CONTROL command remains active. 

In addition to increasing attenuator insertion loss, the 
A TTENUA TOR CONTROL command forces the Sequence 
Generator to Sequence 3 by activating the preset strobe 
line of U8. Since the RF 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 Sequence 6 until the attenuator has reduced the in­
put signal sufficiently. 
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Attenuator Driver 

The output of U6 is a voltage corresponding to the desired 
attenuation. This signal is converted into two related cur­
rents by the Attenuator Driver. These currents: I total and 
Iseries. determine both the attenuation and the input VSWR 
of the PIN Diode Attenuator (part of A206). 

Series current is generated by the network of US and Q6. 
R53 is the sense resistor for the current source. The non­
linear current output versus input level is achieved with 
a double breakpoint shaping network - Q2 and Q3 form 
one breakpoint, while Ql! 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 R2 3 is used to adjust the ratio between series and 
shunt currents at moderate attenuation levels. U6 and cur­
rent booster Q1, combine series and shunt networks to 
produce the total current output. 

Power Level Control 

During Sequence 1, the YIG comb 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 
(A2 07). The comb line output is detected by the Mixer, 
and sensed by the Threshold Detector U17 _ Variable re­
sistor R64 sets the threshold level. 

Operation of the Power Level Control begins at the end of 
the 1.5 ms period of Ull. Clock pulses from U18 are then 
allowed to step the Power Level DAC (U19, R71! thru R80). 
When the comb output exceeds the threshold, U17 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 obtained. 

FIGURE 9-15A 
COMPONENT LOCATOR 

CONVERTER SEQUENCER (A203) 



SEQUENCE FUNCTIONS DURATION 

0 L Attenuator to max attenuation. 25 J1 s 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 11 seconds. 

3 1. YIG centering cycle. 1 - 10 mseconds. 

4 1. Attenuator to normal control. 25 11 seconds. 
2. Modulation off. 
3. Initiate wait for Band B Threshold. 

5 1. Wait for Band B Threshold. Depends upon PRF. 

6 1. 25 11 second delay. 25 11 seconds. 

7 1. LOCK sensing sequence. 25 J1 sec if no LOCK. 

TABLE 9-iSA. CONVERTER SEQUENCE FUNCTIONS 
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FIGURE 9-158 
DIAGRAM SCHEMATI~UENCER (A203) CONVERTER SE 

9-33 



IF PROCESSOR {A204) 

IF Processor A204 receives its input from the Mixer 
(A205). It separates the Mixer output into IF and Video 
components, and processes the components to produce 
several outputs. The IF signal is amplified and limited 
for counting. The Video signal is used to produce 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 signal, together with the 
IF signal. is used to determine LOCK. 

IF Amplifier 

The IF component 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 (Q1J is 
a common emitter amplifier with shunt feedback (R2). L2 
and 13 provide high frequency shaping of the response. 
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 (Rll,CB). and the 
collector inductor (L5). 

Stages 5 and 6 are limiting amplifiers, each consisting of 
an amplifier [Q5,Q7l and an emitter follower (Q6,Q8). 
Each stage has a nominal gain of 10 dB, determined by 
the input and feedback resistors (R30, 34, 35). Capacitive 
bypassing (C25) is used for high frequency gain shaping. 
Diodes (CR1, 2) limit the final output still further. 

Video Circuits 

The Video output of the Mixer, representing the detected 
envelope of a microwave signal, is amplified by Ul. R48 
sets the voltage gain (nominally 100). while R51 nulls 
out any offset between the differential outputs at U1 pins 
7 and 8. 

:-:·: :· .. ·:· :·· .· 
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Outputs of Ul are applied to a high speed differential am­
plifier (Q9, 10}. Positive feedback from R61 converts this 
circuit to a Schmitt trigger. Qll is an emitter follower 
used to drive the high speed ECL gates. The same outputs 
of Ul also differentially drive comparator US which forms 
the Attenuator Threshold Detector. Resistive biasing and 
feedbHck (R114-116, 118) set the trigger level of this cir­
cuit approximately 7dB above the Signal Threshold Detec­
tor level. 

The remaining Video circuit is the 20 kHz amplifier con­
sisting of Q12 and Q13. This circuit provides an additional 
voltage gain of 100 at frequencies near 20 kHz, and is used 
to 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 suf­
ficient level to 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 350 MHz. 

A portion of the IF signal is coupled into an additional lim­
iter section [Q14, 15) similar to the limiters in the IF Am­
plifier section. The output then drives two filter networks 
in parallel. The output of each network is detected (CR5, ·· 
CR6), and compared in U2. Since input signal amplitude 
is held constant, 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 (CSl-53,­
L12) in series with a 325 MHz low-pass section (Ll3-16,­
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,C57) in parallel with a 325 MHz high-pass 
section (C58-60,L20,L21), forming a band reject filter 
from 100-325 MHz. 

r-, •... 
,_ J .· 
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By comparing the outputs of these two networks in U2, a 
determination of the IF frequency is made. R95 is used to 
precisely set the crossover frequency. After LOCK is ob­
tained, Q16 and Q17 are turned on, shorting out L 16 and 
L21, and increasing the crossover point from 325 MHz to 
350 MHz. 

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

BAND B THRESHOLD is generated by combining CONVERT­
ER THRESHOLD (from Qll) 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 latch is set when 
all three inputs of the NOR gate are simultaneously low. 
R107 and C66 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 inverted IN­
BAND signal is applied to the third input. Thus a 70 nano­
second interval exists after BAND B THRESHOLD occurs, 
during which the LOCK latch may be set. The reset input 
to the latch is also a 3-input gate (U3), connected so IN­
BAND must occur within 70 nanoseconds or the latch will 
be reset. If IN-BAND drops out while BAND B THRESHOLD 
remains (at any point in time after the 70 nanosecond inter­
val), the latch is immediately reset. 
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FIGURE 9-16A 
COMPONENT LOCATOR 
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FIGURE 9-168 
SCHEMATIC DIAGRAM 
IF PROCESSOR (A204) 

9-35 





SECTION 0 

OPTIONS 

0-1. This section provides schematic diagrams, circuit 
descriptions 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 
A108 in place of the standard RTO. See pages 9-20 and 
9-21 for schematic, board layout, and circuit description. 

0-4. OPTION P2 - PRESCALER 

0-5. This option extends the frequency range of the 451 
down to 300 MHz to 950 MHz. See pages 0-2 and 0-3 for 
schematic, board layout, and circuit description. 

0··6. OPTION P3 - REAR PANEL INPUTS 

0-7. For this option, the Converter is switched end-for­
end, with the Band B input connector projecting 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 top 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 
bottom 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. Specifications remain 
identical to those for front panel operation. 

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

a. Disconnect power cord, and remove both top 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 
bottom 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 snag or pinch any wires or 
cables. 

g. Install screws which hold Converter in enclosure. 

h. Locate Double Delay Line Assembly A116. Note that 
th-ree cables exit from under one end of the cover, and 
one cable (to A204J3) 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. All three plug .. -in cables to the Prescaler PC board 
(Al09) must be replaced with those of a different length 
as follows: Replace short W30 cable (A109J1 - A1Jlll) 
with long W30 cable (with BNC connector mounted on 
£ear panel); replace short W31 cable (A109J5 .. A204J1) 
with long W31 cable; replace long W32 cable (A109J4-
A204J5) wlth short W32 cable. 

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

k. 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. Specifications remain 
identical to those for front panel input. 

m. Apply a signal to 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. OPTION P4- BCD OUTPUT/REMOTE PROGRAMMING 

0-11. BCD output, remote programming, and YIG preset, 
are the three basic functions provided by this option. Cir­
cuitry to accomplish these functions is contained on PC 
board A 111, 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 A1J7 pin assignments and func"· 
tions shown in Table 0-1. (Recommended mating connector 
for A1J7: Amphenol 57-30500, 50 pin male·- EIP Part No. 
2640003.) See pages 0-4 and 0-·5 for schematic and layout. 

0 ·12. BCD OUTPUTS 

0-13. BCD formated outputs to A1J7 correspond to the 
applied signal input frequency. A PRINT command output 
signal indicates the presence of valid data, while an IN­
HIBIT input prevents the data from being altered. Both 
PRINT and INHIBIT signals are active high. 

0-14. BCD information from High Frequency board A106 
enters Alll via J5 and J6. Ul through US buffer the in .. 
fo-rmation and supply it via Pl to A1J7. 

0- 15. YIG PRESET 

O-J 6. YIG preset information is supplied to the counter 
from two sources, depending upon the status of the Local/­
RerriOte line. In the Local mode, preset information comes 
from the front panel thumbwheel and MAN SELECT I AUTO 
SWEEP switches. In the Remote mode, preset information 
is obtained via A1J7, 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. 

0-17. REMOTE PROGRAMMING 

0-18. 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: Fast Cycle. Cycle Counter, 
and Pulse Reset. Fast Cycle 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. U6 through U9 are quad 2-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 ("ReiUOi.e mode), R6-R9 and U3 
act as an input buffer for the INHIBIT line, thus allowing 
operation from 0 to +50 volts. CR1 and CR2 act as clamping 
diodes. 

0-20. OPTION P5- GENERAL PURPOSE INTERFACE BUS 

See manual supplement. 
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PRESCALER (A109) 

General 

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

The Prescaler divides the input signal frequency by four 
before applying it to the High Frequency board {Al 06). 
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 to U3 which divides the fre­
quency by four. Emitter follower QS provides sufficient 
drive current for 50 ohms lines. 

The output of Q3 and Q4 is also applied to a threshold 
tri.gger circuit. The envelope is first detected by C6, CRl, 
and CR2, before driving Schmitt trigger UlA. Threshold 
of the Schmitt circuit is adjusted to trigger only at signal 
levels that are sufficiently large enough to permit reliable 
counting in the divide by four circuitry ofU3. 

Power for U3 is switched on or off by the circuitry asso­
ciated with Q6 - QlO. When the Band A Select line goes 
to a TTL high, differential amplifier QB/7 saturates Q9 
and allows the base of QB to become biased at approxi­
mately ··7 .4 volts. QB and Q10 are emitter followers that 
supply the -7.4 volts at approximately 60 rna to U3. 

The remainder of the circuitry is interface switching logic 
to 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 threshold 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, UlC enables U2C allow­
ing passage of the threshold trigger to the Gate Generator. 
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Pin No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 5 

16 

17 

Function Pin No. 

1 o" A 18 

1 o' 8 19 

1 o 5 A 20 

10 5 B 21 

10 6 A 22 

10 6 B 23 

1 o7 A 24 

10 7 B 25 

10 8 A 26 

10 8 8 27 

10 9 A 28 

10 9 B 29 

10 10 A 30 

10 10 B 31 

Inhibit 32 

Preset 10 GHz 33 

Preset 4 GHz 34 

Function Pin No. 

Preset 1 GHz 35 

Preset 0. 4 GHz 36 

Conv. Man/Auto. 37 

Cycle Counter 38 

Fast Cycle 39 

1 MHz Resolution 40 

Band A 41 

Local/Remote 42 

10 4 c 43 

10 4 D 44 

10 5 c 45 

10 5 D 46 

10 6 c 47 

1 o6 D 48 

10 7 c 49 

10 7 D 50 

10 8 c 

Function 

10 8 D 

10 9 c 1. 

10 9 D 2. 

10 10 c 3. 

+5 Vdc Ref. 

Print Comfnand 

Preset 8 GHz 

Preset 2 GHz 

Preset 0. 8 GHz 

Preset 0. 2 GHz 

Hold 

Test 

Reset 

100kHz Resolution 

Pulse Reset 

Ground 

I· ue Jim 
[~~ [J. J3 l.f 
j[uG> ~ ~: J+-8 ~ 

0-4 

NOTES FOR TABLE 0-1: 

The 10 4 bit is the least significant bit, and corresponds to the 10kHz 
output. A, B, C, and Dare the 1, 2, 4, and 8 bits of each BCD digit. 
"Barred" commands (Hold, Test, etc.) are active low. 
The command "Hold" retains the reading until manually reset. "Test" 
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. "100kHz" and "1 MHz" set the resolution 
in the same manner as the front panel RESOLUTION switches. "Band A" 
places the counter in the Band A (Prescaler) range: 300 MHz - 950 MHz. 

TABLE 0-1 
PIN ASSIGNMENTS 

BCD OUTPUT I REMOTE 
PROGRAMMING CONNECTOR 

(A 1J7} 

REFER TO PAGE 0-1 FOR CIRCUIT DESCRIPTION 

FIGURE P4-A 
COMPONENT LOCATOR 
BCD OUTPUT /REMOTE 
PROGRAMMING (A 111 ) 

OPTION P4 
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FIGURE P4-B 
SCHEMATIC DIAGRAM 
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