PUBLICATION NO, 980647

gty et e ————rir

HSISHRNENISIS 2

UNIVERSAL TIMER/COUNTER

RACAL-DANA

RACAL-DANA INSTRUMENTS INC.
4 Gocavear Sireet, P2, Box C-19541, invine, CA 82713
Taleprone: 774/850-8999. TWX. 910-885-1136, TLX §7-8341

RACAL-DANA INSTRUMENTS LTD.
Hargiey industral Estate. Mythe, Soutnampton, Hamosmire, S04 6ZH. Engiand
“agohone {07031 843265, FAX 1G703) 528819, TLX 47600

RACAL-DANA INSTRUMENTS S.A.
18 Avenue Cutartre, 78180 Le Chesnay, France
Teteohone: (1] 3-255-8888, TLX: 897 215

RACAL-DANA INSTRUMENTS GmbH.
Hearmannstrasse 28, D-6078 Neu Isenpburg, Federal Republic of Germany
Teleznone: 06102-2861/2, TLX: 412896

RACAL-DANA INSTRUMENTS ITALIA srt.

Via Mecenate 84/4. 20138 Milano M1, ltaly
Taznnona (02} S0RZ787, (021 5052686, (02) 503444, TLX. 315687

pre————

e

Frr—— —

PUBLICATION DATE: AUGUST 1987

Copyrugnt@ 1987 by Racal-Dana instruments (nc. Printed in the United States of America. All rights reserved.

This book or parts thereaf may not be reproduced in any form without written permission of the publishers.



AMENDMENT TC

THE FOLLOWING RACAL-DANA INSTRUCTION MANUALS
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4 PLACES

Remove grommets - 4 places.

Attach rack mounting ear (1) and extension (2) to side of
unit with screw (5) and crinkle washer (4) and flat washer
(7) in 4 places. '

Clip Tinnerman nuts (3) to rack in 4 places.

Attach unit to rack/nuts with screws (6) in 4 places.

REMOVE GROMMETS — 4 PLACES

4 PLACES

4 PLACES

FRONT OF UNIT

ﬁgwﬁkl/,J 4 PLACES
L2
S
N
L\ RACK
CONTENTS OF KIT 404673)
ITEM RACAL-DANA DESCRIPTION (QTY.) FSC MANU P/N
NUMEER P/N
1 455433 Rack Mounting Ear (1) 21793 455433
2 455439 Mounting Ear (1) 21793 455439
Extension
3 610920 Nut, Retainer (4) 21793 610920
4 R=24-2802 wWasher, Crinkle, (4) 21793 R=24-2802
M4
5 616346 Screw, PPH, (4) - —_——
M4 x 16
6 615091 Screw, PPH, (4} —— -——
10-32 x .500
7 617104 Washer, Flat #8 (4) -— ———

Light Series



AMENDMENT TO

MODEL 1981/2 INSTRUCTION MANUAL

PUBLICATION NO.
980647 and 980651

April 28, 1889

1. Pages 1-11 and 1-2Q, Change the part number for Option B0A Rack Mounting Kit
from 11-1648 tc 404673.

2. Page 2-5 Replace Section 2.8.1 Option 60A Rack Mounting Instructions
with the information provided in this amendment.
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AMENDMENT
Recal-Dana Model 1991/2
Instruction Manual, Part Number 980651 /980647

April 10, 1988
1. Addition of GPIB Assembly
a. On page 7-1, add the following to the list of drawings:
Figure 7.10A GPIB Assembly (404574)....7-22,

b. Onpage 7-1, change the designation of Figure 7.10 to 7.10B.
(Figure 7.10B is a subassembly of Figure 7.10A).

e.  On page 7-22, add Figure 7.10A, GPIB Assembly (404574) as shown below:

JUMPER PLUG

A MAKE CERTAIN JUMPER PLUG IS |NSTALLED 1IN
) UPPER TWO PINS 0OF 2SK4 AS SHOWN.

NOTES: UNLESS OTHERWISE SPECIFIED
d. On page 7-22, change the designation of Figure 7.10 to 7.10B.

e, On page 8-1, add the following to the listing of parts lists:
GPIB Assembly (404574)....8-17

f. On page 8-17, add the parts list for 404574~GPIB Assembly:

Ref. Desig: {2} 1, Racal-Dana P/N: 401820, Description: PCB Assy, GPIB,
FSC: 21793, Manu P/N: 401820

2. TUpdate of PCB Assembly, GPIB (401820) from Revision A to Revision B.
a. On page 7-22, delete item 5@ from the drawing and add the following note:

Trim lead length of SK4 connector so that lead protrusion on PCB circuit
side does not exceed 0.072 inch.

b.  On page 8-17, delete item 50 (11-1603) from GPIB PCB Assy. parts list,
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SECTION 1 GENERAL INFORMATICON

11 INTRODUCTION
111 This Instruction Manual provides information for installing, operating, &and

servicing of Racal-Dana’s 1991 and 1992 Universal Timer Counters, Figures 1.1 and 1.2
are front views of the 1991 and 1992. The 1991 offers universal counter functions using

Iputs A and B, The 1892 also provides frequency measurements to 1.3 GHz using Input
C.

12 SUMMARY
1213 This manual is organized into the following eight sections:
SECTION 1. General lnformation:
a. Published Speecifications
b. Safety
. Product Support
d. General Description
SECTION 2. Installation and Preparation for Use:
a. Unpacking and Initial Inspection
b. Reshipment
c. Power Connections
d. Storage and Temperature
e. Functional Check
f. Miscellaneous Setup Procedures
g. Option Installation Instructions
SECTION 3. Local Operation:
a. Panel Descriptions
b. Operating Proceduz.'es
e. Trigger Level
d. Display Resolution
e, Gate Time

f. Stop Cireuit Delay {Hold Off)
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i.

je

Special Functions
Error Codes
Math Funection

External Arming

SECTION 4. GPIB Operation:

i.

" GPIB Description

GPIB Address Assignment
GPIB Functicnal Check
Interface Message Repertoire and Response

GPIB Operating Modes

. Output Message Format

Service Request
Status Byte

Input Commands

SECTION 5. General Theory of Operation:

a,

b.

Functional Blocks

Theory of Operation by Bloek

SECTION 6. Maintenance:

PVP/Calibration Inspection Intervals

Required Test Equipment

Dismantling and Reassembly

Special Functions for Diagnostic Purposes
Troublesheoting

Post-Repair Setup

Internal Frequency Standard - Routine Calibration

Overall Performance Verification Procedure



SECTION 7. Drawings:
a. Assembly Drawings
b. Sehematie Drawings
SECTION 8. Parts List:
a. Replaceable Parts and Assemblies
13 SPECIFICATIONS
131 Table 1.1 lists the 1991/1992 specifications.

The specifications indicate the

performance standards to which the instrument conforms at the time of shipment.



Tabile 1.1 - 199171992 Specifications

INPUT CHARACTERISTICS (MODEL 1991)

Inputs A and B

Frequency Range:
Input A:

Input B:

Sensitivity:

Sine Wave:

Pulse:

Dynamic Range:
(x1 attenuation)

Signal Operating Range:
x1 attenuation:
x10 attenuation:

Input Impedance (nominal:
(x1 and x10 attenuation)
Separate Mode:
Common Mode:

Maximum Input (without damage):
50 ohms:

1 Megohm:
(x1 attenuation)

1 Megohm:

(x10 attenuation)
Coupling:
Low Pass Filter:
Trigger Slope:

Attenuator:

DC to 160 MHz DC-coupled
10 Hz to 160 MHz AC-coupled

DC to 100 MHz DC-coupled
10 Hz to 100 MHz AC-coupled

25 mV rms DC to 100 MHz
50 mVY rms to 160 MHz

75 mV p-p, 5 ns min. width

75 mV to 5V p—p to 50 MHz
75 mV to 2.5V p—p to 100 MHz
150 mV to 2.5V p-p to 160 MHz

50 ohms or 1 Megohm //<45 PF
50 ohms or 1 Megohm //=<33 pF

5V (DC + AC rms)

260V (DC + AC rms), DC to 2 KHz
Decreasing to 5V rms, at 100 kHz and
above

260V (DC + AC rms), DC to 20 kHz

Decreasing to 50V rms at 100 kKHz and
above

ACor DC

50 kHz nominal {Input A selectable)
+ve or -ve

x1 or x10. In Auto Trigger mode,

attenuator selected automatically if
necessary
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Table 1.1 - 1991/1992 Specifications (Cont'd)

MODEL 1992

Trigger Level Range:
Manuai:
x1 attenuation:
x10 attenuation:
Automatic:

Trigger Level Accuracy:
Manual and Automatic:
x1 attenuation:
x10 attenuation:

Auto Trigger:
Frequency Range:

Min. Amplitude (AC):
x10) attenuator

Trigger Level Qutputs:
(Rear Panel)
e:
Accuracy (Relative to true
trigger level
x1 attenuation:
x10 attenuation:
Impedance:

Input C
Frequency Range:
Sensitivity:

Sine Wave:

Dynamic Range:

Input Impedance:
VSWR:

Maximum nput:

Damage Level:

+5.1V in 20 mV steps
+ 51V in 200 mV steps
51V .

+30 mV +1% of trigger level reading
+ 300 mV £1% of trigger level reading

DC and 50 Hz to 100 MHz

(Typically 160 MHz)

Typieally 150 mV pp*

Automatically selected if input signal
exceeds £ 5.1V or 5.1V p-p*

+5.1V

+1% V output +10 mV
+1% Voutput £ 100 mV
10 kohm nominal

Specification for input characteristics is identical to that for the 1991
except for the following addition:

40 MHz to 1.3 GHz
<15 mV rms, 40 MHz to 1 GHz
<75 mV rms to 1.3 GHZ

15 mV rms to 8V rms to 1 GHz
7% mV rms to 5V rms to 1.3 GHZ

50 ohms nominal AC-coupled
<2:1 atl GHz

7V rms (fuse-protected)
Fuse located in BNC connector

2.5wW

*See Definitions



Table 1.1 - 1991/1992 Specifications (Cont'd)

MEASUREMENT MODES

Frequency A
Range:

Digits Displayed:
LSD Displayed (Hz):

Resoiution* (Hz):
Accuracy®* (Hz):

Frequency C (Mode] 1992 only)
Range:

LSD*:

Resolntion_* and Accuracy®:

Time Interval

Range:
Separate Mode:

Common Mcde:

Input:
Common:
Separate:

Trigger Slopes:
LSD Displayed:
Resolution® (sec):
Accuracy® {sec):

DC to 160 MHz
3 to 9 digits plus overflow

F x 107D (D = No. of digits, F =
Frequency rounded up to next decade)*

+ LSDT £ (Trig. Error* x Frequency)
/Gate Time

+ Resolution * (Timebase Error x
Frequency)

40 MHz to 1.3 GHz
As for Frequeney A

As for Frequency A

0 to 8 x 109 -
Typically -2 ns to +8 x 109s
5nsto 8x10%s

Input A START and STOP
Input A START
Input B STOP

+ye or -ve Selectable START and STOP

1 ns min
+ LSD + 1 ns + Trig Error*

+ Resolution * (Timebase Error x T1)
+ Trigger Level Timing Error*
+2 ns**

*See Definitions
T 2LSD for 6-9 digits displayed

**x5  differential delay which may be re

compensation,

1-6

duced by numerical offset or external




Table 1.1 - 1991/1992 Specifications (Contd)

Time Delay

Available on Time Interval and Totalize

Range: 200 ps to 800 ms nominal

Step Size: . 25 ps nominal

Accuracy: +0.1% Rdg. + 50 pis

Period A

Range: | 6.25 ns to 1.7 x 10%s

Digits Displayed: 3 to 9 digits plus overflow

LSD Displayed (sec): p x 10~2 (D = No. of digits, P = Period
rounded up to next decade)*

Resolution® (sec): + LSDT + (Trig. Error* x Period)
/Gate Time

Accuracy® (sec): + Resolution * (Timebase Error x Period)

Ratio A/B

Specified for higher frequency applied to Input A

Range: ‘ DC to 100 MHz on both inputs

LSD Displayed: ( 10

(for 6-9 digits selected) Freq. B % Gate 1ime /, rounded to nearest
decade*

Resolution™; +LSD * (Trig. Error B*/Gate Time} x
Ratio

Accuracy*: + Resolution

Ratio C/B (Model 1992 only)
Specified for higher frequency applied to Input C

Range: Input C 40 MHz to 1.3 GHz
Input B DC to 100 MHz

*See Definitions
T 2LSD for 6-9 digits displayed
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Table 1.1 - 1991/1992 Specifications (Cont'd)

LSD Dispiayed: 640 \

{for 6-9 digits selected) (Freq. B X Gate Time / rounded to nearest
decade*

Resolution® and Accuracy?*: As for Ratio A/B

Totnlize Aby B

Accumulative or single totalize

Input: ' Input A

Range: 1012_1 (Max. 9 most significant digits
displayed)

Maximum Rate: A 108 events/s

Minimum Pulse Width: 5 ns min, at trigger points

Aceuracy: + 1 count

Start/Stop: _ Electrical (Input B) or Manual

Phase (A rel. to B)

Range: 0.1° to 360°

LSD Displayed: ' 0.1°to 1 MHz

1.0°to 10 MHz
10°to 100 MHz

Resolution® (degrees): + LSD *+ (TI Resolution/Period A) x 360°
Accuracy* (degrees): + LSD + (TI Accuracy/Period A) x 360°

Amplitude Measurement

Peak®*
Frequency Range: 50 Hz to 20 MHz
Amplitude Range: 160 mV pp to 51V p-p
Resolution:
xl attenuation: 20 mV
x10 attenuation: 200 mv
Accuracy:
x1 attenuation: +50 mV £ 6%V pp
(Typically *+ 40 mV + 2%V p-p)
xi0 attenuation: + 500 mV £ 10%V pp

(Typically + 400 mV + 3%V p-p}

*See Definitions

1-8 Page changed [/18/88



Table 1.1 - 1991/1992 Specifications (Cont'd)

DC (<15 mV p-p AC)
Amplitude Range:
Resolution:

x1 attenuation:

x10 attenuation:
Accuracy:

x1 attenuation:

x10 attenuation:

Math

+ 51V

20 mV
200 mVv

£ 40 mV + 1% Rdg.
+ 400 mV +1% Rdg.

Available on all measurements except Phase and Check

Function:
Entry Range:

(Result - X)/Z

+1x 1000 21 x 1010 ¢o 9 significant
figures

EXTERNAL ARMING

A comprehensive external arming capability to determine the START and/or STOP point of a
measurement. Available on all measurement functions except phase.

Input Signal:
(via Rear Panel)

Slope:

Impedance:

TTL compatible (min. pulse width 200 ns)

+ve or -ve independently selectable on
START or STOP arm

1 kohm nominal

BASIC FREQUENCY STANDARD

Internal Frequency:

Adjustment Range:

Aging:
Initial
Long Term

Temperature Stability:

Frequency Standard Qutput:
Frequency:
Amplitude:
Impedance:

External Standard Input:
Frequency:
Signal Amplitude:
(Sine Wave)

Impedance:

10 MHZ

+ 5 ppm min. at shipment, by single turn
trimmer via rear panel

1 ppm/month at shipment
2 ppm/first year

+ 10 ppm over the range 0° to 50 °C,
referenced to 25°C

10 MHz
=600 mV p-p into 50 ohms
250 ohms nominal

10 MHz

Min. 100 mV rms

Max. 10V rms

1 kohm nominal at 1V p—p
500 ohms nominal at 10V p-o

Page changec 10/27/88 1-9




Table 1.1 - 1991/1992 Specifications (Cont'd)

GENERAL SPECIFICATIONS

Gate Time:
(Prequency, Period, and Ratio modes)

Single Cyecle:
(Hoid)

Display:

Power Requirements:
Voltage:

Frequency:
Rating:

Environmental Requirements:
Temperature, Storage:
Temperature, Operating:
Relative Humidity:

Altitude, Storage:
Altitude, Operating:
Yibration:

Shock:

Safety:

Weight:

Dimensions, Instrument:

Automatically determined by resolution
selected (Range 1 ms - 10s)*

Resolution Gate Time:
Selected: (seconds)

9 + gverflow 10

9 1

8 0.1

7 0.01
6,5,4,3 0.001

Enables a single measurement to be
initinted and held

9-digit, high brightness, 14 mm LED display
in engineering format with expenent digit

90-110
103-127
193-237
207-253 VAC
45-450 Hz
35 VA max.

-40°C to +75°C at T5%RH
0°C to +50°C

95% to 30°C

75% to 40°C

45% to 50°C

12,000 meters

3,050 meters

2g

30¢g

Designed to meet the requirements of
IEC 348 and follow the guidelines of
UL1244

Net 3.63 kg (8 Ib)
Shipping 5.5 kg (11 1b)

331 x 212 x 88 mm
(13.03 x 8.35 x 3.46 in)

*Sece Definitions
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Table 1.1 - 1991 /1992 Specifications (Cont'd)

OPTIONS
List of Options and Accessories

01* Rear Panel Inputs 11-1709 {(Model 1991)
01* Rear Panel Inputs 11-1732 (Model 1992)
04T** Temperature Controlled Crystal Oscillator 11-1713
Q4 A** Oven Oscillater 11-1710
04E** High Stability Oven Oscillator 404386
o7t Battery Pack 11-1625
10 Reference Frequency Multiplier 11-1645
551 GPIB Interface 404574
60 Handles 11-1730
60A Rack Mounting Kit (Fixed, Single) 11-1648
60B Rack Mounting Kit (Fixed, Double) 11-1649
61 Carrying Case 15-0773
61 M Protectomuff Case 15-0736
65 Chassis Slides (inel. Rack Mounts) 11-1718

Thru-line Connector 11-0167

Telescopic Antenna 23~-9020

High Impedance Probe 23-9104

1.3 GHz Fuse (Pkt. 5) 11-1718

*Installing Option 01 may affect certain specification parameters

**nly one frequency standard may be installed at any one time. The standard

reference will be supplied unless Option 04T, 0

t The battery pack and GPIB options cannot both be installed at the same time

Option 01 Rear Panel Inputs

A rear-panel input, factory-fitted option, is available for ATE applications. Inputs A and B are

in parallel with those on the front panel while In
front panel input.

Option 04T Temperature Controlled Crystal Osc
Frequency:
Aging Rate:

Temperature Stability:
Adjustment:

Option 04A Oﬁened Oscillator
Frequency:
Aging Rate:
Temperature Stability:

Warm Up:
Adjustment:

4A, or 04E is specified

put C (Model 1992 only) is fitted in place of the

illator |
10MHz
<3 x 10”7 /month
=1 x 107%n the first year
<1 x 10 "over the range
(0°to +40°C (Operable to +50°C) _
Via rear panel ‘

10MHz .

=3x 10'9/day averaged over 10 days after
3 months econtinuous operation

<3 x 10~9/%C averaged over range 0° to
+45° C (operablg to +50° C)

Typieally +1 x 107 within 6 minutes

Via rear panel
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Table 1.1 - 1991/1992 Specifications (Cont'd)

Option 04E High- Stability @ened Oscillator

Frequency: . 10MHz

Aging Rate: =0X lO'lO/day at shipment averaged over 10
days

Temperature Stability: <7 x 10-9 gver the range 0°C to 50°C

Line Voltage Stability: <5 x 10-10 two minutes after a 10% line
voltage change

Adjustment Via rear panel

Option 07 Rechargeabie Battery Pack and External DC Operation
Battery Type: Sealed lead-acid cells |
Battery Life: Typically 4 hours at 25°C
(10 hrs on standby)
Battery Condition: Display indicates battery low
External DC: 11-16V via socket on rear panel

(-ve ground, not isolated)

Option 10 Reference Frequency Multiplier

Input Frequency: 1,2,5 or 10 MHz (+ 1 x 1079)
Input Amplitude and Impedance: As for external standard input
Option 55 GPIB Interface Designed to comply with IEEE-STD-488

(1978) and to conform with the guidelines of
[EEE-STD-728 (1982). :

Control Capability: All funcetions and controls are
programmable except power on/off
and standby charge

Qutput: Engineering format (11 digits and exponent)
IEEE-STD-488 Subsets: SH1,AH1,T5,TEO,L4,LE0,SR1,RL1,PP0,DC1,
. DT1,C0,E2
Handshake Time: 250pus to 1ms/character dependent on
message content
Read Rate: Typically 20/s dependent upon measurement
function

SUPPLIED ACCESSORIES

~ Power Cord

nstruction Manual

Spare Fuse

Spare 1.3 GHz Fuse (Model 1992 only)

DEFINITIONS

LSD (Least Significant Digit)
In Frequency and Period modes, display automatically upranges at 1.1 x decade and downranges
at 1.05 x decade, except on Input C for input frequency =1 GHz

Accuracy and Resolution is expressed as an RMS value
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Table 1.1 - 1991/1992 Specifications {Cont'd)

Trigger Error RMS

Trigger Error = (eil2 + enlz) + (eigz + enzz)
(seconds)

512 522

where e; = input amplifier RMS noise (typically 150 pV RMS in 160 MHz bandwidth)
e, = input signal RMS noise in 160 MHz bandwidth
S = Slew rate at trigger point V/s
Suffix 1 denotes START edge
Suffix 2 denotes STOP edge
In Frequency A, Period A, Frequency B, and Period B modes, triggering is always on

positive-going edge
Trigger Level Timing Error
Trigger Level Timing Error (seconds) = 0.035 (31_ - _}_)
1 s2
typically = 0.018 (_1_ - _1)
S1 82

31 = Siew rate on START edge V/s
S2 = Slew rate on STCP edge V/s

Gate Time

The nominal gate time indicated is set by the resolution selected in Frequency, Pericd,
Ratio, and Check modes. It is the value which is used in the calculation of LSD and
Resolution. The true gate time will be extended from this value by up to: ‘

(a). b One period of the input signal{s) on Frequency B, Period B, and Ratio A/B

{b). Two periods of the input signal on Frequency A and Period A

(al. One pericd of input signal B on Ratio /B (Model 1992 only)

Peak and Pesk-to-Peak Amplitudes

Peak is defined as being the highest or lowest point at which the signal width is 3 ns.

Similarly, Peak-to-Peak is the difference between the highest and lowest points at which
the signal width is S ns.

ORDERING INFORMATION

1991 160 MHz Universal Counter
1992 1300 MHz Universal Counter
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14 SAFETY

141 The 1991/1992 incorporates a protective ground terminal and is designed to
meet international safety requirements. Refer to the Safety Page "FOR YOUR
SAFETY" immediately preceding the Table of Contents. Follow all NOTES,[CAUTION@,
and [WARNINGS]to ensure personal safety and prevent damage to the instrument.

1.5 PRODUCT SUPPORT

151 Racal-Dana supports the 1991/1992 with Product Engineering, Service, and
Parts Departments. A complete listing of service centers and field representatives is
provided on the last two pages of the manual.

1.6 GENERAL DESCRIPTION

1.61 The 1991/1992 is a universal timer/counter designed for system or bench
use. Basic measurement functions (described briefly in Subsection 1.6.2) inciude
Frequency, Period, Time Interval, Totalize, Phase, and Ratio.

162 Measurement Functions
1.6.2.1 Prequency A Function

1.6.2 Al Frequency A function is used to measure the frequency of the signal applied
to the Channel A input. A resolution of nine digits is evailable with & one-second gate

time.

1622 Frequency B Function

1.6.2.2.1 Special Function 21 (see Subsection 3.8 "Special Functions™, permits
Frequency B measurements. Frequency B function is used to measure the frequency of

the signal applied to the Channel B input. A resolution of nine digits is available with a
one-second gate time.

1.6.2.3 Prequency C Function {Model 1992 only)

1,6.2.3.1 Frequency C function is used to measure the frequency of the signal applied
to the Channel C input. A resolution of nine digits is available with a one-second gate
time.

1.6.2.4 Period A Function (See Note below)
16241 Period A function is used to measure the period of the waveform applied to

the Channel A input. A number of periods, depending upon the resolution (and, therefore,
the gate time) selected, are mesasured and the average value is displayed.
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1.6.2.5 Time Interval A~ B Function (See Note below)

1.6.2,5.1 Time Interval function is used to perform single-shot measurements of the
time interval between:

a. An event occurring at the Channel A input and a later event at the
Channel B input (using separate input channels)

b. Two events occurring at the Channel A input (using & common input
channel)

1.6,.2.5.2 The arming of the stop circuit can be delayed for a specific time set by the
operator. This feature prevenis the measurement interval being stopped prematurely by
spurious pulses, such as those caused by relay eontact bounce,

1.6.2.6 Total A Funetion (See Note below)

16261 Total A funetion permits events occurring at the Channel A input to be
totalized. The counting interval can be controlled by:

a. Electrical start and stop signals applied to the Channel B input (Total
A by B) ’

b. Successive operations of a front-panel key (Manual Totalize)

1.6.2.6.2 = Delayed arming of the stop circuit to prevent spurious triggering is available
in the Total A by B measurement mode. The Manual Totalize mode provides the
capability for totalizing cumulatively over a number of periods.

1.6.2.7 Phase A rel B Function (See Note below)

1.6.2.7.1 Phase A rel B function is used to measure the phase difference between the
waveform applied to the Channel A input and that applied to the Channel B input. The
phase difference is displayed in degrees, and indicates the phase lead at the Channel A
input. The signals for phase measurement must be continuous and have the same
{freguency.

1.6.2.8 Ratio A/B Function

1.6.2.8.1 Ratio A/B function is used to measure the ratio of the frequency applied to
the Channel A input to that applied to the Channel B input.

1.6.2.9 Ratio /B Function {Model 1992 only)

1.6.2.9.1 Ratio C/B funetion is used to measure the ratio of the frequency applied to
the Channel C input to that applied to the Channel B input.
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NOTE:
Special Funection 21 (see Subsection 3.8 "Special Functions™
permits Period B, Time Interval B - A, Total B by A, and
Phase Brel A. For these functions, note the following:
a. Period B is speeified down to 10 ns

b. Total B by A operates for one complete eycle of the
Channel A signal. The stop circuit delay is available on

Channel A
1.6.3 Check Function
1.6.3.1 With the Check function selected, a number of functional tests of the

instrument's eirceuits can be made without the use of additional test equipment. Although
these tests do not check the instrument's performance to published specifications, they
can be used to verify that the equipment is operating correctly following receipt or
transportation to e new location. A brief, preliminary functional check procedure is
given in Subseection 2.6.

1.6.4 Input Signal Channeis

1.6.4.1 Inputs A and B are fully independent. However, provision is made for
connection of the signal at the Channel A input into both channels. This is effected by
selecting the COM(mon) A mode. When COM A is selected, Channel B's input socket is
isolated from Channel B's eircuitry.

1.6.4.2 Inputs A and B are provided with independent controls to permit the
following selections:

a. AC or DC input coupling

b. 1M or 5082 input impedance

e, x1 or x10 input attenuation

d. Positive or negative-slope trigger

e. Manually or automatically-set input trigger level
1.6.4.2.1 The manually-set trigger level is entered as an internal store.
1.64.2.2 The auto-trigger level is derived by measuring the positive and negative
peaks of the input signal If the peak-to-peak value exceeds 5.1V or if either peak is
outside the range * 5.1V, the x10 attenuator is automatically switehed in. The trigger
level is then set to the arithmetic mean of the measured value, .
1.6.4.2.3 When operating in the auto-trigger mode, with the x10 attenuator in cireuit,

the attenuator will be switched out if the peak-to-peak value is less than 4.6V and both
peak values are within the range * 4.6V,
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1.64.2.4 The trigger levels in use are available at pins mounted on the rear panel of
the instrument. The voltage range is * 5.1V regardless of whether the attenuator is
switched in or not, so the voltage should be multiplied by 10 when the x10 attenuator is

selected,

1643 Input C is available on the Model 1392 only. It has a nominal input
impedance of 508 and is AC-coupled. Protection against excessive signal levels is
provided by a fuse mounted in the input socket.

165 Low-Pass Filter

16,51 An internal low-pass filter can be introduced to reduce the tandwidth of
Channel A to 50 kHz (nominal).

1.6.6 Math Function
1.6.6.1 When the math function is active, the displayed value is:

Measurement Result - X
Z

where X and Z are values entered into stores within the instrument by the operator. X is
set to 0 and Z to 1 when the instrument is first switched on. By suitable choice of values
for X and Z, ratio, offset (null), and percentage-difference displays can be obtained.

1.8.7 Special Funetions
1.6.7.1 A number of special functions are avaijlable to the operator. These provide

test procedures and operating facilities in addition to those available by operation of the
front—panel controls. See Subsection 3.8 of this manual for further details.

1.6.8 Error Indication

1.6,8.1 When operating the 1991/1992, certain errors will result in displayed error
codes. See Subsection 3.9 of this manuel for further details.

1.6.9 External Arming

1.6,91 External arming of the start and stop circuits for the measurement interval

can be carried out by means of signals connected to a rear-panel mounted socket. Any
combination of internal and external arming can be selected by using the appropriate
special funetion. For further details, refer to Subsections 3.8 and 3.11 along with
Table 3.12 in this manual.

1.6.10 Display Format

1.6.10.1 The display uses an engineering format, with a nine-digit mantissa and one
exponent digit. Overflow of the most significant digits can be used to increase the
display resolution.

1.6.11 Heold Feature

1.6.11.1 The hold feature allows readings to be held indefinitely. A new
measurement cycle is initiated using the RESET Key.
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1.612 Resolution and Gate Time

1.6.12.1 The counting interval (gate time) in the Total A by B mode is controlled by
the time interval between the start and stop signals at the Channel B input. In the
Manual Totalize mode, the gate time is determined Oy successive operations of the
HOLD key. In the Frequency A, Frequency C, Period A, Ratio A/B, and Ratic C/B
modes, the gate time is determined by the selected display resolution. In Phase mode,
the gate time is fixed and the display resolution is determined by the input signal
frequency. Details of the relationship between gate time and resolution for each
measurement mode are provided in Subsection 3.6 of this manual.

1.6.13 External Frequency Standard Input

1.6.13.1 The 1991/1992 may be operated using an external frequency standard. The
instrument will operate from the external standard whenever the signal at the EXT STD
INPUT socket is of sufficient amplitude. The instrument will automatically revert to
internal standard operation if the input from the external standard is removed.

1614 Standby Mode

1.6.141 When the instrument is switched to standby, the internal frequency standard
continues to operate, but the measuring circuits are disabled.

1613 Initialization

1.6.15.1 When the 1991/1992 is first switched on or when it is initialized via the GPIB
interface, it is set to the following conditions:

Measurement Function: Frequency A
Display Resolution: 8 digits
Continuous Measurement Mode: Enabled
Channel A and B
Inputs: Manual trigger
AC coupling

Positive-slope trigger
1MQ input impedance
Filter disabled
Common input disabled

Trigger Level 0.00V

Delay: Disabled

Delay Store: 200 us

Math Function: Disabled

X Store: 0

Z Store: 1

Hold: Disabled

Special Functions: Funections 10, 20, 30,
40, 50, 60, and 70
enabled

SRG Message: Generated upon error detection



1.6.16
1.6.16.1

1.6.16.1.1

1.6.16.2
1.6.16.2.1

1.6.16.3

1.6.16.3.1

1.6.16.3.2

1.6.16.4

1.6,16.4.1

1.6.15.4.2

1.6,16.4.3

1.6.16.4.4

Options
Frequency Standards (04X Options)

Frequency standard Options 04-T, 04-E, and 04-A are available. The
technical specifications are given in Table 1.1 of this section. 'The
frequency standard can be changed, if required, by the customer;
instruetions are provided in Section 2.

Reference Frequency Multiplier (Option 10)

The reference frequency multiplier is an internally-mounted, phase-
locked multiplier, which permits the use of external frequeney standard
signals of 1 MHz, 2 MHz, 5 MHz or 10 MHz. The multiplier can be
installed by the customer; instructions are given in Section 2.

GPIB Interface (Option 55)

An internally mounted interface to the IEEE-488-GPIB is available. This
permits remote control of all the instrument's functions except the
power ON/OFF and standby switching. The interface can be installed DY
the ecustomer; instructions are given in Section 2.

The GPIB interface cannot be installed in an instrument already provided
with the battery pack option. An adapter, Racal-Dana Part Number
23-3254, to convert the connector to the IEC 625-1 standard is available
as an optional accessory.

Battery Pack (Cption 07)

Installing the internal battery pack option permits the counter to be used
in locations where no suitable AC supply is available. This option also

allows operation from an external DC supply.

The battery is trickle-charged whenever the instrument is operated from
an AC supply. Charging at the full rate is earried out when the
instrument is switched to the standby mode. A full charge requires
approximately 14 hours.

The ccunter will operate continuously for approximately 4 hours from a
fully-charged battery. It will switeh off automatically when the battery
approaches the discharged condition. The STBY/CHRG LED starts to
flash approximately 15 minutes before this occurs. The battery life can
be extended by using the Battery-Save feature.

The battery pack option can be installed by the customer. Instruetions
are given in Section 2. The battery pack option cannot be installed to an
instrument already provided with the GPIB interface option.
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1.6.16.5

1,6.16.5.1

1.6.16.5.2

1.6.16.6

1.6.16.6.1

1-20

Rack Mounting Kits

The following Kits, permitting the instrument to be mounted in &
standard 19-inch rack, are available:

a.

Single instrument, fixed-mount kit (Option 60A)

(Racal-Dana Part Number 11-1648)

The mounted instrument occupies half the rack width and is two
rack units (3.5 inches) in height, The instrument is mounted offset
in the rack and may be at either side.

Double instrument, fixed-mount kit (Option 60B)

(Racal-Dana Part Number 11-1649)
The panel of the mounting kit occupies the full-rack width and is

two rack units (3.5 inches) in height. Two instruments can be
mounted side-by-side.

All rack-mounting kits can be installed by the customer. Instructions are
given in Section 2.

Flapsed Time Indicator (Option ETD

A non-mereuric elapsed time indicator can be factory installed inside the
instrument as an option. The elapsed time can be read by removing the
instrument's top cover.



INSTALLATION &
SECTION 2 PREPARATION FOR USE

21 INTRODUCTION

211 This section provides information on unpacking and inspection, reshipment,
power connections, storage and temperature, functional checking, miscellaneous setup
procedures, and option installation instructions for the 1991/1882.

22 UNPACKING AND INSPECTION

222 Before unpacking the counter, check the exterior of the shipping earton for
any signs of damage. All irregularities should be noted on the shipping bill. Unpack and
remove the instrument carefully from its carton, preserving the factory packaging as
much as possible. Inspect the counter for any defect or damage. Notify the carrier
immediately if any damage is apparent. Have a qualified person check the instrument

for safety before use.
2.3 RESHIPMENT INSTRUCTIONS

231 Use the original packaging if it is necessary to return the counter to Racal-
Dana for calibration and/or servicing. The original shipping carton and the instrument's
plastie-foam form will provide the necessary support for safe reshipment. If the coriginal
packaging is unavailable, reconstruct it as much as possible. Wrap the counter in plastic;
then use plastic spray foam to surround and protect the instrument. Reship in either the
original or new, sturdy shipping carton.

24 POWER CONNECTIONS

241 Before operating the counter, verify that the AC voltage selector is

correctly set for the local AC supply. The counter operates on 100, 120, 220, or
240 volts, 45 to 450 Hz. The present voltage range can be seen through the small open
window in the rear panel to the left of the AC power plug.

2.42 Line Voltage Selection
2421 The line voltage setting is easily changed by repositioning the small printed
cireuit card (voltage selector card) which is mounted horizontally in its slot and accessed

via the small rear-panel window. Complete the following procedure to change the
voltage setting:

a. Remove the AC power cord from the rear panel

b. Remove the keeper bracket with its one screw and washer from the
voltage card window. This completely exposes the voltage selector
card

c. Remove the voltage selector card via the small window: reposition it
in its slot so that the desired line voltage designation is now visible
through the window. (Using a small pair of needle-nose pliers in
completing this last step is recommended.)

d. Securely replace the keeper bracket using its hardware

e. Connect the power cord to the counter again
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243 Line Fuse

2,431 Verify that the rating of the line fuse is suitable for the AC voltage range
selected. The fuse should be of the 1/4 in x 1- 1/4 in, glass cartridge, surge-resistant

type. The required rating is:

90V to 127V: 500 mA (Racal-Dana P/N 920204)
123V to 253V: 250 mA {(Racal-Dana P/N 920756)

2.4.4 Power Cord and Grounding

2441 The front panel and instrument case meet the Type MI grounding
requirements of MIL-T-28800C, protecting the user from possible injury due to electrical

shoeck.
NOTE:

The 1991/1992 is designed to meet IEC Publication 348,
rSafety Requirements for Electronic Apparatus for Class 1
Instruments.”

2442 A protective ground terminal, forming part of the rear-panel power input
socket, is provided. The 199171992 is supplied with a detacheble 3-conductor power

cord, Only this cord should be used.

2443 Use only AC power outlets having a protective ground for connection to the
counter. DO NOT USE 2-conductor extension cords or 3-prong to 2-prong adapters that
don't provide a protective ground connection. Connection of the power cord to the power
outlet must be made in aceordance with the following standard color code:

Ameriean European
Live Black Brown
Neutral White Blue
Ground (Earth) Green Green/Yellow
2.5 STORAGE AND TEMPERATURE
251 The 1991/1992 can be stored at temperatures ranging from —40°C to 75°C at

75% relative humidity without adverse effects to PCBos or cognponents. The counter
must be brought within its speeified operating range of 0°C to 50°C before power-on.

2.6 FUNCTIONAL CHECK
2,61 Introduction
26.1.1 The following procedure confirms whether or not the 1991/139382 is

performing correctly by checking most of the counter's eireuitry. The procedure should
be conducted when the 1991/1992 is first put into service and after shipment to a new
location. This procedure does not check that the instrument is operating to published
specification, Detailed Performance Verification Procedures (PVPs) are given in Section
6 of this manual.



NOTE:

A 50 O coaxial test lead, fitted with BNC connectors, is
required. This lead must be at least 60 em, but not more than
1m long.

2.6.1.2 Perform the following procedure:
a. Connect the 1991/1992 to a suitable AC supply
b. Turn the instrument on. Verify that the instrument's model number
appears in the display for approximately two seconds, followed by a
number indicating the software version and issue numbers. The

instrument should assume the following home state:

1. Display should be 00000000, providing a display resolution of 8
digits

2. Hz, RESOLUTION, FREQ A, INPUT A, and INPUT BS LEDs
should be lit

3. INPUT A and B TRIG LEDs may or may not be lit

. Press the FUNCTION ¥ key until the CHECK LED lights. Check that
the display shows 10.0000000 E6 and that the GATE LED is flashing

d.  Verify that the RESOLUTION LED is lit. Press the RESOLUTIONY .
key five times, ensuring that the resolution of the display is decreased
by one digit each time

e. Press the RESOLUTION A key to increase the display to nine digits

2.6.1.3 If required, the following additional checks may also be performed, using the
instrument's special functions,

a, Complete the following Key sequence:

@ [ (SHE1] (STORE [sH]

Check that all LEDs, with the exception of TRIG A, TRIG B, GATE
and STBY/CHRG flash on and off every two seconds. - Verify that
REM, ADDR, and SRQ LEDs are illuminated and do not flash

b. Connect the 10 MHz STD OUTPUT socket on the rear panel to the
front panel INPUT A connector, using the coaxial test lead

c. Complete the following key sequence:

(7] [SEIFT] [STORE

Verify that the display shows »(_ sxxx+2*% L) Hz after about 6 seconds
(where * indicates a blanked digit). The x10, 50£2, DG, FILTER and
COM A LEDs for Channel A should light sequentially




d.  Disconnect the coaxial lead from the INPUT A connector. The display
should show an error number after a few seconds

e, Conneet the coaxial lead to the INPUT B connector
f. Complete the following procedure:

SHFT] [STORE|

Check that the display shows ®*0,*sss*** E(0 Hz after about 4
seconds. The x10, 50 & and DC LEDs for Channel B should light

sequentially

g. Disconnect the coaxial lead from the INPUT B connector and the
10 MHz STD OUT connector. The display shouid show an error number
after a few seconds

h. Switceh the instrument off

2.7 MISCELLANEOUS SETUP PROCEDURES
2.7 Frequency Standard
2.T11 If it is intended to use an external frequency standard, the output of the

frequency standard should be connected to the EXT STD INPUT connector on the rear
panel of the instrument. The connection should be made using coaxial cable. Switch on
the frequency standard and the instrument; check that the EXT STD LED on the froat

panel of the instrument lights.

2.71.2 A 10 MHz signal, derived from the internal frequency standard, is available
at the 10 MHz STD OUT connector on the rear panel of the instrument. If this signal is
used, the connection should be made using coaxial cable.

2.72 External Arming

2.7.21 If external arming is to be used, the arming signal should be connected to
the EXT ARM INPUT connector on the rear panel.

2.7.3 Trigger Level Output
2,731 The trigger levels in use on Channels A and B are available via pins on the

instrument's rear panel. If required, connection to the pins should be made using a clip-
on probe or small alligator clip.
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2.8
281

2.8.1.1

2.8.1.2

OPTION INSTALLATION INSTRUCTIONS

Single-Instrument Fixed-Rack Mounting Kit (Option 60A)

This kit comprises:

Item Qty Racal-Dana Part Number
Short mounting bracket 1 16-0643
Long mounting bracket 1 16-0644
Serew, M4 x 16 4 24-7733
Crinkle washer, M4 4 24-2802
Spacer, plain, M4 x 5 4 24-4112
Serew, M6 x 16 4 24-7995
Finishing washer, M6 4 24-2809
Captive nut, M6 4 24-2240

Assemble the kit to the instrument as follows:

Disconnect the AC power cord at the rear panel

Remove the two screws which secure the bezel to the rear panel;
reméve the bezel

Remove the bottom cover by sliding it towards the rear of the
instrument

Remove the instrument's feet from the bottom cover
Replace the bottom cover. Replace and secure the bezel

Remove the four plugs from the sides of the instrument. This will
reveal two threaded holes in each side {rame

On one side of the instrument, secure a mounting bracket to the side
frame using two spacers, M4 serews, and crinkle washers, Position the
spacers between the mounting bracket and the side frame

Repeat step g on the other side of the instrument
Fit the finishing washers to the M6 screws. Hold the instrument up to

the rack in the required position, and secure the brackets to the rack
using the M6 screws and nuts



2.82

2.8.2.1

2.8.2.2

2.8.2.3

2-6

Double-Instrument Fixed-Rack Mounting Kit (Option 60B)

The kit comprises:

Item Qty Racal-Dana Part Number
Short mounting bracket 2 16-0643
Screw, M4 x 16 4 24-7733
Crinkle washer, M4 4 24-2802
Spacer, plain, M4 X 5 4 244112
Spacer, female 2 14-1583
Spacer, male 2 14-1584
Mating plate 1 13-2000
Rivet, plastic 4 24-3211
Serew, M6 x 16 4 24-7985
Finishing washer, M6 4 24-2809
Captive nut, M8 4 24-2240

Prepare both instruments as follows:

a.

b.

Disconnect the AC power cord at the rear panel

Remove the two screws which secure the bezel to the rear panel;
remove the bezel

Remove the bottom cover by sliding it towards the rear of the
instrument

Remove the instrument's feet from the bottom cover
Replace the bottom cover. Repilace and secure the bezel

Remove the four plugs from the sides of the instrument. This will
reveal two threaded holes in each side frame

Remove two buffers from the bezel at the side which is to be at the
center of the rack

Assemble the Kit to the instruments as folows:

a.

At the sides which are to be at the center of the rack, secure the
female spacers to one instrument and the male spacers to the other.
The spacers serew into the threaded holes in the side frames

At the other side of each instrument, secure a mounting bracket to the
side frame, using two plain spacers, M4 screws, and crinkle washers.
Position the spacers between the mounting bracket and the side frame

Fit the male spacers on one instrument into the female spacers on the
other
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2,831

2.8.3.2

2.8.3.3

Position the mating plate to bridge the gap between the bezels.
Secure it by pushing the plastic rivets through the plate into the buffer
holes

Fit the finishing washers to the M6 screws. Hold the two instruments
up to the rack in the required position, and secure the brackets to the
rack using the M6 screws and nuts

PCB-Mounted Frequency Standard (Option 04T)

The kit comprises:

Item Qty Racal-Dana Part Number
Plate assembly 1 11-1610
Oscillator PCB 1 19-1208
Crinkle washer, M3 3 24-2801
Serew, M3 x 6 3 24-7721

Install the PCB-mounted frequency standard as follows:

a.

f.

h.

Disconnect the AC power cord at the rear panel '

Remove the two sCrews which secure the bezel to the rear panel;
remove the bezel

Remove the top cover by sliding it towards the rear of the instrument

Remove the fregquency standard already installed. Instructions are
given in paragraphs 2.8.3.3 or 2.8.4.3, according to type

Secure the PCB to the plate assembly, using an M3 screw and washer
from the kit. The screw should be passed through the mounting hole in
the board and screwed into the threaded spacer of the plate
assembly. The component side of the board should De towards the
plate assembly

Connect the PCB to the motherboard at PL14, with the plate assembly
towards the rear panel of the instrument

Seeure the plate assembly to the rear panel, using two M3 serews and
washers. The screws pass through the holes adjacent to the FREQ STD
ADJUST aperture and screw into the plate assembly

Replace the top cover. Replace and secure the bezel

Remove the PCB-mounted frequency standard as follows:

a.

Remove the two screws adjacent to the FREQ STD ADJUST aperture
in the rear panel

Pull the PCB and plate assembly upwards until the board s
disconnected from the motherboard -
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2.8.4.1

2.8.4.2

2.8.4.3

2.8.5

2.8.5.1

Ovened Frequency Standards (Options 04A and 04E)

The kit comprises:

item Qty Racal-Dang Part Number
Oscillator assembly 1 11-1710 for 04A
404386 for 04E
Crinkle washer, M3 2 24-2801
Screw, M3 x 6 2 . 24-7721

Install the frequency standard as follows:

a.

b.

g.

Disconnect the AC power cord at the rear panel

Remove the two SCrews which secure the bezel to the rear panel;
remove the bezel

Remove the top cover by sliding it towards the rear of the instrument

Remove the frequency standard glready installed. Instructions are
given in paragraph 2.8.3.3 or 2.8.4.3, according to type

Conneet the flying lead on the oscillator assembly to SK14 on the
motherboard

Secure the oscillator assembly to the rear -.panel of the instrument,
using the M3 screws and washers. The screws pass through the holes
adjacent to the FREQ STD ADJUST aperture and screw into the-
oscillator assembly

Replace the top cover. Replace and secure the bezel

Remove the frequency standard as follows:

a.

b.

Remove the two screws adjacent to the FREQ STD ADJUST aperture
in the rear panel

Lift the oscillator assembly out of the chassis and disconnect the
flying lead from the motHerboard at PL14

Reference Frequency Multiplier .(Option 10)

The kit comprises:

item Qty Racal-Dana Part Number
Frequency multiplier 1 19-1164
Crinkle washer, M3 2 24-2801
Screw, M3 x 6 2 24-7721



2.8,5.2

2.8.6

2.8.6.1

Instail the reference frequency multiplier as follows:
8. Disconnect the AC power cord at the rear panel

b. Remove the two screws which secure the bezel to the rear panel;
remove the bezel

e, Remove the top cover by sliding it towards the rear of the instrument
d. Remove the frequency standard if an ovened type is installed

e, Remove the shorting link from between pins 8 and 9 on PL16

NOTE:

This link should be stored in a safe and convenient place. It
must be replaced if Option 10 is removed from the instrument

f. Connect the frequeney multiplier PCB to the motherboard at PL16 and
PL17, with the threaded spacers towards the right-hand side frame

g Secure the PCB to the side frame, using the M3 screws and washers
h. Replace and secure the frequency standard if it was removed in step d
i. Replace the top cover. Replace and secure the bezel

GPIB Interface (Option 55)

The kit comprises:

Item Qty Racal-Dana Part Number
GPIB PCB assembly 1 19-11486
Lock washer, M3 2 24-2813
Screw, M3 x 6 2 24-7721

NOTE 1:

This option cannot be installed in an instrument already
provided with the battery pack option.

NOTE 2:
The software version number (the first part of the decimal

number) on the GPIB ROM (IC10) must be the same as that
for the main instrument ROM (IC22 on the motherboard).

[S&]
]
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2.856.2

2.8.7

2.8.7.1

2-10

Install the GPIB interface option as follows:

Disconnect the AC power cord at the rear panel

Remove the two serews which secure the bezel to the rear panel;
remove the bezel

Remove the top cover by sliding it towards the rear of the instrument

Remove the blanking plate from the rear panel by pushing out the
plastic rivets from the inside of the instrument

Hold the GPIB PCB, component side down, with the GPIB connector
towards the rear panel. Connect the ribbon cable to the motherboard
at SK4

Tilt the board, and lower it into the instrument. Position it with the
support brackets just below the top flanges of the side frames

Slide the board towards the rear panel so that the support brackets
enter the grooves immediately below the top flanges of the side
frames

Secure the bracket which carries the GPIB connector to the rear panel
using the M3 screws and washers

NOTE:

The screws and washers provide the ground connection
between the GPIB connector and the instrument chassis.
Tighten the screws firmly to ensure that a good connection is
obtained - ‘

i.

Replace the top cover. Replace and secure the bezel

Battery Pack (Option 07)

The kit comprises:

Item Qty Racal-Dana Part Number
PCB assembly 1 11-1722
Mounting bracket 1 11-1589
Battery pack 1 11-1723
Cover plate 1 13-2040
Crinkle washers, M3 2 24-2801
Serews, M3 2 24-7721
Crinkle washers, M4 ] 24-2802
Plain washers, M4 2 24-2705
Screws, M4 6 24-7730
Spare fuse, 3AT 1 23-006%



NOTE:

This option cannot be installed in an instrument already fitted
with the GPIB interface option

2.8,7.2 Install the battery pack as follows:
a. Disconnect the AC power cord at the rear panel

b. Remove the two screws which secure the bezel to the rear panel;
remove the bezel

c. Remove the top cover by sliding it towards the rear of the instrument

d. Remove the blanking plate from the rear panel by pushing out the
plastiec rivets from the inside of the instrument

e, If a PCB-mounted frequency standard is installed, remove the two
screws adjacent to the FREQ STD ADJUST aperture

f. Remove the four serews which secure the rear panel to the side frames

g. Ease the.rear panel away from the instrument until it disconnects from
the motherboard at PL19 and PL20 .

h. Hold the PCB assembly with the switches towards the rear of the
instrument and the PCB connector pointing downwards

i. Lower the PCB assembly into the chassis and ccnnect the PCB to the
motherboard at PL21, taking care that it mates correetly

i Replace and secure the rear panel

k. If & PCB-mounted frequency standard is installed, secure it to the rear
panel with the screws removed in.step e :

L Position the cover plate over the switch protruding through the reear
panel. Secure the cover plate and the rear panel to the PCB assembly
using the M3 screws and washers

m. Secure the mounting bracket to the right-hand side frame using two
M4 serews and washers. The horizontal flange should be towards the
top of the instrument

n. Position the battery pack within the chassis using the supporting lugs

resting on the mounting bracket. Secure the battery pack to the left-
hand side frame using two M4 screws and washers

2-11



0. Secure the supporting lugs to the mounting bracket using M4 screws
and washers

P. Connect the flying lead on the battery pack to the connector on the
PCB assembly

q. Replace the top cover. Replace and secure the bezel
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SECTION 3 LOCAL OPERATION

31 INTRODUCTION

311 This section contains information for operating the 1991/1892 as a bench
instrument. It provides Front and Rear Panel Descriptions, Measurements Procedures,
and Miscellaneous Operating Instruetions.

312 The instrument should be prepared for use in accordance with the
instructions given in Section 2. If the instrument is being used for the first time or at a
new location, ensure that the setting of the AC voltage selector is correct,

3.2 PANEL DESCRIPTIONS
321 Front Panel Features
3.2.1.1 Refer to Table 3.1 and the front-panel figures. They show and briefly

describe the front-panel controls, indicators, and connectors.

Table 3.1 - Front-Panel Controis, Indieators, and Connectors
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E j ) ! Display A T-segment LED digital display.
Used to display:

- measurement results

- numbers for entry into an
internal store

- numbers recalled from an
internal store

- error messages

The display format uses an
engineering format with 9-digit
mantissa and 1-digit exponent. The
exponent is normally a multiple of
three




Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Cont'd)

Reference

Item

Function/Description

O/F LED

REM LED

ADDR LED

SRQ LED

EXT STD LED

GATE LED

Display Units LEDs

The exponent digit is blanked and
should be assumed to be zero
during the following:

a. Phase measurement

b. Totalize measurement with
less than ten digits

¢. Number entries from the
numeric Keypad not involving
an exponent

Lights when the readout overflows
the ninth digit of the display

Lights when the instrument is
operating under remote confrol

Lights when the instrument is
aeting as a listener or as a talker

Lights when the instrument
generates a service request

Lights when the instrument is
operating from an external
frequency standard

Lights while a measurement cycle
is in progress

The Hz indieator lights for a
frequency display. The s indicator
lights for a time display. Neither
indicator lights for a display of
phase angle, ratio, total, trigger
level, or a number

TRIG LEVEL
Control LED

Lights when a trigger level is being
displayed. The displayed trigger
level can be stepped up or down
using the A and ykeys, or can de
changed using the numeric keypad

RESOLUTION Control LED

Lights to show that the resolution
of the display can be changed by
means of theA ory Keys

3-2




Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Contd)
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Reference Item Funetion/Description

i ——————

FJ

Step-Up 4 and
Step-Down vy Keys

Used to step the display resolution

or the displayed trigger-level value
up or down

FUNCTION Keys (Ay)

Select in succession the counter's
measurement functions. The
corresponding FUNCTION LED is
lit. Function selection "wraps
around" at both ends

HOLD Key

Successive operation toggles the
instrument in and out of the Hold
(single-shot measurement) mode.
The LED lights in the Hold mode.
Readings are triggered using the
RESET Key

When the instrument is in the
Manual Totalize mode {using
Special Funetion 61), successive
operation of the HOLD key will
start and stop the measurement
cycle

RESET/CONTINUE
(LOCAL) Key

This key has the following three
functions:

RESET

Clears the display and triggers a
new measurement cycle when the
instrument is in the measurement

mode
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Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Cont'd)

Reference

Item

Function/Description

CONTINUE

Returns the instrument to the
measurement mode and triggers a
measurement cyele, following the
display of & number or constant
recallied from store. It can also be
used to clear the OP Er display

LOCAL

Returns the instrument to front-
panel control from remote GPIB
control, provided local lockout is

not set

STBY/CHRG Key

Successive operation toggles the
instrument in and out of the
standby state, The LED lights
when the instrument is in the
standby state. In standby, power is
supplied only to internal frequency
standard and memories

POWER (ON/OFF) Button

Controls the AC power to the
instrument

Data Entry Keys/LEDs

lined

NOTE:

Designators for shifted
key functions are under-

o@— = | =—0e
@ 51[_% ﬁtuﬂ m—x:/z-} Em@

Unshifted Key Funetions:

Numeric Keys (0-9}

Permit data entry and user
interface with the 1981/1992 other
than input signal conditioning and
measurement functions

© &

*f=- EXP

';suﬂ CE_ ueuv - @@

gé

Entry of numbers and constants for
math, special funetions, time-
interval stop delays and trigger
levels. When a numeric key is
pressed, the measurement in
progress is aborted and the display
shows the entered number




Table 3.1 - Front-Panel Controis, Indicators, and Connectors (Cont'd)
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Reference Item Funetion/Description

(1o

Decimal Point (.) Key

Shifted Key Functions:

[y
=]
=]

(|

IH
o
5

B

SHIFT Key/LED

CE Key

DELAY Key/LED

Positive/Negative
(+/-) Sign Key

EXP Key

Inserts a decimal point during
numerie entry

Enables any shifted key function.
After pressing a shifted key
function {except for STORE and
RECALL), counter returns to its
unshifted state with the SHIFT
LED turning off

Clears current display number and
entry

Enables a TI A»B or Totalize A by
B stop delay (SHIFT DELAY).

Also, stores ( (value) SHIFT
STORE DELAY), and recalls
(SHIFT RECALL DELAY) a stored
stop delay

Toggles sign of entered number
(mantissa and/or exponent)
between positive (no sign displayed)
and negative (sign displayed)

Changes the data entry mode so
that the next number entered is the
exponent




Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Cont'd)

Funection/Description

Reference Item
(IOH SF Key/LED
STORE Key
RECALL Key

(R-X)/Z Math Key/LED

X/Z Keys

Enables all selected special
functions (SHIFT SF). Also, stores
{ (NN) SHIFT STORE SF) and
recalls (SHIFT RECALL SF)
special functions. See Subsection
3.8 for further details

Stores constants for math functions,
time-interval delay, and special
functions

Recalls constants for math functions,
time-interval delay, and special
funetions :

Eneables selection of math
computation mode

Store and recall math eomputation
constants (X and Z)

11

HEGE B @

INPUT A and B Signal
Conditioning Keys/LEDs

AUTO TRIG Keys/LEDs

Toggles to select auto-trigger or
manual trigger level. The LED
lights when auto-trigger is selected

(om0 m, B8 )
=t
RSP it e T

AC -
/- 500 x10
TS
1M x1
MFILTER

500
SV RMS MAX

ppom—
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TRIG Ba
- 180 5y
o~ Hy
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Table 3.1 - Front-Panel Controls, Indieators, and Connectors (Cont'd)

TRIG LEVEL Keys/LEDs

DC/AC Keys/LEDs

_//\_Keys/LEDs

5000/1MQ Keys/LEDs

x10/x1 Keys/LEDs
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Reference Item Funection/Description

Toggles to display the trigger level
in use or to enter a new trigger
level. The LED flashes when the
trigger level is being displayed.
(The trigger-level control LE

will also light.)

Toggles to seleet AC or DC
eoupling of the input signal. The
LED lights when DC coupling is
selected

Toggles to select the positive-going
(/) or negative—going (/) edge of
the input waveform for triggering

The LED lights when the positive-
going edge is selected

Toggles to seleet 302 or 1MQinput
impedance. The LED lights when
50%2 is selected

Toggles to select attenuation of
the input signal. With x10
selected, the input is attenuated by
a factor of 10, The LED lights
when x10 is selected

12

©

FILTER Key/LED

Toggles to enable or disable the
Channel A's input filter. LED
lights when the filter is enabled




Table 3.1 - Front-Panel Controls, Indicators, and Connectors {Cont'd)

Reference

Ttem

thction/Descrjiption

COM A Key/LED

Toggles to connect or disconnect
the signal at Channel A's input into
both Channels A and B (parallel
CcOMmon configuration)

LED lights when the COM mode is
selected

In COM mode, Channel A's AUTO
TRIG key controls both Channels A
and B. Channel B's AUTO TRIG
key is rendered inoperative.
Channel B's AUTO TRIG LED
follows the lit/unlit state of
Channel A's LED

Both Channels A and B adopt the
same trigger level with auto-
trigger level selected. Different
trigger levels can be set in the two
channels , however, when manual
trigger level is selected

Channel A's 5002/1M Q, x10/x1 and

- DC/AC keys control both chan-

nels. Channel B's x10/x1 and
DC/AC LEDs follow the lit /unlit
state of Channel A's LEDs. Chan-
nel B's 50 2/1MQ LED continues to
show the impedance of Channel B's

input

(14)

INPUT(s) A and B

BNC connectors for INPUT(s) A
and B. INPUT A (DC to 160 MHz)
is used for all functions except
Frequency C. INPUT B (DC to

100 MHz) is used with INPUT A for
Time Interval, Ratio A/B, Totalize,
and Phase measurement. INPUT B
is used with INPUT C for Ratio
C/B. Special Function 21 intern-
ally exchanges INPUTs A and B
(providing, e.g., PERIOD B, ete.
measurement capability)




Table 3.1 - Front-Panel Controls, Indicators, and Connectors {Cont'd)
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Function/Description

Reference Item
%:_ﬂ_ﬂ____————
INPUT C (Model 1992 only) BNC connector for high-frequency
INPUT C (40 MHz - 1.3 GHz)

INPUT C is used with INPUT B for
Ratio C/B. Special Funetion 21
provides Ratio C/A eapability.
Protection agamst excessive signal
levels (> 5V rms) is provided by a
fuse mounted in the input socket

TRIG LEDs/Inputs A and B Tri-state LEDs indicating the \
counter's trigger status: ‘:

a. LED On - trigger level too low
or input signal level held in a
high state

b. LED Flashing - channel being
triggered !

|

e. LED Off - trigger level too 1‘
high or input signal level held |
in a low state J

322 Rear Panel Features

3.2.2.1 Refer to Table 3.2 and figure at top. They show and briefly describe the
rear-panel controls and connectors.
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Table 3.2 - Rear-Panel Controis and Connectors

Reference

Item

. —

Funetion/Description

NS

AC Power Input Socket

|Standard connector for the AC
power supply. A RF1 filter is
incorporated on the instrument
motherboard

©)

ORONC

VOLTAGE SELECTION Window

LINE FUSE

TRIGGER LEVEL OUTPUTS
(A, B

NOTE:
Connec to@hrough @

are BNCs

10 MHz STD, OUTPUT
Connector
EXT. ARM INPUT Connector

EXT. STD. INPUT Connector

FREQ. STD. ADJUST

Line voltage selection is changed
by repositioning a small printed
cipeuit card inside the instrument.
The selected voltage can be viewed
through the small open window.
See Subsection 2.4.2 for line
voltage selection procedure

A 1/4 in x 1-1/4 in glass cartridge
Slow-Blow fuse. Line fuse ratings
for available line veoltages are
shown on the rear panel to the
right of the fuse receptacle. See
also Subsection 2.4.3 in this manual

Outputs for Inputs A and B trigger
levels. Voltage range at both
output pins is + 5.1V, regardless of
attenuaticn

Output for 10 MHz signal from the
internal reference standard

Input for accepting external
arming/gating control signais

Input for connecting an external

frequency standard. The
instrument will operate from the
external frequency standard

whenever a signal of suitadle
frequency and amplitude is
applied. The frequency required is
10 MHz

Aperture providing access for
adjusting the internal f{requency
standard
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Table 3.2 - Rear-Panel Controls and Connectors (Cont'd)
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INPUT ZQX‘MMT

Reference Item Funetion/Description
E j ﬁ GPIB Option
@ GPIB Address Switches Switches Al to A5 define the listen
and talk addresses for GPIB

operation in the addressed mode
The 2-digit GPIB address can be
pecalled to display using key
sequence SHIFT RECALL [RESET

GPIB Connector An [EEE-488-1978 stancard
connector
3.3 OPERATING PROCEDURES
334 ' Measurement Punctions
3.3.1.1 Tables 3.3 - 3.9 with figures describe the basic bench functions of the 1991/185

Review as required Table 3.1, Referencasand@ for use
of Inputs A, B, and C, including Special Fumction 21
permitting interchange of Inputs A and B. See also
Subsection 3.8 and Table 3.12 for special functions.
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Table 3.3 -~ Frequency Measurement
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Turn power on.

Select FREQ & or FREQ C (Model 1992 only) using FUNCTION keys@
If FREQ A @lected, set the AC/DC coupling @ , input impedance @, and

attenuator as required.

CAUTION

Ensure that the input signal does not exceed the damage
levels specified in Table 1.1 of this manual.

Connect the measurement signal to INPUT A (DC to 160 MHz) or INPUT C
(40 MHz to 1.3 GH2) .

If FREQ A is selected, select AUTO-TRIG @ , or set the manual trigger level

to the required value. Check that Input A TRIG LED (18) flashes.
Select the required display resolution .

If a frequency below 50 kHz is to be measured in the presence of noise, select the
filter(f) |

If external arming is to be used, connect the arming signal and enter the required

special function number. Enable the special functions @ . Refer to Subsection
3.8. for special function numbers and procedures.

Verify that the GATE LED@flashes on during gating.

If single-shot operation is required, select HOLD@and press the RESET key@to
trigger each new measurement.



Table 3.4 - Period Measurement
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Turn pOWer on.

Select PERIOD A using FUNCTION key@.

Set the AC/DC coupling , input impedance @, and attenuater @ for
Channel A, as required.

Ensure that the input signal does not exceed the damage
levels specified in Table 1.1 of this manual.

Connect the measurement signal to INPUT A .

Select AUTO-TRIG @ or set the manual trigger level to the required
value. Check that put A TRIG LED (16) flashes.

Select the required display resolution@X‘D .

If external arming is to be used, connect the arming signal and enter the required

special function aumber. Enable the special functions @ . Refer to Subsection
3.8 for special function numbers and procedures.

Verify that the GATE LED@flashes on during gating.

If single-shot operation is required, select HOLD@ and press the RESET key@ to
trigger each new measurement.
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Table 3.5 - Time Interval Measurement
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Turn power on,

Select T.I A>B using FUNCTION keys(5).

Set the AC/DC coupling / , input impedance @ / @, attenuator
@ / @, and slope @ / @ , as required. If the start and stop signals are

from the same source, select COM A .

Ensure that the input signals do not exceed the damage levels
specified in Table 1.1 of this manual.

Connect the start signal to INPUT A . a separate source for the stop signal is
used, connect the stop signal to INPUT B(17) and set the associated input controls

as needed,

Select AUTO-TRIG @ / @ or set the manual trigger levels / @ to

the required values. Check that Inputs A and B TRIG LEDs and flash,
respectively.

Select the required display resolutio@.

If internal delayed arming of the stop circuit is required, enter the delay into
memory and enable the delay .

If external arming is to be used, connect the the arming signal and enter the

required special function number. Enable the special functions . Refer to
Subsection 3.8 for special function numbers and procedures,

Verify that the GATE LED( 1 )flashes on during gating.

If single-shot operation is required, select HOLD@and press the RESET key@ to
trigger each new measurement.



Table 3.6 — Total A by B Measurement
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Turn power ol.

Select TOTAL A by B using FUNCTION keys

Set the AC/DC coupling , input impedance @ @ attenuator
@ / @, and slope (11D) / as required for both Channels A and B,
' NOTE .

The INPUT A slope key selects the slope of the events which
are counted. The gate time, however, starts on the slope of
the Channel B signal selected by the INPUT B slope key and
stops on the opposite slope.

[CAUTION]

Ensure that the signal levels do not exceed the damage levels
specified in Table 1.1 of this manual,

Cc@ect the signal to be totalized to INPUT A and the control signal to INPUT
B .

Select AUTO-TRIG . / @ or set the manual trigger levels @ / @ to

the required values. Check that Inputs A and B TRIG LEDS . and 18) flash,
respectively.

If internal delayed arming of the stop cireuit is to be used, enter the delay mto
memory and enable the delay
If external arming is to be used, connect the arming signal and enter the required

special function number. Enable special functions . Refer to Subsection 3.8
for special function numbers and procedures.

Verify that the GATE LED@ flashes on when Channel B signal is either high or
low,

If single-shot operation is required, select HOLD@and press the RESET keyOto
trigger each new measurement.
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Table 3.7 - Manual Totalize Measurement
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Turn power on. '
Select TOTAL A by B using FUNCTION keys(5).
Set the AC/DC coupling , input impedance @, attenuator @, and slope

of Channel A as required.

LED

CAUTION

Enter Special Function number 61 and enable special functions
will light.

Ensure that the input signal level does not exceed the damage
levels specified in Table 1.1 of this manual.

Connect the signal to be totalized to INPUT A @

Select AUTO-TRIG
value. Check that Input A TRIG LED . flashes

off and the GATE LED

Start and step a measuremieit using the HOLD key@
1
mulative over successive imeasurement cycles.

or set the manual trigger level . to the required

will light during gating.

to clear the display after a measurement cycle.

The HOLD LED will turn
The displayed result is
If required, use the RESET Kkey

. The HOLD



Table 3.8 - Phase Arel B Measurement
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1. Turn power on.

3. Select PHASE Arel B using FUNCTION keys(5).

Set the AC/DC coupling , input impedance / @ attenuator
@ / , and slope 1K) as required for INPUTs A and B @ and O
respectively . Selected slopes for input signals for Channels A and B should be the
same. '

CAUTION
Ensure that the input signals do not exceed the damage levels
specified in Table 1.1 of this manual,
4, Connect the signals to be compared to INPUT A and INPUT B @» and @
NOTE:

For maximum accuracy, connect the larger and cleaner signal
to INPUT A.

3. Select AUTO-TRIG @ @ or set the manual trigger levels %IBJ 18
the required values. eck that Inputs A and B TRIG LEDs *161 ash
respectively.

Verify that the GATE LED@ flashes on during gating.

If single-shot operation is required, select HOLD@ and press the RESET key@- to
trigger each new measurement.

NOQTE:

A phase measurement is always positive, representing the
angle by which Input A's signal leads that of Input B. The
signals for phase measurement must be continuous and have
the same frequency.
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Table 3.9 - Ratio Measurements
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Turn power on.
Select RATIO A/B or RATIO C/B (Model 1992 only) using FUNCTION keys@ .

Set the AC/DC coupling {1C)/\11I), input impedance @/@, attenuator

/ (11L}, and sicpe / , as required, for INPUTs A and B @ and

INPUT C .

Ensure that the input signals do not exceed the damage levels
specified in Table 1.1 of this manual,

Connect one of the signals to INPUT B@ and the other fo IT A (14; or

C . The lower frequency signal should be connected to INPUT B .

N
Select AUTO-TRIG / {tl_? or set the manual trigger leve / 11H/ to
the required values. ~Check tfat Inputs A and B TRIG LEDs (16)ard (18] Tlash,
respectively.

Select the required display resolution%.

If external arming is to be used, connect the the arming signal and enter the

required special function number. Enable the special functions . Refer to
Subsection 3.8 for special funetion numbers and procedures.

Verify that the GATE LED@ flashes on during gating.

If single-shot operation is required, select HOLD and press the RESET key@ .
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3.4 TRIGGER LEYEL
341 Trigger Level Modes
Ja4atl The trigger level may be set by the operator (manual trigger level) or

determined automatically by the instrument (auto-~trigger level). The auto-trigger level

is the arithmetic

mean of the positive and negative-peak values of the input signal. The

two modes are enabled alternately by successive operations of the AUTO TRIG key
@ / @ . The LED lights when the auto-trigger mode is selected.

342 Displaying and Setting the Manual Trigger Level
3.4.2.1 Perform the following procedure:
a. Seleet the manual trigger mode using the AUTO TRIG key @ / @
b. Display the trigger level by pressing the TRIG LEVEL Kkey /
The assoeiated LED will flash and the trigger level control
LED(2 jwill light
c. To change the trigger level:

1. Enter the required value, using the numeric keypad @
NOTE:

Up to this peoint, the instrument can be returned to the measurement

mode_with the trigger level unchanged by pressing the CONTINUE
key( 7

or

2. Using the step up A or step down ¥y control key\@. The desired
trigger level can be entered in 20 mV steps
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343

3.43.1

3-20

Return the instrument to the measurement mode by pressing the TRIG
LEVEL key @ / @ The TRIG LEVEL LED and the trigger level
control LED will extinguish

NOTE:

There is only one trigger level store for each channel. Use of the
auto-trigger mode will result in the manual trigger level being
overwritten.

Displaying the Auto-Trigger Level

Perform the‘following procedure:

a.

b.

Select tﬁe auto-trigger mode, using the AUTO TRIG Key @ / @
Display the auto-trigger level by pressing the TRIG LEVEL Key
/ @ The associated LED will flash and the trigger level
control LED(2)will light

NOTE:

Any attempt to make a numeric entry while the auto-trigger level is
being displayed will cause the OP Er (Operator Error) message to be
displayed.

Return the instrument to the measurement mode by pressing the TRIG
LEVEL key (L1B) / @ or the CONTINUE key(7). The TRIG LEVEL

LED and the trigger level control LED@wiu extinguish
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344 Single-Shot Auto-Trigger Level
3441 The auto-trigger level is normally measured eontinuously and varies if the

peak levels of the signal change. A single-shot measurement of auto-trigger level can be
made using Special Funection 31. This value remains stored as & manual trigger level
until:

a. Another single-shot measurement is made, or

b. A new manual trigger level is entered

3442 . Complete the following to make a single-shot measurement of auto-trigger
level:

8. Enter Special Function number 31 into the special function register

b, Fnable the special functions @Q

e.  Select AUTO TRIG / . The associated LED lights while the
level is ealculated and stored, and then extinguishes

3.4.43 Further single-shot measurements a&re made by selecting AUTO TRIG
/ @ with Special Function 31 active. '

345 Automatic Attenuation Setting

3.4.5.1 When operating in the auto-trigger mode, automatic switching of the x10

attenuator oceurs as follows:

a. The attenuator is switched in if the peak-to-peak value of the
measured signal exceeds 5.1V or if either peak is outside the #5.1V
range

b. The attenuator is switched out if the peak-to-peak value of the
measured signal is less than 4.6V and both peaks are within the +4 6V
range
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3.5 DISPLAY RESOLUTION
351 General Information

3511 For all measurement functions except TOTAL A by B, the resolution refers
to the number of Zeros displayed when no signal is applied at the input. The resclution
can be set to display 3 to 10 digits. (For a resclution of 10, the most significant digit
overflows the display.) A 10% overrange of the display is permitted without a change of
range. Because of this, an additional digit with a value of 1 may appear at the more
significant end of the display when measurements are made,

3.5.1.2 With some measurement functions, the number of digits appearing may be
less than the selected resolution to ensure they are rounded to meaningful values.

3.5.1.3 When ratio measurements are made, no more than eight digits are displayed,
regardless of the resolution selec ted.

3.5.14 For the TOTAL A by B, the display shows the true total of events counted
from 1 to 999 999 999, For higher totals, the exponent is used.

3.5,1.5 For the PHASE A rel B, up to four digits may be displayed for frequencies up
to 1 MHz and wp to three digits for higher frequencies. Leading Zeros are suppressed.
For frequencies above 10 MHz, the resolution of the display is 10°, and a place-holding
zero is displayed as the least-significant digit.

352 Setting the Display Resolution
3.5.21 Whenever the resolution control LED is lit, the resolution can be changed

using the step-up A and step—down ¥y keys. To step up from nine to ten digits, hold the
‘step-up key down for approximately two seconds.

353 Resolution with External Stop Circuit Arming
3.5.31 When external arming of the stop ecircuit is used, the minimum display

resolution is governed by the arming period as shown in Table 3.10.

Table 3.10 - Resolution with External Arming

Arming Period Minimum Resolution
Less than 100 ps B

4
100 ps to 1 ms 5
1 ms to 10 ms 6
10 ms to 100 ms 7
100 ms to 1s 8
1sto 10s 9
3.6 GATE TIME
3.6.1 For frequency, period, and ratio measurements, the gate time is related to

the selected resolution selected as shown in Table 3.11.
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Table 3.11 - Resolution and Gate Time

‘7 Resolution Gate Time

10 (9 digits + overflow) 10s

1s

100 ms (see NOTE 2)
10 ms

1 ms

1l ms

1 ms}(see NOTE 3)

Lo o N T~ 00 WO

1 ms

NOTE 1:
The gate times shown in the above table are nominal. Due to
the use of the recipromatic counting technique, the gate
time may be extended by:

a, Up to one period of the input signal on FREQ B and
RATIO A/B

b. Up to two periods of the input signal on FREQ A and
PERIOD A

e, Up to 64 periods of the input signal on FREQ C and
RATIO C/B

NOTE 2:
At power-on, a display resolution of 8 is selected.
NOTE 3:

Mesasurements are averaged when resolutions of 3, 4, or 5 are
selected.

3.6.2 For PHASE A rel B, the gate time depends upon the signal frequency. The
gate time is approximately 25 ms for frequencies above 200 Hz, but is increased at lower
frequencies.

3.7 STOP CIRCUIT DELAY (HOLD OFF)
3.1 Use of the Delay
3.7.11 The stop ecircuit can be delayed when T.IL A =B or TOTAL A by B is

selected. The required delay is entered into an internal store by the operator. The delay
function can then be enabled and disabled as required. At power-up, the delay is set to
204.8 us (minimum delay).

3.7.1.2 The delay can be used to prevent the stop eireuit from being triggered
prematurely by spurious signals such as those resulting from relay contact bounce. The
principle of stop eireuit delay is shown in Figure 3.1,
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Figure 3.1 - Use of Stop Circuit Delay
3.72 Displaying the Delay

3.7.21 The value of the delay being stored can be displayed by pressing

[SHIFT] [RECALL| [DELAY]

3.7.3 Changing the Delay
3.7.3.1 A new delay value is entered into its store by using the numeric keypad.

Employ either direct decimali or exponential format. For example, & delay of 305 ps may
be entered using one of the following key sequences:

O[O @ [ G @ 6 EHEED (SToRE] [DELAY]
or [ @ [ Eez X (6] 5EET (/] [SHET] [STORE] [DELAY

The instrument returns to the measurement mode gutomatically once the
new delay value is stored.
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3.7.3.2 The value of the delay entered is rounded to the nearest 25.6 us before it is
stored. The permitted range of -delay is from 204,8 us to 800 ms. Attempted entry of an
out-of-range value will resuit in the display of OP Er. The number in the delay store is
retained when the instrument is switched to standby.

3.7.4 Ensabling and Disabling the Delay
3.7.4.1 The stop delay is enabled and disabled by neans of the sequence

SHIFT, [DELAY
The DELAY LED lights when the delay is enabled.

3.8 SPECIAL FUNCTIONS
3.31 Special Punction Numbering
3.8.11 The special functions provided for operator use are listed in Taple 3.12.

Each special funetion is defined by a two-digit number.

3.8.2 Special Function Register

3.8.21 One special function from each decade is entered into a special function
register. Only the second digit is stored: the decade is indicated by the position of the
digit in the register. The default state is with 0 entered in each position. The contents
of the register ¢an be displayed by pressing:

A typical display is illustrated in Figure 3.2.



Table 3.12 - Special Funections

r Function Number Function
e e ———————
Start Stop

10 1 Internal Internal

i1 External +ve internal

12 External -ve Internal

13 Internal External +ve

14 \ Arming Internal External -ve

15 External +ve External +ve

16 External +ve External -ve

17 : External -ve External +ve

18 External -ve External -ve

20 Normal Operation

21 Channel A and B interchanged (see NOTE 1)

30 Continuous measurement of auto-trigger level

31 Single-shot measurement of auto-trigger level

40 150 ms between displays

41 Seleet elapsed time 0 between displays See

42 between displayed 1s between displays NOTE 2

43 measurement cycles 10s between displays

44 300s between displays

50 VYalue displayed Trigger level

51 by operation of Signal positive peak

32 TRIG LEVEL Signal negative peak

60 Measurement made with ; Normal TOTAL A by B

61 TOTAL A by B selected | Manual Totalize :

70 Function with 10 MHz check ‘

71 CHECK selected LED check

72-76 Reserved for diagnostic testing

Y Channel A relay check

78 Channel B relay check
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NOTE L:

Special Function 21 permits FREQ B, PERIOD B, T.L B>A, TOTAL Bby A, and Phase Brel A.
For these funcetions:

a. FREQ B is specified to 100 MHz only

b. PERIOD B is specified down to 10 ns

c, TOTAL B by A operates for one complete cycle of the Channel A signal. The stop circuit
delay is available on Channel A

NOTE 2:

Special Funetions 40, 42, 43, and 44 are only available when in local control. Special Function
41 is selected automatically when in remote control.
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70

61

52

40

31

20

10

Figure 3.2 - Special Function Register Display
3.8.3 Setting the Special Function Register

3.8.3.1 Before a special function can be used, its unique number must first be
entered into the special function register. Use key sequence:

[N] [SHIFT| [STORE] [SF|

where NN is the special funection number to be stored. The digits enter the display as the
keys are pressed. The instrument returns to the measurement mode automatically once
the special function number is stored.

3.8.3.2 When a special function number is stored, it overwrites the number stored in
the same decade. To remove a number from the register, another special function

number from the same decade must be stored.

3.8.3.3 The numbers stored in the register are retained while the instrument is in
the standby mode.

384 Enabling and Disabling the Special Functions
3.8.4.1 The default state corresponds to the default state of the special function
register, i.e., with Special Functions 10, 20, 30, 40, 50, 60, and 70 enabled. Special

functions whose numbers are entered in the special funetion register are enabled and
disabled using the following key sequence:

The SF LED lights when special functions are enabled.
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NOTE:

A special function entered into its register while the special
functions are enabled will be enanled immediately.

3.9 ERROR CODES

3.9 The instrument is able to detect a number of error states which are
indicated on the display. Table 3.13 list the meanings of the various error codes.

Table 3.13 - Error Codes

Display Error Description
Er 01 Phase measurement attempted on signals of different frequencies
Er 02 Measurement result too large for the display
Er 03 Overflow of internal ecounters
OP Er Error in numerieal entry
Er 50 Incorrect result obtained when in Check mode
Er 51 3 r x10/x1
Er 52 50Q2/1 MQ
Channel A
Er 53 DC/AC
Er 54 g Relay or FILTER
amplifier failure p
Er 55 COM A
Er 56 x10/x1
Er 57 Channel B | 5082 /1 M%)
Er 38 L | DC/AC
Er 60 4 Mieroprocessor paging fault | During power-up
Er 61 Microprocessor RAM fault [ self check
NOTE:
Error codes Er 51 to Er 55 will only be generated with Special
Function 77 active. Error codes Er 56 to Er 58 will only be
generated with Special Function 78 active,
3.9.2 Clearing the Error Codes
3.8.21 Error code Er 01 is cleared by:
a. Making a phase measurement on signals of equal frequency
b, Selecting another measurement funection
3.9.2.2 Error codes Er 02 and Er 03 are cleared by:
a. Obtaining a measurement result that is within range
b. Selecting another measurement function
3.9.2.3 OP Er is cleared by pressing RESET
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3.9.2.4 To clear Er 60 and 61 refer to the Fault Finding Chart in Figure 6.12

310 MATH FUNCTION
3101 General Information
3.10.1.1 The math function may be used with all measurement functions except

Phase A rel B and CHECK. Its use permits the measured value to be offset and/cr scaled
before being displayed.

3.10.1.2 When the math function is active, the display indicates:

Measurement Result - X
Z

where X and Z are values entered by the operator into instrument stores. When the
instrument is first powered on, X isset to 0 and Z to 1.

NOTE:

It is possible to set the constant Z to zero. However, any
attempt to use the math function with this value set will
cause an error code to be generated.

3.10.1.3 Table 3.14 shows how to set constants X and Z to obtain displays of ratio,
offset {null), and percentage difference.

Table 3.14 - Uses of Math Function

Function Displayed . X Z

Ratio: Measurement/N

0
Offset: Measurement - N N |1
Percentage difference: 100 (Measurement-N)/N N N/100

3102 Displaying the Math Constants
3.10.2.1 The values held in the X and Z stores can be displayed by pressing either

[SHIFT| RECALL or

[SEIFT] [RECALL]

3.10.3 Changing the Math Constants

31031 New values are entered into the math-constant stores using the numeric
keypad. Employ either direct decimal or exponential format. For example, a value for X
of 0.0231 may be entered using one of the following key sequences:

1] [0 2] 3] (1] [smrFT] [STORE] [X]
or 2] [3] "smET, [ExP| (4] [smFT] [+/-] [smiFT] [STORE] [X]
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The instrument returns to the measurement mode automatically once the new math
constant is stored.

3.10.3.2 The ranges of permissible values are as follows:
a. 1x10%<z<1x10t0
b. 0
e. -x1080<z<-1x10"°

For negative numbers, the ninth digit is available, but not displayed.

3104 Enabling and Disabling the Math Function

3.10.4.1 The math funetion is enabled and disabled by means of the key sequence

[SHIFT] (R-X)/Z]

The (R-X)/Z LED lights when the math function is enabled.

311 EXTERNAL ARMING
3111 General Information
3.11.1.1 This feature allows the start and/or stop point to be synchronized to a real-

time event or complex signal. The arming signal is connected to the rear-panel input and
the appropriate special function selected (see Table 3.12). Measurement gate opening
and closing are still determined by the input signal, but now can be conditioned {armed)
by the external arming signal. Minimum start-to-stop external arming period is 50 ps (80
ps for RATIO A/B).
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SECTION 4 GPIB OPERATION

4.1 GENERAL PURPOSE INTERFACE BUS (GPIB)
411 Introduction
4111 This subsection provides operating information for the 1991/1992 using the

GPIB interface. The IEEE-488-1978 interface permits remote control of all the counter's
functions except POWER ON/OFF and STBY. Inputs and outputs are made via a standard
24-pin connector (see Figure 4.1) on the rear panel. Pin loecation, signal line
identification, and GPIB operation comply with IEEE-STD—488-1978. An adapter, Racal-
Dana P/N 23-3254, to convert the connector to the IEC 625-1 standard is available as an
optional accessory. The GPIB provides interface capability with other instruments and a
controller also using the interface-bus structure (see Figure 4.2). This figure also shows
signal line designations and pin assignments. IEEE-STD-488-1978 subsets available are
listed in Table 4.1.

1 DIO 5

2 DIO 2 14 DIO 6

3 DIO 3 15 DIO 7

4 DIO 4 16 DIO 8

5 EO1 17 REN

6 DAYV 18 GND, (6)
7 NRFD 19 GND, (T)
8 NDAC 20 GND, (8)
9 IFC 21 GND, (9)
10 SRQ 22 GND, (10}
i1 ATN 23 GND, (11}
12 SHIELD 24 GND, (5 AND 17) :

Figure 4.1 - GPIB Connector (Rear Panel)
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DATA

'

7 A 3 ~
HANDSHAKE 3,’ < S < >
INTERFACE ——~ W ) W —
CONTROLLER 1991/1992 X X
Pin Nomenclature PDeseription
Wi
1 DIO-1 Data In/Out Bit 1 (LSB)
2 DIO-2 Data In/Out Bit 2
3 DIO-3 Data In/Out Bit 3 Data lines are used to
4 DIO—4 Data In/Out Bit 4 transfer data from one
13 DIO-5 Data In/Out Bit 5 instrument to another
14 DIO-6 Data In/Out Bit 6
15 DIO-T Data In/Out Bit 7
16 DIO-8 Data In/Qut Bit 8
6 DAV {Data Valid) Handshake lines operate
7 NRFD (Not Ready for Data) in & proper time sequence
8 NDAC (Not Data Accepted) for complete communication
between instruments
5 EOI (End or Identify)
9 IFC (Interface Clear) Interface lines are used to
10 SRQ (Service Request) provide an orderly flow of
11 ATN (Attention) information between units
17 REN (Remote Enable)
12 SHIELD
18 GND (6)
19 -GND (7)
20 GND (8)
21 GND (9)
22 GND (10)
23 GND (11)
24 GND (5 and 17)
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4.2 GPIB DESCRIPTION

421 Refer to Figure 4.2. There are 24 lines available at the GPIB connector,
including 16 signal and 7 ground return lines, and one shield. All of the data bus lines are
either input or output lines, having the following characteristics:

Logie Levels:  1=Low ==.8V
0 = High =22.0V

Input Loading: Each input = one TTL load

Qutput: The output is capable of driving 13 interface bus loads. It
consists of an open-collector driver and is capable of

sinking 48 mA with & maximum voltage drop of 0.4 volts.
See the IEEE-488 Electrical Specifications
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Table 4.1 - [EEE-488-1978 Standard Interface Subset Capability

GPiB
Subset Description Applicable Capability
ﬁ
SH1 Source Handshake Complete Capability
AH1 Acceptor Handshake Complete Capability
TS Talker Complete Capability:
(1) Basie Talker
(2)  Serial Poll
(3) Talk Only Mocde
(4) Unaddress if MLA
TEQ Extended Talker None
L4 Listener Complete except Listen Only
(1) Basie Listener
‘ (2) Unaddress if MTA
LEO Extended Listener None
SR1 Service Request Complete Capability
RL1 Remote/Local Complete Capability:
- (1) REN - Remote Enable
(2) LLO - Loecal Lockout
(3) GTL - Go to Loeal
PPO Parallel Poll No Capability
DCl Device Clear ' Complete Capability:
{1) DCL - Device Clear
(2) SDC - Selected Device
Clear
DT1 Device Trigger Complete Capability:
GET - Group Execute Trigger
co Controller No Capability
El Open Collector Bus Drivers
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422 The signal lines shown in Figure 4.2 consist of three functionally separate
sets: Data, Handshake, and Interface.

4221 Data - the data lines consist of DIO-1 to DIO-8. These lines are the signal
channels over which data flows Detween ail instruments on the bus in bit-parallel, byte-
serial form.

4222 Handshake - these three transfer lines consist of: DAV {Data Valid), NDAC
(Not Data Accepted), and NRFD (Not Ready for Data). These lines provide
communication between GPIB bus members (i.e., between the instrument that is talking
and the instrument(s) that are listening) to synchronize the information flow across the
eight data lines. These lines derive their nomeneclature from their meaning in the low or
1 state (e.g., when NRFD is low, the device is Not Ready for Data).

a. DAV - when low, it signifies that valid information is available on
the data lines

b. NRFD- when low, it signifies that the instrument is not ready to
accept information

ec. NDAC- when low, it signifies that information is not accepted oy
" the acceptor bus device
4,22.3 Interface - these five interface lines coordinate the information flow on the
bus,

a. IFC (interface Clear) - places the instrument in the Idle state (i.e.,
Untalk, Unlisten)

b. ATN (Attention) - indicates the kind of information on the data lines
during a handshake transfer sequence. Low indicates data lines carry
interface commands; high indicates that the data lines carry data

c. REN (Remote Enable) - arms the instrument to select Remote operation
when it's addressed as a listener

d. SRQ (Service Request) - signals the system controller that a peripheral
device or bus member wants attention for purposes such as transmitting
measurement, status, or condition information to the system controlier

e. EOI (End or Identify) - used for (1) signifying the end of a message and
(2) together with ATN, signalling bus peripherals to set the 1/0 Dbit
assigned for parallel poll identification



423 GPIB Handshake

4231 The handshake sequence is the process Dby which each data byte is
transferred from the source to the acceptor.

42.3.2 Refer to Figure 4.3, It shows the sequential relationship between the DAY,
NRFD, and NDAC lines used to transfer data bytes, Figure 4.4 shows the handshake flow
chart.

1ST DATA TRANSFER CYCLE IND DATA TRANSFER CYCLE
"y i ~
pE———————
NRFD
NOAG

Figure 4.3 - Handshake Sequence
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SOURCS ACCTEPTOR

Y

SET
A NAREQ NOACQ
oW

SET DAV HIGH

FOR
MANDSHAKE

Y

ADD OR ALTER
DATA ON
OI0 LINES

DELAY

SET DAV LOW pATA IS VALID AND - ves |
CAN BE ACCEPTED - hi
| seT
' NRFOD '
| Low .
! \ ;
Y B
ne accerT

OATABYTE

rr———————

‘YES—-f g=T

¥
} NDAC GOES HIGH WHEN
; ALL ACCEPTOAS MAVE NOAC
‘ ACCEPTED IT IGH

SET DAV HIGH

SET
NOag
LOW

Figure 4.4 - Handshake Flow Chart




4.3 GPIB ADDRESS ASSIGNMENT

431 The 1991/1992 must be assigned an address as a bus member when operating
in a GPIB system. Assigning an address to the counter permits it to be "called up" by the
system controller or other resident bus device without interfering with them.

NOTE:
Only a total of 15 devices, including the 1991/1992, can

reside on any single 488-bus.

432 The counter is equipped with a rear-panel switch bark, enabling the user to
assign one of 31 addresses {(numbers 00 to 30).

433 Table 4.2 contains all the information required for setting the counter's
address and determining the talk and listen address codes used in programming the
controiler.
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Table 4.2 - 1991/1992 GPIB Address Assignment
[ s DATA LINES ADDEEE%(SN%ITCH
CHARACTERS p 5 10, 0. 10, 0. | TALK, AAAAA
Oy 8 5 | Pa | D3| P2 "1 : DECIMAL
oNLY] 5 4 3 2 1 ADDRESS |
ADDRESS 1T 13258 °
TALK | LISTEN| TALK |LISTEN flﬂd[ﬂddd
16| 8| 4211 0
SP 0 i o lo| oo o0 .
......................................................................... fddddﬁd 00
@ 1 0 o |olao|o]o
! 0 1 o | o| o] o1
.......... fdﬂdddq at
A 1 0 0| o o]0l
g 0 1 o o 0|10 .
............................. ﬂdddgd 02
B 1 0 o |l oo | 1]o0
# Q 1 0 0 0 1 1
[SUVUTUUTE. WS AU FURTR RO FUPPRUS! PRSPt SEOSPY APPoPes devemeedernnns rdﬂ(ﬁq 03
c 1 0 g . 0| 0| 1}t
$ 0 1 e | o 1]0]o0 .
.................... f[ﬂ dded 0a
D 1 0 ol ol 1 ]a}o
% 0 1 o o 1ol "
.......................................................................... fdddq5q 05
E 1 0 o ! o | 1t |01 |
& 0 1 oo | 1] 1]o i
.......... ﬂﬂd[ﬂQQd 08
F 1 0 ol o | 1|1 }]o0 . |
‘ 0 1 o | o vt {11 |
.......... LTSt oo 1 I UL SRt SUDoR! ORPPRTRISRS SIPSPP ;&ddqqq o7
G 1 e |0 [ o | 1t 11 :
( 0 1 0 t 1l o]lolo |
......................................... ;ddqadd I
H 1 0 ol 1t 0]o}o ! :
Lo 0 1 o | 1] o]0 0 |
.......... oo el sAagARg
L 1 o ol 1]oyo } 1 , ,
. 0 1 | o0 L 1 |_ o | 1|0 u(ﬂ[ﬂ d i
.......... 1...............................!....... F e I 4 ' 10
s 1 o ol 1ol ufal'falfs ;
| } f 1
P+ g | 1 0 1 o+ 1 I o : |
TP UUTOONR OO HORR OO0 S0 L Lol LI y
Koo 10 0 Lo v o
1}
P, 0 1 o | 1] 1t 0,0 . | !
.......... S et ARG AR e
Lo 1 o ot 1 |a]o i
1 ‘ '
|- 0 1 0 1 1 0 1 o |
.......... SRR RIOSEr KELEOE AN fddqq[ﬂq L 13
Mo 1 0 o ! 1 e | 1|
! 0 i 1 0 1 1 0 a !
.............................. -;.....-....ll--.-.A-.-......---.-.--....L......_ Eddqqqd E 14
N 1| o o0 1o 10 f
/ a | 1 oo R T T
.................... ""['TLT‘ iddqqqq 15
0 | ‘ o o 1

**The "Talk Only" switch is set to "ON" when used with a printer or other "listen only”

device.
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Table 4.2 - 1991,/1992 GPIB Address Assignment (Cont'd)

ASCH DATA LINES ( ADDg:-IS_?_Ii‘VgTCH
' CHARACTERS ; .
| ONLY! 5 4 3 2 1 ADDARESS
ADDRESS L IR BN B
TALK | LISTEN| TALK | LISTEN , ;dddddd
18 | 8 4 2 1 0
g 0 1 y 1ojo|olo ngHd&d 6
..-..P. ......... ; 0 ; 0 o 0 0 f i
1 0 1 1 Q Q n] 1 sdqdddq 17
Q 1 0 1 0 o | o | 1 t . |
2 g 1 1 a o] 1 0 :d q&dqd 13 l
R 1 0 1 0 0 1 0 t
|
3 0 1 1 0 0 1 1 0
........................................................................ H 19 :
s 1 o Tl e e | 1] }d@ﬂﬂqq i
4 0 1 1 o] t]olo edqdqdd i |
T 1 0 1 o1 1 0] 0 t |
............... s Lol LA S iag gAY 2 |
u 1 | 0 1| a | v ] o1 ! i
6 v} 1 1 ] 1 1 0 2 '
......................................................................... H 22 1
............... 7obe Lo e A ATy s |
w 1 0 1 Q 1 1 1 : i
8 0 1 1 1 Q 0 0 ad qddd
.......................................................................... i 24 !
X 1 0 1 1 0 g 0 t q !
9 0 1 1 1 o !l g |1 .
......................................... S AN RO AP P H d 25
B e n-LLr
aQ 1 1 1 0 1 0 o ‘
............................................................................ " 26 .
z | 1 0 P R B R R Tk b ok [ |
L 0 R s
AU SRS PR O A OO ORI e -d 27
L 1 1 0 1 1§ 0 1 1 ! qqdqq ,
|« Q | 11| 1ol o |
S B S ST Rk RS A fdQQQdd 28
| 1 0 1 1 1 Q | 0 |
; = a . ] ] 1 1 Q 1 sdqqq&q % -
1| 1} 0 YT T O O O I I ! !
L g | v v b v prio o ]
O (P S ERITISIEE S SO A A | ;&qqqq& L 30
A 1 R R U A N U B I !
‘ |
NONE ILLEGAL L NONE ! 11

**The "Talk Oniy" switch is set to "ON" when used with & printer or other "listen only"

device.

4-10



43.4 Note in the table the eolumn headed "ADDRESS SWITCH SETTING". It
illustrates the positions of switeches Al to A3 for each number address listed in the far
right column. To set the GPIB address, simply select the desired decimal address for the
counter, refer to the table, and set the switches on the address selector to the
eorresponding pattern shown in the column.

435 Once an address has been assigned and stored, the controller may then
address the 1991/1992 as a talker/listener by transmitting the appropriate ASCIH
character on the data lines. The "DATA LINES" column of the table shows the 7-bit
binary codes for every talk/listen address assigned to the counter. The controller
transmits these codes to the ecounter to establish its talker/listener status.

43.6 Note also in the table that there are two address codes for each GPIB
address number. Each code represents a different ASCII character. For example, if an
address of 02 is assigned to the counter, the talk address is the ASCII character B and the
listen address is the ASCIH character »». The only difference in the binary code in each
case is the state of data lines D6 and D7.

4.3.7 The counter's GPIB address can be displayed in decimal form using Key
sequence SHIFT RECALL RESET. If the 1991/1992' bus address is changed, the previous
Key sequence must be repeated to display the new address. Press the CONTINUE key to
return the 1991/1992 to the measurement mode, :

4.3.8 The rear-panel GPIB switeh bank provides a TALK ONLY selector switeh
(see Subsection 4.5.2). For addressed operation, the TALK ONLY switch must be in the
logic 0 position (down).

43.9 The 1991/1992 is preset at GPIB address 14, 15, 16 or 17 when shipped.

4.4 GPIB FUNCTIONAL CHECK |

441 Introducticn

4411 The following procedure verifies the 1991/1992's capability to accept,

process, and transmit GPIB messages. Complete a satisfactory functional check of the
counter under local eontrol before starting this procedure (see Subsection 2.6).

4,412 Successful completion of this GPIB check indicates that the counter's GPIB
interface is operating properly. This procedure does not cheek that all the cevice-
function commands can be executed, However, if the GPIB interface works correctly
and the counter operates correctly under loeal control, there is a high probability that it
will respond to all deviee-function commands.

4413 For recommended test equipment use a Hewlett-Packard Model HP-85 GPIB
controller” with I/O ROM in & drawer. It is assumed that the select code for the
controller I/O port is 7 and the GPIB address of the counter is 15,

NOTE:
If any other controller or selected/GPIB address combination
is used, the GPIB commands in the following procedure will
require change.

4414 Connect the controller to the GPIB interface of the counter using a standard
GPIB cable. No connection should be made to Inputs A, B, or C.
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442 Remote and Local Check

4.4.2,1 Now perform the following procedure:

Power-on the counter. Verify that the REM, ADDR, and SRQ LEDs
flash on and off once. If the indicators do not flash or flash
continuously, there is a fault on the GPIB PCB. Verify that the counter
assumes the home state deseribed in Subsection 2.6.1.2.

a.

b. Test as shown below:

Action HP-85 Code Your Controller

Send the REN command REMQTE 713 ﬁ

true, together with
the 1991/1992% listen

address

e. Verify that the REM LED lights

d. Test as shown below:

HP-35 Code Your Controller
————————— —— — . —_———
Send the device- OUTPUT T15;
dependent command "CK"
CK

e. Verify that the ADDR LED lights and that the Check mode is selected

f. Test as shown below:

Action HP-85 Code Your Controiler
Send the 1991/1992's LOCAL 715

listen address followed
by the GTL command

Verify that the REM LED is off. The ADDR LED will also turn off if
the controller automatically transmits the UNL {unlisten) command
true, as is the case using the HP-85

g.
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443 Local Lockout and Clear Lockout Check

4,4.3.1 Test as shown below:
Action HP-85 Code Your Controller
Send the REN command REMOTE 7153

true, together with
the 1991/1992's listen
address

Send the LLO command LOCAL LOCKOUT 7

a. Verify that the REM LED lights. Operate the LOCAL key on the front
panel and check that the REM LED remains lit

b, Test as shown below:

Action HP-85 Code Your Controiler

Send the REN command LOCALT
false

e. Verify that the REM LED is off

d. Test as shown below:

HP-85 Code J_ Your Controller !

Send the REN command REMOTE 715
true, together with
the 1991/1992'% listen
address

e. Verify that the REM LED lights. Operate the LOCAL key and check
that the REM LED turns off
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444

4.4.4.1

4-14

Data Output Check

Test as shown below:

Action

HP-85 Code

Your Controiler

Set the 1991/1992

in the Check mode by
sending the counter's
listen address, followed
by the device—dependent
command CK

Prepare a store to
receive a 21-byte
data string

Send the 1991/1992's
talk address. Store
the 21-byte data string
in the prepared store

Display the contents
of the store

OUTPUT 713;
o

DIM Z§ 21

ENTER 715; Z3

DISP 73

a. Verify that the HP-85 display reads CK+0010,0000000E+06 with the
eursor moved to the next line, indieating that carriage re
line feed (LF) have been accepted

turn (CR) and



445 SRQ and Status Byte Check

4,451 Test as shown below:
Action HP-85 Code Your Controller
Send the REN command REMOTE 7
frue
Set the 199171992 OUTPUT 7153
to transmit the SRQ mMpPXXX"

command when an
error is detected,
and force the gener-
ation of error code 0_
by sending device-
dependent command
XXX

Store the status of STATUS 7,2; T
the GPIB interface of
the eontroller, in
binary form, as variable

T
Display the status of DISP "SRQ=";
the SRQ line BIT (T,3)

a. Verify that the HP-85 display reads SRQ=1, the SRQ status bit is at
logic 1 or the SRQ line is<0.8 V. Confirm that the SRQ LED is lit

b. Test as shown below:

Action HP-85 Code Your Controller
W'—_—#
Conduet a serial poll R=SPOLL (715)

and store the status
byte as variable R

Display variable R DISP "R="; R

e. Verify that the SRQ LED is turned off when the serial poll is made. The
value of R should be 101 (in binary form, R should Dbe
0000000001100101), If using an HP-35 controller, verify that the ADDR
LED is turned off
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4.4.6 Device Clear and Selected Device Clear Check

4,4.6.1 Test as shown below:
Action HP-35 Code Your Contreiler
%ﬁ;——;ﬂ—'
Set the 1991,/1992 QUTPUT 715;
to the Total Aby B TTA"

mode by sending the
instrument’s listen
address, followed by
deviee-dependent
command TA

Send the DCL eommand CLEART
true

a. Verify that the function indicated on the front panel changes to FREQ A

b, Test as shown below:

Action HP-385 Code Your Controller
—— e
Reset the 1991/1892 OUTPUT 715;
to the Total Aby B mTA"

mode by sending the
instrument's listen
address, followed by
device- dependent
command TA

Send the SDC message CLEAR 715
true

c. Verify that the function indicated on the front panel changes to FREQ A
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447 [FC Check

44.7.1 Test as shown below:
Action . HP-35 Code Your Controiler
ﬁ
Send the ATN message RESUME 7
false
Send the IFC message ABORTIO 7
{rue

a. Verify that the ADDR LED is turned off
448 TALK ONLY Selector Check
44.8.1 Perform the following procedure:

a. Set the TALK ONLY switeh on the counter's rear panel to 1. Verify that
the REM LED is turned off and the ADDR LED lights

b. Set the TALK ONLY switeh to 0. Verify that the ADDR LED is turned off

4.5 INTERFACE MESSAGE REPERTOIRE and RESPONSE
451 Introduction
4511  The 1991/1992 is equipped with a standard GPIB interface designed to meet

IEEE-STD—488-1978 specifications. These specifications provide a definition of multiline
interface messages, dividing them into two main groups:

g. Primary command group
h. Secondary command group
This counter includes only the primary commands in its interface repertoire,
451.2 The primary command group is further divided into four categories:
a. Listen address commands
b.  Talk address commands
e. Addressed commands

d. Universal commands
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452 Listen and Talk Address Commands

4.5.2.1 The counter responds to address messages defined by the programmed GPIB
address set from the rear panel. Refer back to Table 4.2 as required for a listing of the 31
talk and 31 listen addresses. The 1991/1992 will respond to talk and listen address messages

regardless of its addressed state.
4522 Listen Addresses

45221 Receipt by the counter of a listen address makes it a listener. If previously
addressed to talk, the counter ceases to be a talker. In in Local mode, the counter reverts

to its Remote state, provided the REN message is true.
4523 Talk Addresses

45231 Receipt by the counter of a talk address makes it a talker. If previously
addressed to listen, the counter ceases to be a listener, If in Local mode, the counter will

remain under local control
452.4 Taik Addresses - Other Devices

45241 If the counter was previously addressed to talk, then receives the talk address
of another bus device, the 1991/1992 ceases to be a talker,

453 Addressed and Universal Commands

4.5,3.1 Table 4.3 lists the Addressed and Universal commands to which the 1991/1992
responds, These multiline interface commands are recognized because they are sent with
the ATN message as true. The following paragraphs describe the counter's response to each

of these commands.

Table 4.3 - Addressed and Universal Commands

Hex Decimal Data Line Code i
‘Message Meaning Code Equivalent 716 5|4 3|2 i
GTL Go To Local o ! 0 ]o0loloo o0 ﬁ
SDC Selected Device Clear 04 4 0 0 01 3
GET Group Execute Trigger 08 8 00|10
LLO Local Lock Out 11 17 01|00 ;
DCL Device Clear 14 10 01|01 L
SPE Serial Poll Enable 18 24 61|10
SPD Serial Poll Disable 19 25 0110 ,‘
UNL Unlisten 3F 63 11111
| UNT Untalk 5F 9 0|11 ‘ L 1




4532 Go To Loeal (GTL)

45,321 Provided the counter is in remote and a listener, it reverts to local
operation. The counter remains addressed to listen. It now operates by front-panel
controls, until returned to remote control by receipt of the first byte of a device-
dependent message. The deeimal and hex equivalents are both 01,

4533 Selected Device Clear (SDC)

4,5.3.3.1 Provided the counter is in remote and a listener, it reverts to home state.
The condition of the GPIB interface remains unchanged. The decimal and hex
equivalents are both 4.

4.5.3.4 Group Execute Trigger (GET)

45341 Provided the counter is a listener and no measurement is in progress, it
triggers a previously programmed measurement. The GET command permits several bus
devices to simultaneously perform a number of different operations. (All bus members
have been previously programmed to perform a function on receiving the GET command
or trigger command.) The decimal and hex equivalents are both 08.

45.3.5 Local Lockout (LLO)

4,5.3.5.1 The counter responds to the LLO command regardless of its addressed
state. The LLO command disables the LOCAL Key on the front panel. Local lockout is
cleared by sending the REN message as false, returning all bus devices to the local
control state. A GTL command returns the counter to loeal control. The decimal and
hex equivalents are 17 and 11, respectively.

45.3.6 Device Clear (DCL)

453561 Same as the SDC command, except that all bus devices in remote are
cleared. The counter responds to this command regardless of its addressed state. The
deeimal and hex equivalents are 10 and 14, respectively.

45.3.7 Serial Poll Enable (SPE)

4,5.3,7.1 This command permits all bus members, including the counter, to set their
SRQ line to binary 1, informing the controller that attention is required. The 1991/1992
responds to this command regardless of its addressed state. Each bus member, having
been made a talker, is then serially interrogated by the controller to determine which bus
member{s) requested service and the purpose of each request. Bus members respond by
transmitting their respective status bytes to the controller, All members respond to the
SPE regardless of their addressed state. The hex and decimal equivalents are 18 and 24,
respectively.

453.8 Serial Poll Disable (SPD)

4,5.3.8.1 This command returns all bus members to normal operation after completion
of a serial poll. All bus members respond to the SPD command regardless of their
addressed state. If addressed to talk, a bus device will put its data output string on the
GPIB, provided such data is available in its output buffer. The decimal and hex
equivalents are 25 and 18, respectively.
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4.53.9 Untalk (UNT)

4.53.9.1 This universal command instructs all talkers, including the ecounter, to return
to their untalk or talker-idle state. All bus members are also removed from their talker
state whenever a talk address other than their own is received. In the Untalk state, the
front-panel ADDR LED is turned off. The decimal and hex equivalents are 9 and 5F,

respectively.
4.5.310 Unlisten (UNL)

4.53.10.1 This universal command instructs all listeners, including the counter, to
return to their unlisten or listen-idle state. In the Unlisten state, the front—panel ADDR
LED is turned off. The decimal and hex equivalents are 63 and JF, respectively.

4.6 GPIB OPERATING MODES
4.6.1 Introduction
4.6.1.1 Before operating the counter on the GPIB, ensure that the instrument has

been assigned its correct bus address (see Subsection 4.3) and that the correct AC line
voltage has been selected (see Subsection 2.4.2). The last instruction is especially
important if the 1991/1992 is being used for the first time or at a new location.

4.6.1.2 The 1991/1992 can be operated on the GPIB in either its Talk-Only or
Addressed mode.

462 Talk-Only Mode

4,6.2.1 To set the counter in this mode, place the TALK ONLY switeh of the GPIB

switch bank in its logic "L" position. The GPIB interface is now in the Talk-Only mode
and the settings of switches Al to A5 are irrelevant.

4622 The Talk-Only mode may be used in systems not having a controiler. Such a
system permits remote reading of counter measurement data, however, the instrument is
controlled from the front panel (see Section 3).

4.6.2.3 The counter determines the rate at which measurements are made. The
output buffer is updated at the end of each measurement cycle, overwriting the previous
measurement data if not transferred to the listener.

46,24 The listener triggers the transfer of data from the counter. The counter’s
output buffer is cleared when data transfer is completed.

4,6.2.5 Differences between the measurement rate and data-transfer trigger-rate
are resolved as follows:

a. If data transfer is in progress at the end of a measurement cycle,
updating of the output buffer is delayed. Data transferred will
correspond to the previous measurement cycle

b. If data transfer is requested during a measurement cycle and the
output buffer is empty, data transfer is delayed until the buffer is
updated. Data transferred will then correspond to the Ilatest

measurement cycle
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c. If a measurement eycle is completed before the Tesults of the previous
eycle have commenced transfer to the listener, the buffer will be
updated. The data from the previous cycle will be overwritten and

lost.
4.6.2.6 Measurement rate in the 1991/1992 can be controlled in the following ways:

a. The gate time can be controlled by selecting an appropriate display
resolution

b. A time interval delay can be set between measurement cycles by using
Special Funections 40 to 44

e. The counter can be operated in the Hold mode (single-shot
measurements). Readings are displayed indefinitely in Hold until the
RESET key is pressed, initiating a new measurement cycle

4.6.3 Addressed Mode

4.6.3.1 In the Addressed mode, all of the counter's functions (except POWER
ON/OFF and STBY) can be controlled by device—dependent commands (see Subsection
410). These commands are sent over the GPIB after the counter has been addressed to
listen. Completed measurement readings and counter status information are then read
back over the bus after the counter is addressed to talk. If the counter is addressed to
talk when its output buffer is empty, no data transfer will oceur and bus activity will
cease. Data transfer will start again after the output buffer is updated at the
completion of the next measurement cycle.

4.7 OUTPUT MESSAGE FORMAT (TALKER)
4.71 Introduction
4.7.1.1 Refer to Table 4.4, The 1991/1992 uses the same output message format for

both transmitting measurement values as well as numbers recalled from the counter's
internal stores.

4,712 The output message consists of a string of 21 ASCI characters for each
transmitted value. OQutput messages should be interpreted using Tables 4.4 and 4.5.

Measurement units should be assumed as hertz, seconds, volts, degrees, or a ratio,
depending on commands previously sent to the counter.

NOTE:

An SRQ message is not enabled by data recall from the
counter's stores.
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Table 4.4 - Cutput Message Format

e
el ol e il = - SRR R S

[ e el e
H O m ~3

Interpretation

Function letter or space

Measurement sign
Most significant digit
Digit

Y
Least significant digit
Exponent indicator
Exponent sign

More significant digit
Less significant digit
Carriage return

Line feed

Function letter or space

Permitted ASCI Characters

Notes

See Table 4.5

See Table 4.5
+or -

0to9
0to9or.

+ or -
0to 9
0to?
CR

Spaces are trans-
mitted only if
programmed with
Special Funetion
81 active

Bytes 4 to

15 will always
inelude 11 digits
and deecimal point.
Zeros are added
when necessary in
the more
significant
positions

Upper case only

Exponent is a
multiple of 3
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Table 4.5 - Function Letters

Punction

Function Letters

Frequency A FA
Frequency C (Model 1992 only) FC
Ratio A/B RA
Ratio C/B (Model 1992 only) RC
Time Interval A=B TI
Totalize Aby B TA
Phase Arel B PH
Period A PA
Check CK
Recalled Data Function Letters
I ———= e —— e — e —— ——
Unit Type uT
Resolution RS
Trigger Level A LA
Trigger Level B LB
Math Constant X MX
Math Constant Z MZ
Delay Time DT
Special Funetion ST
Master Software Issue Number M3
G3

GPIB Softwa:e Issue Number
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4.3 SERVICE REQUEST (SRQ)

481 The counter can be set, by means of device—dependent commands, to enable
an SRQ message whenever:

a. A measurement cycle is completed
b. A change of frequency standard occurs
c. An error state is detected
d. Any combination of a, b, and ¢
4.8.2 The front-panel SRQ LED lights when an SRQ message is asserted.
483 SRQ enablement may also be inhibited. Refer to Table 4.17 which provides

the necessary SRQ commands. When in home state, condition "e" indicated above is
active.

NOTE:

An SRQ message is not enabled by data recall from the
counter's stores.

4.9 STATUS BYTE

491 To inform the controller of its status, the counter assembles and transmits a
status message referred to as a status byte. The controller generates a serial poll enable
eycle to determine which bus member has requested service and the purpose of the
request. When the 1991/1992 receives the SPE command, and has been made a talker, it
outputs the status byte to the controller. Table 4.6 shows the format of the counter's

status byte,

Table 4.6 - Status Byte Format

-
DIO Line Function
1 Error - Least significant bit - See NOTE 1
2 { Codes
3 in Binary - Most significant bit
4 1 = Frequency standard changed
5 1 = Reading ready - See NOTE 2
6 1 = Error detected
7 1 = Service requested
8 1 = Gate open
1
|
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Table 4.6 - Status Byte Format (Cont'd)

DIO Line

___—-__,_—.—_—__—n——ﬁ—"———_———_——'—"_'ﬂ

Error 1 - correct the difference in input
frequencies or change the measurement
mode

Error 2 - complete an in-range measurement

Error 3 -  complete an in-range measure ment

Error 4 - complete a valid numerical entry

Error 5 - the erroneous command string will be

Funection ‘

NOTE 1:
The error codes and numbers are as follows:

1 = Phase measurement attempted on
waveforms of differing frequency

(Ratio #1)
9 = Result out-of-range of display See NOTE 3
3 = Qverflow of internal counters [
4 = Numerical entry error
5 = GPIB syntax (programming) error

SR,

No measurement output string is available if error
codes 1, 2, or 3 is produced.

NOTE 2:
Regardless of the current SRQ mode, the SRQ message
that & reading is ready is not generated after a data-
recall operation.

NOTE 3:

The five error codes are cleared as follows:

correctly executed up to the error; the
rest will be handshaken, but not .
executed. Receipt of the next valid
command clears the error

4,10
4101

410,11
mode.

INPUT COMMANDS (LISTENER)

Introduction

The 1991/1992 responds to device-dependent ecommands in a "deferred"

This means that the GPIB interface continues to accept commands until a

terminating character or message is received, then the entire string will be executed.
There is no "immediate" mode in which commands are obeyed as they are received.
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4102 Deviee-Dependent Commands
41021 When the counter is addressed to- listen, it can be controlled by device-
dependent commands, These commands are listed below, and tabulated in Tables 4,8 to
4,18,

a. Table 4.8 - Instrument Preset Code

b. Table 4.9 - Numerical Input Format

e, Table 4.10 - Measurement Function Codes

d. Table 4.11 - Numerical Input Ranges

e, Table 4.12 - Resolution Selection

f. Table 4.13 - Input Control Codes

g. Table 4.14 - Measurement Control Codes

h. Table 4.15 - Store and Recall Codes

i. Table 4.16 - Special Funetion Codes

J- Table 4.17 - Service Request Codes

k. Table 4.18 -~ Alphabetic List of Command Codes
4102.2 Device-dependent commands are executed sequentially beginning with the

first one sent and ending with the last.

4102.3 If more than one command is to be sent, no delimiters are required. If
necessary, commas, spaces, and semicolons may be ineluded:in the command strings for

clarification without affecting counter operation.

4.10.2.4 Each command string must be followed by an end-of-string terminating
group. Table 4.7 shows the valid terminator groups.

Table 4. 7 - Permitted Terminators

1 2 3 4 5 6
LF LF CR CR LF CR LF Last Character
EOI EOI £oI EOI

Where LF=Line feed, CR=carriage return; EOI is considered true
NOTE:

Dats output terminators are CR LF without EOI asserted,

L

4.10.2.5 Table 4.8 provides the instrument preset code for the 1991/1992. Refer to
Subsection 1.6.15 for a listing of the counter's initialization conditions.

Table 4.8 - Instrument Preset dee

Funetion Code
| Sets counter functions and settings to home state P
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4.10.2.6 Some of

additional nu

indicated by an asterisk (*) in the tabulations. Also, home

the device—dependent'commands in the following tables require

merical input data. Such numerical input succeeds its command and is

to Table 4.9 as required for numerical input format.

Table 4.9 - Numerical Input Format

-states are underlined. Refer

Byte No.

Lo u e L

Interpretation Permitted ASCI Characters
Sign of mantissa +or -
Most significant digit Oto9or.
Digit

Y
Least significant digit 4
Exponent indicator Eore
Exponent sign/space + or - or space
More significant digit 0to9
Less significant digit 0to9

NOTE L:

Spaces, nulls, or Zeros occurring before byte 1 are ignoted by
the counter.

NOTE 2:
Byte 1 may be omitted and a positive mantissa assumed.
NOTE 3:

Bytes 2 to 11 may have up to 9 digits and a decimal point.
The decimal point, however, is not essential. After entry of 9
digits (without a decimal point), additional digits are ignored
and a GPIB programming error is generated. Excess digits
that are truncated will still increase the power-of-ten
stored. Also, if fewer than ¢ digits are needed, unused bytes
may be omitted.

NOTE 4

Spaces or nulls entered between bytes 11 and 12 are ignored
by the counter,
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Table 4.9 - Numerical Input Format (Cont'd)

NOTE 5:

Bytes 12 to 15 (exponent group) may be omitted. AlsO, byte
13 may be omitted or transmitted as a space (a positive
exponent should be assumed in either instance).

|
|
|
1
|
|
|
NOTE 6: 1
Byte 15 may be omitted for a single-digit exponent. ’1
NOTE T:

Numbers may be terminated by one of the same terminators
used for output messages, or by another device-dependent
message.

NOTE 8:

Units are implied; volts for trigger levels, seconds for delay
times. '

4.10.2.,7 Table 4.10 presents the measurement function codes for the 1991/1992.

Table 4.10 - Measurement Function Codes

| Frequency A FA

| Frequency C (Model 1992 only) FC

1 Peried A PA

i Time Interval A—=B T1 |
; Totalize A by B TA |
! Ratio A/B RA |
! Ratio C/B (Model 1992 only) RC 1_
| Phase A rel B PH i
! Check CK !
| NOTE: |

Only the 1992 accepts FC and RC as valid commands.

4-28



Table 4.11 provides the various numerical input ranges for the 1981/1 992.

NOTE 1:

4,10,2.8
Table 4.11 - Numerical Input Ranges
Function Command Code Numerical Limits

Low High

Resolution SRS 3 10

Trigger Level SLA, SLB =51 +3.1

(x1)

Trigger Level SLA, SLB =51 +51

(x10) 9 10

Math Constant SMX, SMZ =1x10" <1x10
~-1 x 1010 <-1x107

Delay Time SDT 200108 | o038

Entered numbers will be rounded up before storage as follows:

a. Trigger level x1 to next multiple of 20 mV

b. Trigger level x10 to next multiple of 200 mV

c. Delay to next multiple of 25,6 Hs

NOTE 2:

Resolution entries are rounded down to the next integer.
Refer to Table 4.12 for related gate times and GPIB
resolution numbers.

NOTE 3:

Math econstant Z can be set to zero. However, an error
message will result if the Math function is enabled with this

value set.
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4.10.2.9 Table 4,12 provides the 1991/1392 GPIB resolution selection.

Table 4.12 - Resolution Selection - -

Number of Selected
GPIB Digits in Frequency, Period, |
Resoiution Number Ratio, and Cheek Gate Time
M S —
10 9 + Qverflow 10 s
9 9 ls
8 8 100 ms
' 7 10 ms
6 8 1 ms
S 9 1 ms
4 4 1 ms
3 3 1 ms
NOTE:

Refer to Table 3.11 as required. It shows the relationship of
gate time and display resolution in the 1991/1992,

4.10.2.10 The following tables complete the necessary GPIB commands for the
1991/1992:

Table 4.13 - Input Control Codes

B . Function 1 Code
#

_ FILTER Disable/Enable AFD/AFE
COM A Disable/Enable BCS/BCC
DC/AC Coupling A ADC/AAC
DC/AC Coupling B BDC/BAC
1 M{YS50iimpedance A AHI/ALL
1 M{/50Q impedance B BHI/BLI
Slope A tve/-ve APS/ANS
Slope B tve/-ve BPS/BNS
x10 attenuator A Disable/Enable AAD/AAE
x10 attenuator B Disable/Enable BAD/BAE
Manual/AUTO-TRIG A AMN/AAU
Manual/AUTO-TRIG B ) BMN/BAU
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Table 4.14 - Measurement Contrel Codes

Function ] ) Code

Continuous measurement mode selection
Single (One-Shot) measurement mode selection

Stop Totalize

Read current value while measurement is in
progress (i.e., next reading on the fly)

Math function Disable/Enable

Delay Disable/Enable

Reset measurement

NOTE 1:

In continuous measurement mode,

delayed until reading is complete,

NOTE 2:

measurement cycle is triggered.

NOTE 3;

T0 (See NOTE 1)
T1 (See NOTE 2)

Start Totalize or trigger a measurement (T1 mode) T2 (See NOTE 3)
T3 (See NOTE 3) -

RF (See NOTE 4)
MD/ME

DD/DE

RE

the output buffer is

updated at the end of each gate period. If the buffer is being
read out via the bus when the gate period ends, updating is

In single-measurement mode, the output buffer is cleared
every time a Tl command is received. The measurement
completed must be read, therefore, before the next

—_—— = ——— |

In making totalize measurements, T2 and T3 commands are
used with the TA command and Speecial Funetion 61. In this
mode, the readings executed in successive totalize periods
are curnulative; the RE command is used to reset the count to
zero when required.

NOTE 4:
The RF ecommand must be sent each time a reading is

required. The reading is obtained when the counter is made a
talker.
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Table 4.15 - Store and Recall Codes

Function Code
Recall unit type RUT
Store display resolution number SRS
Recall display resolution number RRS
Store A channel manual trigger level SLA (See NOTE 1)
Recall A channel manual trigger level RLA (See NOTES 1 and 2)
or peak level
Store B channel manual trigger level SLB (See NOTE 1}
Recall B channel manual trigger level RLB (See NOTES 1 and 2}
or peak level ,
Store math constant X SMX
Recall math constant X RMX
Store math constant Z SMZ
Recall math constant Z RMZ
Store arming delay value SDT
Recall arming delay value RDT
Recall special function register RSF
Recall master software issue number RMS
Recall GPIB software issue number RGS .
NOTE 1:

The manual trigger level is automatically scaled by a factor
of 10 when the x10 attenuator is switched in or out ‘of
cireuit. Ensure that the correct input attenuation is selected
before storing or recalling the trigger level.

NOTE 2:

The levels recalled by commands RLA and RLB depend upon
the enablement of Special Funetions 50, 51, and 52.

NOTE 3:
Numbers to be stored should follow the store command. The
format to be used for numerical entry is provided in Table
4.9, The limiting values for numerical entries are given in
Table 4.11.

NOTE 4:

The eounter returns to the measurement mode automatically
at the completion of a store or recall operation.

NOTE 5:

No SRQ message is generated for recalled data.
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Table 4.16 - Special Function Codes

Function

Code

Store special funetion nn

Special funetions Disabled/Enabled

NQOTE 1:

NOTE 2:

SFD/SFE
Snn

The list of special functions (SFs) is provided in Table 3.12.

Storing a special function when special functions are enabled
immediately enables that special funetion.

Table 4,17 - Service Request Codes

SRQ generation inhibited

stores.

upon errcr detection
for measurement ready
for measurement ready or error detection

for frequency standard change

for frequency standard change or error deteetion

for measurement ready or frequency standard change
for measurement ready, frequency standard change,
Y or errcr detection

Function
==____.—_____—______—-_—-—-_____—__-______,_————_-‘“‘_—_'

NOTE:

An SRQ message is not generated by data recalled from
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Tabie 4.13 - Alphabetic Lzst of Command Codes

Code Command Code Command
zﬁw
AAC A Channel, AC coupling . PA Period A
AAD A Channel, x10 attenuator PH Phase A relative to B
disabled Qn SR@ mode
AAE A Channel, x10 attenuator RA Ratio A/B
enabled RC Ratio C/B (Model 1392
AAT A Channel auto-trigger only)
ADC A Channel, DC coupling RDT Recall arming delay time
AFD A Channel filter disabled RE Reset mesasurement
AFE A Channel filter enabled RF Read total so far
AHI A Channel, 1 Mohm RGS Recall GPIB software
ALI A Channel, 50 ohms issue number
AMN A Channel manual trigger RLA Recall trigger level A or
ANS A Channel, -ve slope pesk level
APS A Channel, +ve glope RLB Recall trigger level Bor
BAC B Channel, AC coupling pesak level
BAD B Channel, x10 attenuator RMS Recall master software
disabled issue number
BAE B Channel, x10 attenuator RMX Recall math constant X
enabled RMZ Recall math constant Z
BAU B Channel auto-trigger RRS Recall display resolution
BCC A and B Channeis common RSF Recall special function
BC3 A and B Channels separate RUT Recall unit type
BDC B Channel, DC coupling Snn "~ Special function number
BHI B Channel, 1 Mchm SDT Store arming delay time
BLI B Channel, 50 chms : SFD Special function disabled
BMN B Channel manual trigger - SFE Special function enabled
BNS B Channel, -ve slope SLa Store trigger level A
BPS B Channel, +ve siope SLB Store trigger level B
CK Check SMX Store math constant X
DD Delay disabled SMZ Store math constant Z
DE Delay enabled SRS Store display resolution
FA Frequency A Tn Measurement mode or
FC Frequency C (Model 1992 oniy) start/stop reading
IP Instrument Preset TA Total Aby B
MD Math function disabled T1 Time Interval
ME Math function enabled




SECTION 5 GENERAL THEORY OF OPERATION

51 INTRODUCTION
511 This section describes the general theory of operation for the 1991 /1992,
512 The theory of operation provided is based on the simplified overall blocK

diagram shown in Figure 5.1. Key circuit blocks of the 1991/1992 are described and
supported in this section using simplified block and schematic diagrams. These diagrams
supplement the complete schematics found in Section 7 of this manual. As much as
possible, the simplified schematic and block diagrams provided here use the same
reference designators found in the complete schematies. This should facilitate cross-
referencing between this section of the manual and the schematics. '

513 Integrated circuits (Ics) in the following circuit deseriptions are
designated by circuit references provided on the supporting simplified block and
schematic diagrams, The IC designations employed in the following Key cireuit
descriptions follow those found in supplied schematics.
When an IC package contains more than one circuit, suffix letters are used to distinguish
them (e.g., ICla). Finally, when it i3 necessary to identify a specifie pin in an IC, the
reference designator, with a suffix letter if necessary, is followed by a hyphen and then
the required pin number (e.g., ICla~1).
3.2 FUNCTIONAL BLOCKS
5241 The 1991/1992 contains the following ten main functional blocks:

a.  Channel A/B block (see Subsection 5.3.1)

b. Channel C (Model 1992 only) block (see Subsection 5.3.2)

e. Measurement block (see Subsection 5.3.3)

d. Display block (see Subsection 5.3.4)

e. Keyboard block (see Subsection 5.3.5)

£. Microprocessor block (see Subsection 5.3.6)

g. Standby mnd IRQ block (see Subsection 5.3.7)

h. Power Supply bloek (see Subsection 5.3.8)

i,  Internal Frequency Standard block (see Subsection 5.3.9)

i. GPIB Interface (see Subsection 3.3.10)
522 The functional relationship between the blocks of the 1991/1992 is
illustrated in Figure 5.1. The measurement bloeck is internally configured Dy the
microprocessor according to the instructions entered via the keyboard or over the GPIB.
The signal to be measured and the signal from the frequeney standard are fed to the

measurement bloek. The measured resuit is passed to the microprocessor. [
mathematical manipulation of the result is required, this is performed by the
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microprocessor before the final output is passed to the display or system.

523 The standby and IRQ block handles
These instructions are received {rom the keyboard blo

other systems.

instructions to switch to standby.
ok and interrupt requests made by

RELAY CONTROL

CHANNEL o= o1sPLAY
a0 8LOCK
> BLACK ko= MICROPROCESSOR
8LOCK
CHANNEL C MEASUREMENT KEYBOARD
aLacx 3LoCx ENABLE 3LOCK
X
"G A A
[NTERNAL RESET [RGS m At
FREQUENCY 1OMHT
5?%?:"19 KEY 1RQ
LOCK
| DA mom
“ 10 MMz BLOCX _._.,_RiiEL—-
“EXTERNAL FREQUENCY ‘
STANCARD INPUT

GPiB
ASSY
lsTANDEY
I |GEE 488 POAT
T—-—u‘. v
POWER bese . 11.2¥
ac suPeLY
A= aLock <5V STANDEY
+8V
s

Figure 5.1 - Simplified Overall Bloek Diagram



5.3 THEORY OF OPERATION BY BLOCK

5.3.1 Chamnel A/B Bloek
5311 Functional Description
5.3.1.1.1 Channel A/B bloek processes the signals applied at the respective A/B

inputs to produce differential pairs of signals which are fed to the measurement block. A
block diagram is shown in Figure 5.2.

53.1.1.2 Each channel includes relay-controlled circuits which allow selection of
50 /1M Q input impedance, AC/DC coupling, end x1/x10 attenuation. The COM(mon) A
configuration (Channel B signal disconnected and Channel A signal connected to both
amplifiers in parallel) can be selected.

5.3.1,1.3 The channel amplifiers feature separate high frequency and low frequency
paths. The crossover frequency is nominally 5 kHz. Signal filtering can be introduced, in
Channel A only, by disconnecting the high~frequency amplifier path and increasing the
bandwidth of the low frequency path to 30 kHz nominal. The signals from the high and
low frequency paths are combined and drive a Schmitt trigger output stage.

53.1.1.4 The trigger levels for the two channels are derived independently in the
digital-to-analog converter (DAC) using data supplied from the microprocessor.
5.3.1.1.5 Control signals for the system relays are supplied from the
microprocessor.
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i

‘, “ ra | RLB ] |

' RLO 316 c

' T am  MEASLREMENT
| RLH ‘@26 -3LacK

]
I
I
! | !
1 1 1
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Figure 5.2 ~ Channel A/B Block Diagram



53.1.2 Circuit Description

5.3.1.2,1 Refer to the schematic shown in Figure 7.7. When relay RLC is
energized, the input impedance seen at SK5 (INPUT A ) is 50€2 , given by resistors R78

and R79 in parallel.

5.3.1.2.2 When energized, RLA gives DC coupling of the input signal. With RLA
deenergized, the signal is AC coupled via C65. R165 limits the current surge whieh
oceurs if DC coupling is selected while C65 is in the charged state.

5.3.1.2.3 The x1/x10 attenuator is formed by R82, R83, R87 and RLF. With RLF
deenergized, the attenuator has a series element, R82, and a shunt element formed by
R83 and R87 in parallel. The attenuation is 20 dB {nominal). With RLF energized R82 is
short-circuited, giving 0 dB attenuation.

5.3.1.2.4 The attenuator output is fed to the high-frequency channel buffer, QL5
and Q17, via R160 and C73. The gate of Q15 is protected against excessive negative
voltage swings by D5. The gain from the attenuator output to the emitter of Q17 is
approximately 0.94.

5,3.1.2.5 The buffer of the low frequency channel, IC34 and Q25, receives its input
from the potential divider R87. The gain from R87 pin 1 to the emitter of Q25 is
approximately 0.94. Any offset in the system can be nulled by adjusting R192.

5.3.1.2.6 When RLE is deenergized (Channel A filter not selected), the signals from

the two buffers are combined at the base of Q21 by the network C79 and R107. These

components act as a low-pass filter to the output of the low frequency buffer, and as a

rs'niﬁh—pass filter to the output of the high frequency buffer. The crossover frequency is
Hz,

5.3.1.2.7 The signal at Q21 emitter is fed to the Sehmitt trigger 1C36a via the diode
bridge formed by D18, D18, D20, and D21. This protects the input of IC36a by limiting
the signal swing to approximately f1V.

5.3.1.2.8 The differential output of IC36 forms the input to the measuring block.
The hysteresis of IC38, and therefore the channel sensitivity, can be set by adjusting
R149,

5.3.1.2.9 The trigger level is set by the DAC, H2, shown in Figure 7.8 and is fed to
1C34-2 via R202 and one section of R89. Feedback, taken from the emitter of Q21 to
1C34-2 via R89 pins 5 and 3, makes R89 pin 3 a virtual ground point, and the gain from
the R136/R202 junction to the emitter of Q21 is -0.94. A 1 VDC level at the Channel A
input and a 1V trigger level, therefore, combine to give 0V at Q21's emitter. Thus, the
selected trigger point on the input signal is always brought to 0V at Q21's emitter.

5.3.1.2.10 When Channel A's low-pass filter is selected, RLE is energized. This
opens the high-frequency channel circuitry and connects C87 across the low frequency
channel. The low-frequency channel bandwidth is then nominally 50 kHz.

5.3.1.2.11 The circuit of Channel B is similar to that of Channel A, but is not
provided with a low-pass filter. Energizing RLH connects the signal applied at the
Channel A input to both channel amplifiers.

5.3.1.2.12 The relays are controlled by the mieroprocessor. The voltage levels on
the control lines are latched in IC24 as shown in Figure 7.8,
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5.3.2 Channel C Block (Model 1992 Only)
53241 Functional Description

5.3.211 Refer to the block diagram given in Figure 5.3. Channel C processes the
signal applied at the Channel C input and feeds it to the measurement block.

5.3.2.1.2 Channel C's input is protected by a fuse, mounted in the input connector,
and by a signal-limiting eireuit, Next is an automatie level control circuit which reduces
the range of the signal level applied to the amplifier.

5.3.2.1.3 After amplification, the signal is prescaled by 64 before being passed via a
buffer and a signal gate to the measurement block.
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Figure 5.3 - Channel C Block Diagram
5.3.2,1.4 The amplitude of the signal at the amplifier output is monitored by a

detector and comparator. The comparator output controis the low-signal latch, If the
detector output is below the threshold, the latch is set and the channel output is inhibited
by the signal gate. When the detector output goes above the threshold, the low-signal
lateh is armed and opens the signal gate on the next signal edge from the prescaler. This
enables the instrument to make measurements on signal bursts.

5.3.2.1.5 The detector output is also applied to the continuous signal lateh. This
latch is reset at the beginning of each gate period and is set if the detector output falls
below the threshold level, The microprocessor samples the lateh output throughout the
gate period. If the measured signal falls below the threshold level during this period, the
measured result is set to zero.

53.2.1.6 If Channel C is not selected, the low-signal latch is held in reset Dy a
control signal from the microprocessor and the output to the measurement block is
inhibited. The same control signal is used to enable Channel A so that the two channels
cannot be enabled at the same time.
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5.3.2.2 Circuit Description

53.2.2.1 Refer to the schematic shown in Figure 7.5, The signal to be measured is
connected via SK13 (INPUT C). The ecircuit is protected by a fuse which is mounted
within SK13. The signal amplitude is limited by the diode clamp comprised of D8, D9,
D10, and D1l. .

5.3.2.2.2 A degree of automatic gain control is achieved by means of an attenuator,
formed by R6 and the impedance of the PIN diodes D2 and D7. The peak-to-peak
deteector D1, D3, R7, and C48 produces a negative voltage proportional to the signal
amplitude. A direet current proportional to this voltage flows through the PIN diodes via
Ll. The impedance of the diodes decreases if the current increases so that changes in
signal amplitude are offset by ehanges in attenuation.

5.3.2.2.3 The signal passes through four amplifier stages incorporating Q1, Q2, Q3,
and Q4. The amplified signal is fed to the counter IC3 via the shaping cireuit formed Dy
R37, C46, and R36.

5,3.2.2.4 The signal frequency is prescaled by 64 in 1C3 and buffered in IC2a.
Provided that Channel C is selected and the amplitude of the signal is adequate, the
output at IC2a-2 passes to the measurement bloek via the gate IC2b and SK7 pin 5.

5.3.2.2.5 The signal at the output of Q4 is fed to the low-signal detector D5 and
C23. The comparator IClb compares the detector output with a threshold voltage set by
R27. The comparator output is at logic 1 if the detector output is below the threshold
(Channel C's signal amplitude too low for accurate counting).

5.3.2.2.6 The logic level at the comparator output is inverted in IC1-A and is fed
via SK7 pin 14 to the D input (pin 10) of the low-signal latch IC4lb shown in Figure 7.8,
1C41b is clocked by the output of IC2-A via SK7 pin 8. If the signal from Q4 is below the
threshold, IC41b-14 goes to logic 1. This level is fed back via SK7 pin 7 to disable the
gate IC2-B and inhibit the output to the measurement bloek.

5.3.2.2.7 The GATE signal enters the system at SK7 pin 17 and is inverted in
IC1-C. The resulting signal and the output of the comparator IC1-B are fed to IC4-A. If
both inputs are at a logic 1, indicating that the Channel C signal level is toc low while
the gate is open, the continuous signal lateh IC4-C and IC4-D is set. The latch output is
fed to the microprocessor via SK7 pin 11 and prevents the result of any measurement
made during that gate periocd from being displayed.

5.3.2.2.8 The U signal at SK7 pin 16 is at a logie 1 when Channel C is selected. A
buffered version of this signal is fed to SKT pin 1 via IC2-C and disables Channel A at
IC4la shown in Figure 7.8. When Channel C is not selected, SK7 pin 16 is at logic U.
This level is inverted and buffered in IC4-B and IC1-D, and is then fed to IC41b via SK7
pin 13, ICA4lb is held in reset, inhibiting the Channel C signal at 1C2-B via SKT7 pin 7.

533 Measurement Block
5331 Functional Description
5.3.3.1.1 The measurement circuits of the instrument are provided by three

custom-built integrated circuits. These are the two Multiple Counter and Control (MCC)
circuits, MCC1l and MCCZ2, and the Timing Error Correction (TEC) circuit. A bloek
diagram is shown in Figure 5.4,
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5.3.3.1.2

The circuits within MCC1 and MCC2 are configured by the microprocessor

according to the measurement function selected. The recipromatie counting technique is

used.

With this technique the measured signal, not the counter clock pulses, controls the

start and stop of the measurement period (gate time) as shown in Figure 5.5. The gate

time, therefore,

extends over an integral number of cyecles of the measured waveform.

The gate time is measured by counting the clock pulses which occur while the gate is

open. This leads to timing errors at both ends of the gate time,

as shown,

The TEC

cireuit enhances the measurement aceuracy by compensating for these errors.

5.3.3.1.3
to be measured are fed directly to MCC2. For
signal is sealed by two and fed to the

For all measurement funetions except FREQ A and PERIOD 4, the signals
FREQ A and PERIOD A, the Channel A
C input of MCC2. When FREQ C is selected, the

prescaler is disabled by the CHANNEL A INHIBIT signal from the Channel C block.
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5.3.3.1.4 At the end of each measurement period, MCC1 generates an interrupt
request for- the microprocessor. The registers within MCC1 are addressed using the’
address bus and the MCC SELECT line. The measured value is transferred to the
microprocessor via the multiplexed bus.

5.3.3.15 The internal and external frequency standard inputs are both fed to
MCC2. The system will operate from the external standard provided that the input is of
sufficient amplitude. A 10 MHz output, derived from the frequency standard in use, is
made available at a socket on the rear panel.

5332 Circuit Description
5.3.3.2.1 Refer the the schematic shown in Figure 7.8.
5.3.3.22 Measured Signal Input

5,3.3.2.2.1 For all measurement functions other than FREQ A and PERIOD A, the
differential outputs from Channel A and Channel B are applied to the measuring circuit
at 1C39-15, 16, 17 and 18. For the FREQ A and PERIOD A functions, the A signal
frequency is divided by two in iC4la and fed to IC39-19,

5.3.3.2.2.2 For the FREQ C and RATIO C/B functions, the C signal is fed to
1C39-19. For these functions IC4la-5 is held at logiec 1 by the PST1 control line
(CHANNEL A INHIBIT) from the Channel C block. As a result, IC41a is held in set and
the A signal is inhibited from reaching IC39-19,
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5.3.32.3 " Reference Frequency

53.3.2.3.1 The internal reference signal is applied to 1C39-2 and the external
reference signal, if present, to 1C39-3. A buffered version of the external reference is

present at 1C39-24 and is applied to the detector D26, C96, and R129. The detector
output is fed to 1C23-6 and is read periodically by the microprocessor. If the level is
above the TTL logic 1 threshold, the microprocessor sets 1C39-38 to logic 0 and the
measurement block switches to use the external reference,

5.3.323.2 A 10 MHz signal, derived from the frequency standard, is present at IC39-
37 and is fed to the 10 MHz STD OUTPUT socket on the rear panel via PL19 pin 2.

2.3.3.2.3.3 A 10 MHz reference signal, derived from the frequency standard, is
present at 1C39-36. This signal is applied to the TEC, Hl, at pin 6, and, after inversion in
1C29%e, to IC18-24.

53324 Microprocessor Clock and Timer

5.3.3.2.4.1 A 5 MHz clock signal for the microprocessor (and the GPIB
microprocessor if installed) is taken from IC18-2, A 39.0625 kHz cloek signal for the
mieroprocessor timer is taken from 1C18-4,

53325 Channel C Gate and Reset

5.3.3.2.5.1 A GATE signal (logie 0 during the measurement period) and a RESET
signal (negative—going pulse at the end of each measurement period) are taken from
1C39-27 and IC18-40 and fed to the Channel C block via PL7 pins 17 and 135.

533.2.6 External Arming Input

5.3.3.2.6.1 Signals connected to the EXT ARM INPUT socket on the rear panel are
fed to 1C18-27 via PL19 pin 1 and the amplifier stage Q5.

5.3.3.2.7 Control Signals

5.3.3.2.7.1 The logic levels on lines Q0 to Q4, between 1C18 and IC39 are shown in
Table 5.1. These levels are stable if the following conditions exist:

a, No signals are applied to any of the channel inputs

b. Auto-trigger is disabled on Channels A and B



Table 5.1 - Control Logic Levels by Function

Measurement Contrel Line
Function: Q0 Qi R2 Q3 Q4
FREQ A 1 1 0 1 t]
PERIOD A i 1 0 i 0
FREQ B 1 0 0 1 0
PERIOD B 1 Q0 0 1 0
FREQ C 1 1 0 1 0
T.I. A=B 0 0 1 1 0
T.J. B+~A 0 0 0 1 0
TOTAL Aby B 1 0 0 i 1
TOTAL Bby A 1 0 1 1 1
RATIO C/B 1 1 0 1 1
RATIO A/B 1 0 1 1 1
Special Funection 72 1 1 1 0 1
Special Funetion 73 1 1 1 0 0
Special Funection 74 1 1 1 0 i
Special Function 75 1 1 1 0 0
NOTES:
a. The FREQ B, PERIOD B, TOTAL B by 4, and
T.L. B~A functions are cbtained using Special
Function 21.
b. Special Functions 72 to 75 can only be used
when CHECK is selected.

534 : Display Biock
5341 Functional Deseription
53.4.1.1 A simplified diagram of the display block is given in Figure 5.6, The GPIB

LEDs, GATE LED, Channels A and B TRIGGER LEDs, and the STANDBY LED are held on
or off by control signals from other systems. The remainder of the display is multiplexed
under the contrel of the display drivers.

5.3.4.1.2 To update the display, the mieroprocessor selects the appropriate display
driver using the MODE 1 and MODE 2 control lines. A string of nine 8-bit words {a
control word and eight data words) is then put onto the bus. Each word is entered into a
memory within the display driver under the control of the STROBE signal.

5.3.4.13 The display driver then sequentially puts the data words onto its output

bus. For each data word, the appropriate numeric indicator or group of LEDs is enabled
by a signal on its control line.
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5342 Cireuit Deseription
53421 The schematic is shown in Figure 7.3. The GPIB LEDs LP3, LP4, and LP5

are driven via SK! from the GPIB system. The GATE LED LP7 is driven from the
measurement block via a driver stage, shown in Figure 7.9, and SK2 pin 11, The TRIG
LEDs LP39 and LP40 are driven from the Channel A/B block via driver stages, shown in
Figure 7.9, and SK2 pins 7 and 3. The STANDBY LED LP1 is driven via SK1 pin 8 from
the standby and interrupt block. The remaining LED indicators and the numeric
indieators DI5 and DI6 are controlled by the display driver IC3. Numeric indicators DI
to DI4 are controlled by IC4.

5.3.4.2.2 Display data is stored in memory within IC3 and IC4. To change the data,
the microprocessor puts a control word on the port B bus, The mieroprocessor writes this
word into the display driver by means of a negative pulse applied to the DISPLAY
STROBE line at SK1 pin 4. The control word determines the operating mode of the
display drivers.

5.3.4.23 The microprocessor then selects the display driver required by setting a
logic 0 on the appropriate MODE line at SK1 pin 3 or 6, Eight words containing display
data are written into the selected display driver via the port B bus, controlled by eight
negative-going pulses on the DISPLAY STROBE line.
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5,3.4.2.4 The output of each display driver is multiplexed under the control of an
internal clock. Eight-bit display data (for seven segments + decimal point or eight LED
indicators) are put onto the device output bus (pins 1 to 4 and 24 to 27}. A positive pulse
is then applied to the enablement line of the device or group of indicators which is to
display the data, The enablement line waveforms consist of 500 Hs positive-going pulses
at approximately 250 pps.

5.3.5 Keyboard Block
5.3.5.1 Functional Desecription
53.5.11 A simplified diagram of the keyboard block is given in Figure 3.7, The

encoding of the keyboard data is performed within the system without mieroprocessor
action. An interrupt request (IRQ) is made to the microprocessor when encoding is
complete. Data transfer is initiated by the KEYBOARD ENABLE signal from the

mieroprocessor.

5.3.5.1.2 The 32 keys are divided into two 16-key matrices. When a key is pressed,
its position is encoded into a 5-bit word. One bit, carried on the KEYBOARD EXTEND
line, indicates the matrix in which the key is located. The remaining bits indicate the
position of the key within the matrix.

5.3.5.1.3 When a key is pressed, the encoder examines both matrices simultaneously
and generates a 4-bit code representing the key position. The same four bits are
generated regardless of the matrix in which the Key is located.

5.3.5.1.4 If the key pressed is in the extended key matrix, one of the inputs to the
NAND gate is pulied low. The KEYBOARD EXTEND line is then set to logie 0. If the
key is in the non-extended matrix, the inputs to the NAND gate are isolated from the key
line by one of the diodes and the KEYBOARD EXTEND line remains at logic 1.
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5.3.5.2 Circuit Description
5.3.5.2.1 The schematic is given in Figure 7.3. The keys are divided into two

16-key matrices having common row lines connected to the encoder at 1C2-7, 8, 10, and
11. The matrices have separate column lines connected in pairs to IC2-1, 2, 3, and 4.

5.3.5.2.2 The encoder normally holds the row lines at logic 0. When a key is.
pressed. the corresponding column line is pulled to logie 0. The encoder then scans the
keyboard and stores a 4-bit code, corresponding to the row and column of the key, in an
internal register. Because the column lines are connected to the encoder in pairs, it
cannot find which matrix contains the key.

5.3.5.2.3 The KEYBOARD EXTEND line indicates which matrix contains the key
that is pressed. The inputs to IC1lb are normally held at logie 1 so that SK2 pin 9 is at
logic 1. If a kKey in the extended matrix (ecolumn lines eonnected directly to the inputs of
IC1b) is pressed, one input of IClb is pulled to logic 0 and SK2 pin 9 will go to logic 0.
The eolumn lines of the other matrix are isolated from the inputs of IC1b by D6, D7, DS,
and D10, so that the logic level at SK2 pin 9 is not changed when a Key in this matrix is

pressed.



5.3.5.2.4 When the key-position code has been stored, the encoder sets the
KEYBOARD DATA READY line, at SK2 pin 4, to logic 1 giving a microprocessor
interrupt. The microprocessor sets IC2-13 to logic 0 using the KEYBOARD ENABLE
line, and the encocder puts the 4-bit code onto the bus. The microprocessor reads the
code and the state of the KEYBOARD EXTEND line to determine which key has been
pressed.

5.3.6 Microprocessor Block
5.3.6.1 Functional Description
5.3.6.1.1 A simplified diagram of the microprocessor block is given in Figure 5.8.

The microprocessor used has a 5-bit bus for the high-order address bits and an 8-bit
multiplexed bus which is used for the low-order address bits and for data. The low-order
address bits are strobed into the address lateh, which holds them on an 8-bit address bus,
to free the multiplexed bus for data.

5.3.6,1.2 Two latches, fed from port B of the microprocessor, are used to maintain
voltage levels on the instrument control lines. A third lateh is used to read the status of
the instrument flags via port B. The latches and registers for the eonnection of the
multiplexed bus to the measurement system are in the measurement block, and are
controlled by the MCC SELECT signal. The display data latches are in the display block,
and are controlled by strobe and chip select signals obtained from port A,
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5.3.6.2 Cireuit Deseription

5.3.6.2.1 The schematic is given in Figure 7.8. The microprocessor elock and timer
signals are generated in the measurement bloek and are fed to IC18-38 and IC19-37. A
RESET signal is generated in the standby and IRQ block when the instrument is switched
on or off and is fed to IC19-1.

5.3.6.2.2 The microprocessor bus for the high-order address bits is designated A8 to
Al2. The multiplexed bus, used for the low-order address bits and for data is designated
BO to B7. The microprocessor also has two input/output ports PAO to PAT and PBO to
PBT. ,

5.3.6.2.3 Multiplexed Bus Operation

5.3.6.2.3.1 The microprocessor puts IC19-6 (ADDRESS STROBE) at logic 1 and
(DATA STROBE) at logic 0. This enables the address latch IC20 (1C20-11 at logic 1),
disables ROM IC22 (1C22-20 at logic 1), and disables the address decoder 1IC21 (IC21-6) at
logic 0).

5.3.6.2.3.2 This address is put onto lines B0 to B7 and A8 to Al2. When the lines have
settled, the ADDRESS STROBE line is taken to logic 0. The low-order bits of the address
are latched into IC20 and are held on address lines A0 to A7. Lines B0 to B7 are now
free for use as a data bus.

5.3.6.2.4 Address Decoding

5.36.2.4.1 The levels on address lines A6 to Al12 are decoded in IC21 to provide the
following outputs:

a. MCC SEL, the chip-select signal for IC18

b. GPIB SEL, the chip-select for the GPIB address decoder

e. WR, the write control signal for H2

d. Y8, the chip select signal for output lateh IC25

e. Y7, the chip select signal for output latch IC24
5.3.6.2.4.2 These outputs are only available when 1C21 is enabled by a logie 1 at
1C21-6 and a logic 0 at IC21-4,5. The level at IC21-6 is set by the DATA STROBE output
at 1C19-4, which is at logie 1 when the multiplexed bus is available for data transfer. Al
outputs from [C21 are decoded from addresses with lines A9 to Al2 at logic 0 when IC21-
4, 5 are held at logic 0 by the output from 1C27a, b, and d.
5.3.6.2.5 Input and Output Latches
5,3.6,25.1 The logic levels required on the instrument control lines and on the PAGE
line (most significant bit of RAM address) are set into the output latches IC24 and IC23
from data port B of the microprocessor. The latch strobe signals are decoded in IC21.

Data may be read by the microprocessor from the input lateh IC23. The latch strobe
signal is provided via data port A of the microprocessor.
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5.3.7
53.7.1

5.3.7.1.1

Standby and IRQ Block

Functional Description

This block generates reset signals for the microprocessor and GPIB

interface, and the standby switching signal for the power supply system. It also combines
the IRQ signals from the GPIB interface, the measurement block, and the keyboard block
for connection to the microprocessor. A block diagram is given in Figure 5.9,

53.7.1.2

Reset signals for the microprocessor and the GPIB interface are generated

whenever power is applied to or removed from the instrument's power supply system.

5.3.7.1.3

On switching to standby, the standby signal from the keyboﬁrd block sets

the standby IRQ latch, The latch outputs provide the standby IRQ and a standby flag for
the microprocessor. The standby IRQ output also elocks the standby ON/OFF lateh to

the set state.

This provides signals to switeh the power supply to standby, light the

STANDBY LED, and disable IC30b, thereby inhibiting the other IRQs. At the end of the
microprocessor interrupt routine, the standby IRQ latch is reset, removing the standby
IRQ. The state of the standby ON/OFF latch is not changed.
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Figure 5.9 - Standby and IRQ Block Diagram
53.71.4 while the instrument is in standby, the input to IC32b is held low and the’

IRQ input to the microprocessor is held high via D28, This inhibits all IRQs. The output
from 1C32b also holds the GPIB interface in reset via Q29¢c.

9-16



5.3.7.1.5 On return from standby, the standby IRQ lateh is again set by the standby
signal from the keyboard block. The standby ON/OFF latch is clocked to the reset state,
the power supply is returned to normal operation, and IC30b is enabled. The input to
IC32b rises ag Cl121 charges, removing the reset signal from the GPIB interface and
enabling the mieroprocessor IRQ input. The microprocessor is now able to accept the
IRQ from IC30a. At the end of the restart sequence, the standby IRQ lateh is reset.

5,3.7.1.6 When the encoder in the keyboard system has data ready to be read by the
microprocessor, the keyboard IRQ latch is clocked via the KEYBOARD DATA READY
line. The latch outputs provide the keyboard IRQ and a Keyboard IRQ flag. Once the
keyboard has been identified as the source of the interrupt, the lateh is reset Dy the
mieroprocessor.

5.3.72 Circuit Description
53.7.2.1 The schematic is shown in Figure 7.8,
5.3.7.22 Reset Circuit

5.3.7.2.2.1 The RESET signal is generated in the circuit containing Q27, Q29a, d, and
e, and C125, When the instrument is switehed on, the input to IC32f is held low until
C125 charges through R215, Q29a, and R216. The output at IC32f-12 goes to logie 1
when power is applied, but drops to logie 0 after approximately 500 ms. This cutput is
inverted by IC32e to provide the microprocessor reset and by Q29¢ to provide the GPIB
reset,

. 5.3.7.2.22 If there is a reduction in the +5V STANDBY supply, due to the instrument

being switched off or to power failure, the potential across R217 falls. The potential at
Q27 emitter is maintained by the charge in C125, so Q27 conduets. The current in R218
makes the base of @29d positive, so the transistor conduets and holds the base of Q27 low
until C125 is completely discharged. This ensures that a good reset action is obtained,
even if the power is quickly restored.

53.72.3 Standby Operation

5.3.7.2.3.1 On switching to standby, PL1 pin 14 is taken to 0V by the STANDBY Kkey.
Debouncing is provided by R138 and C126. The leading edge of the signal is sharpened in
IC32e, C118, R151, and IC324, and sets the standby IRQ lateh 1C30¢, d.

5.3.7.2.3.2 The negative-going output from IC30c-10 is passed via IC30a, IC3Za, and
R152 to IC19-2 to provide a microprocessor interrupt. The positive-going output from
1C30d-11 forms the standby IRQ flag (read.by the microprocessor via IC23 during the
interrupt routine) and clocks the standby latech IC26b to the set state.

5.3,7.2.3.3 The logic 0 level at 1C26b-8 switches on Q13 and provides power for the
STANDBY LED via PL1 pin 8. The same output is applied to 1C30b-5 and disables the
other interrupts which are connected to 1C30b-6,

5.3.7.2.3.4 The logic 1 level at IC26b-9 shuts down the power supplies except the +5V
STANDBY supply.
5.3.7.2.3.5 At the end of the interrupt routine, the microprocessor resets the standby

IRQ latch by applying logic 1 to 1C30e-8 from IC19-7,
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5.3.72.3.6 On return from standby, the standby IRQ latch is again set. This provides
a microprocessor interrupt and sets the standby IRQ flag as before. The positive-going
output from IC30d-11 clocks the standby latch back to the reset state, so that the
STANDBY LED is turned off and the power supplies are restored. The mieroprocessor
resets the standby IRQ lateh at the end of the interrupt routine.

5.3.724 The IRQ Circuits

53.7.2.4.1 The KEYBOARD DATA READY line at PL2 pin 4 goes to logic 1 when the
keyboard encoder has data available, This clocks IC26a to the set state to provide a
keyboard IRQ flag at IC23-11 and an interrupt signal at 1C28b-9, Interrupts from the
measurement system (MCC IRQ) and the GPIB interface {(GPIBIRQ) are connected to
1C28b-12 and 1C28b-10, 13.

5.3.7.2.4.2 If any of these interrupts occur, IC28b-8 and IC30b-6 will go to logic 1.
Provided the standby lateh IC26b is not set, IC30b-5 will be at logic 1 and the interrupt
signal passes via IC30a and IC32a to IC19-2,

5.3.7.2.4.3 When the instrument is switched into or out of the standby state, the
standby IRQ lateh IC30e; d is set. The standby IRQ from 1C30¢-10 is fed to IC19-2 via
IC30a and 1C32a.

53.72.4.4 The circuit comprising R220, C121, I1C32b, and D28 disables the
microprocessor interrupt input and holds the GPIB microprocessor reset line low (via
Q29¢), while the +5V power supply to R220 is switched off. On return from standby,
C121 charges and IC32b—4 goes to logic 0. The microprocessor interrupt input is enabled
and the GPIB microprocessor is reset. The delay in enabling the interrupts prevents the
standby IRQ, which oeccurs on return from standby, from being acted upon before the
power supplies are fully restored.

5.3.8 Power Supply Bloek
5.3.81 Functional Description
2.3.8.11 A simplified diagram of the power supply bloek is given in Figure 5.10.

The AC supply enters at a plug mounted on the rear panel and passes via a fuse and RFI
filter, mounted on the motherboard, to the line switeh,

5,3.8.1.2 The switched supply is connected to the primary winding of the power
transformer via the operating-voltage range selector. The voltage range selector is a
small plug-in printed circuit board which is positioned according to the desired line
voltage.

5.3.8.1.3 The transformer has a tapped secondary winding which supplies two bridge
rectifiers. The smoothed but unregulated outputs from the rectifiers feed regulators
providing +11.2V, -11.2V, +5V, +3V and -5.2V. The -5.2V regulator and one of the +3V
regulators, which supply most of the instrument's cireuits, are shut down by a signal from
the mieroprocessor when the instrument is switched to standby.
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Figure 5.10 - Power-Supply-Block Diagram
5.3.8.2 Circuit Description

5.3.8.2.1 The schematic is shown in Figure 7.9. AC power connected at the power
input plug passes via fuse FS1 and the RF filter, formed by L1, L2, C46, C47, and C48, to
the POWER switeh S1b, The switched supply is connected to the primary windings of
transformer T1 via the tracks of a printed eireuit board which is inserted in SK8.

5,3.8.2.2 The secondary windings of transformer T1 supply the +5V rectifier D11,
C49 and C50, and the #11V rectifier D12, C52, and C59.

53.8.2.3 Regulated supplies at +11.2V are provided by the regulators IC3 and IC4.
The common terminals of these regulators are held at approximately -0.7V and +0.,7V by
diodes D13 and D14.

5.3.8.2.4 Regulated supplies at +5V are provided by two discrete component
regulators having series elements Q8 and Ql12. The non-inverting inputs to the
comparators IC31a and IC3le are connected to a +2.5V reference voltage, derived in the
hybrid eircuit H2 shown in Figure 7.8. Potential dividers formed by elements of R49 hold
each inverting input at half the output voitage of the associated regulator.

5,3.8.2.5 A regulated supply at -5.2V is provided by a diserete component regulator
heving Q6 as its series element. The comparator inputs are held at approximately 0V,
The potential divider controlling the inverting input is connected across the +5V and
-3.2V supplies.
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5.3.8.2.6 Standby Mode

5.3.8.2.6.1 When the instrument is switched to standby, the standby latch IC26D
(see Figure 7.8) is clocked to the set state. The base of Q11 is pulled high and IC31a-3 is
puiled low. The base of Q9 is pulled low by IC31a, the base current of Q8 is cut off, and
the regulator is shut down. When the voltage of the +5V supply falls, IC31b-6 goes more
negative. The base of Q7 is taken towards 0V by IC31b so that the base current of Q6 is
cut off and the -5.2V regulator is shut down.

53.9 Internal Frequency Standard Block
5.3.91 Functional Deseription
5.3.9.1.1 The internal frequency standard consists of a 5 MHz oscillator and a

frequency doubler. A block diagram of the internal frequency standard is shown in
Figure 5.11,
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Figure 5.11 - Internal Frequency Standard Block Diagram

5.3.9.1.2 The 10 MHz signal is passed to the measurement block via a buffer (1c2)

on the motherboard.

5.3.9.1.3 Signals from an external frequency standard are applied to a signal

conditioning eircuit on the motherboard. If a 10 MHz external frequency standard is
used, the output of this eircuit is connected directly to the measurement cireuitry.

5.3.9.2 Cireuit Deseription

53.9.21 Frequency Doubler

5.3.9.21.1 The schematic of the frequency doubler, used with the internal frequency
standard is given in Figure 7.18. The 5 MHz input is applied to the balanced amplifier
containing Q1 and Q2. The base of Q3 is driven by the differential outputs from the
amplifier via D1 and D2 so that the frequency here is 10 MHz. -

5.3.9.2.1.2 The 10 MHz signal is amplified and filtered in the two stages containing
Q3 and Q5, and fed to pin 3 via buffer Q6.
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5.3,9.2.1.3 The output signal is fed back via C6 to switch Q4 on during the positive
peaks of the signal. The gain of Q5 is controlled by the potential across C3 which
charges via R12 and discharges via Q4. If the output signal increases, the time for which
Q4 conducts increases so that the mean potential across C3 decreases. The resulting
decrease in gain of Q5 provides automatic level control.

5.3.9.2.2 Internal Frequency Standard Buffer

5.3.9.2.2.1 The buffer cireuit is shown in Figure 7.9. The 10 MHz input at PL14 pin 4
is shaped and buffered in IC2a, IC2b, and IC2c before being fed to the measurement
block at 1C39-2. The inverting inputs of IC2 are connected to the bias voltage at 1C2-11,

5.3.923 External Frequency Standard Buffer

5.3.8.2.3.1 The buffer circuit is shown in Figure 7.9. The signal connected to the
EXT. STD. INPUT socket on the rear panel is fed to PL20 pin 4. Protection against
excessive signal amplitude is provided by D6, D7, and R32.

5.3.9.2.3.2 The buffer comprises IC14a, IC14b, and ICl4c. The inverting inputs are
connected to the bias voltage at ICl4-11, The final stage has feedback connected via
R11 to give a Schmitt trigger action.

53.9.2.3.3 Link LK1 is fitted between pins 8 and 9 of the PL16 to connect the
differential output of the final stage to the measurement block at 1C39-3.

5.3.10 GPIB Interface
53101 Introduction .
53,1011 The GPIB interface is a self-contained, microprocessor-controlled

system. It handles the transfer of data between its internal memory and the GPIB
without involving the main instrument's microprocessor. Data transfer is made one byte
at a time, each transfer being controlled by the IEEE-488 handshake protocol. Refer to
the sechematic in Figure 7.12.

5.3.10.1.2 The microprocessor RESET signal is derived from the standby and IRQ
bloek. The elock signal is derived from MCCL, IC18, shown in Figure 7.8,

5.3.10.1.3 The mieroprocessor uses a multiplexed bus, the eight low-order bits being
used for both address and data. The low-order address bits are put onto the bus first and
are latched into IC11 by the address strobe. The bus is then free for data use.

5.3.10,1.4 Data transfer between the microprocessors is initiated by an interrupt and
is controlled by a 3-wire handshake protocol. The transfer is in the form of a data string,
the number of bytes in the string being indicated by the first byte.

5.3.10.2 Address Setting and Recognition

5,3.10.2.1 The microprocessor reads the settings of the address switches in
switchbank S1, via its port B inputs, approximately every 1 ms and writes the settings
into an address register within the general purpose interface adapter (GPIA) IC12.
5,3,10.2.2 When the interface address is set on the bus by the controller, it is
recognized by the GPIA by comparison with the contents of the internal address register.
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53103 Reading from the Bus

5.3.10.3.1 When the interface is addressed to listen, the GPIA conduects the
handshake procedure up to the point where the ready for data (RFD) indication is given.
At this point 1C12-27 is at logic 0, giving a logic 1 level at IC18-11, This puts three of
the bilateral switches of IC13 into the condueting state, thus completing the RFD line.
The logic 0 at IC12-27 also puts the suffers in IC14 and IC15 into the receive condition.
Data from the bus enters the GPIA data-in register and IC12-40 goes to logic 0 providing
an interrupt request to the microprocessor IC9.

5.3.10,3.2 The microprocessor interrupt routine establishes the reason for the
interrupt. The address decoder IC8 is enabled via IC27-15, 1C26-8, and A7. The decoder
is addressed using lines GA4, 5, and 6, and gives the GPIA enable signal at 1C8-15. The
data-in register of the GPIA is addressed using the R/W line and lines A0, 1, and 2. The
microprocessor then reads the contents of the data-in register and transfers the data to

memory.

5.3.10.3.3 When the data-in register has been read, the GPIA cancels the interrupt
request and allows the data accepted (DAC) line to go high. The handshake routine then
continues, and a further byte, if available is loaded into the data-in register. The
interrupt and data transfer sequence is then repeated.

53104 Writing to the Bus

5.3.104.1 When the GPIA is addressed to talk, its internal data-out register will
normally be empty. Under these conditions I1C12-40 goes to logic 0 and provides an

interrupt request to the microprocessor.

5.3.10.4.2 IC17B is in the reset state, giving a logic 1 at IC18-12. Sinee IC12-27 is
at logic 1 when the GPIA is addressed to talk, IC18-13 is also at logic 1. The resulting
logic 0 at IC18-11 opens three eircuits of bilateral switches in IC13 to break the RFD
line. The fourth bilateral switch conduets, due to the logic 1 at [C18-10, and holds
IC12-18 at 0V. Even if the listening device asserts that it is ready for data, IC12 will not
attempt to load the contents of the data-out register onto the bus.

5,3.10.4.3 The microprocessor interrupt routine establishes the reason for the
interrupt. The microprocessor then enables the address decoder, IC8, via 1C27-13,
1C26-8, and A7. The decoder is addressed using lines GA4, 5, and 6, and gives the GPIA
enable signal at IC8-15. The data-out register of the GPIA is addressed using the R/W
line and lines GAO, 1 and 2, and a data byte is written into the register. The GPIA then
cancels the interrupt request.

5.3.10.44 Following the data transfer, the mieroprocessor sets [C17B, using line
PB7, to give a logie 0 at IC18-12. This gives a logic 1 at IC18-11, which enables three
bilateral switches in IC13 and connects the RFD line, The fourth switeh in IC13 is
disabled, thereby releasing 1C12-18 from 0V. When the listening device asserts that it is
ready for data, the GPIA loads the contents of the data-out register onto the bus and
continues with the handshake routine.

5.3.10.4.5 When the data-out register has been read, the GPIA generates a further
interrupt request. The microprocessor resets IC17B, using line PB6, giving & logic 1 at
IC18-12 so that the RFD line is again broken at 1C13. The data transfer and data
transmission sequence is then repeated.
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5.3.10.5 Serial Poll

5.3.10.5.1 The status byte register of the GPIA is normally updated approximately
every 1 ms by the microprocessor. When the interface is addressed to talk following the
receipt of the serial poll enable (SPE) message, the GPIA puts the status byte onto the
bus without further action by the microprocesseor.

5.3.10.5.2 When the serial poll is completed, the controller sends the serial poll
disable (SPD) message, which is detected by IC28, IC7, IC18, and IC19, The resulting
logic 1 at IC17B-3 elocks IC17B to the reset condition, and gives a logic 1 at IC18-12.

5.3.10.86 Data Transfer Between Microprocessors

5.3.10.6.1 Data transfer between microprocessors is made using the multiplexed data
bus on both devices. Connections between the buses is made by means of a D-type lateh,
IC1 or IC2, depending on the direction of data transfer. All data transfers are initiated
by the sending device. The first byte indicates the number of bytes to be transferred.

5.3.10.6.2 For data transfer to the GPIB microprocessor, the instrument's
microprocessor sets SK1 pin 22 (GPIBIRQ) low. This provides an interrupt request (IRQ)
to the GPIB microprocessor via IC4. As part of the interrupt routine, IC8 is enabled and
addressed to give an enabling signal for IC5A. The microprocessor reads the IRQ flag via
IC5A and data bus line 7 to establish that the IRQ is from the instrument and not the

GPIA,

5,3,10.6.3 The GPIB microprocessor prepares to receive data, and then enables and
addresses IC8 to give a signal which elocks IC16B via IC20-6. The level set on line U of
the data bus is transferred to IC16B-5, and forms the ready for data (RFD) signal to the
instrument's miceroprocessor,

5.3.10,6.4 The instrument's microprocessor enables and addresses IC3 to give an
enabling signal to IC5B, reads the RFD signal, puts the first data byte on the bus, and
readdresses IC3 to give a clock signal which latches the data into IC1, It then addresses
IC3 to give & clock signal for IC16A, so that the logic level set at IC16A-12. s
transferred to IC16A-19 to form the data valid (DAV) signal to the GPIB mieroprocessor.

5.3.10.6.5 The GPIB microprocessor addresses IC8 to give a signal to enable IC5A,
and reads the DAV signal via data bus line 6, It then cancels its RFD signal, addresses
IC8 to give an output enable signal for IC1 (via 1C20-8) and reads the data. A data
accepted (DAC) signal is sent via IC2 and the RFD signal is reset. The instrument's
microprocessor responds by cancelling its DAV signal and entering the next data byte
into IC1. Data transfer continues in this manner until the required number of bytes have
been received.

5.3,10.6.6 Data transfer from the GPIB microprocessor to the instrument's
mieroprocessor follows & similar pattern. The IRQ signal is passed from port A line 0 via
IC18 and IC4. The IRQ flag is read by the instrument's microprocessor during its
interrupt routine, via IC5B {enabled by an output from IC3). The IRQ signal is cancelled
by the instrument's microprocessor setting data bus line 0 to logic 0 and then addressing
IC3 to clock IC17TA. The resulting logic 0 at IC17B-9 disables IC18-4,

5.3.10.6,7 During data transfer from the GPIB interface to the instrument, the RFD

signal is passed via IC16A and IC5A, the DAV signal via IC16B and IC5B, the DAC signal
via IC1, and the data via IC2.
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SECTION 6 MAINTENANCE

6.1 INTRODUCTION
6.1.1 This section is written in eight parts including the following:
a. PVP/Calibration Inspection Intervals
b. Required Test Equipment
c. Dismantling and Reassembly
d. Special Functions for Diagnostie Purposes
e. Troubleshooting

f. Post-Repair Setup (or after the instrument fails the overall
performance verification procedure)

g. Internal Frequeney Standard - routine calibration
h. Overall Performance Verification Procedure

6.1.2 The Performance Verification Procedures (PVPs) provided in this section are
used for (1) receiving inspection/acceptance, (2) periodic determination of the need for
recalibration, (3) upon failure of a routine specification check, and (4) after repair of
unit. Verify the basie operation of the counter before starting these procedures oy
completing the rapid functional check found in Subsection 2.6.

6.1.3 Satisfactory completion of these performance tests will confirm the
counter's operation by measurement function. Complete the performance tests in the
order given,

6.1.4 The following conditions must be maintained during these tests:
a. The counter must be operated from an AC supply

b. The line voltage must be within +10% of the indicated value of the line
voltage selector

c. The ambient temperature must be 23°C #2°C excgpt at receiving
inspection/acceptance when a requirement of 23°C +5° C is acceptable

d. The power supply to the internal frequency standard must remain
uninterrupted. (This does not apply if the counter is locked to an
external frequency standard.)

6.1.5 Warm up the counter for one hour (switched to standby if necessary) before
beginning these procedures.



6.2 PVP/CALIBRATION INSPECTION INTERVALS
621 PVP Interval

6.2.1.1 First, refer to Subsection 6.1.2 and review those situations when PVPs should
be performed. Periodic PVPs should be carried out, however, at least once a year to
verify the basic operation of the 1991/1992 and the possible need for recalibration.

6.22 Calibration Interval

6.2.2.1 The need for calibration is determined by the results of earrying out the set
of PVPs, except in the case of the internal frequency standard. The calibration interval

for the internal frequency standard will depend on the accuracy required and the aging
rate of the 04E frequency standard installed. Simply divide the desired accuracy by the
aging rate per day to determine the required calibration interval for the internal
standard.

NOTE:

All other calibration points for the 1991/1992 except the
internal frequency standard should be on a minimum annual

basis,
6.3 REQUIRED TEST EQUIPMENT
6.3.1 A complete list of the test equipment required to carry out the procedures

described in this section is given in Table 6.1. The items required for each operation are
listed at the start of the corresponding instructions.

6.3.2 A particular model of test equipment is recommended in some cases, but
other equipment having the required parameters given in Table 6.1 may be used.
Although the proeedures to be followed are given in general terms, they are based on the
use of the recommended test equipment. Some modification to the procedure may be
necessary if other test equiprment is used.

6.4 DISMANTLING AND REASSEMBLY
6.4.1 Introduction
6.41.1 Instructions for dismantling and reassembling the instrument are limited to

those areas where special care is needed or difficulty may be experienced.
WARNING

LETHAL VOLTAGE: Dangerous AC voltages are exposed
when the instrument is connected to the AC supply with the
covers removed. Switeh the instrument off and disconnect
the supply socket from the rear panel before carrying out any
dismantling or reassembly operation,



Table 6.1 - Required Test Equipment

Item Description/Recommended Model Required Parameters
1 Signal Generator Low phase noise. Jitter <0.5 ns
Racal-Dana $087 Frequency range 10 kHz to 1.3 GHz
Output level 1l mV to 1V
10 MHz INT STD QUTPUT
2 Oscilloscope with 1:1 Probe Bandwidth 50 MHz
3 Digital Multimeter Frequency range: DC to 3 kHz
Racal-Dana 5001 Level: 20 mV to 20V
4 Frequency Standard 10 MHz
Racal-Dana 9475 Accui-acy better than +3 parts
in10
5 Audio Oseillator Frequency range: 10 Hz to 5 kHz
Racal-Dana 9085 Level: 30 mV into 50£2
6 Pulse Generator To provide a single positive-going
Racal-Dana 1515 pulse with a low level of +0.4V and
a high level of +2.4V (TTL output
limit levels)
7 Connecting Lead 502 coaxial cable with BNC
conneetors. Length between 60 cm
and Im
8 T-piece BNC, 508
9 Coaxial Load BNC, 5002
10 GPIB Controller o
HP-85
11 GPIB Analyzer —
Racal-Dana 438
6.4.2 Instrument Covers
6.4.2.1 Complete the following procedure to remove the instrument covers:

a, Disconnect the power cord from the rear panel

b. Remove the two screws and washers securing the rear-panel bezel

shown in Figure 6,1. Then remove the bezel

c. Remove the top cover by sliding it to the rear of the instrument

d. Remove the bottom cover by slidiné it to the rear of the instrument
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Figure 6.1 - Rear-Panel Bezel Removal

6.4.2.2 To replace the covers, reverse the above procedure, when replacing the
bottom cover, ensure that the tilt bail is facing toward the front of the instrument and
that the tongue of the cover fits into the slot on the front panel as shown in Figure 6.2.
When replacing the top cover, ensure that the access holes are towards the front of the
instrument (see Figure 6.3) and that the tongue of the cover fits under the edge of the
front penel at all points. Refer to Figure 6.4 for orientation of the bezel to the rear

panel.
3| bt o
FRONT

PRESS BOTTOM
COVER HERE

8 SLIDE :
TONGUE INTOQ —\JOU:--———/ F\m"_

FRONT PANEL

Figure 6.2 - Bottom Cover Replacement
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Figure 6.4 - Rear Panel Bezel Orientation
6.4.3 Front Panel
6.4.3.1 Complete the following procedure to remove the instrument front panel:

a. Remove the top and bottom covers of the instrument
b. Remove the clamping collars from the channel A and B inputs. Use

the special spanner available from Racal-Dana (P/N R-14-1586) and
turn counterclockwise. Refer to Figures 6.5A and 6.5B for this step
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SPECIAL SPANNER TOOL

CHANNEL A & B
CLAMPING COLLARS

(FOR REMOQVAL
SEE FIGURE 6.5B)

Pigure 6.5A - Channel A and B Clamping Ceollars

TYPICAL CLAMPING COLLAR

{TURN COUNTER-CLOCKWISE
TO REMOVE)

Figure 6.5B - Clamping Collar Removal

e. - Remove the two screws and washers securing the front panel to each
side frame of the instrument. See Figure 6.6

@.‘
= ) @ ™~ FRONT PANEL
RETENTION
- - SCREWS
® ® & WASHERS
(. (2PERSIDE:
A L
-5 |

Figure 6.6 - Front-Panel Retention Screw Removal

d. Ease the front panel forward until the display board disconnects from
the motherboard at PL1 and PL2, See Figure 6.7

e. Disconnect the coaxial lead from the back of the Channel C input. See
Figure 6.7
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Figure 6.7 - Display Board and Channel C Disconnection
6.4.3.2 To replace the front panel, reverse the above procedure. Pass the POWER
switeh button through its opening in the front panel and reconnect Channel C's coaXial
tead to the PCB to Channel C's input connector before securing the panel.
6.4.4 Rear Panel
6.4.4.1 Complete the following procedure to remove the instrument rear panel:

a. Remove the instrument covers

b. Refer to Figure 6.8, Remove the GPIB board from the unit by
completing the following steps:

1, Remove the two screws and lock washers on the rear panel as
shown

2. Remove the two serews on the GPIB board itself as shown

3. Lift up the GPIB board where shown and unplug the
GPIB/motherboard cable from the motherboard at SK4

4, Now the GPIB board is free to remove
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c.

Remove the two screws and washers (2 each/side) securing the rear
panel to each side frame of the instrument. See Figure 6.9

REMOVE TWO
REAR-PANEL SCREWS AND
THEIR LOCK WASHERS HERE

REMOVE TWO
GPIB SCREWS HERE

0 1 9] | o
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Figure 6.8 - GPIB Board Removal
REAR PANEL o
RETENTION
SCREWS & ® ® ®
WASHERS ‘
(2 PER SIDE)
]] ® @
ﬁxc@::—_-::: N - - = r
sttt = —“—j
Figure 6.9 - Rear-Panel Retention Screw Removal
d. Ease the rear panel away from the instrument and diseonnect from the
motherboard at PL19 and PL20. See Figure 6.10
e. Disconnect the frequency standard's flying lead from PL14 on the
motherboard. See Figure 6.10
f. Remove the nut and crinkle washer securing the rectifier dridge D11
to the rear panel. See Figure 6.10
g. Disconnect the green/yellow lead connecting the rear-panel stud to the
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power input plug. See Figure 6.10




DISCONNECT REAR PANEL
FROM MOTHERBOARD HERE

DISCONMNECT FLYING LEAD
FROM PL14

NUT & WASHER
FOR RECTIFIER BRIDGE D11

GREEN/YELLOW LEAD !
| oy PR
|
/T Lﬁ-— - _rﬂ_ - —m
NUT FOR GREEN/YELLOW LEAD — g e

. Z
TO POWER INPUT PLUG = \— = =
REAR PANEL STUD

Figure 6.10 - Rear-Panel Removal Detail
6.4.4.2 To replace the rear panel, reverse the above procedure.
WARNING

LETHAL VOLTAGE - the grounding of external metalwork of
the instrument depends upon the connection between the
rear-panel stud and the power input plug. Ensure that the
green/yellow lead to the power input plug is correctly con-
nected during reassembly.

6.4.5 ‘Channel C Board {Model 1992 only)

6.4.5.1 Complete the following procedure to simply access Channel C's PCB:

a. Remove the top cover
b. Remove GPIB board. Refer to Subsection 6.4.4.1.b for instructions

c. Remove the two serews and washers securing Channel C's amplifier
PCB to the right-hand side frame. See Figure 6.11
6.4.5.2 Complete the following steps to remove the amplifier board completely:

a. Remove the front panel (see Subsection 6.4.3)
b, Disconnect the coaxial lead from the back of Channel C's input



6.4.5.3
6.4.6
6.4.6.1

6.4.6.2
6.5
6.5.1

To replace the ampiifier board, reverse the above procedure,
Display Board

Complete the following procedure to remove the display board:
a. Remove the instrument covers (see Subsection 6.4.2)

b. Remove the front panel (see Subsection 6.4.3)

c. Remove the three serews and washers securing the display board to the
front panel (see Figure 6.11) and remove the board

To replace the display board, reverse the above procedure,
SPECIAL FUNCTIONS FOR DIAGNOSTIC PURPOSES
The special functions listed in Table 6.2 are for use during maintenance.

The functions are used in conjunction with the CHECK mode. They are entered in the
special function register by pressing:

N [SHIFT] [STORE] [SE]
and are enabled and disabled by pressing:

[SHIFT] (SE

CHANNEL C AMPLIFIER PCB RETENTION
SCREWS & WASHERS (2 EACH)

YCHANNEL C AMPLIFIER PCB

)

no
<

= 1

|

|

|

|

i

|

|

|

|

4 —%ﬁzl/%

@ "_'l.!\
DISPLAY PCB
RETENTION
SCREWS
& WASHERS
L {3 EACH)

g

& /
/ DISPLAY PCB

]

—_—— . o — — —— — — =

B

Figure 6.11 - Channel C Amplifier Board and Display Board Removal



Table 6.2 - Diagnostic Special Functions

Special Function Number Function With CHECK Mode Selected

70 10 MHz check
71 LED check
72 : Measurement of short start TEC count
73 Measurement of long start TEC count
74 Measurement of short stop TEC count
75 Measurement of long stop TEC count
76 D-to-A converter check
77 Channel A relay cheek
78 Channel B relay check

6.5.2 Special Function 70

§.5.21 Special Funetion 70 is the default state of its decade. It provides

measurement of the 10 MHz internal frequency standard and verifies operation of the
microprocessor system, MCCl, MCCZ2, and the TEC.

6.5.3 Special Function 71°

6.5.3.1 Special Function 71 exercises all the LEDs, except STANDBY, GATE, TRIG
A, TRIG B, REM, ADDR and SRQ, at approximately 0.5 Hz. If the GPIB interface is
installed, the REM, ADDR and SRQ LEDs light.

6.5.4 Special Functions 72, 73, 74, and 75

6.9.4.1 Special Funetions 72, 73, 74, and 75 should only be used for diagnostic
purposes at an ambient temperature of 23°C £ 2°C.

6.5.4.2 The long counts must be 800 + 220. The short eounts (0.5 x long count) must
be in the range +20 to -40, Counts outside these ranges indicate that the TEC has failed.
6.5.5 Special Punction 76

6.5.5.1 With Special Function 76 active, the microprocessor continuously exercises

the D-to-A converters in both Channel A and Channel B through the range -3.1V to
+5.1V. The waveform (51 levels spaced by 0.2V) can be monitored at the trigger output
pins on the rear panel,

6.5.6 Special Funetion 77
6.5.6.1 With the 10 MHz STD OUTPUT socket on the rear panel connected to the
Channel A input, activating Special Function 77 causes the microprocessor to exercise

the Channel A relays for x10/x1, 505%1 MQand DC/AC, FILTER, and COM A. See NOTE
below.
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6.5.7 Special Funetion 78

6.5.7.1 With the 10 MHz STD OUTPUT socket on the rear panel connected to the
Channel B input, activating Special Function 78 causes the microprocessor to exercise
the Channel B relays for x10/x1, 50$/1 M2 and DC/AC. See NOTE below.

NOTE:

Csble length is important during use of either Special
Function 77 or 78 for diagnostic purposes. The cable should
be between 0.6 to 1 meter in length. See Item 7 in Table 6.1.

6.6 TROUBLESHOOTING

6.6.1 A guide to fault location is given in the flowcharts of Figures 6.12 to 6.20.
The charts provide a logical procedure for loealizing the fault to an area of eireuit,
When using the charts it is essential to begin at the start point in Figure 6.12 or 6.17 and
act in sequence according to the results of each decision box. Starting part way through
any chart. is unlikely to lead to satisfactory fault isolation.

6.6.2 Required Test Equipment
Item Table 6.1, Item No.
Oscilloscope 2
Digital Multimeter 3
Coaxial Connecting Lead _ 7
GPIB Controller 10
GPIB Analyzer 11
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Figure 6.12 - Fault Finding Flowchart - Part 1

GO TO NEXT PAGE
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6.7 POST-REPAIR SETUP

6.71 Introduction

6.7.1.1 After repair, implement the appropriate setup procedure from the following
subsections before performing the overall performance verification. These procedures

should also be used if the instrument fails the overall performance verifieation checkK.

6.7.1.2 The ambient temperature must be maintained at 23°c + 2° C throughout
these procedures. The instrument should be powered from an AC supply.

WARNING
LETHAL VOLTAGE: These procedures require the

instrument to be operated with the covers removed. Lethal
voltage levels are exposed under these conditions.

6.7.2 Channel A Input System

6.721 Required Test Equipment

Item Table 6.1, Item No.
Signal Generator 1
Coaxial Connecting Lead (Qty. 2) 7
6.7.2.2 Counter Setup Procedure

6.7.2.2.1 Set R149 fully counterclockwise and R192 to its.mid-position. R192 is
located inside the screened module as shown in Figure 6.21.

R 150
R 148 @
E

O o
R132 R 153
; MODULE B

Figure 6.21 - Location of R149 and R192
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6.7.2.2.2

6,723

6-26

Complete the following procedure:

Switeh the 1991/1992 on. Select FREQ A

Select 5082 impedance for Channel A

Press the RESOLUTION ¥ key five times until 000 is displayed
Connect the test equipment as shown in Figure 6.22

Set the signal generator output to 100 MHz at a level of 3.0 mV RMS

Verify that the EXT STD LED is lit and that the Channel A TRIG LED
is flashing

Adjust R192 to obtain the most stable display indication of 100.0 E6 *
0.1 E6, with the GATE LED flashing

NOTE:

Care is needed when adjusting R192. The display indication is
random with R192 set to either side of the correct position.

10 MHz EXTSTD
SIGNAL STDOUT INPUT| 1g991/92
GENERATOR ! i

RF i ‘ A

0 000

Figure 6.22 - Connections for Channel A Input System Adjustment

Counter Test Procedure

a.

Switch off the RF output of the signal generator

Press the RESOLUTION A key five times until 00000000 is displayed
Switeh on the RF output of the signal generator

Increase the signal generator output to 13 mV RMS

Adjust R149 slowly clockwise until the display just becomes unstable.
Turn back until the display is just stable and indicates 100.000000 E6
0.000001 E6

Reduce the signal generator output to 7 mV RMS. Verify that the
GATE LED stops flashing. If it does not, repeat stepsd to {

Switch off the counter. Disconnect the test equipment



6.7.3 Channel B Input System

6.7.31 Required Test Equipment
| Item Table 6.1, Item No.
Signal Generator 1
Coaxial Connecting Lead {(Qty. 2) 7
6.7.3.2 Counter Setup Procedure

8.7.3.2.1 Set R150 fully counterclockwise and R193 to its mid-position. RI193 is
located inside the sereened module as shown in Figure 6.23.

R 150
R 143 @
@
O O
R182 R 193
MODULE

Figure 6.23 - Location of R150 and R193
6.7.3.2.2 Complete the following procedure:
a. Switeh the 1991/1992 on. Select FREQ A
b. Select 50Q impedance for Channel B and press

B [§ SumFr ETORE |

c. Press the RESOLUTION v key five times, until 000 is displayed

d. Connect the test equipment as shown in Figure 6,24
e. Set the signal generator output to 100 MHz at a level of 3.0 mV RMS

f. Verify that the EXT STD LED is lit and that the Channel B TRIG LED
is flashing

g. Adjust R193 to obtain the most stable display indication of 100,0 EB6 +
0.1 EB, with the GATE LED flashing
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6.7.3.3

6.7.4

6.7.41

6.7.4.1.1
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NOTE:

Care is needed when adjusting R193. The display indication is
random with R193 set to either side of the correct position.

19MHz EXTSTD

SIGNAL STOOUT INPUT[T1gq7/92

GENERATOR !

RF B
o) 000

Figure 6.24 - Connections for Channel B Input System Adjustment

Counter Test Procedure

a. Switch off the RF output of the signal generator

b. Press the RESOLUTION A key five times until 00000000 is displayed

c. Switch on the RF output of the signal generator

d. Inerease the signal generator output to 13 mV RMS

e. Adjust R130 slowly clockwise until the display just becomes unstable,
g‘.tt]rgoggtl:kEgntil the display is just stable and indicates 100,000000 E6

f. Reduee the signal generator output to 7 mV RMS. Verify that the
- GATE LED stops flashing. If it does not, repeat stepsd to f

g.  Switch off the counter. Disconnect the test equipment
Channel C Assembly (Model 1992 onty)

Required Test Equipment

Item Table 6.1, Item No.
Signal Generator ' 1
Coaxial Connecting Lead (Qty. 2) 7

Connect the test equipment as shown in Figure 6.25.

10MHz EXT.STD
SIGNAL STDOUT INPUT [ 1992
GENERATOR b p
RF r ! fol
Q QO

COAXIAL LEAD

Figure 6.25 - Connections for Channel C Input System Adjustment



6.7.4.2

6.8.1

6.8.2

Counter Test Procedure

f.

g.

INTERNAL FREQUENCY STANDARD - ROUTINE CALIBRATION
Required Test Equipment

Set R27 cn Channel C assembly fully clockwise

Switch the 199171992 on. Select FREQ C. Verify that the EXT STD

LED is lit

Set the signal generator output to 1 GHz at a level of 8.0 mV RMS

Adjust R27 until the gate LED just starts flashing and the counter

display indieates 1000,00000 E6 * 0.00001 E6

Switch the output of the signal generator off. Reduce the output level
to 7.5 mV RMS

Switeh the output of the signal generator on. -Verify that the counter
is not counting. If it is, repeat stepsc to f

Switeh off the counter. Disconnect the test equipment

Signal Generator

Coaxial Connecting Lead

Item

Calibration Procedure

a.

D.

Figure 6.26 - Connections for Internal Frequency Standard Adjustment

press [1] [0] [SHIFT] [EX?| [6] (SHIFT! [STORE]

C.

d.

€.

Table 6.1, Item No.

1
7

Switeh on the 1991/1992, Select FREQ A and verify that 00000000 i1s

Connect the test equipment as shown in Figure 6,26

1991/92

QOO

displayed and allow at least 72 hours of uninterrupted operation

10 MHz
MONITOR
QUTPUT

FREQUENCY
STANDARD

)

Press [SHIFT| [RECALL]|

Verify that 10.000000 ES& is displayed

Press [CONTINUE| and [SHIFT] [R-X/Z|
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f. Adjust the internal frequency standard, via the aperture in the rear
panel, to be as near to 10 MHz as possible. The display limits are
shown in Table 6.3

g. Switch off the counter. Switeh off and disconnect the test equipment

Table 6.3 - Internal Frequency Standard Accuracy

Frequency Standard Display Accuracy
_ﬂ;ﬁ#
e
Standard Oscillator +16 E0 1.6 parts in 10
Option 04A + 3 EO 3 parts in 107
Option 04T +30 E-3 3 parts in 10
Option 04E +10 E-3 1 part in10°
6.9 OVERALL PERFORMANCE VERIFICATION PROCEDURE
§.9.1 Introduction
6.9.1.1 By correctly completing the following Performance Verification Procedures

(PVPs), functional operation of the 1991/1992 is verified. The primary purpose of these
tests is to provide a relatively fast and easy method for determining the operability of
the counter. These PVPs should be performed in the order given.

6.9.1.2 These PVPs should be performed whenever it is necessary to determine
whether the 1991/1992 is operating correctly. These tests may also be used as an
incoming inspection procedure, or to verify a suspected failure. In addition, after
diagnosing and repairing a 1991/1992 failure, these PVPs can be used to confirm a

satisfactory repair.

6.9.1.3 Before beginning the performance check, ensure that the counter
satisfactorily passes the preliminary functional check given in Subsection 2.6 of this

manual.

6.9.1.4 The following conditions must be maintained throughdut the performance
checlc:

a. The instrument must be operated from an AC supply

b.  The line voltage must be within 10% of the value indicated by the line
voltage selector

c. The instrument covers must be installed
d. The ambient temperature must be 23°C £ 2°C
e, The power supply to the frequency standard must be uninterrup ted

6.9.1.5 The instrument should be allowed to warm up for one hour (switched to
standby, if required) before beginning the performance check.
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6.9.2

6.9.21

6.9.22

6.9.2.3

Channe! A Sensitivity PVP
Required Test Equipment
Item
Signal Generator
Digital Multimeter
Audio Oseillator
T-piece
Coaxial Connecting Lead (Qty. 2)

Channel A PVP (D

Table 6.1, Item No.

-3 00 1 o

A, Switch on the 1991/1992, Seleet 5052 on Channel A

b, Connect the test equipment as shown in Figure 6.27.

EXT STD LED lights

Check that the

c. Set the signal generator output to the frequencies shown in Table 6.4

in turn. Set the counter's resolution to the corresponding value

d. At each frequency, determine the minimum input level to the counter
which gives stable counting. Verify that this is not more than the level

shown in Table 6.4

e. Disconnect the test equipment

EXT.STD
INPUT

10 MHZ
SIGNAL sToOOUT
GENERATOR
RF
o

1991/92

Figure 6.27 -~ Connections for Channel A Sensitivity PVP (1)

Table 6.4 - Channel A Sensitivity (D

Frequency 1991 /1992 Resolution Signal Level
—rrr |
160 MHz 8 digits 30 mV
100 MHz 8 digits 25 my
10 MHz 7 digits 25 mV
100 kH=z 3 digits 25 mV
Channel A PVP {II)
a. Connect the test equipment as shown in Figure 6.28

b. Set the Audio Oscillator output to the frequencies shown in Table 6.5

in turn. Set the counter's resolution to the corresponding value

Page changed 10/27/88
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6.9.3
6.9.3.1

6.9.3.2

6-32

At each frequef{cy, determine the minimum input level to the counter

e,

which gives stable counting. Verify that this is not more than the level

shown in Table 6.5
d. Disconnect the test equipment
AUD10 1981/32 DIGITAL
OSCILLATOR MULTIMETER
?)F . A a)e) HIGH

_4_%% IMPEDANCE
0 lineur
T- PIECE

Figure 6.28 - Connections for Channel A Sensitivity PVP (1)

Table 6.5 - Channel A Sensitivity (II)

Frequency 1991/1992 Resolution Signal Level
5 kHz 3 25 mV
10 Hz 3 25 mV

Channel B Sensitivity PYP

Required Test Equipment

Signal Generator

Digital Multimeter

Audio QOscillator

T-piece

Coeaxial Connecting Lead (Qty. 2)

Item Table 6.1, Item No.

-100 LYo

Channel B PYP (D

Select 5051 on Channel B

Connect the test equipment as shown in Figure 6.29, Check that the
EXT STD LED lights

Press |2 [1] [SHIFT| [STORE]

Set the signal generator output to the frequencies shown in Table 6.6 -
in turn. Set the eounter's resolution to the corresponding value

At each frequency, determine the minimum input level to the counter
which gives stable ecounting, Verify that this is not more than the level
shown in Table 6.6

Disconnect the test equipment

Page changed 10/27/88



i0MHz EXTSTD

SIGNAL INPUT [1991732

GENERATOR ST out ur

RF 8
o] (aYoXo]

Figure 6.29 - Connections for Channel B Sensitivity PVP (D

Table 6.6 - Channel B Sensitivity (D

Frequency 199171992 Resolution Signal Level
100 MH=z 8 digits 25 mV

10 MHz 7 digits 25 mV
100 kHz 5 digits 25 mV

6.9.3.3 Channel B PYP (ID
a. Connect the test equipment as shown in Figure 6.30

b. Set the Audio Oseillator output to the frequencies shown in Table 6.7
in turn. Set the counter's resolution to the corresponding value

c. At each frequency, determine the minimum input level to the counter
which gives stable eounting. Verify that this is not more than the level
shown in Table 6.7

d.  Press [0 [SHIFT! [STORE]

e. Disconnect the test equipment

AUDIO 1991/92 DIGITAL
OSCILLATOR MULTIMETER
AF B
o] 00§ HIGH
O | IMPEDANCE
INPUT
T-PIECE

Figure 6.30 - Connections for Channel B Sensitivity PVP (ID

Page changed 10/27/88 6-33



6.9.4

6.9.41

6.9.4.2

6~34

Table 6.7 - Channel B Sensitivity (Il)

Frequency 1991/1992 Resolution Signal Level
5 kHz 3 25 mV
10 Hz 3 25 mV

Channel C Sensitivity PVP (Model 1992 only)

Required Test Equipment

[tem Table 6.1, Item No.
Signal Generator 1
Coaxial Connecting Lead (Qty. 2) 7

Channel C PVP (Model 1992 only)
a. Connect the test equipment as shown in Figure 6.31
b. Select FREQ C

c. Set the signal generator output to the frequencies shown in Table 6.8
in turn. Set the counter's resolution to the corresponding value

d. At each frequency, determine the minimum input level to the counter
which gives stable counting. Verify that this is not more than the level
shown in Table 6.8

e, Disconnect the test equipment

SioRRLTOR  |10MMz Ext stp| 1932
STD oUT INPUT
RF c
e 000

Figure 6.31 - Connections for Channel C Sensitivity PVP

Table 6.8 - Channel C Sensitivity

Prequency 1992 Resolution Signal Level
40 MHz 8 digits 15 mV
100 MHz 8 digits 15 mV
500 MHz 8 digits 15 mV
1000 MHz 9 digits 15 mV
1300 MHz 9 digits 75 mV




6.9.5

6.9.5.1

6.9.5.2

6.9.6

6.9.61

6.9.6.2

External Standard Input Sensitivity PVP

Required Test Equipment
Item Table 6.1, Item No.

Signal Generator 1

External Standard Input PYP

a. Connect the signal generator output to the EXT STD INPUT socket on

the rear panel of the 1991/1992

b. Set the signal generator output to 10 MHz at a level of 10 mV RMS

c, Slowly increase the signal level until the eounter’'s EXT STD LED lights

steadily
d.  Verify that the signal level is not more than 100 mV RMS
e. Disconnect the test equipment

10 MHz Standard Output Level PVP

Required Test Equipment
Item Table 6.1, Itern No.
Oscillator 2
T-piece 8
Load )
Coaxial Connecting Lead 7

10 MHz Standard Qutput PVP

a. Connect the test equipment as shown in Figure 8,32

b, Verify that the peak-to-peak amplitude of the displayed waveform is
greater than 600 mV into 50 ohms. Verify that the mark/space ratio is

between 30:70 and 70:30

c. Diseonnect the test equipment

1991/92 QSCILLOSCOPE

1OMHZ '
STD QUT H._.

T-PIECE  500QL0AD

Figure 6.32 - Connections for 10 MHz Standard Output Level PYP
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6.9.7

6.9.71

6.9.7.2

6.9.8

6.9.8.1

6.9.8.2

6-36

Minimum Time Interval PYP

Required Test Equipment
Item Table 6.1, Item No.

Signal Generator 1

8. Connect the test equipment as shown in Figupe 6.33

b.  Select 50S2 on Channel A, T.L. A-» B, and COM A

c. Set the signal generator output to 100 MHz at a level of 1V
d.  Verify that a display of 0 * 2ns is obtained

e. Disconnect the test equipment

SIGNAL 1991/92
GENERATOR

RF A

Q Q0Q

Figure 6.33 - Connections for Minimum Time Interval PVP
External Arming PVP

Required Test Equipment

Item Table 6.1, Item No.
Signal Generator 1
Pulse Generator 6
Coaxial Connecting Lead (Qty. 3) 7

a. Select 500 on Channel A and FREQ A. Press the RESOLUTION ¥ Key
three times until 00000 is displayed

b. Connect the test equipment as shown in Figure 6.34
c, Set the signal generator output to 10 MHz at a level of 200 mVRMS
d. Prepare the pulse generator to give a single, 300 us, positive-going

pulse with a low level of +0.4V and a high level of +2.4V (TTL lmit
levels)

e. Press @ |SHIFT! [STORE|

f. Verify that the instrument is not counting

g Trigger the pulse generator to obtain a single pulse output



h. Verify that the display indicates 10.0000 Eé Hz +1 count and that the
instrument is not continuously gating

i. Press [1} [0] [SHIFT| [STORE| [SE [SHIFT

je Disconnect the test equipment
EXT. lOMHz
PULSE 1991 /92 STD  STD [SIGNAL
GENERATOR IN OUT | GENERATOR
EXT.ARM
o | INPUT Q

Figure 6.34 - Connections for External Arming PYP

6.9.9 Trigger Level PYP
6.9.91 Required Test Equipment
Item Table 6.1, [tem No,
Oscilloscope with Probe 2
Digital Multimeter 3
6.9.9.2 Trigger Level PYP (D
a. Connect the test equipment as shdwn in Figure 6.35

b. Select DC coupling of the oscilloscope input

c. Set the oscilloscope to rnon.itor a waveform of approximately 10V
peak-to-peak with a frequency of approximately 2 Hz

d. Select _CHECK

e. Press (7 [8] [SHIFT| [STORE SHIFT|SE

"f.  Verify that the Channel A and B TRIG LEDs are flashing and that the
displayed waveform is as shown in Figure 6.36

g. Transfer the oscilloscope probe tc the Channel B TRIG LEVEL
OUTPUT pin and verify that the same waveform is displayed

h. Press [7] [0 [SHIFT} [STORE|

i. Disconnect the test equipment
1991/92 A TRIG 0SCILLOSCOPE
LEVEL QUTPUT
-0
PROBE

Figure 6.35 - Connections for Trigger Level PVP (D
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Figure 6.36 - Trigger Level Waveform
6.9.9.3 Trigger Level PVP (I
a. Connect the test equipment as shown in Figure 6.37

b. Set the multimeter to measure DC volts

. Press [TRIG LEVEL) [5] (TRIG LEVEL| on Channels A and B

d. Verify that the multimeter indicates +5V + 60 mV

e. Transfer the probe to the Channel B TRIG LEVEL OUTPUT pin and
verify that the multimeter indicates +3V * 60 mV

f. Press |TRIG LEVEL| [0] [TRIG LEVEL] on Channels A and B

g.  Verify that the multimeter indicates 0V £ 10 mV

h. Transfer the probe to the Channel A TRIG LEVEL OUTPUT pin and
verify that the muiltimeter indicates OV + 10 mV

i, Press [TRIG LEVEL [5| [SHIFT] [£] [TRIG LEVEL]|

je Verify that the multimeter indicates -5V + 60 mV

K. Transfer the probe to the Channel B TRIG LEVEL OUTPUT pin and
verify that the multimeter indicates -5V + 60 mV

L. Disconnect the test equipment
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6.9.10
6.9.101

6.9.10.2

1391/92

Figure 6,37 - Connections for Trigger Level PVP (I

CHANNEL A
TG LEVEL MULTIMETER
OUTPUT
o
0SCILLOSCOPE
PROBE

Internal Frequency Standard PVP
Required Test Equipment

Item

Frequency Standard
Coaxial Connecting Lead

a. Switch on the 1991/1992, Select FREQ A and verify that 00000000 is

displayed. Allow 72 hours of uninterrupted operation

b. Connect the test equipment as shown in Figure 5.38

1991/32

00

Figure 6.38 - Connections for Internal Frequency Standard PVP
e. Press (1 [0 [sHIFT] [EXP] [6] [SHIFT] [STORE

Table 6.1, Item No.

10 MHz
MONITOR
OUTPUT

4
7

FREQUENCY
STANDARD

d. Press [SHIFT] RECALL {X]

Verify that 10.000000 E6 is displayed

e. Press

f. Verify that the value displayed is within the limits shown in Table 6.9

CONTINUE] and [SHIFT] R-X/Z|

£. Switch off the 1991/1992,

equipment

Switeh off and disconnect the test
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Table 6.9 - Internal Frequency Standard Accuracy

Frequency Standard Display Accuracy
Standard Oseillator + 16 EO 1.6 parts in 1075
Option 04A + 3 EO 3 partsin 108
Option 04T +300 E-3 3 partsin 108
Option 04E +300 E-3 3 partsinl0
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Figure 7.1C - Final Assembly, 1992 (404571)
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SECTION 8 PARTS LIST

8.1 This section contains lists of replaceable parts arranged in the order of the
following subassemblies:

Final Assembly, 1991 (404577) ... ivevrinnaanainnenes Ceeeseseennaraaaarnenans 8-4
Chassis Assembly, 1991 (404576) ........... Ceeenaen Cerresensacesnanues Ceeeraan 8-3
Final Assembly, 1992 (404571) .....cvvivnnnreneanes Ceeerearaenaen Creennnasenans 8-6 -
Chassis Assembly, 1992 (404572) .....ccvevncennn veesens Ceseeesnan Ceereans ceeian 8-T7
Display PCB (19-1141) ..... P ceratnessea caeissa e tisesresressisasesaenae 8-8
Channel C PCB (19-1142) ....ciovnannann seaesns R LR 8-9
Motherboerd PCB(19-1145) ... ivanvreessnecnancnns T teensesna 8-11
GPIB PCB(401820) ..vvvuvvrvnnannssnornaosans T R 8-17
Oscillator Assembly, Option U04E (404386) .. 0uenincarnasnssansarsssnansarssnesas g-18
Doubler PCB (401822) .. ..uvervnaasnnecnsasssnsnossonnnans Cheesessreanmane 8-19
Oscillator Assembly, Standard (19-1147) i vvuiiinrroneneccnannns Ceeans cevnaes 8-20
BNC Mounting PCB (19-1206) .....ciceanaasescnass Chveraan Ceeereaanes ieesenan 8-21
Reference Frequency Multiplier Assembly (19-1164) ..vvevnesannen e rresssaranen 8-22
8.2 Manufacturers are identified by FSC numbers listed in Table 8.1, "List of

Suppliers." The code numbers are from the Federal Supply Code for Manufacturers
Cataloging Handbook H4-1, H4-2, and their supplements.
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Table 8.1 - List of Suppliers

T5C INAME
3€T79  jamMP, ING. |
{HARRISBURE, Pa |
91121 |ALLEN BRADLEY CO.
|MILWAUKEE, WISCONSIN
01235 1TEXAS INSTRUMENTS, INC.
|SALLAS, TEXAS i
32714 FERROXCUSE CORP.

'SACGERTIZS, N.Y

JAMPYUENCL CCORP.

{ERCAOVIEW. ILLINCIS

24713 [MCTOROLA, INC. i
I {SEMI-CONDUCTOR PRCDUCTS BIV.) |
| PHOENIX, ARIZONA |

05397 |UNICN CARBIDE COQRP. |
I (MATERIALS SYSTEMS OIV.) |
{CLEVELAND, CQHIO ]

C5915 [RICHCS PLASTIC <C. 1
ICHICABD, I[LLINOIS i

47253 |FAIRCHILD [
| (SEMIGSNCUCTCR CIV.) !
IMOUNTAIN VIEW, CA |

11237 €TSS KEENEZ, INC.

i

1PASO RCELES, CA

/MICRO PLASTICS INC.
FFLIPPIN, AR

*3714 |RCA i
| (COMMERCTIAL REC. "UBZ & SEMI. Giv.) !
|FINSLAY, OH

19738 [AVDEL-CHQ3ERT
| TELESS0RG, NJ

1C486 |BOSSARD
| SROOKFIELD, CT

71793 |RACAL=DANA INSTRUMENTS INGC.
| IRVINE, CA
22119 |FERRANT] ELECTRIC
| PLAINVIEW, NY ;

22953 [TELEDYNE ELECTRG MECHANISMS
INASHUA, NH

24335 |COOPER LABGRATORIES, INC.
| WAYNE, NJ

24931 [SPECIALTY CONNESTCR CO., INC. :
| FRANKLIN, IN ;
24972 |AEG-TELEFUNKEN CORP.
| SUMMERVILLE, NJ :
25088 [SIEMENS CORP, ,
[ (COMP. GROUP) _ ;
TISELIN, NJ !

25403 [ AMPEREX ELECTRONIC CORP.
| (SEMICONOUCTOR & REC. TUSE DIV.)
| SLATERSVILLE, RMODE ISLAND

{ITT SEMICONDUCTQRS
| WEST PALM BEACH, FLCRIDA

27014 |NATIONAL SEMI-CCNDUCTOR CORP.
| SANTA CLARA, CA

IGENERAL INSTRUMENTS CORP.
C(SEMICONCUCTOR PROCUCTS GROUP)
{HICKSVILLE, L.L., N.Y.

IDENNISEN MFG. CO.
LFRAMINGTCN, MA

ISILICONIX, INC.
{SANTA CLARA, CA

|SIGNETICS CCORP.
'SUNNYVALE, CA

{CHOMERICS, INC.
T IUWOBURN, MA

27264 |MOLEX PROCUCTS CO.
[DTWNERS GROVE, ILL
27777 |VARO ELECTRAN DEVICES, INC.
| GARLAND, TX
28848 |MULLARD, INC.
[FARMINGOALE, L.I., N.Y.
29005 |STORM PRODUCTS CO. ,
|LOS ANGELES, Ca ;
2v900 |BULGIN A.F. AND CC., LTD. !
|BARKING ESSEX, ENGLAND
32283 [INTERSIL, INC.
|CUPERTING, CA i

o iy



Table 8.1 - List of Suppliers (Cont'd)

I NAME ! | FSC | NAME |
________________________________________ | - —— o e ek S i e e o ko T e e i S
'MURATA ERIE NORTH AMERICA INC. [ | 75815 |LITTELFUSE, INC.
|CARLISLE, PA | 4 |DES PLAINES, IL |
___________________ —— | - - P p——R YR R R
| PENN ENG. & MFG. CORP. | | 78189 |ILLINOIS TOOL WORKS, INC
iDOYLESTOWN, PA ] { (SHAKEPRQQOF DIV.) i
-- - ——— —— - JELGIN, IL |
[HEWLETT-PACKARD CO. | |==—memm e m e omm o m TR
| (HPA DIV.) | | 78553 |EATON CORP.
IZALC ALTO, CA P | {TINNERMAN PROCUCTS. INC.)
------------------------ - - | CLEVELAND, CH 1
ICIRGUIT ASSY. COQRP. [l m— e memm o — = —mm— oo
|CoSTA MESA, CA | | 88031 (MEPCO-ELECTRA j
______________________________________ - | [MORRISTCOWN, NJ
| KASCN CORP, | - Rttt el i
INEWARIC, NJ | } @1343 |MILITARY SPECIFICATION
JPLESSEY MEMORIES | | 82219 [PHILIPS ECG INC.
‘SANTA ANA, Ca I { |DIV. OF NQRTH AMERICAN PHILIPS CORP. |
__________________ | {EMPORIUM, PA
| THREE (3)M CO. | fm———m———mm—m s e e m o oo oo mm s T
{(ELECTRCNIC PRODUCTS DIV.) | | 83125 |NYTRONICS, INC. :
|ST. PAUL, MN . P [DARLINGTON, S¢C :
______________ i T | - e o i e
[STATE QF THE ART INC. | | 83338 |HERMAN H. SMITH, INC.
ISTATEZ COLLEGE, Pa |1 | ERCOKLYN, NY
---------------- - — [ 1 —_— e e e e et e e
IMATSUSHITA ELECTRIC CORP. OF AMERICA | | 88044 | AERCNAUTICAL STANDARDS GRCUP
[ PANASCNIC INCUSTRIAL CO. DIV. [ IDEPT. OF MAVY AND AIR FORCE
[SECAUCUS, NJ b em—— e mem—— e
----------------------- - -— | 8C945 |ELECTRONIZED CHEMICAL CO.
ITCSHISA INTERNATIONAL P : |BALTIMORE, MO~
|HOUSTCON, TX [ e e e o 8 0
------------ - -—— | 91506 |AUGAT, INC.
'SCHURTER., INC. 1 [ATTLESBORG, MA :
|PETALUMA, CA | e ot e e
- ——— -~ | $18637 |DALE ELECTRONICS, INC. :
'AP PROCUCTS, INC. [l {COLUMBUS, NE :
[ MENTOR, CH I e ——————
—————————— | 91718 |GENTECH AN INDIAN HEAD CZ.
[ NGVACAP P [LINDEN, NJ
,BURSANK, CA | | rmmmm e m o = m e s s — =
---------------------------------------- | 95275 |VITRAMSN, INC. :
| RCHM CTRP. b |SRIGGEPORT, CN :
PIRVINE, CA b= S m
---------------------------------------- ] 98906 [MILITARY SPECIFICATION
|SELDEN CCRP. | - - R
cHIcaGe, IL | | KG535 |HARWIN ENGINEERS 1
---------------------------------------- | [HANTS, ENGLAND
'SUS3HMAN MFG. IR et i
[{DIV. MCGRAW & EDISCN €3.) | | K11860 |WELWNY MICROELECTRONICS ,
IST. LOUIS, MO i INQRTHUMBERLAND, ENGLANC
____________________________________ | P e i i o e ek ek o
ICTS CORP. | | K1935 |JERMYN MANUFACTURING
[ ELKHART, IN | 1 | KENT, ENGLAND !
________________________________________ 4 e . D o 7 e e D Y e WP R e e ke T e M S
|ERIE TECHMNOLGGICAL PROGUCTS, INC | | K2324 |WEBB FASTENERS i
|ERIZ, Pa [ | BERKSHIRE, ENGLAND
________________________________________ | - ——— e ot = —
| U3085 [TOXKO i
[ IBSRKSHIRE, ENGLAND :
| U344% |QUADRANT METER CS., L7O. !

IHERTS, ENGLAND L
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404577 ~ FINAL ASSY., 1881

I
!
!

8-4

| REF | RACAL=DANA | |

| DESIG | P/N | DESCRIPTION [ FSC | MANUFACTURER'S P/N |
f ——————————————————————————————————————————————————————————————————————————————————————————————— 1
[ (&} 1404578 {CHASSIS ASSY 21793 |404576

J(5}1 |404582 [SHIPPING KIT (21783 |404582 ;
1€6}1 |R-11-1623 |COVER KIT ASSY 21793 |R-11-1623 !
[{11}1 [R=13~1972 |COVER,FORMED 121793 |R-13-1872

{{12}1 [R=13-199% |FRONT PANEL OVERLAY {21793 |R-13-1991

f{2%}¥1 |R=-15-0672 |REAR BEZEL [21783 |R-15-0672 |
[ {25318 |R-24-0250 |PUSH-IN FASTENER,BLACK,NYLON 21793 |[R-24-0250 i
| {27}2 |R-24-2801 |WASHER, CRINKLE, M3 21783 {R-24-2801

1{28}4 [R-24=-7042 [BLIND GROMMET,GREY 121793 |R-28=-7042

1{a0}2 |616318 |SCREW, PPH, M3X6 11CJ86 | 7985-A-MIXEMM

! |
| |
| !
|



404576 — CHASSIS ASSY., 1831

|

! ! I
E l
| L

| REF | RACAL=DANA | I !
| DESIG | P/N | DESCRIPTION | FSC | MANUFACTURER'S P/N |
[ e e e e e M S S S S S S S m S E S EEE T 1
| (a3t {R-11-1532 | FRONT PANEL SUB ASSY [21793 |R=-11-1532 {
[ {8}1 [R-11-1583 |REAR PANEL SUS. ASSY [21793 }R-11-1593
({831 855112 [SHIELD, POWER {21793 |455112 {
P{10}1 [R-11-1610 |[OSCILLATOR PLATE ASSY 21783 |R-11-1610
[{18}2 [R-11-1543 |SIDE PANEL ASSY (21793 |R=11-1643 |
1{20}1 |[R-123-2024 |LID 21793 |R-13-2024
[{22}1 |R-13-2026 |BLANKING PLATE [21793 |R-13-2026 (
| {25}1 {R-13-2102 |KEEPER PLATE 21793 |R-13-2102 |
1{22}1 [R-15-0674 |PUSH BUTTON MAINS [21793 |R=-15-0674
{34} |[R-15-0693 |SWITCH CONTROL ROD {21783 |R-15-06393
t£35)1 455110 [MAINS COVER {21793 |455110 |
{5031 [R-18-1239 }SCREEN 121793 |R~18-1239
[{52}1 [R-19-1141 [DISPLAY BOARD ASSY 121793 [R=19-1141 |
[{54}1 [R=19-1145 |MGTHERBOARD AS3Y [21793  |[R=-19-1145 ;
[ {5631 [R=-189-1147 |OSCILLATOR SSY.,10 MHZ (21793 |R-19-1147 ;
{{58}1 [R-19-1206 |8.N.C. BOARD ASSY 21793 |R-19-12086
[ {70} 4 [R-24-3187 |BUTTON, RUBBER 53387 |SJ5023
1{7&}3 321065 |CARD GUIDE, 3" LG |21793 [921065 F
1{76}3 |R-24-0244 |RIVET, PLASTIC, BLACK [06915 |SR3045
F{8231 1617042 [NUT, HEX, M3 [1CJ85 |DINI34=-M3 !
[{8e}1 617042 [NUT, HEX, M4 11CJ86 |DIN93A-M4 5
| {88}1 1611153 {NUT, TINNERMAN, TWIN TYPE, 4 {78553 |C5069-4Z-4
1{92}15  {R-24-2801 |WASHER, CRINKLE, M3 121793 [R-24-2801 |
[ (103}1  |R=24-§127 !LABEL, ALUMINUM 121793 [R-24-5127
1{108}8  151631% {SCREW, PPH, M3X5 [1CJ86 | T9BS—A-M3IXEMM [
|{110}5 |616318 |SCREW, PPH, M3X8 [1CJ86 1 7G95-A-M2.5X14MM \
[{112}2 |611154 |SCREW, PPH, 48 SELF TAP - - i
i{118}4 |R-24-7822 |SCREW, TAPTITE, M3 X 8 121793 |R-24-7822
| {125} 20MM| 500523 [WIRE, SARE COPPER/TIN, 24 GA [21733 ]500023
{136}35MM|R=-25-5202 |HEATSHRINK SLEEVING, .188 ID, 8LK 21793 |R=-25-5202
\
!
i

h
!




404571 - FINAL AS3Y., 1992

8-6

' REF | RACAL-DANA | | !

{ DESIG | PN | DESCRIPTION | FSC | MANUFACTURER’'S P/N |
ittt :
{431 404572 [CHASSIS ASSY |21793 |404572 :
1{5}1 404582 ISHIPPING KIT 21783 [404582

[{6)1 [R-11-1623 |COVER KIT ASSY 21783 |R-11-1623

[{11}1 [R-13-1972 |COVER,FORMED 121793 |R-13-1872

f{12)1 [R-13-1876 |FRONT PANEL OVERLAY 121793 |R-13-1976 1
[{21}1 |[R-15-0672 |REAR BEZEL 21793 |R-15-0672

| {25} |R-28-0250 |PUSH—IN FASTENER,BLACK,NYLON {21793 |R-24-0250

1{27}2 |R-24-2801 |WASHER, CRINKLE, M3 [21783 | R-24-280)

[{29)s |R-24-7042 |BLIND GROMMET, GREY (21793 |R-24-7042

t |



404572 - CHASSIS ASsSY., 1982

REF | RACAL-DANA | {
[ DESIG | P/N | DESCRIPTION | FSC | MANUFACTURER'S P/N |
| __..______._________._.._._________,_____._..______._.______._......__,_____-___.._,.,.__..___.—-__..___-.-_.—__—______... i
RTSE [R=11-1582 |FRONT PANEL SUB ASSY {21793 |R-11-15%2 !
1{S}1 (404582 ISHIPPING KIT [21793 |404582 :
| (631 |[R-11-1593 |REAR PANEL SUB. ASSY 21793 |R-11-1583
LIS |455112 ISHIELD, POWER |21793 |455112
[ {10}1 [R-11~1616 [OSCILLATOR PLATE ASSY 21783 |R-11=1610
j{14}2 jR=11-1643 |SIDE PANEL ASSY 21783 |R-11-1643
[ {20}1 [R-13-202¢ {LID |21793 [R-13-2024 i
| {22}1 |R-13-2026 |BLANKING PLATE |21783 |R-13-2025
[{25}1 IR-13-2102 |KEEPER PLATE 121793 {R-13-2102
| {27} 1 [611072 | SPACER, BNC 121783 [R=-14-1577
1{32)1 |[R-15-0674 |PUSH BUTTON MAINS 21793 |[R-15-0674 !
P {34}1 |R-15-0663 |SWITCH CONTROL ROC 21783 |R-15-0693 i
[{38}1 455110 [MAINS COVER [21793 [855110 !
| {42}1 [R-17-1028 |BNC-SMA FUSED SKT jU3441 | TE-5001
[{50}1 {R-18=-1239 [SCREEN 21793 |R-18-1239
| {52}1 [R-18-1141 |DISPLAY BOARO ASSY 121783 |R-19-1141 i
| {54}1 |R-19-1145 |MOTHERBCARD ASSY : 21783 |R-19-1145 i
| {§8}1 |R=18=-1147 |QSCILLATOR SSY.,10 MHZ 21783 |R-19-1147 {
| {58}1 [R-19-1206 |B.N.C. HOARD ASSY (21793 {R-19-1208 !
| {82}1 {R-18=-1142 11.3 GHZ PRESCALER BD 121793 |[R=-18-1142
[ €701 |R-24-0187 |BUTTON, RUBBER 53387 [SJ5023
[{74}3 1821065 |CARD GUIDE. 3" L& 21793 |921085 }
P{78}1 {R-2¢=-0242 |RIVET, PLASTIC, BLACK 06915 |SR3045
| {82}1 |§17042 [NUT, HEX, M3 [1CJ86 | DINS34-M3 ‘
{{8a}1 1617044 INUT, HEX, Mé& [12J86 | DIN934-Ma
1{86}1 |611153 INUT, TINNERMAN, TWIN TYPE, 42 [18553 (CS059-4Z-4
[{92}17 |R=-24~2801 |WASHER, CRINKLE, M3 |21793  |R-24-2801 :
1{103}1  |R=-24=-6127 |LABEL, ALUMINUM 21783 |R-24-6127
|{108}10 |5§516315 |SCREW, PPH, M3IXS {16488 | 7985-A-M3IXEMM
[{110}8 |6168315 | SCREW, PPH, M3XB {1CJB5 | 7985-A-M3IXEMM
[{112}2 . |611154 - |SCREW, PPH, 4B SELF TAP P |-
[{118}4  |R-24-7822 |SCREW, TAPTITE, M3 X 8 121763 |R-24-7822
|{126}20MM|500023 {WIRE, BARE COPPER/TIN, 24 GA |21793 500023 ;
| {136)35MM | R~25-5202 |[HEATSHRINK SLEEVING, .188 ID, B8LK 21793 {R-25-5202




‘R-26-
|R-26-3C225
PR-23-3023
tR-285-5027
'Q 26 3028
S 3626

I 1 € {2w e
AAMA()()UN
b L3
||l"(]A‘L)
[T
o

:-UAJDIUU)(?()L))U

1
PR

Pt
I

€Y W W R U Dy D CR DU U1 LW
|

2 T3
LI}
N
L I T N TR T T I I |

RS IS B TS T T T o I o I o B S I v L ¥ 3 IR

PRV R+ I R4 VT ¢ LIV v IO D I |
FouoQn G U UL o U AUt w0 Qi

2 CF D DO o~ UF I T - U WY

ey
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{GAP, CER, .0% UF 100V, 10 PERCENT

{CIGDE, SILICON
!DI0DE, SILICON
[CISPLAY, CCUBLE DIGIT
PQISPLAY, SINGLE DIGIT

'DISPLAY, SINGLE CIGIT

112, TUAL 4-INPUT NAND GATES

1C, CMC3 18-KEY ENCODER

"IC, LED DRIVER

PLED, RED

[LED, RED

[LE2, RED

ILED, ORANGE

[LE3, RES

LED, RED

'RES, CARB COMP, 10K, 5 PERCENT 1/4W
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‘SUTTON, PRINTED (NO. 2}
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T-T5-t147, PC3 ASSY., CHANNZL T -
PRACAL-DANA i i
‘ |  FSC | MANUFACTURIR'S P/N |

{R-21-1207 ICAP, CHIP, 10 NF j95275 |VJ1208Y103MF
IR=-21-1781 ICAP, CHIP, 3.3 PF 195275 |VJT206A3R3CT
iR=-21=-1801 {CAP, CHIP, 10 NF ]85275 |VJ1208¥133wF !
JR=-2'-1781 {CAP, CHIP, 3.3 PF | 85275 YJIZ2U8A3R3ITF ;

Coe 1o
‘gi2-13 'R-21-1B01 [CAP, CHIP, 10 NF 195275 [VJ1205Y103MF
ica [R-21-1731 |CAP, CHIP, 3.3 °F }98275 [VJ1208A3R3CF
23 ‘R-21-%8C1 [CTAP, CHIP, 10 NF 95275 IV, 1228¥1C3MF '
cs ®-2°-07%5  |CAP, ALUM. ELEC., 47 UF 128843 |2222-03§-233547¢8
SeTot: a-2t-1821 ICAP, CHIP, 18 NF 165275  (VJ1203Y D3%E
goh R-21-1783 ,CAD, CHIP, 4.7 PF 195275 |VU<208N4R7IT
2t R-271-°831 |CAP, CMIP, 13 NF 185275 |vJi205vicams
22 R-21-1781 |CAP, CHIP, 3.3 PF 195275 |VJ1203843R3C™
223 iR-21-1738 |CAP, CHIP, 12 PF 195275 |VJ1208A120J7
'024-23  (R-21-1821 [CAP, CHI®, 10 NF 85275 1vJ1208Y 33¥F
23 "%-21-180C (CA2, CHIP, T NF [95275 (V. 1203viI2%F
k- [R-21-0735 |CAP, ALUM. ELEC., 47 UF {28848 |2222-0385-3347%
[223-32  {R-21-1807 |CAP, CHIP, 10 NF 95275 (VJ1233Y103MF
‘233 'R-21-1784 |CAP, CHIP, 5.6 PF ‘ 185275 'VJi208A5RSCT
‘£7:2.33  (R-21-1785 [CAP, CHIP, §.3 PF 185275 iVJi1208A8R2C7
RelXs 'R-27-1735 [CAP, CHIP, 27 PG 95275 V1023437347 ;
A%2o2§  PR-2°-1807 !CAP, CHIP, 10 NF 185275  IV.203Y1I3MF
(gan-at IR-21-1781 [CAP, CHIP, 3.3 PF (85275 |VJ1238A3R3CF i
zaz "R-21-1784 - [CAP., CHIP, 5.5 PF . |85275  |VJ120SASRSCF, :
ces '%~2:-1801 |CAP, CHIP, 10 NF 195275 !VJ125BY10IMA g
cas [R-21-G785 [CAP. ALUM. ELEC., 47 UF 28848 12222-035-3327% '
a3 iR-271-37C4 (CAP, ALUM. ELEC., &7 UF . 128828 [122-5327¢
e ET [%-27-1782 [CAP, CHIP, 3.3 PF 195275 (VJ12C8A3RSCE
‘2aTeng R-21-1857 |CAP, CHIP, 10 NF 55275 .«J‘zaav-ssm=
'3:3-33 R-27-1781 |CAP, CHIP, 3.3 PF 195275 1208A3R3CF
‘C$1-52  1R=21-1783 [CAP, CHIP, 1§ PF 95215 | ;: 2SATSCUF
53 (130733 CAP, CER, .' UF, LOW PRCFILE, 29 PERCENT  |32897 [813TLP- 52=250-1348M |
o Pz1033% CICDE, L3W O SCHATTKY 50234 1HP5082-223F
oz %x-22-°5%2  DICDE., 3I. 150434 3332-3273
27028 'IICDE, Iw O SCHOTTHY |50436 [HPSI32-233%
t3-3 270328 TSIDCE, LOW OF SCHOTTHY 153438 ~23382-233%
s 5-22-7C5% DIZCE, 3l 1 153234 1 SC22-337
pERY- zhIut 3IGDE, ¥ {24733 ;2'C1°7
soo- Z-2z-:8°% giosE, z 128453 . BIXTSI:.
Tz I-2z-°C2%  .DIGBE, 31- 114233 Ma1L3
o 1233347 £12, GULAD COMPARATOR 127078 LM23SNSL-
ot 1233737 IS, SIGITAL, TRIDPLT LINE RECIIVER 94712 [mIi01TERCS
ok Z-23-45%24 12, ‘.3 GHI PRESCALER 52648 3273
o 222183 1T, NAND BATE 101295 3NT4L33ING
= R-17-3245 CCIL AZ3Y. 121733 [ R-17-3243
33 3.22-3123  TRANSISTCR, NPN 182273  3FRST
a4 '3-22-57%5 [ TRANSISTOR, R° 53434 [=XT3-3°C
LR 'R-25-5733 O REZ, oHI®, 10K, T/3W, 5 PERCENT 165342 [MCRIB-ICK ORFM-3 2CT
Rt "R-20-5541 CRES, CrIP, 30 CHM, ‘W 156235 [232°CPAX15°0
RS ‘R-20-5237  (RES. CHIP, 39 CAM. 1w 58225 1202°CRPX23C
3" 12-33-3737 [RZS, CrI®, 330 CAY, 1/3W, § 2ERCENT, 230V (85540 (¥CR78-233 C4M-5 20T
.23 'R-20-5783 RE3, CHIA, 50 OmY, T/BW, § PTRCENT, 200V 155543 VMCR'2-150 CeM-8 30T
=3 'R-230-573% |RES, CHI2, I70 CHW, /8, § PERCENT, 233V 185540  MCR1E-27C CAM-5 P07
ERE 'R-20-3784 [ RE3, oeIP, “CT CHM, 172w, § PERCENT 165345 w7270 CHM-3 20T
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CHANNZL I (CONT'D}

|RES, CHIP, 270 OHM, /84, 5 PERCENT, 200V
IRES, CHIP, 10 OWM, 1/8W, § PERCENT, 200V
fRES, CHIP, 33 OHM, 1/8W, 5 PERCENT, 230V
'RES, CMIP, 330 OHM, 1/8W, 5 PERCENT, 200V
[RES, CHIP, 270 CHM, 1/9W, 5 PERCENT, 200V
{RES, CHIP, 330 OWM, 1/8W, § PERCENT, 200V
IRES, CHID, 13 CHM_ 1/3w, 5 PERCENT, 200V
‘RES, oHIP, 3T SwM. 1/2W, § SERTENT, 200V
{RT5, C.IP, 330 CHM, 1/0W, 5 PERCENT, 232V
{RE3, CA<I2, 180 OAM, 1/3W, 5 PERCENT, 200V
{RES, CWIP, 390 CHM, 178w, 3 PERCENT, 203V
(RES, CHIP, 10 OQHM, 1/8W, 5 PERCENT, 202V
{RES, CHI®, 33 CHM, 1/8W, $ PERCENT, 200V
RES, CHIP, 330 OHM, 1/3W, 5 PERCENT, 220V
| POT, 25K PRE-SET

{RES, CHIP, 390 OHM, 1/8W, § PERCENT, 200V
IRES, CHIP, 160K, 1/84, 5 PERCENT, 200V
IRES, GHIP, i3 OHM, 1/8W, 5 PERCENT, 200V
IRES, CHIP, 22 CHM, 1/8W, 5 PERCENT, 200V
IRES, CHIP, 222 QHM, 1/8W, § PERCENT, 235GV
'REZS, ChIP, 1.5K, i/8W, § PERCENT, 230V
[RE3, CHIP®, S6K, 1/8W, 5 PERCENT, 200V
[RES, CHI®, 13 CHM, 1/3w, 3 PERCENT, 23CV
‘RE3, CHIP, 33 CAM, 1/3W, 5 PERCENT, 200V
iRES, COHIP, 58K, 1/8W, S5 PERCENT, 200V
"RES, CHIP, M, 1/9W, 5 PERCENT

(RES, CHIP, &4.7K, 1/3W, S PERCENT, 200V
IRES, CHIP, 1K, 1/8BW, 5 PERCENT, 280V
{RE3, CHIP, 150G CHM, 1/3w, 5 PERCENT, 20GCV
'RES, CHIP, 27 OHM, 1/8W, 5 PERCENT, 260V
{RES, CHIP, 470 CHM, 1/8W, 5 PERCENT

IRES, CHI®, 6.8K, 1/8W, § PERCENT, 200V
RZS, CHIP, 3.3K, 1/3W, § PIRCENT, 223V
TRES, CHIR, 1K, /2w, 5 INT, 233V
IREZ, CHIp, £330 CHM, 1/3 FERCENT, 203V
RT3, oIR, 207K, /EW, RCENT

IRES, C-IP, 3.3K, /2w, RCENT, 222V
(RT3, SHIL, kK, C/%wW. 3 ENT, 230V
I2E5, CHIP, 153 oHM, 1/ PERCENT, 222V
TREI, CHIP, M, /%W, 5 PIRCENT

RES. CHIP, 10 CHM, 1/32W, 5 PSRCENT, 233V
TCONNERTAR, 30-nWAY

SCREEN

iCCVER

'SPACER

‘P.C. BCARZ (UNLGCADED]

INUT, HEX, M2

IWASHER, CRINALZ, M3

iWIRE, BARE PZER/TIN, 22 GA

Bl sl
QOO0 0OOo0an

=W WD W U W

(Tl
w

594¢C

133540
185543
| 65343
55343
| 65940

[+2]
(3]]
[FUNTe)
2 P
a o

MR A MO B U Ok O Oy
o

W O OO0 00O

»

a3 U AT O Y U Do G dlan
~1 N WO W) WD W ) AD D D WD

~J
wur o~

iMCR13-273 SHW=5 PCT
IMCR1E8-15 OHAM-F 2CT
[¥CR18-33 CHM=-5 BCT
|MCR18-335 CEM=3 207
IMCR18-270 CHM-5 P07
|MSRT8=38C OHM-5 °CT
IMCIRTB=12 CHM=T =TT
WCRTB-23 G- 207
IMIRT2-233 CH¥-3 207
{MCR18-180 $v-3 OCT
IMCR18-29C CHM=3 Flohs
[MCR18-1C ORM=5 PCT
|MCR18-33 CH™M=3 >C~
[ MCR18=333 Grw-5 2CT

|R=20-7C43
[MCR18-393 0HM=-3 PCT
[MCR18-10CK=5 PC~
[MSR18=156 OHM-5 207
{MCR13-22 CHM-3 2CT
[MOR1E-220 CHW-5 3CT
[MCR18~1.5K-3 =C~
|MCR18-58K SHM=3 PCT
IMCRi1§=10 CHM-3 P27
IMCR18-58 21w-3 2CT
{MCR18-56K CHM-3 2¢7
1M OHM=5 °CT
{MCR18-4.7x-3 2C7,
{MCR18=1K-Z 32T
[MCR"9=-733 CH¥=5 2C~
[MCR18=-27 CHM-3 PCT
{MCR18=473 CHM-3 »C7
| MOR18-6.8K~-5

22T

IMOR18-3.3%-3 707
PMIRIB-" K-35 2
 MCRT8 4

| MCR1E

[MCRS

TMCR1B

IMCXT8-130 7

D1V QM-S 37
IMCRTE-1D CAM-3 20T
IMIC-525-30-35
'R-13-285"
[R=11-17327
|R-13-2123
'R-13-2104
IR-14=4220
IR=18-1122
IDING34-M3

| R-24-282"



3-1§-7°£5, PCE ASSY., MCTHERSCARD

REF {RACAL-DANA |
! DESIG | P/N | DESCRIPTICN
1 |R-21-C789 |CAP, ALUM. ELEC., 47 UF, 25V
o2 tR-21-1801 [CAP, CHIP, 10 NF
Ic2 |R-21-078% |CAP, ALUM. ELEC., 47 UF, 25V
|ca-i2 {R-21-1801 |[CAP, CHIP, 10 NF
‘c13-14  |R=21-18CC |CAP, CHIP, 1 NF
'c22 |R-21-1801 |CAP, CHIP, 10 NF
{G23-25  [R-21-0789 [CAP, ALUM. ELEC., 47 UF, 28V
225-27 'R-21-1851 |CAP, CHIP, 10 NF
028 'R-21-378% |(CAP, ALUM. ELEC., &7 UF, 25V
¢35 [R-21-1880 |CaP, CHIP, 1 NF
1C38 tR-21-1847 |CAP, CAIP, 20 NF, 400V
oz R-21-1808 |[CAP, CHIP, 33 NF
‘cag {R-21-1831 |CAP, CHIP, 10 NF
1ca1-45  |R-21-1808 |CAP, CHIP, 33 NF
13 12-21-7003 |CAP, PCLYPRCP., 47 NF, 250V
Tga7-48 'R-21-7032 [CAP, POLYPROP., 2.5 NF
‘Cas 'R-21-0883 |CAP, ALUM. ELEC., 10000 UF, 16V
¢se |R-21-0667 |[CAP, ALUM. ELEC., 4700 UF, 15V
‘c32 |R-21-3797 ICAP, ALUM, ELEC., 680 UF, 25V
£53-5 '2-21-0733 |CAP, ALUM. ELEC., &7 UF., 25V
oEg-3Sa [R-21-183 ICAP, CHIP, 22C PF
353 R-21-2787 [CAP, ALUM. ELEC.. §30 UF, 25V
535-35  (R-21-1847 |CAP, CHIP, 20 NF, 4C0V
37 |R-21-1358 |CAP, CHIP, 6.8 PF, 400V
‘c33 \R-27-7852 [CAP, CHIP, 47 PF, 2 PCT
ics3 'R-21-1853 |CAP, CHIP, 6.8 PF, 400V
ekrdv 2-21-1862 |CAP, CHIP, 47 PF, 2 RCT
1377 'R-21-1780 [CAP, CHIP, 2.7 PF
Eolch 'R-21=1782 [CAP, CHIP, 3.9 PF
'C13-74  [R-21-1857 |CAP, CHIP, 130 PF, 400V
'c75-78  (R-21-1801 (CAP, CHIP, 10 NF
12Ts ‘R-21-1838 |[CAP, CHIP, 33 NF
ok 12-21-1822 CAP, CHIP, 1C3 NF
v 'R-21-1831 [CAP, CHIP, 10 NF
532 13-21-1808 0AP, CHIP, 33 NF
ok 1125732 |CAP, CER, .1 UF, LOW PROFILE, 20 PERCENT
=32-33  R-21-1aC% CAP, CHIP, 13 NF
225 {g-21-278% CAP, ALUM. ELEC., 47 UF, 25V
T '2-2--"253 [CA?, CHI®, 3.3 NF, 50V
233 'z-21-7331 |CAP, CHIP, 10 NF
039 R-21-0785 ICAP, ALUM. ELEC., &7 uF, 25V
'C30-9¢ {R-21-1301 |CAR, CHIP, 10 NF
o352 "R-27-0788 .CAP, ALUM. ELEC., 47 UF. 25V
233 JR=21-1801 |Ca®, CHIP, 10 NF
2314-33 R-21-2783 [CAP, ALUM. ELEC., 47 UF, 25V
'25§5-123 (R-27-188°  [CAP, CHIP, 10 NE
G-24-33% IR-21-2788 [ CAP, ALUM, ELEC., 47 UF, 25V
.zeLs :®-21-°327 CAP, CHIP, 13 NF
21g7-%33 [R-2°-1833 [CAP, CHIP?, 33 NF
ceog-cT 1R=20-1307  (CAP, CHI?, 10 NF
TAiieotc3 |R-27-078% CAP, ALUM. ELIZC., 47 UF, 25V
cos "R-21-§77% ;CAP, ZLECT, 1 UF, 50V
2is '2-27-1801 'CAP, CHIP, 13 NF

{51058
95275
(61058
{95275
| 95275
195275
51058
185275
161058
85275
65238
195275
| 95275
195275
{25088
{25098
28848
| 28848
28848
61058
195275
| 288438
165238
|85275%
| 95275
{95275
185275
195275
85278
|65238
95275
195275S
135275
195275
155275
|32997
195275
151058
185275
135275
(61088
185275
161053
195275
151359
95275
161053
1895275
185273
135275
61053
151258
195275

| ECEATEVATOS
[VJ1206Y103MF

| ECEATEVETSS
|VJ 12087 1C3M7
{VJ1208Y102KF
|Vl 12C8Y1C3MF
[ECEATEVETIS
[VJ1208Y 103MF
{ECEAIEVATS
[VJ1238Y152%F
112058203K40 1N
|VJ1208Y33I3KF
[VJ1205Y103MF
[VJ1208Y323KF
|331127-C-123
18gt121-Cc-81¢&"
[2222-050~55103
|2222~050-53¢£72
12222-035-5358"
{ECSATEVATIS
[VJ120354221JF
2222~035-35583"
12063293X40N
Vo 1205AGRSCXTACT
NJT205A4TIGXA
VJi1235A6RECXTACS
NJ1206A4 TCGXA
|¥J1208A2R7C
VO T20SAIRSCR
11206N101K4CIN
1VJ12C6Y1CIMF
IYJ1208Y333KF
V. T1205Y 1TaMF
"YU T236Y153MF
[V 1286Y333K7

|
!
!
i
|

18131.P-123-25C-1
|VJ1205Y1C3VF
|ZCEATIVATCS
Vo1223v33247
V. 238Y133ME
TECEZATEVATC
|Vl 2C5Y 03w
{ECEATEVATLS
(VJ 1208V 33MF
I ECEAEVETIS
|VJ1206v1C3MT
|ECEATEVATIS
IYJI12268Y1C2MF
TV 1205Y322KF
288y 103UE
ECEATIVETIS
ECEZAtHXP 23
INU1ZCEYICIMF
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v
L
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o
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wy

w

AR AU A DDA AN DN
1

t=-0738

- -5738
-24-077
~21-278%
_anaa
377
- T ]
~3+=1831
-21=-1350
Cm_aA
2

S
[
[
0 0
(&
_a

3

2
2
2
2
2
:
2
2
2--1938
-2t ag2
-21-5729
—22.4029
‘R-22-1089
‘R-22-7329
'R-22-12¢%3
2.22-1652
R-22-1654
R-22-102%
210083
R-22-102%
R-22-1028
R-22-°3C1
"R-2Z-180%
R-23-5082
2-17-1536
%-17-103S
1230759
232727
1230208
Nk
T2377E7
237780
R-27-2227
T237E1%
1223238
23225
[R-22-4337
1232303
232734
1230428
230244
1230234
R-22-4732
{R=22-4252
"R-22-473%
"R-22-4253
230733
233738

a7 UF,
47 UF,
S0V
47 UF,
53V
47 UF,

[CAP, ALUM. ELEC.
| CAP, SHIP, 18 NF
[CAP, CHIP, 1 NF
'caP, CHIP, 10 NF
[CAP, ALUM. ELEC
'sAP, ESLECT. 1 UF,
foap, aLlM. ELEC.
caz, ILICT, ¢ OUF
'CAP, CHIP, 18 NF
JCAP, CHIP, 1 NF
|CAP, CHIP, 13 NF
[CAP, CHIP, 10 NF
ICAP, CWIP, 33 NF
CAP, CHIP, 33 NF
[CAP, ALUM. ELEC.,
IDICCE, SILICON
[DICOE, SILICSN
iDICDE, SILICON
{CICDE. SILICCH
'DICOE. 3RIDGE RECTIFIER
'DIODE, BRICGE

'DIODE,
|DICaE.

., 8C5 OF

SILICCN
LOW QFTSET

IDISDE, SILICON
'DIODE. SILICOGN
[3100DE, VGLTAGE
|SICDE, VOLTAG

i FUSE HOLCER

25V

25V

SCHCTTKY

REGULATC
E -REGULATOR,

2.
5.

'HYBRICD TEC {(NON-REPARABLE ITEM)
{HYBRID DAC (NON-REPARABLE ITEM)

{IC, DIGITAL.

1[C, DIBITAL, TRIPLE LINE RECEIVER
'IZ, 12 V313 REBULATOR

{72, REGULATOR

1IC. DIGITAL, TRIPLE LINE RECEIVER
T, DIGITAL. CUSTOM CHIP

1C. 3-3IT7 CMOS MICRCPRCCESSOR
LiT, C3TAC TRANGPARENT LATCH,
110, DEMLLTIPLIXER

'IC, MEWIRY

IC, CCTAL BUFFSR/LINE ORIVER,
T, GCTAL LATCH

T3, COTAL TRANSPARINT LATCH,

1T, SUAL I FLIP-FLCP

[IZ, GUAD 2 INPUT OR GATE

[Io, POCBITIVE NaND GATE

IC, REX INVERTER

TIC, GUAD 2-INPUT NAND GATE

LIC, GUAD CP-AMP

"IZ, HEX SIHMITT TAIGGER

{IC. WMC3/FET INPUT, BI PCLAR O
TIC, SOMPARATOR, JUAL ULTRA FAST
1T, DIGITAL, CUSTCM CHIP

ECL

161058
185275
95275
|95275
161058
|61C58
|51058
51253
165273
195275
195275
195275
195275
155275
151058
114433
(17855
{14433
| 17858
27777
|27777
[14833
50434
14433
14433
14433
144313

-
Ww
(O]

~} -

O MO0 OO
—_
[SRI N ]

w w
[FIRN}

(%)

=] W
LYo I T 5 )

r A
[PV IO I LI S

s
Ca i €D D

| MANUFACTURER™S P/N

[ECZATEVATCS

IVJ1206Y103MF
|VJ1208Y102KF
[VJ1206Y103MF

i
|ECEATEVATOS

|ECEATEVATIS
| ECEATHKP 122
iV31208Y133MF
[Vo1208Y102KF
[VJ1208Y¥1203M7
[VJ1208Y133mF
|VJ1235¥333%7
vl1208Y333HF
[ECEATEVLTIS
[ 1N& 143
{JPADSC
T1IN414S

| PaDE2
IVHZ43

VM8

[TN&TAY
|KPS082-2333
11N4 145

LING T4
1ZPD2.7
|ZF.5.54
[FAL-C37-3573

IR-17-1G32

[R=17-17035
IMC10215P03

[}
'MC101 18RS

iMCTeI2sT

CIURTST2UCO

|8NTLLE3
1SNTLLS
| SNTALSCAN
[R=22-47C0
[LUA34G32C
IH4EF20° 23R
jCA3%43Z
TAD95273C
1232733
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R-18=-1145, PC3 ASsY., MOTHERBOARD (CONT'D)

| REF | RACAL-DANA | |

| BESIZ | 2 /N | LESCRIPTION { FSC | MANUFACTURER'S P/N
TICaT 1230733 i1c, DIGITAL, ECL FLIP-FLOP [CaT13 |MC10231P0S

jL1-2 {R-23-7217 |CHOKE, MAINS, 40 UH |25088 |BB22111-A-C7 :
iL5-11 1316151 [CHOKE, 10 PERCENT, 10C UH 183125 |[2C10CUH :
|Li4~"5  [310°'52 |CHOKE, WIDEBAND lg2114 [VX20C-18/28 !
L20 1292787 {CHOKE, 1C PERCENT, 100 UH 83125 |[DDI0OLH !
LK 1501495 |PLUG, JUMPER, 0.1 CTR, LCW PROFILE |88779 1530153-2

CLK2-3 1532245 {JUMPER, INSULATED {52210 |L-2C07-1

x4 1531185 |5LuUG, JUMPER, 0.1 CTR, LCW PROFILE 100779 (536153-2

P2 531252 "SONN, 14-PIN RT. ANGLE, DUAL RCW 152072 (CA-374R-233-"5

toL7 |§01208-013 |CONN., PCB, PLUG, 30-PIN 52072 |CA-335-238-43

TR ' 501208-012 |CONN, PCB, PLUG, S-PIN {52072 |CA-505-236-43

1PLS 1§01203-076 |CONN, PCB, PLUG, 3-PIN {52072 |CA-$33-233-23

EIIRE |§01228-C55 |CCNN., PCS, PLUG, 10-PIN (52072 [CA-S10-238-43

BT 1531223-072 [CONN, PCH, PLUG, S-PIN |52872 |CA-535-228-23

[PL1S iR-23-5175 |PLUG, 2 X 3-wAY [27254 | 10-80-1C8"

12L20 {R-23-5°§7 !PLUG, RT. ANGLE, 2 ROW, 2 PIN 153878 928833-C1-32

Pz ' R-23-5183 [PLUG, 2 X 10, 10-WAY {K0535 {M20-988-10-03

1G1-3 |R-22-3018 |TRANSISTCR, PNP 04713 [MPS3640

o7 1200298 | TRANS, NPN , {04713 |2N3904

|35 1252293 | TRANS, NPN 104713 | 2N390%

G razg3ce |TRANSISTCR, NPN 134713 [MJE30S5T

ok [R-22-5113° |TRANSISTOR, PNP : 122119 |ZTXSEC

22 200301 {TRANSISTOR, PNP {04713 [MJE29557

13s 'R-22-6112 !TRANSISTCR, N°ON 22119 |ZTX450

qin R-22-6112 | TRANSISTOR, NPN 122118 {ITXASS

Rl 1225288 {TRANS, NPN 104713  |2N39C4

‘g12 120036 | TRANSISTOR, PNP - 104713 [MJER9SST

RoRte! "R-22-5113 |TRANSISTOR, PNP (22719 |ZTXS5¢

Q4 202288 I TRANS, NPN 08713 | 2N2504

'g15=15  IR-22-5183 |TRANSISTOR, N-CH SILICO! JFET 29848 IBF23S5A

‘qr7.tg iR-22-5205 |TRANSISTOR, RF, NPN 122119 |8FS17

ore 'R-22-52C5 | TRANSISTOR, RF. NPN 22113 |3F3817

222 "z2s288 [ TRANS, NPN [04713 [2M3302

323 R-22-5225 |TRANSISTCR, RS, NPN 122118 IEF3:7

S22 230282 ' TRENS, NPN LG4T13  2N383E

mzTozT 203289 . |TRANS, ON? 134713 12N39CS

s22 '2-272-5173 [ TRANSISTCR, 2NP r22 'ITXS5C

iG23 z-22-22%5 1T, LINEAR HIGH CURRENT 118714 1CA3333%

X .%-22-3732 RES, CHIP, X, 1/%W, § PERCENT, 200V 155g43 | MCRIB-iA-5 90T

P22 ‘R-25-3541 |RES ARRAY, § X 1K CHM, 13 PIN SIL 'a1349 | T12A1L2

"R3-8 2-22-3787 CRE3, CHIP, 330 CAM, 1/8W, S 2ERCENT, 203V 155940 {MCR18-330 CpM-3 20T
123 %-22-3792 (RES, CRIP, 1K, 1/3w, 5 PERCENT, 200V {53342 MCRI8-1K-3 2CT

5 '2-22-5737 RE3, CAIP, 330 CHM, 1/, 5 PERTENT, 230V "§35345  WIR12-23C CnM-5 30T
T 2-25-5782 XS5, ChIP, "X, 1/3W, 5 PERCENT, 233V 55348 (MCRT8-1%-3 2I7

Y '3-22-377°  RES, CRIP, 13 CHM. /8w, 5 PERCENT. 200V 55345 MCRIB-13 QRW-3 OCT
Y '3-22-5755 |RES, CHIP, 473 CHM, 1/3w, 5 PERCENT 65940 ¥CRT8-473 CHM-5 2CT
RS '2-22-5783 [RE5, CHIP, 47C CHM, 1/3W, § PERCENT E534C [ WCR18-47C0 CHM-3 PCT
28 'R-20-57g2 |RE3, CHIP, 1K, 1/3W, S PERCENT, 200V 65940 IMCRT3-1%-§5 SCT

225 ‘R-22-3782  IRES, €13, 10K, 1/8W, § PERCENT 165542 IMCRIZ-I0K Gr¥-3 20T
1223 . 3-23-5782 'RZ3, CHIP, 1K, 1/3w, S PERCENT, 230V {35940  MCORIg-1K-% 2CT

R2Z \x-20-5732 RZ3, CHIP, 1€, 1/8W, § PERCENT, 200V 53345 WOR18-71K-3 PCT

R332 'm.n5-S792 (RES, CHIA, 1K, 1/2W, § PERCENT, 230V §3948 IMCRT3I-1K-3 237

113 n-2n-8793 TS, CHiP, 4.TX, /3w, § FERCENT, 210V 55088 WCR1g§-4.7%-5 2C”
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%~1G=1145, PCE ASSY., MOTHERBCARD (CONT'D)

RE= IRACAL-CANA | ! ! !

SESI3 ! PN | DESCRIPTICN | FSC | MANUFACTURER'3 »/M
iR&J |R-20-573¢ [RES, CHIP, 4.7K, 1/8W, 3 PERCENT, 200V 65940 |MCR18-4.7%-5 PCT
iR&S |00038" |RES. CARBON, 390 OHM 1/4W, 5 PERCENT |81349 |RCQTGEF390J ‘
tR23 |R-20~-5562 |RES ARRAY, 10X, 10 PIN [61058 |EXBF1OV1GC3G ;
LmeT {R-20-5792 |RES, CHIP, 1K, 1/8W, 5 PERCENT, 200V [65340 |MCR18-1K-5 2CT 1
1228 1330121 |RES, CARBON, 120 CHM, 1/4W, 5 PERCENT (81349 |RCOTGF123.
IR43 IR~20-5558 [CLSTOM RES ARRAY, SIL [K1160 {7470285 5
‘RS54 'R-20-5792 |RES, CHIP, 1K, 1/8W, § PERCENT, 203V {85340 {MCR18-1X~-3 »C7 '
C35C 'R-25-3752 {RES, CHIP, 1K, '/8W, § PERCENT, 293V |65943 IMCRIE~1K=5 >C7
TRS3 ] 520361 |RES, CARSCN, 330 CHM 1/4w, § PERCENT |81343 |RCOTGF3504
"R35S IR-2¢=-5732 |[RES, CHIP, 1K, 1/8w, 5 PERCENT, 200V 165840 |MCRI8-"K-3 2C7
LRET |R-20-5737 [RES, CHIP, 330 CHM, 1/8W, S PERCENT, 200V (63840 [MCR18-330 CHM-3 BCT |
i RS3 'R=20-5213 |RE3, CHIP, 100K, 1/8W, S PERCENT, 200V |55940 |MCR18-13CK-§ PC7 i
TR7S {z-29-5753 |RES, CHIP, 1CK, 1/3W, 5 PERCENT {55540 [MCR18-10K CHM-5 PIT !
"RT3 'R-20-5313 |RES. CHIP. 10CK, 1/8W, S5 PERCENT, 20CQV {55845 !MCR13-71200¢-3 2C7
'RTT R-20~5787 |RES, CHIP, 330 ChHM, 1/8W, 5 PERCENT, 200V [6§5940 (MCR18-330 Cmm=5 =C7
PRTE-81 'C21873 |RES, CARBON, 100 CHM, 1/2W, § PERCENT 101121 [RC2“GF1C|J
|32 |G10939¢C IRES, CARECN FILM, 900K, 1/2W, 0.25 PERCENT [80331 [RNSSCIQC3
[ R23 1016888 [RES, METAL FILM, 111K, 1/8W, §.23 PERCENT 180031 |RNSSCT1138
LR54 1010893 IRES, CARSCN FILM, 900K, 1/2W, 0.25 PERCENT |80037 |RNBSCS0C38
"RES 12109889 [RES, METAL FILM, 111K, 1/8W, 0.25 PERCENT [80031 |RNS5C17 138 :
{R37-39 |R-20~-5554 |CUSTOM RES ARRAY, SIL 121793 [R-20-3%34 1
TR {R-20-5554 |[CUSTOM RES ARRAY, SIL (21793 |R=-20-5534 i
1RS3 |R-20-3817 {RES, CHIP, 58CK, 1/3w, § PERCENT, 200V 165840 IMCR13-5504-5 PCT
TR34 [R-29-5784 |RES. CHIP, 180 OHM, 1/8W, § PERCENT, 200V [65340 [MCR'8-180 CRM-8 2C7
LR35 [R-20~5817 |RES., CHIP, S6QK, 1/8w, 5 PERCENT, 200V [65940 [MCR18-583K-3 PCT
1R93 iR-20~5724 |RES, CHIP, 18C OHM, 1/8W, 5 PERCENT, 200V 165540 (MCR1E-18C OQMM-3 2C7
[ RET 1R=-23-5787 |RES, CHIP, 330 CHM, 1/8W, S5 PERCENT, 200V [6594C IMCR18-33] CHM=5 PCT
TRs2 'R-20-35755 |[RES, CHIP, 470 OHM, 1/8W, S PERCENT 153340 [MCR18-270 QWM-5 2CT
'RICT 12-20-57393 |RES, CHIP, 1.2K, 1/3W, § BERCENT, 203V 155943 |MCR18-1.2K-5 2C7V
CRTL |R-20-5787 |RES., CHIP, 330 OAM, 1/8W, S PERCENT, 200V |6594C IMCR18-33C O-M-3 PCT
TRTl2 {R-20-5755 [RES, CHIP, 470 CHM, 1/8W, S PERCENT (55540 (MCR18-470Q CHM-=3 2C7
TRUa 2-22-5793 iRES, CSHIP, 1.2%, 1/8w, S5 PERCENT, 200V 165940 IMCZR1I8-7.2¢-5 2CT
Sk 12-22-5732 (RES, CHIP, 1K, 1/3W, 5 PERCENT, 200V 165945 |MCR"8-1K-5 2C~
tRt s 'R-20-3792 IRES, IHIP, 1K, /8w, 5 PERCENT, 200V 183940 IMCRI8-1<-3 3CT
Re++-t12 [R-23-5771 |[RES, CHIP, 10 CHM, 1/3W, § PERCENT, 26CY {55943 [(MCR*8-1J0 CHM-3 =2C7
RN '3-20-3758 RES, CHiIP, 103 CHM, 1/8W, 5 PERCENT |55940 (MCRI8-1LC OmM-E 20T
A 'R-20-57%2 (RE3, CHIP, 'K, 1/84, 5 PERCENT, 200V 85340 (MCRI§=-1K-3F 2CT
P18 'R-22-5755 | RE3, CHIA, 47C CHM, 1/8wW, S5 PERCENT 153340 [MCR18-470 O=m-35 PCT
CRUTT 13-22-5764 |RES, CHIP, 100 CHM, 1/3wW. 5 PERCENT {55345 |MCR18-18C0 CH¥-5 PCT
CRTUS [R-20-3732 'RES, CHIP, 1K, 1/8w, 5 PERCENT, 2Cav 165940 ‘V“R‘ﬂ-'K-= Clok
JRT23 |R-20-5765 |RES, CHIP, &470 CHM, 1/8W, § PERCENT 1§5540  IMCRY -477 CHM=3 307
lztgt-t24 13=23-3765 |RES, CHIP, 2.2K, 1/8W, 5 PERCENT. 203V "58345 UQ‘a -2.2%<-5 2CT ’
'%123-725 ;R=-20-5730 RES, CFIP, 380 OHM, 1/3W, S PERCENT, 200V 13534C ZMCR‘S-SSG CHM-3 327
"R122 12-21-35785 [RES, CHIP, 22C CHM, 1/8W, S PERCENT, 200V 155345 [ MCRT8-225 ZHEM-3 207
"RT2% {R-22-3784 IRE3, THIP, 1.5K, 1/8W, § PERCENT, 200Y 63540 {MCR®8=-1.5X-3 3CT
PRT3S 'R-20-3813 !RES, CHI 160K, 1/8W, § PERCENT, 200V (65345 {MZR18-10GCK-5 PCT
iR*3%5 {R=23~-5788 |RES, CHI P 19K, 1/3Ww, § PERCENT 165343 |MCR18-?CK CHM=3 2C7
PR137 "R-20-5768 [RES, CAIP, 10X, '/8W, S PERCENT | 55940 MCRIB~10X QAM~5 PCT
|R139 fofeRoRais ot | RES, CARBCN, 10 CHM, 1/4W, 5 PERCENT 131349 ‘?Cu7u 12¢
TR143 ‘A-20-5754 | RES, CHIP, 100 OHM, 1/8W, § DPERCENT 185345  |MCR13-120 OHEM-S5 2CT
TRTLC 1R-23-5753 RES, CHIP, 18K, 1/3W, 5 PERCENT |§584¢C ;MUR 3-13K ;H» 5 FCT
 R142 R-35-5780 (RES, CHIP, 58 CHM, i/8w, 5 PERCENT, 230V '§594C iMCRIg-§8 ChM=5 PCT
'R43 [323°2C {RES, CARECHN, 10 THM, 1/4wW, § PERCENT 191349  'RCITEFI3IS.
TRTal '2-20-3754 [ RES, CHIP. 100 CHM, 1/8W, 3 PERCENT . 183340  IWCR'3-ICI ChHM-3 30T
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3-18-1145, PCE AS3Y., MOTHERBCARD {CONT'D!}

| oEsic | P/N ! DESCRIPTICN i FSC | MANUFACTURER'S P/N

l _______________________________________________________________________________________________
TR145 |R-20-5758 |RES, CHIP, 10K, 1/8W, § PERCENT (65340 [MCR18-10K CHM-5 >CT
IR*43 |R-20-5771 |RES, CHIP, 10 OWM. 1/8W, 5§ PERCENT, 200V |6534C {MCR18-10 CHM=5 PCT |
8147 |R-20-5732 |RES, CHIP, 1K, 1/3W, 5 PERCENT, 200V |65340 |MCRi8-71K=-5 °CT i
‘R143 iR-20-5797 |RES, CHIP, 3.3K, 1/8W, § PERCENT, 200V {65540 |MCR18-3,3K=5 #CT ;
343153 [R-20-7871 [POT, 10K, TOP ADJ (21793 |R=-20-7071

'215--132 |R-20-57538 |RES, CHIP, 10K, 1/8W, 5 PERCENT 165940 [MCR18-13K O#M=5 PCT
'3:35-°55 1%-20-575% |RES, CHIP, 4.7K, 1/3w, § PERCENT, 200V 65340 |¥CR18-4.7K-5 PCT !
237 {2-20-5313 |RES, CHIP, 10CK, 1/8W, 5 PERCENT, 200V |65940 (MCR18-1CCK=S 2C~ !
%138 {R-20-579% |RES, CHIP, 4.7K, 1/8W, § PERCENT, 200V |55340 [MCR18-4.7K=5 3C~
‘R153 ' R-20-5763 (RES, CHIP, 18 OHM, 1/8W, 5 PERCENT 165940 [MCR18-18 CHM-5 PCT
IR153 {R-20-5784 |RES, CHIP, 100 CHM, 1/8W, 5 PERCENT (65640 |[MCR18-103 CHM-5 2CT |
Rt {R-20-3780 {RES. CWIP, 83 OMM, 1/8W, 5 PERCENT, 200V [55840 |MCR18-88 CHM-5 RCT |
12183 'R-20-5764 [RES, CHIP, 130 CHM, 1/3W, 5 PERCENT 165540 [MCR18-1C0 CHM-35 PCT
LKV 3-20-3780, |RES, CHIP, §8 OWM, 1/8W, 5 PERCENT, 200V (55940 [MCR18-58 OHM-3 PCT
'21535-165 [R-20-5764 |RES, CHIP, 100 GHM, 1/8W, 5 PERCENT |65940 |[MCR18-108 CHM=5 PCT
'R137-163 {R-20-5737 |RES, CHIP, 3.3K, 1/8W, S5 PERCENT, 200V {55942 |MCR18-3.3%-5 PCT
iR1539 |R-20-5778 |RES, CHIP, 47 CHM, 1/9W, 5 PERCENT, 200V {68340 [MCR18-47 CHM-5 PCT
2175-171 |0C3121 |RES. CAREON, 120 OHM, 1/4W, 3 PERCENT {81345 |RCOTGF12C. j
TRTT4 iR-20-5792 |RES, CHIP, 1K, 1/8W, S PERCENT, 20OV {65940 |MCR18-1K~-5 PCT '
RT3 '2-22-3782 RES, CHIP, 1K, 1/8W, § PERCENT, 203V 65540 |MCRi1g-1K-5 2CT

R1TT ' R-23-5782 |RE3, CHIP, 1K, 1/3W, 5 PERCENT, 230V 16355840 |MCR18-1K-3 FCT

2178 'R-20-5797 1RSS, CHIP, 3.3, 1/8W, § PERCENT, 200V 165340 [MCR18-3.3K-5 2CT
‘R1TS . R-20-5792 |RES, GHIP, 1K, 1/8W, S PERCENT, 2030V {65340 [MCRiS-1X-5 PCT

TRiEC ‘R-20-5753 |[RES, CHIP, 10K, 1/8W, 5 PERCENT 165340 [MCRiB-12K ChM=3 °CT
S 'R-22-5755 |RES, CHIP, 470 CHM, 1/8W, 5 PERCENT 65340 [MCR18-478 CHM=3 PC~
'3135-187 1R-23-321 IRES, CHIP, S3CK, 1/8W, S5 PERCENT, 20QV 55340 |MCR18-533K-5 2CT
2183 'R-20-5792 1RE3, CHIP, 1K. 1/8W, 5 PERCENT, 230V {65340 [MCR18-i1K-3 PCT

2138 'R-20-33C5 |RE3, CHIP, 27K, 1/8W, S PERCENT, 200V 55340 [MCR18-27K-3 2C7

'R188 '3-20-5792 [RES, CHIP, 1K, 1/8W, S PERCENT, 200V {65943 |MCR:8-1K=-5 PCT

RI§1 ‘2-20-3808 [RES, CHIP, 27K, 1/2w, 5 PERCENT, 200V 55540 [MCR18-27K-5 °CT
'R-32-°§3 1R-25-707% (PGT, 1CK, TOP ACJ 121793 |R=-20-7071 '
P 3-34-577¢ 1RZ3, CHIP, 10 QHM, 1/8W, 5 PERCENT, 200V (85943 [MCRI&-1C CmM-5 P07
(R 53 R-20-5774 |RES,.CHI?, 22 CHM, 1/8W, § PERCENT, 200V [§5940 |MCR™3-22 Ch¥-3 227
%332 'R-20-378¢ (RES, CHIP, 18C° OAM, 1/84, § PERCENT, 29Cv [S$3§40 [MCRTE-130 CumM-3 s
Y 'R-20-3771 1RES, CHIP, 10 OHM, 1/8W, 5 PERCENT, 203V [§534C MCR-8-10 Qm¥-% =Tohe
33t s_n~.3774  RES. SMIP, 22 OHM, 1/8W, 5 PERCEINT, 200V (6334C IMCR1E-22 CPM-3 30T
3233 R-22-3784 RIS, CHI®, 186 GHM, 1,34, 5 PERCENT. 200V 65840 [WCORT3-723 ohv-s Eloh
3232-223 R-25-3732  [RES, CHIP, 1K, 1/8w, 3 PERCENT. 20CV |6584C [ MIR1G-14-3 3CT

%2lz R-20-379% RS, CAIP, 4.7K, 1/3W, 5 PERCENT, 20CV 185543 | ¥CRig-&.7X-3 2I7
%273-213 'R-23-5787 [RES, CHIP, 230 OdM, 1/2W. 5 PERCENT, 200V (35348 | MCR78-332 CHw-3 2C7
‘3272213 R-2G6-5792 ©RS3, CHIP, 1K, 1/8W, 5 PERCENT, 200V 65940 MCR13-1¥-5 Pl

TR 3-25-3735 ' RE3, CHIP, 2.2K, 1/8W, 3 PERCINT, 208V 85340 [ WIR'E-2.3%X-3 2CT
R '2-23-3783 |RE3, CHIP, 10K, 1/3W, § PERCEINT 165340 1MCRTE=1IK CHM=3 °C7
1231 3-73-373C 325, S<IP, &3 QWM, 1/8Ww, 5 PERCENT, 23¢%  '539e3  [MCR1E-88 CuM-3 PCT
R3:7 '3-20-33°2 [REI3, CHIP. 1GCK, 1/3W, 5 PERCENT, algv 135345 [MCR18-10CKX-3 PCT ;
22°3-225 R-20-5738 RES, CHI%, 1CK, 1/8W, 5 PERCENT 55540 | MCR18-1CK OQEw-5 3CT
R223 'R-20-573¢ |RES, CRIP, 58 QHM, 1/8W, 5 PSRCENT, 200V ;35840 iMCR1E-53 gHM=3 257
ezz7 '3-23-3777 'RES, CHIP, 10 CAM, 1/8W, 5 PERCENT, 204V [ §3340 IMORTE-7C CHM-3 sGT
3728 '3-23-5732 RE3, CHIP. X, 1/3W. S PERCENT, 20TV 155943 (MORTS-1%-5 27

R22% 3-20-3738 (RIS, SMi?, 2.2%, 1/3w, 5 PERCENT, 200V 153943 IWDR:2-2.2%-3 2CT
"R_A-R_D | R=23-752% |RELAY, REID, A 191778 [3570%L2:

2Lz R-23-7330 RELAvY, ZIL, T FORM C 'gt7i2 CaTeItC-233

s_T-3.5 R-23-752% CRILAY, RIIZ, 1453 21783  R=-22-7%23

3L 3-23-7327 RELAY, 3PIT 22853 '172-3
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I-t9-"AS, 302 AS3Y., ¥MITHERBCARTD (CONT'D)
JEF IRACAL-DANA | !

! DESIG P /N ! DESCRIPTICN H FsC I MANUFACTURER'S B/N
g 'R-23-4122 |MAINS SWITCH 121793 (R-23-4724 |
i3KS-0 507234 | CONNECTCR, BNC, PCE MOUNT lu3447 I TG~-5000
'SK8 JR=23-5177 [MAINS SELECTOR SCCKET f27264 108-03-13§8" !
31 IR-23-3429 [MAINS SOQIKET i2vegc  {PSeg/eC
T 'R=17=-24132 I TRANSFORMER, MAINS 121793 IR-17-2182 !
a2 -SRI 'HEATSINK 433V, 121783 1455117

can R-t1=1725  TLLAMD ASSY. 121793 {R-1'1-1716 ;
R R—Z-03T8 0 SCOREIEN 127793 [R-13-1%622

RN IR—13-2038 | INSULATGCR 121793 |R-13-2238 .
- IR-18-1143 IP.C. BOCARD, MOTHERBOARD (UNLCACED): 121783 |R-18-1143

L {331;3 (8113053 |CONN, CIP, LCW PROFILE, 40-PIN | 81836 | 240-AG3ED :
T{2882 ‘3208281 iSQCKET, 28-PIN 152072 ICA=-235-TSD-3C !
jlaz72 'R-22-37:23 | INSCLATING BUSH, M2 | K1935 iJ22-3CC3 .
S48 3 S37033° P INSULATOR, TO-22C | 18585 {80-11-5781-"874
(24234 LEIT4 | NUT, HEX, M2.5 | 1CJ 88 {DING34-M2.3 i
riassya 1517242 INUT, HEX, M3 | 1CJ88 [ OINQZ4-M3

t{Lrs8)4 'R—24-2302 |WASHMER, M2,5 121793 [R-24-2300
LTS TR-24-2207 "WASHER, CRINKLE, M3 121793 |R=24-28231

{8430 R=24£-28C2 IWASHER, M2 121793 IR-24-2822

t1245:3 iR-24-23CS SMASHER, M3.5 121783 IR=24-2833

{&£53302 {R-24-35139 AV LUGS 118738 EAVhJaw1"7/02uB
tlazait 'R-24-274% ISTAND-0FF, M3 X 14 148382 [K’F—M3-14—ET

Triza A 518228 [SCREN, PAN. HD., M2.5 X 147 121783 1£763C6

1ragsrs 13153215 "SCREW, PAN. HOC., M3 X 3 11€J8s [798;-A ~MZ DX aAMW
c{eseic 158244 ' SCREW, PAN HD., M4 X 12 {1cJas 1 7335-A-MaX 12V
CTA5ThE grg328 iSCREW, PAN HD., M35 X B | 1CJ 3¢ [ T8E~-A—M3 ., SHEMY

{4538 ;73¥M, 522855 IWIRE, TEFLON STRANDED, 20 GA, WHITE 121783 {52 3553

PATIRTIMY S20503 iAIRZ, TEFLCN STRANDED, 20 GA, wWAT/3K |892194 19858/ 7 wHT/BLK

CLT2LTIMMIE20828 IWIRE, TEFLGCN STRANDED, 20 GA, WHT/RED 121783 1520928 !
S aT75:40MMIBCCCTS | TUBING, SHRINK, 125 ID, BLK 12930s [RNF=103-1-1/8 .
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MANUFACTURZIR'S P/N

3/ SESCRIPTION 1 Fsg
o T113118 |CAP, TANTA, 6.8 UF, 20V, 10 PERCENT 65397 |T3550115%X02043 ,
1C2-10 11cCas2 |CAP, CER, .01 UF 180V, 10 PERCENT {05337 |C320C1G3KIRSCA :
T1C1-2 1233802 [1C. GCTAL D-TYPE F-F, 3-STATE [18714 [CDT4KCTITELEX i
| 103 1230368 | 1C, DEMULTIPLEXER 127014 |SNT4LS138N3 !
e 12320135 [1C, HEX BUFSER/DRIVER 61295 [SN7417TN3 ,
103 1232332 | IC, TRI-STATE SUFFER 101295 |SNT4LS3IBTAN i
ol 1232193 112, NAND GATE 101295 |SNTALSCONS '
itz 1232353 110, DEMULTIPLEXER 27014 ISNTALS132N3
103 T23zBzd TIS, GRL, CMGS, E4K EXT MEMORY 18714 [ CDB235323X
o 1235877 iIZ, MEMCRY 121733 2206917
1ot ;230303 TIC, GCTAL TRANSPARENT LATCH, 3-STATE OUTRUT|18714 COTAHCTITIEX
T2 1230430 'IC, GENERAL PURPOSE INTERFACE ABAPTER |04713  [mceBagsy
1Tot3 1233247 'iZ, MOS BILATERAL SWITCH [18714 |CDACSBAEX
Iza t232472 11T, CCTAL GPI8 TRANS 012395 [SNT5161AN3
R £232453 L IC, OCTAL GPIB TRANS 101295 3NT3I1SCANG
EeRE: 1235132 ‘10, CUAL D FLIP=-FLQP | 31295 |SNT4LST4ANZ !
rrnT 1235783 'IC, QUAD C W/SET & RESET | 18714 [CO74HCT74EX !
Toea 12321¢3 TIC, NAND GATE [G1295 |SNT4LSCONG
tceg 123203353 1IC, QUAD, 2 INPUT NOR GATES |01295 |SNTALSG2NS
pelcls t230a73 IS, GUAD 2 INPUT QR GATE [G1285 ISNTALSIING
Toas 232778 "IC, SIGITAL. 3 INPUT NOR [01265 |5N74L3527M43
1oz 1230338 '1C, DEMULTIPLEIXER 2751 |SNT4_5138N3
To2s3 23588 'TC, MEMORY, 2% X 8 RAM 161202 [T™MM201§P
- '33z032 {RI3 NETWORK, 105, GRES, 3.3K, 2 DERCENT 111237 17S3-701-R2.3K
=2 1302580 'RES, CARB L£OMP, 55 OHM, S PERGENT 1/4W 187349 IRCOTEFIE0J
L33 DR |RSS NETWORK, 122, SRES, 3.3K, 2 PIRCENT [11237 [750-131-R3.23X
31-5 jcco3at "RES, CARS CoMP, 330 OHM, § PERCENT 1/4W 181343  RCCTGF3I3NS
LRT izazzas [RES NETWORK, 8P, SRES, 2.3K, 2 PERCENT 111237 1750-81-R3.3X
£ 313183 [RE3, CARB COMD, "8 OHM, § PERCENT 1/4W {91348 [RCOTGFIS0S
%3 cssc |RE5, CARB COMP, 35 CHM, S PERCENT 1/4W (81323 |RSCTGFS83J
212 Mok R "RES, CARB COMP, 330 OHM, 5 PTRCENT 1/4W 18:34G [RCO7GF331J
317-tg ©342:57 | RES NETWORK, 8P, 7RES, 103K, 2 2ERCENT r+1237 | 752-31-R120%
T3 in1272 ' CART SOMB &, 7K, 5 PERCINT, /4w "2t3a5  RCOTGEATRL
eE Izizel <, 3P, SRES, 3.3K, 2 PERCENT [11237 1 7B0-t21-R3.24
s WIvREe SEMP 13K 5 PERGENT /4w 127323 RCOTGFAII2.
12z Tl T0K, § PERCENT */4W 27753 RLLTGFIIE
TTs T/4wW, S DEZRCENT 131349 CRTCTAFITIC
z<2 ERRRAE _ GLI, “4-PIN (52272  TA-145I-733223-9
347 sresaz 2 L TTE PEESE 92773 :5338° -2
R R-22-5153 E ) RIW, 2 PIN 153873 '329838-3°-I2
= 325318 T - 132853 13°-273
: IERRE-F 3 eCE, g ; [21792 1471822
: 527033 TPLUG. LU , CTR, LOW PROFILE '5377§  1530153-2
: 51247 'TAT_T ASSY, 292.21M 152072  !CA-D23RI2-328- -T7-421
‘ 5-1253 TSINM, DI, Llw BRCFILE, 43-PIN [9T8CS  1240-AG3S2
'3 825: SCREW, FOH,SEMS ASSY,4-430X.302 178189 '53-C40523-05
1332013 "HARDWARZ XIT, STANDOFF, STUD MGUNT 190779 13525333
5zise ISCCKET, I, 24-DIN 152272 [CA-243TSC-3C
$223%: {SCCKET, 23-2IN 152072 iLA-285-TS0-8C
R-"%-1%22  G.5.1.83. SLATE A3SY 12173 IR-"1-1523
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L oReT (RACAL-DANA | |

' DE3I3 BN ! JESCRIPTICN | FSC |, MANUFACTURER'S P/N |
tita 15112585 CONNECTCR, CABLE, 5-PIN 21783 [611CS6

EERE 1451822 |PC8, CCUBLER (UNLOADED) [21792 J411822 ;
1{2}1 1654873 {OSCILLATOR, 5MHz FREQ. STD (NON-REPARABLE (TEM) |21783  [454878 |
[{z3A/R  |5000Sa [ TUBING, SHRINK, .083 IO, BLK |29005 |RNF-100-1-3/32
1{632 1515304 [SPACER, .2500 X .125 LG 121793 [61C304 ,
11312 811672 SCREW, METRIC PAN HD., M3 X 10 121783 [611374 !
Tiigr2 1517102 | WASHER, FLAT, #2&, LIGHT SERIES 196906 IMS15795-8C3 ;
R 1517127 INASKER, LCCK, 24 98044 |ANG3EC2

TIt3iAsR 532383 (TUZING, SHRINK, .125 I3, 3LX 123605 |RNF=100-1=1/2

L {183A/R 1583074 WIRE, TEFLCN COAX (21783 (503074
Ti173A/R 1524835 'WIRE, TEFLON, STRANDED, 24 GA, GRN 121763 524555

L{°3jA/R 1524329 |WIRE, TEFLON, STRANDED, 24 GA, WHT/RED 121793 |524929

112013 610777 ICABLE TIE 116956 [GC8-432

Tie2: 16711052 |KEY, PGCLARIZING, PLUG 186778 187077-1

23313 1511353 I TERMINAL, CRIMP 105779  |53C553-2
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[RACA_-DANA | ; ;
- 2/ \ DESCRIPTICN | F3C | MANUFACTURER'S 2/N

! 'R-21-1831 |CAP, CHIP, 10 NF 95275 (VJI1208Y103MF :
j ‘R-22-7329 |DIODE, SILICON 14433 [1N&149
P 1316751 [CHOKE, 10 PERCENT, 100 UH 183125 |0D10QUH
i0i- 1200282 [TRANS, PNP [04743 |2N3208
1033 ‘25c2%3 | TRANS, NPN 04713 |2N3904 '
PR |R-20-3775 [RES, CHIP, 33 CHM, 1/8W, S PESRCENT, 200V {53840 [¥CR18-33 CHM-3 5CT
"32-3 'R-231-5782 CRES, CHIP, 130 QHM, 1/8W, § PERCENT 155940 [MCR18-133 OHM—3 >3C7

zc "R-25-5782 1RSF, CHIP, K, 1/%wW, 5 PERCENT, 203V 15594¢
RE-: -22-3733 RT3, CIHIP, LTC DnM, T/8W, § PIRCENT 153343  MIRIg-47I C
=7 "R-21-3734 REZ, SHIP, 1.S5K, 1/3w, 5 PERCENT, 232V {55540 IMCRIE-1.3A~
R3-5 R-27-3793  IRES, CHIP, 2.9K, /84, 5 PERCENT, 200V 155340 [ MCR18-3.3K- ,
RC 'R-23-3782 [RE3, ChIP, *.5K, 1/8W, § PERCENT, 230V (65948 [MCRTE~1.3K-
R 'R-20-5752 IRES, GHIP, 1K, 1/8W, S PERCENT, 200V {85340 (MCR18-14~5
R '%-27-5373 LRSS, CHIP, 38K, 1/8W, S PERCENT, 200v 1858432 | MCR18-39%-3 27

33 %-20-3333  IRES, CAIP, 534, 1/8W, § PERCENT, 203V 1535340 'MCRIR-13K-5 2I7
L {R~23-5875 (REZ, CAIP, 330K, 1/8W, 5 PERCENT, 202V (55840 [MCR:8-330K-5 2CT
HEEE 'R-20-5763 (RE3, CHIP, 10K, 1/8W, 5 PSRCENT (53940 MCR1§='0K CHM-3 »CT
‘RT3 'R-20-3792 (RIS, CHI3, 1K, i/3W, § PERCENT, 200 [55840 [MCRig~-'%-3 >C7
"RTT-"2z  R-25-3788 RES, CHIP, 3.8K, 1/8W, S PERCENT, 200V 55942 [MCR18-3.3%-5 2C
ST {m-23-8TSs {RE3, CHID, 130 CHM, 1/8w, 5 PERCENT 155943 IMCR19-°08 CH¥-3 °C7
gk m-2 g2 RIS, CHIL, <, /3K, 5 PERIENT, 220 53340  !MIRT3-"4-F 3C7
R2: 'R-20-3874 |RSS, CHIP. 5% CHM, 1/8W, 5 PERCENT, 205V |558453 {MCR18-37 3sv-3 =C7
e {R-23-7143 { TRANSFCRMER (21793 |R-23-7143
e '%-28-2337 TIARMINAL ASSY, {21753 R-24-3337 _
R RS TP 'PC3, COUSLER (UNLTADED) 27793 41322

3313 'R-24-3519 AV LU3ES 15738 [AVLUGI1C7/2238
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A-19-1147 — OSCILLATOR ASSY (STANDARD?:

| REF | RACAL-DANA | !

[ DESIG | P/N i DESCRIPTION { FSC | MANUFACTURER'S P/N |
b L A SRR R !
ic1 1100133 |CAP, CERAM, .1 UF, LOW PROFILE, 20 PERCENT |32897 [8131LP-100-25U~104M |
10SC1 1921013 |GSCILLATOR, 10 MHZ 21793 921013

15K14 |R-23-5166 |CONNECTOR, 5=WAY [21793 |R-23-5156

F{B}1 IR-18-1147 |PCB, OSCILLATOR(UNLOADED) (21783 |R=18-1147
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' REF RACAL-CANA |

. CESIG P/ ! OESCRIPTICN i FSC MANUFACTURIRTS P/N
!SK18-20 |R-23-51359 |CONNECTOR, FEMALE, DUAL-RCW, 2 X 2 WAY |63878 |829875-02

RN |R=15~0138 LABEL {21783 'R-15-0138

48 |R-18-1206 |P.B. BOARD, BNC MOUNTING (UNLOADED) 121793 |R=18=-720C8

{7013 jR-23-3421 |BNC SCSKET 124331 ]28JR1TS-7
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R-19-1164 — REFERENCE FREQUENCY MU LLTIPLIER ASSY

REF | RACAL-DANA | [ !
| CESIG | P/N t DESCRIPTION | FSC | MANUFACTURER'S P/N |
e e e i eSS S TS S S o m T E e e e e S o T . T oAl o T 1
4 1
11 {R-21-1808 {CAP, CHIP, 33 NF 195275 |VJ1206Y333KF |
1¢2 |R-21-6043 |CAP, TRIMMER, 2-15P {18324 |R-21-6043 ;
1c3 |R-21-1838 |CAP, CHIP, 220 PF : 195275  |VJ1206A221JF :
tca |R-21-1838 |CAP, CHIP, 220 PF {95275 |VJ12064221JF !
|CS [R-21-1808 |CAP, CHIP, 33 NF [95275 |VJ1205Y333KF :
|C6 IR-21-1801 |CAP, CHIP, 10 NF [95275 |[VJ1206Y103MF !
IcT |[R-21-1831 |[CAP, CHIP, 10 NF [95275 |VJ1206Y103MF !
|C8 [R-21-18C1 |CAP, CHIP, 10 NF 195275 |VvJ1206Y103MF |
jc9 tR-21-1801 |CAP, CHIP, 10 NF 195275 | VvJ1206Y1C3MF !
jcto [R-21-1801 jCAP., CHIP, 10 NF [85275 {VJ1206Y103MF i
|c11 . |[R-21-1801 |CAP, CHIP, 10 NF |95275 {VJ1206Y103MF |
1c12 {R-21-1801 |CAP, CHIP, 10 NF 195275 |VJ1206Y103MF !
(e13 {R=-21-1808 |[CAP, CHIP, 33 NF 195275 {VJ1206Y333KF |
jcid [R-21-1808 |CAP, CHIP, 33 NF 195275 |VJ1206Y333KF &
|15 [R-21-1801 |[CAP, CHIP, 10 NF |95275 [VJ1206Y103MF i
|01 |R-22-1097 |DIODE, VARACTOR 04713 |R-22-1087 ]
{02 |R-22-1093 {DIODE, SILICO {2211¢ |R=-22-1093
ID3 |R-22-1882 |DIQDE, VOLTAGE REGULATOR |22118 |R-22-1882 !
108 |R-22-1096 |DIQDE, SILICO 22119 |R-22-1086
| D5 |R-22-1096 |DIODE, SILICO 22119 |R-22-10396 L
[1cz |R-22-4292 |[IC,HA=741CD (01295 |R-22-4292 !
j1c3 [R=-22-4514 {IC 108713 |R-22-4514 1
{1ca |[R-22-4582 |IC 04713 |R-22-4582
Q1 {R-22-6187 |TRANSISTOR 22118 |R-22-6197
1q2 {R-22-6199 |TRANSISTOR {22119 |R-22-5199
|93 |[R-22-5169 .| TRANSISTOR |22119 |R-22-6198 .
1q¢e |R-22-61§7 [TRANSISTOR [22119 [R-22-6187 [
| Q5 |R-22-6197 |TRANSISTOR 122119 |R-22-6197 i
1Q6 [R-22-6187 |TRANSISTOR |[22118 |R-22-6197
1Q7 {R-22-51$7 |TRANSISTOR 122119 |R-22-6197
IR1 iR-20-5785 |{RES, CHIP, 220 OHM, 1/8W, 5 PCT, 200V |65940 |MCR18-220 OHM~S PCT |
|R2 |R-20-5768 |RES, CHIP, 10K, 1/8W, 5 PCT |65940 IMCR18-10K OHM=3 PCT |
|R3 |R-20-5802 [RES,CHIP,12K,1/8W,5 PCT {65940 |MCR18-12K-5 PCT
| Ra |R-20-5785 |RES, CAP, 1.8K,1/8W, 5 PCT/S |18324 |R-20-57395 1
| RS |R-20-5813 |[RES, CHIP, 100K, 1/8W, S PCT, 200V |65940 |MCR18-100K~5 PCT i
| RE |R-20-5817 |RES, CHIP, 560K, 1/8W, § PCT, 200V |65840 |MCR18-560K=-5 PCT i
| RT |R-20-5768 |RES, CHIP, 10K, 1/8W, § PCT [659240 |[MCR1B-10K OHM-5 PCT |
| RS |R-20-5796 |RES, CHIP, 2.2K, 1/8W, § PCT, 200V 65940 |MCR18-2.2K-5 PCT [
| R9 |R-20-5796 |{RES, CHIP, 2.2k, 1/8W, 5§ PCT, 200V {65940 |MCR18-2.2K=5 PCT
[R10 |R-20-5789 |RES, CHIP, $60 CHM,1/8W.5 PCT |18324 |R-20~5789 !
IR {R-20-5795 |RES, CAP, 1.8K,1/8W, 5 PCT/S [18324 |R-20-5795
|R12 |R-20-5787 |RES, CHIP, 33C OHM,1/8W.5 PCT, 200V 165340 |MCR18-330 OHM-S PCT |
[RT3 |R-20-5796 |RES, CHIP, 2.2X, 1/8W, 5 PCT, 200V 165540 |MCR18-2.2K-5 PCT
|R14 {R-20-5768 |RES, CHIP, 10K, 1/8W, 5 PCT |65940 |MCR18-10K CHM=5 PCT |
|R15 {R-20-5768 |(RES, CHIP, 10K, 1/8W, § PCT (65940 |MCR18-10K OHM-5 PCT |
|R18 |R-20-5791 |RES, CHIP, 820 OHM,1/8W,5 PCT 18324 |R-20-57391

L iR17 |R-20-5778 |RES, CHIP, 56 OHM. 1/8W,6 5 PCT,2C0V [65340 |MCR18-56 OHM=5 PCT
1R18 {R-20-5787 |RES, CHIP, 330 OHM,1/8w.5 PCT, 200V 165940 [MCR18-330 GHM-5 PCT
[R19 |R-20-5795 |RES, CAP, 1.8K,1/8W, 5 PCT/S {18324 |R-20~57895
| R20 |R-20-5779 |RES, CHIP, 56 CHM. 1/8W, 5§ PCT, 200V |65940 |MCR18-56 OHM-S PCT
| R21 |R-20-5779 |RES, CHIP, 56 CHM, 1/8W, § PCT,200V {65840 |MCR18-556 OHM-5 PCT |
| R22 |R-20-5791 {RES. CHIP, 820 OHM,1/8W,S PCT 18324 |R-20-5791 |
1R23 |R-20-5795 |RES, CAP, 1.8K,1/8W, 5 PCT/S [18324 {R-20-5795
[R24 |R-20-5795 |RES, CAP, 1.8K,1/3W, § PCT/S- {1832¢ |R-20-5795 g
|R25 |R-20-5795 |RES, CAP, 1.8K,1/8W, 5 PCT/S 18324 |R=-20-5795
R26 |R-20-5795 |RES, CAP, 1.8K,1/8W, § PCT/S (18324 |R-20-5795
[R27 |R-20-5785 |RES, CHIP, 220 OMM,1/8W,5 PCT, 200V |65940 |MCR18-220 OHM-5 PCT |
| R28 {R-20-5785 |RES, CHIP, 220 OHM,1/8W.5 PCT.200V 165340 |MCR!8-220 CHM-S PCT |
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R-19-1164 — REFERENCE FRECUENCY MULTIPLIER ASSY. (CONT'D)

i

| REF [ RACAL~=DANA | ! ! |
| DESIG | P/N | DESCRIPTION | F3C | MANUFACTURER'S P/N |
Tt |
{R29 [R-20-5785 |RES, CHIP, 220 OHM,1/8W,5 PCT, 200V 65940 |MCR18-22C OHM-5 3CT |
[R30 |R-20-5785 |RES, CHIP, 220 OHM,1/8W,5 PCT, 200V 165340 |MCR18-220 OKM=~5 PCT |
[R31 |R-20-5785 |RES, CHIP, 220 OHM,1/8W,5 PCT, 200V {65940 |MCR18-220 OHM-5 PCT |
TSK1E [R-23-5166 |CONNECTOR, S-WAY {24793 |R-23-5166
[SK17 |[R-23-5167 |CONNECTOR, 10-WAY 21793 |[R-23-5187 ;
| T1 |R=17=3226 | TRANSFORMER 21793 |R=17-3226
|
I

8-23






RACAL-DANA Instruments Inc.

NORTH DAKDT,
O7A MINNESOTA
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NO.
CARGLINA
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ALABAMA

{

NEW MExiCo OKLAHOMA

sQ
CAROLINA
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SALES, APPLICATIONS AND SERVICE SUPPORT

* RACAL-DANA INSTRUMENTS INC.
4 Goodyear Street
Irvine, California 92718
Telephone: 1-800 RAC-DANA
(714) 859-8939 (In CA)
Fax: (714) 859-2505
TRT: 188715

INTERNATIONAL SERVICE CENTERS

Racal-Dana Instruments L1d.. Hardley Industrial Estate, Hythe, Southampton, Hampshira SC4 6ZH, England, {0703) 843265 Telex: 47500

Racal-Dana nstruments S.A ., 18 Avenue Dutartre, 78150 Le Chesnay, France (3) 955 88 88. Telex: 637215
Racal-Dana Instruments GmbH, Frankenforster Strasse 21, 5060 Bergisch Gladback 1, Federai Republic of Germany, 2204 60081, Telex: 887 8428

Racai-Dana Instruments Ralia s, Via Mecenate 84/A. 20138 Milano, M, haly (02) 5062767/5052686/503444, Telex: 315697
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REPAIR REQUEST FORM

To allow us to better understand your repair requests, we siggest you use the
following outline and include a copy with your instrument to be sent to your

local Racal-Dana repair faciiity.

Model Number Options Date

Serial Number P.OF

Company Name

Address
City State Zip Code
Contact Phone Number

1. Describe, in detail, the problem and symptoms you are having.

2

If you are using your unit on the bus, please list the program strings used and the controiler
type, if possible.

3. List ali input levels, and frequencies this failure occurs.

4. Indicate any repair work previously performed.

Please give any additional information you feel would be beneticial in facilitating a

L]

faster repair time. (I. E.. moditications, etc.)







