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WARRANTY

Within one year of purchase, Racal-Dana will repair or replace your
instrument, at our option, if in any way it is defective in material or
workmanship. .The instrument must be returned to the country of
purchase, unless prior arrangement has been made, and Racal-Dana
Instruments will pay all parts and labor charges. dJust call Racal-Dana
Customer Service at (714) 859-8999 in U.S.A., (0703) 843265 in
England, (1) 3-955-8888 in France, 06102-2861/2 in Germany or (02)
5062767, 5052686, or 503444 in Italy for assistance. We will advise you
of the proper shipping address for your prepaid shipment. Your
instrument will be returned to you freight prepaid.

PROPRIETARY NOTICE

This document and the technical data herein disclosed, are proprietary
to Raecal-Dana Instruments, Ine., and shall not, without express written
permission of Raeal-Dana Instruments, Inc., be used, in whole or in part
to solicit quotations from a competitive source or used for
manufacture by anyone other than Racal-Dana Instruments, Inc. The
information herein has been developed at private expense, and may
only be used for operation and maintenance reference purposes or for
purposes of engineering evaluation and incorporation into technieal
specifications and other documents which specify procurement of
products from Racal-Dana Instruments, Ine.




FOR YOUR SAFETY

Before undertaking any maintenance procedure, whether it be. a
specific troubleshooting or maintenance procedure deseribed herein or
an exploratory procedure aimed at determining whether there has been
a malfunction, read the applicable section of this manual and note
carefully the WARNING|and [CAUTION|notices contained therein.

The equipment described in this manual contains voltage hazardous to
human life and safety and which is capable of inflicting personal
injury. The cautionary and warning notes are included in this manual to
alert operator and maintenance personnel to the eleetriecal hazards and
thus prevent personal injury and damage to equipment.

If this instrument is to be powered from the AC line {mains) through an
autotransformer (such as a Variae or equivalent) ensure that the
ecommeon econnector is conneeted to the neutral (earthed pole) of the
power supply.

Before operating the unit ensure that the protective conduetor (green
wire) is connected to the ground (earth) protective conductor of the
power outlet. Do not defeat the protective feature of the third
protective conductor in the power cord by using a two conductor
extension cord or a three-prong/t{wo-prong adaptor.

Maintenance and calibration procedures contained in this manual
sometimes call for operation of the unit with power applied and
protective covers removed. Read the procedures carefully and heed
Warnings to avoid "live" eircuit points to ensure your personal safety.

Before operating this instrument:
1. Ensure that the instrument is configured fo operate on

the voltage available at the power source. See
Installation Secticn.

2. Ensure that the proper fuse is in place in the instrument
for the power source on which the instrument is to be
operated.

3. Ensure that all other devices connected to or in proximity

to this instrument are properly grounded or connected to
the protective third-wire earth ground.

If at any time the instrument:

— Fails to operate satisfacforily

— Shows visibie damage

- Has been stored under unfavorable conditions
— Has sustained stress

It should not be used until its performance has been checked by
qualified personnel.






2.

3.

AMENDMENT NO. 2 TO
PUBLICATION NUMBER 9380636
MODEL 1992-02M INSTRUCTION MANUAL

Page 1-7, Totalize A by B specification
Change Range specification to read:
1012 -1 (Max. 9 most significant digits displayed)
Page 6-32, Figure 6,28
Delete the "T-Piece" and the Digital Multimeter from illustration

Page 6-33, Figure 6.30

Delete the "T-Piece™ and the Digital Multimeter from illustration
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AMENDMENT TO
PUBLICATION NUMBER 980636
MODEL 1992-02M INSTRUCTION MANUAL

10/87

Add parts list for shipping kit P/N 404568 shown on page A-11 of this amendment.

Replace existing Figure 7.1A Final Assembly 404503 Revision B with Revision C shown on page A-5 and
A-6 of this amendment.

Replace existing parts list for Figure 7.1 A Final Assembly 404503 on page 8-4 in the Instruction Manual
with the one shown on page A-11 of this amendment.

Add the following sub-assemblies and their parts list.

Reference Assy. Added Sub-Assembly Amendment Page Numbers
P/N Fig. Item No. P/N Fig. Drawing Parts List
404503 7.1A 20 R-11-1728 7.1F A-11 A-14
404503 T.1A 6 R-11-1623 7.1G e A-15
404506 7.1B 6 R-11-1593 7.1C A-9 A-14
404508 7.1B 4 R-11-1592 7.1D A-10 A-14
404506 7.1B 14 R-11-1643 7.1E A-11 A-14
R-19-1142 7.4 4 R-10-2891 7.44 A-12 A~15
(404339)
R-19-1142 7.4 5 R-11-1737 7.4B — A~15
(404389)
R-19-1145 7.6 3 R-11-1706 7.6A A-12 A-18
401820 7.10 50 R~11-1603 7.10A A-12 A-16
Add to Table 7.1 the following Suppliers:
BSC Name FSC Name
05693 Cherry Commercial Fasteners 83294 Arrow Fastener Co. Inc.
Division of Textron Ine. Saddle Brook, NJ
Santa Ana, CA 92194 Alpha Wire
Elizabeth, NJ
17117 Eleetronic Moulding Corp.
98338 Superior Radiator
Woonsocket, NJ Minneapolis, MN
31223 Miero Plastics Inc. 982901 Sealectro Corp.
Chatsworth, CA Mamaroneek, NY




10.

List Part Number 404389. Channel C as an alternate to Part Number 19-1142. Refer to the following
pages:

5-5 Figure 5.3

7-1 Figures 7.4 and 7.5
7-10 Title

8-1 Channel C PCB
8-5 Item 62

8~7, 8-8 Title

Replace existing Figure 7.1B Chassis Assembly 404506 Revision B with Revision D shown on page A-7
and A-8 of this amendment.

Delete Items 48, 64, 66, 100, and 130 from 404506 Chassis Assembly parts list on page 8-5. Add
quantity 2 to Item 108. Add the following parts:

(120 R-11-1603  GPIB Plate Assy. 21793  R-11-1603

(96)2 617077 Washer, Internal Lock, #4 —_— _—

Figure 7.2, Display PCB 19-1141

a. For clarification, the following cireled numbers on the drawing should be defined:
Item 62 is SK1.
Item 74 is LP2,
Item 78 is LP33

b. Revise notes 2 and 3 to read as follows:

2/Cut Item 64 sleeving 1/4" length and fit to LED Item 78. Heatshrink sleeve just enough to
ensure retention.

3/Cut Item 65 sleeving 1/4" length and fit to LED Items LP2, 3, 4, 5, 6, 7, 16, 22, 24, 29, 36, 42,
and 45. Do NOT heatshrink.

e. Change Revision Letter to "B",

Carrect part list for Display PCB 19-1141 as follows:
a.  Change quantity of Item (4) to 1. |

o, Change Item (64)14 to (64/65)A/R.

c. Change Revision Letter to "B".



Figure 7.8, Circuit Diagram. Motherboard 19-1145
a. Change R76 from 190K to 10K,
b, U27¢ on Page 7-17, lower left, change to "OR" gate by removing "cirele' at pin 8.
c. Change Revision Letter to "F",
Correct Motherboard 19-1145 Parts List as follows:
a. Change R76 from Part Number R-20-5813 to R-20-5768
Description should be : Resistor, Chip, 10K, 1/8W, 5%
FSC: 65940 Manu P/N: MCR18-10KOHUM-5 PCT

b. Add the following parts:

Item 23 R-18-1254  Voltage Selector Card 21793 R-18-1254
Item 376 R-23-0063  Fuseholder, Top 61835 FEK-031-1666
Item 378 920204 Fuse, Slo-Blo, .50 A, 250V 75915  323-500

Item 466 500215 Wire, Teflon Stranded, 70903  83009-DARK

Grn w/Yel, 18 GA
Item 477 600191 Lug, Solder 83330 1416-8
Q. Change 1C24 from Part Number 230561 to 230561-001
Integrated Circuit FSC: 21793 Manu P/N: 230561-001
d. Change Revision Letter to "F".
Figure 7.6, Motherboard Layout, 19-1145

&. Add parts listed in 12b above where shown below:
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b. Change Revision Letter to "F",



14, TFigure 7.10, Component Layout. GPIB
a. Remove [tem 50.
b. Add Note 3 below:

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

. Change Revision Letter to "B".
15. Page 8-15 GPIB Parts List
a. Delete Item 50,

b, Change Revision Letter to "B".
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Figure 7.1C ~ Front Panel Sub-Assy R-11-1592 Rev. 3
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Figure 7.1E - Side Panel Assy R-11-1643 Rev. 1
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Figure 7.1F Bracket Assembly R-11-1728 Rev. 1
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Figure 7.4A - Coax Cable Assy R-10-2891 Rev. A Figure 7.6A - Clamp Assy R-11-1706 Rev. 1

@ Peo;

Figure 7.10A - GPIB Plate Assy R-11-1603 Rev. 1
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404568, SHIPPING KIT, REV. A, FIGURE 7.1

REF. RACAL -DANA

DESIG. P/ DESCRIPTION F5C MANU P /N

1 980636 MANUAL , INSTRUCTION 21793 980636

2 920756 FUSE, .25 AMP, 250V 75915 313R250A

3 R-23-0066 FUSE, 1/8 AMP 21793 R-23-0066

4 600620 CABLE ASSY., POWER 70903 172508
404503, FINAL ASSEMBLY, REV. C FIGURE 7.1A

REF . RACAL -DANA

DESIG. P/N DESCRIPTION FSC MANU P/N

()1 404506 CHASSIS AsSY. 21783 404506

(6)1 R-11-1623 BOTTOM COVER ASSY. 21793 R-11-1623

(91 401820 PC8 ASSY., GPIB 21793 401820

(111 R-13-1972 COVER, FORMED 21793 k-13-1972

(12)1 R-13-1976 OVERLAY, FRONT PANEL 21793 R-13-1976

(20)2 R-11-1728 BRACKET AS5Y. 21793 R-11-1728

{21)1 R-15-0672 BEZEL, REAR 21793 R-15-0672

122)2 R-24-0146 "Ut NUT K8918 SNU-2811-17-4

(24)3 R-24-0245 BUTTON, RUBBER 53387 5J-5003 BLACK

{25}4 R-24-0250 FASTENER, PUSH-IN 31223 27P1FQ051 BLACK

(27)2 R-24-2801 WASHER, CRINKLEZ, M3 21793 R-24-2801

(28)4 R-24-2816 WASHER, NYLON 13764 115FW0008 WAT

{29)4 R-24-7042 GROMMET, BLIND, GRAY 21793 R-24-7042

{30)2 R-24-5835 SCREW, #6AB X .375 21793 R-24-5835

(38)4 R-24-7543 SCREW CSKHD, M4 X 10 21793 R-24-7543

(40)2 R-616315 SCREW, PAN HD, M3 X 6 83294 7985 -A-M3X6MM

A-=1:



R-11-1592, FRONT PANEL SUB-ASSY., REV. 3, FIGURE 7.1C

REF. RACAL -DANA

DESIG. P/N DESCRIPTION FSC MANU P/N
(6}1 R-15-0673 CASTING, FRONT PANEL 21793 R-15-0673
(12)3 R-24-4086 STANDOFF, M3 X 9 46384 PTSC-0030-~-9MM

R-11-1593, REAR PANEL SUB-ASSY., REV. A, FIGURE 7.1D

REF . RACAL -DANA

DESIG. P/N DESCRIPTION FSC MANU P/N
(6)1 R-13-1974 REAR PANEL 21793 R-13-1974
(10)1 R-24-2221 CAPTIVE STUD, M4 X 10 46384 FH-M4-10-CI
{14)7 R-24-2743 FASTENER, SELF-CINCHING 46384 S-M3-2-C1
(16)2 601360 TERMINAL, FEED-THRU 17117 4338-67~-1
(20)1 R-24-2232 CAPTIVE STUD, M3 X 12 46384 FH-M3-12-CI

R-11-1643, SIDE PANEL ASSY., REV. 1, FIGURE 7.1t

REF . RACAL -DANA

DESIG. P/N DESCRIPTICN FSC MANU P /N
(431 R-15-0671 CASTING, SIDE PANEL 21793 R-15-0671
(10)2 R-24-2248 FASTENER, SELF-CINCHING, M4 46384 >-M4-3-Cl

R-11-1728, BRACKET ASSY., REV. 1, FIGURE 7.1F

REF . RACAL-DANA :

DESIG. P/N DESCRIPTION FSC MANU P /N
(4)1 R-13-2095 BRACKET, SUPPORT 21793 R-13-2095
(8)2 R-24-2246 FASTENER, SELF-CINCHING, M4 21793 ' R-24-2246

A-14



R-11-1623, BOTTOM COVER ASSY., REV. A, FIGURE 7.1G

REF . RACAL -DANA
DESIG. P/N DESCRIPTION FSC MANU P/N
(4)1 R-13-1973 COVER, BOTTCM 21793 R-13-1793
(8)1 R-15-0675 BAIL 21793 R-15-0675
{18)4 610554 SCREW, #8B X .375 21793 610554
(20)A/R 920504 ADHESIVE, SCOTCH GRIP 21793 920504
(22)4 454621 FOOT, BOTTOM 21793 454621
(24)4 454355 INSERT, RUBBER 21793 454355
(26)4 920958 INSERT, RUBBER 98333 3188
R-10-2891, COAX CABLE ASSY., REV. A, FIGURE 7.4A
REF. RACAL -DANA
DESIG. P/N DESCRIPTION FsC MANU P/N
{6)1 R-23-3378 PLUG, RIGHT ANGLE 98291 51-0328-3196-22
(8)1 R-23-3427 TERMINATOR, RIGHT ANGLE 21793 23-3427
{14)1 500254 CABLE, COAXIAL 92194 91788
(18)1 506002 SLEEVING, HEATSHRINK 29005 RNF-100-1-3/16
R-11-1737, LID ASSY., REV. A, FIGURE 7.4B
REF . RACAL -DANA
DESIG. P/N DESCRIPTION FSC MANU P /N
(10)1 R-13-2104 LID 21793 R-13-21G4
(20)1 455134 STRIP, CONTACT, SINGLE 21793 23-9159
(26)1 R~-24-3150 RIVET 05693 AAP =41
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R-11-1706, CLAMP ASSY., REV. 1, FIGURE 7.6A

REF. RACAL -DANA
DESIG. P/N DESCRIPTION FSC MANU P/N
(4)1 R-13-2073 CLAMP ASSY. 21793 R-13-2073
{10)1 R-24-2247 FASTENER, SELF-CINCHING, M4 46384 S-M4-2-ClL
R-11-1603, GPIB PLATE ASSY., REV. 1, FIGURE 7.10A
REF. RACAL -DANA
DESIG. P/N DESCRIPTION FSC MANU P /N
(4)1 R-13-2004 BRACKET 21793 R-13-2004
(8)2 R-24-2243 FASTENER, SELF-CINCHING, M3 21793 R-24-2243
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16.

17.

18.

19,

20.

21.

22,

23.

24.

Page 5-13. Subsection 5.3.5.2.3

Change IC2 to read IC1-b (2 places).

Page 6-13, Figure 6.11 - Fault Finding Flowchart - Part 1

Change Q20 and Q19 EMITTER (power supply points) to read IC3 and IC4 OUTPUT, respectively.
Page 6-14, Figure 6.11 - Fault Finding Flowehart - Part 1

Change >200 ms to read >350 ms for the reset signal at 1C19-1.
Page 6-29, Subsection 6.7.4.2.C

Change signal generator level of 5.0 mV RMS to read 8.0 mV RMS.
Page 6-29, Subsection 6.7.4.2.¢e

Change output level of 4.5 mV RMS to read 7.5 mV RMS.

Page 6-37, Subsection 6.9.9.2.C

Change 12V peak-to-peak to read 10V peak-to-peak.

Page 6-38, Figure 6.36 - Trigger Level Waveform

Change interval of displayed waveform from~ 600 us to~600 ms.
Page 6-39, Table 6.9 - Internal Frequeney Standard Accuracy

a. For Display, change + 10 E-3 to read + 300 E-3

b. For Accuracy, change 1 part in 109 to read 3 parts in 108
Page 8-8, Channel C Parts List - R27

Change F3C to: 73138 and Manu P/N to: T2XLR20K

A-17
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Manual Revisions and Changes

Any revisions or changes to this manual will be listed separately and located at the rear
of this manual. Actions called for by these revisions or changes should be executed as
soon as possible.
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SECTION 1 GENERAL INFORMATION

1.1 INTRODUCTION
1.1.1 This Instruetion Manual provides information for installing, operating, and
servieing of Racal-Dana's MATE Frequency/Time Interval Meter (FTIM) 1992-02M. The
designation 1332-02M is used throughout this manual. Figure 1.1 (facing page) shows a
front view of the 1992-02M. The 1992-02M offers universal counter functions using
Inputs A and B. The 1992-02M also provides frequency measurements to 1.3 GHz using
input C.
1.2 SUMMARY
1.2.1 This manual is organized into the following eight sections:

SECTION 1. General Information:

a. Published Specifieations

b. Safety

c. Product Support

d. General Desecription

SECTION 2. Installation and Preparation for Use:

a. Unpacking and Initial Inspeetion

b. Reshipment

c. Power Connections

d. Storage and Temperature

e. Funectional Check

f. Miscellaneous Setup Procedures

g. GPIB Preparation for Use
SECTION 3. Loecai Operation:

a. Panel Descriptions

b. Measurement Procedures

e, General Operating Information
SECTION 4. System Operation

SECTION 5. General Theory of Operation



SECTION 6. Maintenance:

a. PVP/Calibration Inspection Intervais

b. Required Test Equipment

c. Dismantling and Reassembly

d. Special Functions for Diagnostic Purposes
e.  Troubleshooting

f. Post-Repair Setup

g. Internal Frequeney Standard - Routine Calibration

o

Overall Performance Verification Procedure
SECTION 7. Drawings:
&. Assembly Drawings
b.  Schematic Drawings
SECTION 8. Parts List:
R Replaceable Parts and Assemblies
1.3 SPECIFICATIONS

1.3.1 Table 1.1 lists the 1992-02NM specifications. The specifications indicate the
performance standards to which the instrument conforms at the time of shipment.
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Table 1.1 - 1992-02M Specifications

INPUT CHARACTERISTICS

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 Megochm:
(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 mVrms DC to 100 MHz
50 mV rms to 160 MHz

75 mV p-p, 5 ns min, width

Y5 mV to 3V p~p to 50 MH=z
75 mV to 2.5V p—p to 100 MHz
150 mV to 2.5V p-p to 160 MHz

£ 5.1V
51V

50 ohms or 1 Megohm // €45 pF
50 ohms or 1 Megohm // <55 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 kHz and
above

ACor DC

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

xl or x10. In Auto Trigger mode,

attenuator seleeted automatically if
necessary




Tabie 1.1 ~ 1992-02M Specifications (Cont'd}

Trigger Level Range:
Manual:

x1 attenuation:
x10 attenuation:
Automatic:

Trigger Level Accuracy:
Manual and Automatie:
x1 attenuation:
x10 attennuation:

Auto Trigger:
Frequency Range:

Min, Amplitude (AC):
x10 attenuator

Trigger Level Outputs:

(Rear Panel)
Range:
Accuracy {Relative to true
trigger level)
x1 attenuation:
x10 attenuation:
Impedance:

Input C
Frequeney Range:

Sensitivity:
Sine Wave:

Dynamic Range:

Input Impedance:
YSWR:

Maximum Input:

Damage Level:

1V in 20 mV steps
Vin 200 mV steps

5
+51
+ 51V

0 mV +1% of trigger level reading

£3
+ 300 mV £1% of trigger level reading

DC and 50 Hz to 100 MH=z

(Typieally 160 MHz)

Typically 150 mV p-p*

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

5.1V

*+ 1% V output 10 mV
+ 1% V output + 100 mV
10 kohm nominal

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

15 mVrms to 5V rms to 1 GHz
75 mVrms to 5V rms to 1.3 GHz

50 ohms nominal AC-coupled
£2:1 at 1 GHz

TV rms (fuse-protected)
Fuse located in BNC connector

2.5W

*3ee Definitions
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Table 1.1 ~ 1992-02M Specifications (Cont'd)

MEASUREMENT MODES

Frequency A
Range:
Digits Displayed:

1LSD Displayed {Hz):
Resolution* (Hz):

Accuracy* (Hz):

Frequeney C

Range:

LSD*:

Resolution® and Accuracy®:

Time Interval

Range:
Separate Mode:

Common Mode:

Input:
Common:

Separate:

Trigger Slopes:

LSD Displayed:
Resolution* (sec):
Accuracy® (sec):

DC to 160 MHz
3 to 9 digits plus overflow

F x 1072 (D = No. of digits, F =
Frequeney rounded up to next decade)*

+ LSD' + (Trig. Error* x Frequency)
/Gate Time

+ Resolution + (Timebase Error x
Frequency)

40 MHz to 1.3 GHz
As for Frequency A

As for Frequency A

0 to 8% 107 ,
Typicaily ~2 ns to +8 x 105s-
5ns to 8 x 1073

Input A START and STOP
Input A START
Input B STOP

+ve or -ve Selectable START and STOP

1 ns min
t L8D * 1 ns + Trig Error*

+ Resolution + (Timebase Error x T1)
* Trigger Level Timing Error*
I 2 ng¥*

*3ee Definitions
T2LSD for 6-9 digits displayed

**A differential delay which may be reduced by numerieal offset or externat

compensation.




Table 1.1 - 1992-02M Specifications (Cont'd)

Time Delay

Available on Time Interval and Totalize

Range: 200 us to 800 ms nominal

Step Size: 25 us nominal

Accuracy: + 0.1% Rdg. = 50 us

Period A

Range: 6.25 ns to 1.7 x 109%s

Digits Displayed: 3 to 9 digits plus overflow

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

Resolution® (sec): + LSD' £ (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 doth inputs

LSD Displayed: 10 _

(for 6-9 digits selected) Freq. B x Gate Time |, rounded to nearest
' decade*

Resolution*: % LSD + (Trig. Error B*/Gate Time) x

Ratio
Accuracy*: + Resolution
Ratio C/B

Specified for higher frequency applied to Input C

Range: Input C 40 MHz to 1.3 GHz
Input B DC to 160 MHz

*See Definitions
'9LSD for 6-9 digits displayed
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Table 1.1 - 1992-02M Specifieations (Cont'd)

1SD Displayed:
(for 6-9 digits selected)

Resolution®* and Accuracy*:

Totalize A by B

Accumulative or single totalize
Input:

Range:

Maximum Rate:
Minimum Pulse Width:
Accuracy:

Start/Stop:

Phase (A rel. to B)

Range:

LSD Dispiayed:

Resolution® {degrees):
Accuracy* (degrees):

Amplitude Measurement

Peak®*
Frequency Range:
Amplitude Range:
Resoclution:
x1 attenuation:
x10 attenuation:
Accuracy:
x1 attenuation:

x10 attenuation:

G40

Freq. B x Gate Time/, rounded {o nearest
decade*

As for Ratio A/B

Input A

1018-1 (Max. 9 most significant digits
displayed)

108 events/s
5 ns min. at trigger points
+ 1 count

Electrical (Input B} or Manual

0.19 to 360°

0.1° to 1 MHz
1.0° to 10 MHz
10° to 100 MHz

+ LSD + (TI Resolution/Period A) x 3680

+ LSD + (TI Accuracy/Period A) x 360°

50 Hz to 20 MHz
160 mV p-p to 31V p-p

20 mv
200 mV

£50 mV £6%V p-p

(Typically + 40 mV £+ 2%V p-p)
£500 mV £ 10%V p-p
{Typically £ 400 mV £ 3%V p-p)

*See Definitions




Table 1.1 ~ 1892-02M Specifications (Cont'd)

DC (<15 mV p-p AC)

Amplitude Range: £ 351V
Resolution:
x1 attenuation: 20 mV
x10 attenuation: 200 mV
Accuracy:
x1 attenuation: +40 mV £ 1% Rdg.
x10 attenuation: + 400 mV £ 1% Rdg.
Math

Available on all measurements except Phase and Cheek

Funetion: (Result - X)/Z
Entry Range: +1x1070 o +1x 1010 t0 9 significant
figures

EXTERNAL ARMING

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

Input Signal: TTL compatible (min. pulse width 200 ns}
(via Rear Panel)

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

Impedance: 1 kohm nominal

GENERAL SPECIFICATIONS

Internal Timebase:

High-Stability Oven Osecillator 04E, a proportionally controlled ovenized Internal Fregquency
Standard

Frequency: i0 MHz

Aging: <5 x 10710 per day at time of shipment
Temperature Stability: <7 x 1079 gver the range 0°C to 30°C
Line Voltage Stability: <5 x 10710 two minutes after a 10% line

voltage change

Frequency Standard Qutput:

Frequency: : 10 MHz
Amplitude: >600 mV p-p into 50 ohms
Impedance: 250 ohms nominal




Table 1.1 - 1992-02M Specifications (Cont'd)

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

Gate Time:
{Frequency, Period, and Ratio modes)

Single Cyele:
{(Hold)

Display:

Power Requirements:

Voltage:

Prequency:
Rating:

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

Altitude, Storage:
Altitude, Operating:
Vibration:

Shoek:

10 MHz

Min., 100 mV rms

Max. 10V rms

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

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

Reseolution Gate Time:
Selected: (seconds)

9 + overflow 10

9 1

8 0.1

7 0.01

6,5,4,3 0.001

Enables a single measurement to be
initiated and held

8-digit, high brightness, 14 mm LED display
in engineering format with exponent digit

20-110
103-127
193-237
207-253 VAC
45-450 Hz
35 VA max.

-40°C to +75°C
0°C to +50°C
95% to 309C
75% to 40°C
45% to 50°C
12,000 meters
3,050 meters
2g

J0g

*See Definitions




Table 1.1 - 1992-02M Specifications {(Cont'd)

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

Weight: Net 3.63 kg (8 1b)
Shipping 5.5 kg (11 1b)

Dimensions, Instrument: 331 x 212x 88 mm
(13.03 x 8.35 x 3.46 in)

SUPPLIED ACCESSORIES

Poewer Cord
Instruction Manual
230V Operation Fuse (.25A)

ORDERING INFORMATION

1992-02M Universal Timer/Counter with MATE Interface

DEFINITIONS

LSD (Least Significant Digit) '

In Frequency and Pericd 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 Expressed as an RMS value

Trigger Error R MS

Trigger Error =/(e;;° + enlz) + (eiz2 + enzg)
(seconds)

312 322

where ; = input amolifier RMS noise (typically 150 u¥ RMS in 160 MHz bandwidth)
e = input signal RMS noise in 160 MHz bandwidth
= Slew rate at trigger point V/s
Suffxx 1 denotes START edge
Suffix 2 denotes STOP edge
In Frequeney A, Pericd A, Frequeney B and Period B modes, triggering is always on
positive-going edge

Trigger Level Timing Error

Trigger Level Timing Error (seconds) = 0.035 (__}_ -
S

i
m]

) Lo
e

typically = 0.018 (__1_ - 1)
S1 S2
S1 = Slew rate on START edge V/s
S2 = Slew rate on STOP edge V/s
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Table

Gate Time
The nominal gate time indicated is set by the rescluticn selected in Frequency, -
Period, 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). One period of the input signal(s) on Frequency B, Period B, and Ratio A/B

(b). Two periods of the input signal on Frequeney A and Period A

{¢). One period of input signal B on Ratio C/B

Peak and Peak-to-Peak Amplitudes

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

5 ns. Similarly, Peak-to-Peak is the difference between the highest and lowest
points at which the signal width is 5 ns.
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1.4 SAFETY

1.4.1 The 1992-02M incorporates a protective earth 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,[CAUTIONS,
and to ensure personal safety and prevent damage to the instrument.

1.5 PRODUCT SUPPORT

1.5.1 Racal-Dana supports the 1992-02M with Produet 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
1.6.1 The 1992-02M is a universal timer/counter designed for system or bench

use. Basic measurement functions (described briefly in Subsection 1.6.2) include
Frequency, Period, Time Interval, Totalize, Phase, and Ratio.

1.6.2 Measurement Functions
1.6.2.1 Frequeney A Funetion
1.6.2.1.1 Frequency A funetion is used to measure the frequency of the signal applied

to the Channel A input. A resolution of nine digits is available with a cne-second gate
time.

1.6.2.2 Frequency B Funetion

1.6.2.2.1 Special Funetion 21 (see Subsection 3.8 "Special Functions"), permits
Frequency B measurements. Frequency B funetion 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 Frequency C Function

1.6.2.3.1 Frequeney 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)
1.6.2.4.1 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 measured and the average value is displayed.
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1.6.2.5 Time Interval Function A=B (See Note below)

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

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

b. Two events ocecurring at the Channel A input (using a 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 prevents the measurement interval being stopped prematurely by
spurious pulses, such as those caused by relay contact bounce.

1.6.2.6 Total A Funetion (See Note next page)

1.6.2.6,1 Total A function permits events occurring at the Channel A input fo 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 next page)

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
frequency.

1.5.2.8 Ratio A/B Funetion

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

1.6.2.9 Ratio C/B Function

1,6.2.9.1 Ratio C/B function is used to measure the ratio of the frequency applied to
the Channel C input to that applied to the Channel B input,



NOTE:
Special Funetion 21 {see Subsection 3.8 "Special Functions")
permits Period B, Time Interval B-+ A, Total B by A, and
Phase B rel A, For these functions, note the following:

a. Period B is specified down to 10 ns

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

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

instrument's circuits 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 a new location. A brief, preliminary functional check procedure is

given in Section 2.

1.6.4 Input Signal Channels

1.6.4.1 Inputs A and B are fully independent. However, provisien 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 ecircuitry.

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

a. AC or DC input eoupling

b. 1ML or 5082 input impedance

c. 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.
1.6.4.2.2 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 * 3.1V, 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 eircuit,
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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1.6.4.2.4 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.

1.6.4.3 Input C has a nominal input impedance of 50£ and is AC-coupled.
Protection against excessive signal levels is provided by a fuse mounted in the input
socket.

1.6.5 Low-Pass Filter

1.6.5.1 An internal low-pass filter can be introduced to reduce the bandwidth 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.

1.6.7 Special Functions

1.6.7.1 A number of special functions are available to the operator. These provide
test procedures and operating faecilities 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 1992-02M certain errors will resuit in displayed error
codes. See subsection 3.9 of this manual for further details.

1.6.9 External Arming

1,6.9,1 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 function. For further details, refer to Subsection 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 Hold 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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1.6.12 Resolution and Gate Time

1.6.12.1 The counting interval (gat
the time interval between the start an
Manual Totalize mode, the gate time is det
HOLD key. In the Frequency A, Frequency
modes, the gate time is deter
the gate time is fixed and t
frequency. Details of the re

e time) in the Total A by B mede is controlled by
d stop signals at the Channel B input.

measurement mode are provided in Subsection 3.6 of this manual.

1.6.13 External Frequency Standard Input

1.6.13.1 The 1992-02M 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.

1.6.14 Standby Mode

1.6.14.1 When the instrument is switehed to standby, the internal frequency standard

continues to operate, but the measuring circuits are disabled.

1.6.15 Initialization

1.6.15.1 When the instrument is first switched on or when it is initialized via the

MATE interface, it is set to one of the following two conditions:

Measurement Funetion:

Display Resolution:
Channel A and B
Inputs:

Delay:

Delay Store:

Math Funection:

X Store:

Z Store:

Held:

Special Functions:

Loeal Initialization

Frequency A
8 digits

Manual trigger

AC coupling
Positive-slope trigger
1M input impedance
Filter disabled
Common input disabled
Disabled

200 us

Disabled

0

1

Disabled

Funetions 10, 20, 30,
40, 50, 60, and 70
enabled

1.6.16 MATE/CIIL Interface

1.5.16,1 The 1992-02M is provided with MATE/CIUL system interface capability. The
selection of all front-panel

MATE/CIIL system

interface permits

functions. See Section 4 for system operation,

1-16

MATE Initialization

Frequency A
100 ms gate time

Auto-Trigger

DC coupling
Positive-slope trigger
1M& input impedance
Filter disabled
Common input disabled

ERE

Enabled

In the
ermined by successive operations of the
C, Period A, Ratio A/B, and Ratio C/B
mined by the selected display resolution. In Phase mode,
he display resolution is determined by the input signal
lationship between gate time and resolution for each

measurement



INSTALLATION &
SECTION 2 PREPARATION FOR USE

2.1 INTRODUCTION

2.1.1 This section provides information on unpacking and inspeection, reshipment,
power connections, storage and temperature, funetional checking, and miscellaneous
setup procedures for the 1992-02M. '

2.2 UNPACKING AND INSPECTION

2.2.1 Before unpacking the counter, check the exterior of the shipping carton for
any signs of damage. All irregularities should be noted on the shipping bill. Unpaek and
remove the instrument carefully from its carton, perserving the factory packaging as
muech 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

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

2.4 POWER CONNECTIONS

2.4.1 Before operating the counter, verify that the AC voltage selector is
correctly set for the loeal 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.

2.4.2 Line Voltage Selection

2.4.2.1 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. Conneect the power cord to the counter again



2.4.3 Line Fuse

2.4.3.1 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 920758)

2.4.4 Power Cord and Grounding

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

NOTE:

The 1992-02M is designed to meet IEC Publication 348,
"Safety Requirements for Electronic Apparatus for Class I
Instruments.”

2.4.4.2 A protective ground terminal, forming part of the rear-panel power input
socket, is provided. The 1992-02M is supplied with a detachable 3-conductor power
cord. Only this cord should be used.

2.4.4.3 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 accordance with the following standard color code:

American European
Live Black Brown
Neutral White Blue
Ground (Earth) Green Creen/Yellow
2.5 STORAGE AND TEMPERATURE
2.3.1 The 1992-02M can be stored at temperatures ranging from -40°C to 75°C at

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

2.6 FUNCTIONAL CHECK
2.6.1 Introduction
2.6.1.1 The following procedure confirms whether or not the 1992-02M s

performing correctly by checking most of the counter's circuitry. The procedure should
be conducted when the 1992-02M 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
8 of this manual.
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NOTE:

A 50Qcoaxial 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 1992-02M 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

2. Hz, RESOLUTION, FREQ A, INPUT A J, and INPUT B / LEDs
should be lit

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

c. 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 RESOLUTIONv
key five times, ensuring that the resolution of the display is decreased
by one digit each time

e. Press the RESOLUTION # 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:

[SHIFT] [STORE

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, Conneect the 10 MHz STD OUTPUT socket on the rear panel {o the
front panel INPUT A connector, using the ceaxial test lead

c. Complete the following key sequence:
[SHIFT] [STORE]
Verify that the display shows *Q.****#¥x EQ Hz after about 6 seconds

(where * indicates a blanked digit). The x10, 5082, DC, 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. Connect the coaxial lead to the INPUT B connector
f. Complete the following procedures
[SHIFT] [STORE]
Cheek that the display shows *(s****#* E() Hz after about 4

seconds. The x10, 508 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 should show an error number
after a few seconds

h. Switch the instrument off

2.7 MISCELLANEOUS SETUP PROCEDURES
2.7.1 Frequency Standard
2.7.1.1 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 instruments check that the EXT STD LED on the front
panel of the instrument lights.

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

2.7.2 External Arming

2.7.2.1 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
2.7.3.1 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.

2.8 GPIB PREPARATION FOR USE
2.8.1 Introduction
2.8.1.1 The instrument must be prepared for use in accordance with the instructions

given in Subsection 2.4 prior to implementing instructions provided in this subsection.
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2.8.2 GPIB Connection

2.8.2.1 Connection to the GPIB is made via a standard IEEE-488 connector, mounted
on the rear panel. The pin assignment is given in Table 2.1. An adapter, Racal-Dana
P/N 23-3254, to convert the connector to the IEC 625-1 standard is available as an
optional accessory.

Table 2.1 - GPIB Connector Pin Assignment

PIN SIGNAL LINE PIN SIGNAL LINE
1 DIO 1 13 DIO 5
2 DIO 2 14 DIO 6
3 DIO 3 15 DIO 7
4 DIO 4 16 DIO 8
5 EOI 17 REN
6 DAV 18 Gnd (6)
7 NRFD 19 Gnd (7)
8 NDAC 20 Gnd (8)
9 IFC 21 Gnd (9)
10 SRQ 22 Gnd (16)
11 ATN 23 Gnd (11)
12 SHIELD 24 Gnd (5 and 71)
2.8.3 Address Setting and Display
2.8.3.1 The interface address is set using five switches, Al to A5, which are

mounted on the rear panel. The permitted address settings, in binary, decimal, and ASCII
character form, are given in Table 2.2. The GPIB address set can be displayed, in
decimal form, by pressing:

|SHIFT| [RECALL| [RESET]

If the address is changed, this Key sequence must be repeated to display the new
address. The instrument is returned to the measurement mode by pressing:

CONTINUE

2.8.3.2 For addressed operation, the TALK ONLY switch must be in the logic 0
position (down).



Table 2.2 - Address Switch Settings

1 0 @ © ©
|
TALK ONLY u A5 A4 A3 A2 Al
SITINGS ADDRESS CODES
ASCIH ASCII
LISTEN TALK
A3 A4 A3 A2 Al DECIMAL ADDRESS ADDRESS
0 0 0 0 0 0 sSp @
0 0 0 0 1 1 ! A
0 0 0 1 0 2 n B
0 0 0 1 1 3 # C
G 0 1 0 0 4 B D
0 0 1 0 1 5 % E
0 0 1 1 0 6 & F
0 0 1 1 1 7 ! G
o 1 0 0 0 8 ( H
0 1 0 B 1 9 ) I
0 1 0 1 0 10 * J
0 1 0 1 1 11 + K
0 1 1 0 0 12 ) L
0 1 1 0 1 13 - M
1] 1 1 1 o 14 . N Instrument
0 1 1 1 1 15 / 0 shipped with
1 0 0 0 0 16 ] P one of these
1 0 0 0 1 17 1 Q four settings
1 0 0 1 0 18 2 R
1 0 0 1 1 19 3 S
1 ¢ 1 0 0 20 4 T
1 0 1 0 1 21 5 U
1 0 1 10 22 6 V'
1 0 1 1 1 23 7 W
1 1 0 0 0 24 8 X
1 1 0 0 1 25 9 Y
1 1 0 1 0 26 : Z
1 1 0 11 27 : C
1 1 1 o 0 28 < \
1 1 1 0 1 29 = ]
1 1 1 1 0 30 > A
2.8.4 GPIB Check
2.8.4.1 The procedure which follows checks the ability of the instrument to accept,

process, and send GPIB messages., The correet funetioning of the instrument under loeal control
should be verified before the procedure is attempted.



2.8.4.2 The recommended test equipment is the Hewlett-Packard HP-85 GPIB controller,
with the I/O ROM in the drawer. It is assumed that the select code of the controiler 1/0 port is
7. If any other controller is used, the GPIB commands given in the following paragraphs may
require modification. The controller should be connected to the GPIB interface of the
instrument via a GPIB cable, No connection should be made to the Channel A, B, or C inputs.

2.8.4.3 Successful completion of the GPIB check proves that the instrument's GPIB
ithatface is operating correctly. The procedure does not check that all the deviece-function
commands can be executed. However, if the GPIB interface works correctly and the instrument

operates correctly under local control, there is a high probability that it will respond to all
device-function commands.

2.8.4.4 Switch the instrument on. Check that the REM, ADDR, and SRQ LEDs flash on and
off once. If the indicators do not flash, or if they flash continuously, there is a fault on the
GPIB board. Verify that the instrument assumes the home state described in Subsection 2.5.1.2.
2.8.4.5 Run the following prografn to execute the GPIB check:

10 DIM R$ [80]

20 C = 7nn (where nn is the number displayed in Subsection 2.8.3.1.

30 CQUTPUT C; mST"

406 OQUTPUT C; "STA™"

50 ENTER C; R$

60 IF R$ [1,1] = "F" THEN GO TO 90

70 PRINT "UNIT PASSES GPIB CHECK"

80 END

90 PRINT "UNIT FAILS GPIB CHECK™"

100 PRINT

110 PRINT "ERROR MESSAGE IS", R$

120 GO TO 80






SECTION 3 LOCAL OPERATION

3.1 INTRODUCTION

3.1.1 This section contains information for operating the 1992-02M as a bench

instrument. It provides Front and Rear Panel Descriptions, Operating Procedures, and
Miscellaneous Operating Information.

3.1.2 The instrument should be prepared for use in accordance with the
instructions given in Seetion 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 PANEIL DESCRIPTIONS
3.2.1 Front Panel Features
3.2.1.1 Refer to Table 3.1 and the front-panel figures. They show and briefly

deseribe the front-panel conirols, indicators, and connectors.

Table 3.1 - Front-Panel Controls, Indieators, and Connectors
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Reference Item Funection/Deseription
@ 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 8-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

(s

Item

Function/Description

F—

—— e s i

v

o r—

——

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

e¢. 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 control

Lights when the instrument is
acting 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
indieator 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  and ¥ keys, or can be
changed using the numerie
keyboard

RESOLUTION Control LED

Lights to show that the resolution
of the display can be changed by
means of the % or ¥ control keys




Table 3.1 - Front-Panel Controls, Indieators, and Connectors (Cont'd)
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Reference Item Function/Description
E j ) Step-Up # and Used to step the display resolution
Step-Down ¥ Keys or the displayed value of trigger
level up or down
@ FUNCTION Keys (44} Select in succession the counter's
measurement functions, The
eorresponding FUNCTION LED is
lit. Funetion selection "wraps
around" at both ends
@ HOLD Key | Successive operaticn 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 Function 61}, successive
operation of the HOLD key will
start and stop the measurement
cyele
@ RESET/CONTINUE This key has the following three
(LOCAL) Key ‘ funetions:
RESET
Clears the display and triggers a
new measurement cycle when the
instrument is in the measurement
mode




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

Reference

Item

Function/Description

CONTINUE

Returns the instrument to the

measurement mode and {riggers a
measurement cycle, following the
display of a number or constant
recalled 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

NOTE:
Designators for shifted
kKey functions are under-
lined

BT La @@
=
C@-

Unshifted Key Funetions:

Numerie Keys (0-9)

Permit data entry and user
interface with the 1992-02M other

than input signal eonditioning and
measurement {unctions

RECALL | (R~ x)/z L]

go

Holem
Fiq TG

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

+
S
I

i

- SH

ﬁ'
—

34




Table 3.1 - Front-Panel Controls, Indieators, and Connectors (Cont'd)
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Reference Item Function/Description
Decimal Point (.) Key Inserts a decimal point during

" numeric entry

Shifted Key Funections:

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

CE Key Clears current display number and
entry
DELAY Key/LED Enables a TI A—~B or Totalize A by

B stop delay (SEIFT DELAY).
Also, stores ({value> SHIFT
STORE DELAY), and recalls
(SHIFT RECALL DELAY) a stored

stop delay
Positive/Negative Toggles sign of entered number
(+/-) Sign Key (mantissa and/or exponent)

between positive (no sign displayed)
and negative (sign displayed)

® & G @é

EXP Key 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)

Reference

Item

Funection/Description

()

S~

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
recails (SHIFT RECALL SF)
special funections. See Subsection
3.8 for further details

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

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

Enables selection of Math
computation mode

Store and recall Math computation
eonstants (X and Z)

et
el

CEHER 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

Ot @
O] @
@4 | - m_ x10 :h@

MO

x1
meFILTER
5010
SVAMS MAX D
INPUT A

TRIG =
~160
o~ M”e

N
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Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Cont'd)
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Reference Item Function/Description

® &

® &

TRIG LEVEL Keys/LEDs

DC/AC Keys/LEDs

/7L Keys/LEDs

5002 /IMQ Keys/LEDs

x10/x1 Keys/LEDs

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 LED @
will also light.)

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

Toggles to seleet 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 select 500 0or 1M input
impedance. The LED lights when
5082 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

Item

Funetion/Deseription

——

)

COM A Key/LED

Toggles to connect or disconnect
the signal at Channel A's input into
both Channels A and B (paraliel
COMmon 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 stafe 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 5082 /1M, x10/x1 and
DC/AC keys controi 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 5082 /1M LED eontinues to
show the impedance of Channel B's
input

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 Funetion 21 intern-
ally exchanges INPUTs A and B
{(providing, e.g., PERIOD B, etc.
measurement capability)




Table 3.1 - Front-Panel Controls, Indicators, and Connectors (Cont'd)
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Reference Item Funection/Description
i : ) INPUT C 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 capability.
Protection against 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

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

3.2.2

3.2.2.1
rear-panel controls

Rear Panel Features

and connectors.

Refer to Table 3.2 and figure at top. They show and briefly describe the
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Table 3.2 - Rear-Panel Controls and Connectors

Reference

AC Power Input Socket

Item

Funetion/Description

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

VOLTAGE SELECTION Window

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

LINE FUSE

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

TRIGGER LEVEL QUTPUTS
(A, B)

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

NOTE:

Connectors (5) through @

are BNCs

10 MHz STD. OUTPUT
Connector

Cutput for 10 Mz signal from the
internal reference standard

EXT. ARM INPUT Connector

Input for accepting external
arming/gating control signals

EXT. STD. INPUT Connector

Input for connecting an external

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

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

FREQ. STD. ADJUST

Aperture providing access for
adjusting the internal frequency
standard
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Tabie 3.2 - Rear-Panel Controls and Connectors (Cont'd)

IEEE 488 |POAT

phages lO&i::]JO
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FREQ. STD. ADJUST

kLo o]
TALK Lds u1
GHLY ADDRESS SHI AME T3 LA SR1 ALY PPB OC1 OTY C@ £2
@ SEAIAL Ho. OPTIGNS CAUTION
Disconnect ling
FINE = A I l I power supbly
TRAIGGER before remaoving
LEVEL covers
TPtHT
g RAnGE |VOLTAGE SELECTION LINE
g | 30110V [ 100
EXT.STD. EXT ARM , 1OMHE STO. 0 Ty 45 - 440z
INPUT INPUT QUTPUT LINE |20 |33 279 {338 A5VA MaxX
FUSE |maf{zor 253v|e0 D U

@ LA remsce @) coen 0
5 6 oo 6 o

Reference Item Funection/Description
i : ) GPIB Option
GPIB Address Switches Switches Al to AS define the listen

and talk addresses for GPIB |
operation in the addressed mode.

The 2-digit GPIB address can be
recalled to display using key
sequence|SHIFTIRECALL|[RESET

GPIB Connector An IEEE-488-1978 standard
cotinector
3.3 OPERATING PROCEDURES
3.3.1 Measurement Functions
3.3.1.1 Tables 3.3 - 3.2 with figures describe the basic bench funetions of the 1992-0211.
NOTE:

Review as required Table 3.1, Referencesand@ for use
of Inputs A, B, and C, including Special Funetion 21
permitting interchange of Inputs A and B. See also
Subsection 3.8, and Table 3.10 for special funetions.



Table 3.3 - Frequency Measurement
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Turn power on.

Seleet FREQ A or FREQ C using FUNCTION keys@.

If FREQ A iz selected, set the AC/DC coupling @ , input impedance @ and
attenuator as required.

CAUTION

Ensure that the measurement 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 GHz)

If FREQ A is selected, select AUTO-TRIG @ , or set the manual trigger level
to the required value. Check that Input A TRIG LED (16) flashes.

Select the required display resolution @@

If a frequency below 50 kHz is to be measured in the presence of noise, select the
filter @ '

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

special funetion number. Enable the special funetions . Refer to Subsection
3.8, for special function numbers and procedures.

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



10. 1If single-shot operation is required, select HOLD@and press the RESET key@to
trigger each new measurement.
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Table 3.4 - Pericd Measurement
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1. Turn power on,
2. Select PERIOD A using FUNCTION keys(3)

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

CAUTION

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

4, Connect the measurement signal to INPUT A .

5. Select AUTO-TRIG or set the manual trigger level to the required

value. Check that Input A TRIG LED (16) flashes.

6. Select the required display resolution@ @

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

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

8.  Verify that the GATE LED@flashes on during gating.

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

2. Select T.. A=B using PUNCTION keys(5).

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

are from the same source, select COM A @

CAUTION

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

4. Connect the start signal to INPUT A . If a separate source for the stop signal is
used, eonnect the stop signal to INPU and set the associated input controls

as needed.

2. Select AUTO-TRIG / @ or set the manual trigger levels . @ 1o
the required values. Check that Inputs A and B TRIG LEDs and flash,
respectively.

8. Select the required display resolution@ @

7. If internal delayed arming of the stop ecircuit is required, enter the delay into

memeory and enable the delay
8. 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.

9. Verify that the GATE LED@fiashes on during gating.

10. If single~shot operation is required, select HOLD@and press the RESET key@to
trigger each new measurement,
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Table 3.6 - Total A by B Measurement
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OO
Turn power on.

Select TOTAL A by B usmg FUNCTION keys

Set the AC/DC couphng , input impedance @ @ attenuator
/ @, and slope 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

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

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

If internal delayed arming of the stop circuit is to be used, enter the delay into
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 key@to
trigger each new measurement.



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.

Enter Special Funetion number 61 and enable special functions . The HOLD
LED(6)will light.

CAUTION

" 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 @ or set the manual trigger level f{o the required
value. Check that Input A TRIG LED @ flashes.

Start and stop a measurement using the HOLD key @ The HOLD LED will furn

off and the GATE LED @ will light during gating. The displayed result is
cumulative over successive Tneasurement cycles. If required, use the RESET key

to clear the display after a measurement cyele.
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Table 3.8 - Phase A rel B Measurement
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1. Turn power on,

2. Select PHASE A rel B using FUNCTION keys(5).

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

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 acecuracy, connect the larger and cleaner signal

to INPUT A.

3. Select AUTO-TRIG / or set the manual trigger levels / @ to
the required values. Check that Inputs Arand B TRIG LEDs @ and flash,
respectively.

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

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

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.



Table 3.9 - Ratio A/B and C/B Measurements
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Select RATIO A/B or RATIO C/B using FUNCTION keys@.

Set the AC/DC coupling @ /, input impedance @ / , attenuator
@ / , and slope @ / @ , as required, for INPUTs A @ and B @ and
INPUT C (15).

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

Select AUTO-TRIG @ / or set the manual trigger ievels (11B} / to

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

Select the required display resolution@ ,

If external arming is to be used, conneet 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

3.4.1

3.4.1.1

determined automatically by the instrument (auto-trigger level).
is the arithmetic mean of the positive and negative-peak values of the input signal.

O

TRIGGER LEVEL

Trigger Level Modes

The trigger level may be set by the operator (manual trigger level) or

The auto-trigger level
The

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

3.4.2

3.4.2.1
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Displaying and Setting the Manual Trigger Level

Perform the following procedure:

8.

b.

Select the manual trigger mode using the AUTO TRIG key / @
Display the trigger level by pressing the TRIG LEVEL key /
. The associated LED will flash and the trigger levei control

LED(2)will light.

To change the trigger level:

Enter the required value, using the numeric keypad
NOTE:

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

1.

mode_with the trigger level unchanged by pressing the CONTINUE
key

or
2. Using the step up 4 or step down y control key @ The desired

trigger level can be entered in 20 mV steps



d. Return the instrument to the measurement mode by pressing the TRIG

LEVEL key / @ . The TRIG LEVEL LED and the trigger level

eontrol 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.
3.4.3 Displaying the Auto-Trigger Level
3.4.3.1 Perform the following procedure:

a. Select the auto-trigger mode, using the AUTO TRIG key / @

b. Display the auto-trigger level by pressing the TRIG LEVEL Kkey

/ . 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.

c. Return the instrument to the measurement mode by pressing the TRIG
LEVEL key / @ or the CONTINUE key(7). The TRIG LEVEL
LED and the trigger level control LED@wiH extinguish
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3.4.4 Single-Shot Auto-Trigger Level

3.4.4.1 The auto-trigger level is normally measured continuously and varies if the
peak levels of the signal change. A single-shot measurement of auto-trigger level can be
made using Special Function 31. This value remains stored as a manual trigger level

untils
a. Another single-shot measurement is made, or
b. A new manual trigger level is entered
3.4.4.2 Complete the following to make a single-shot measurement of auto-trigger
level:
a. Enter Special Function number 31 into the special function register
b. Enable the special functions
c. Select AUTO TRIG / . The associated LED lights while the
level is calculated and stored, and then extinguishes
3.4.4.3 Further single-shot measurements are made by selecting AUTO TRIG
/ @ with Special Funetion 31 active.
3.4.5 Automatic Attenuation Setting
3.4.5.1 When operating in the auto-trigger mode, automatie switching of the x10

attenuator occurs 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
3.5.1 General Information

3.5.1.1 For all measurement funetions except TOTAL A by B, the resolution refers
to the number of zeros displayed when no signal is applied at the input. The resolution

can be set to display 3 to 10 digits. (For a resolution 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.

J.3.1.2 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 selected.

3.5.1.4 For the TOTAL A by B, the display shows the true total of events counted
from 1 to 999 999 989, For higher totals, the exponent is used.

3.9.1.5 For the PHASE A rel B, up to four digits may be displayed for fregquencies up
to 1 MHz and up 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.

3.3.2 Setting the Display Resolution

3.5.2.1 Whenever the resolution control LED is lit, the resolution can be changed
using the step—upf and step~down v Keys. To step up from nine to ten digits, hold the
step-up key down for approximately two seconds.

3.5.3 - Resolution with External Stop Circuit Arming

3.5.3.1 When external arming of the stop cireuit is used, the minimum display
resolution is governed by the arming period as shown in Table 3.10.

Table 3.10 - Resclution with External Arming

Arming Period Minimum Resolution

Less than 100 us
100 ps to 1 ms

1 ms to 10 ms
10 ms to 100 ms
100 ms to 1s

1s to 10s

W o =1 O

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

Resolution Gate Time

10 (9 digits + overflow) 10s

is

100 ms (see NOTE 2)
10 ms

1l ms

1 ms

1 ms- {(see NOTE 3)
1 ms [

€O UT QN =1 Q0 O

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
PERICD A

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

NQOTE 2:

At power-on, a resolution of 8§ is selected.

NOTE 3:
Measurements 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 frequeney. The

gate time is approximately 25 ms for frequencies above 200 Hz, but is increased at lower
frequencies.

3.7 STOP CIRCUIT DELAY (HOLD QFF)
.71 Use of the Delay
3.7.1.1 The stop circuit can be delayed when T.J. A—=B or TOTAL A by B is

selected. The required delay is entered into an internal store by the operator. The delay

funcetion 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 circuit from being triggered
prematurely by spurious signals such as those resulting from relay contact bounce. The
prineiple of stop eireuit delay is shown in Figure 3.1.
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Figure 3.1 - Use of Stop Circuit Delay
3,7.2 Displaying the Delay

3.7.2.1 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 direet decimal or exponential format. For example, a delay of 305 us may
be entered using one of the following key sequences:

[.] [0] [o] [o] [0] (5] [SHIFT| [STORE] [DELAY]

or [3] [0 [stiFT| [EXP| [6] [SHIFT] [+/-] [SHIFT] [STORE] [DELAY]

The instrument returns to the measurement mode automatically once the
new delay value is stored.



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 result in the display of OP Er. The number in the delay store is
retained when the instrument is switched to standby.
.74 Enabling and Disabling the Delay

3.7.4.1 The stop delay is enabled and disabled by means of the sequernce

[SHIFT| [DELAY|

The DELAY LED lights when the delay is enabled.

3.8 SPECIAL FUNCTIONS

3.8.1 Special Function Numbering

3.8.1.1 The special functions provided for operator use are listed in Table 3.1Z.
Each special function is defined by a two-digit number.

3.8.2 Special Function Register

3.8.2.1 One special function from each decade is entered into a special funetion

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 can be displayed by pressing:

[SHIFT| [RECALL] [SF]

A typical display is illustrated in Figure 3.2.
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Table 3.12 - Special Functions

Function Number Function
‘Start Stop
10 | Internal Internal
11 External +ve Internal
12 External -ve Internal
13 Internal External +ve
14 r 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 Select elapsed time 0 between displays See
42 between displayed 1s between displays NOTE 2
43 measurement eyecles 10s between displays
44 300s between displays
50 Value displayed Trigger level
51 by operation of Signal positive peak
52 TRIG LEVEL Signal negative peak
60 Measurement made with / Normal TOTAL A by B
61 TOTAL A by B selected | Manual Totalize
70 Funetion with ‘ 10 MHz check
71 CHECK selected LED check
72-76 Reserved for diagnostic testing
(K Channel A relay check
78 Channel B relay check

NOTE 1:

Special Function 21 permits FREQ B, PERIOD B, T.I. B~ A, TOTAL B by A, and Phase B rel A.

For these functions:

R 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 Functions 40, 42, 43, and 44 are only available when in loeal control.
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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:

'SHIFT| [STORE| [SF]

where NN is the special function 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 funetion 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. '

3.8.4 Enabling and Disabling the Special Functions

3.8.4.1 The defaujt state corresponds to the default state of the special funetion

register, i.e., with Speeial Funetions 10, 20, 30, 40, 50, 60, and 70 enabled. Special
functions whose numbers are entered in the special function register are enabled and

disabled using the following key sequence:

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

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

3.8 ERROR CODES

3.9.1 The instrument is able to deteet 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 Qverflow of internal counters
QP Er Error in numerical entry
Er 50 Incorrect result obtained when in Check mode
Er 51 5 ( [ x10/x1
Er 52 30Q/1 MO
Channel A S
Er 33 DC/AC
Er 54 Relay or ' FILTER
amplifier failure >
Er 55 COoOM A
Er 56 x10/x1
Er 57 Channel B j 5082/1 M&Q
Er 58 | DC/AC
NOTE:

Error codes Er 51 to Er 55 will only be generated with Speecial-
Funetion 77 active. Error codes Er 56 to Er 58 will only be

generated with Special Funection 78 aective,

3.9.2 Clearing the Error Codes

3.9.2.1 Error code Er 01 is cleared by:
a. Making a phase measurement on signals of equal frequency
b,  Selecting another measurement function

3.9.2.2 Error eodes 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



3.10 MATH FUNCTION

3.10.1 General Information

3.10.1.1 The math funetion may be used with all measurement funetions except
Phase A rel B and CHECK. Its use permits the measured value to be offset and/or scaled

before being displayed.

3.10.1.2 When the math funetion 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 is set to 0 and Z to 1.

NOTE:

It is possible to set the constant Z to zero. However, any
attempt to use the math funetion 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 N
Offset: Measurement - N N 1
Percentage difference: 100 (Measurement-N)/N N | N/L00

3.10.2 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
[SHIFT| [RECALL]

3.10.3 Changing the Math Constants

3.10.3.1 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:

alo i) [SioR]
or SHIFT| [EXP 'sHIFT] [+/-] [SHIFT| [STORE]

The instrument returns to the measurement mode automatically onece the new math
constant is stored.
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3.10.3.2 The ranges of permissible values are as follows:

a. 1x10-2 <7 <1x1010

b. 0

e. -1x1010cz< -1x10-9
For negative numbers, the ninth digit is available, but not displayed.
3.10.4 Enabling and Disabling tﬁe 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 function is enabled.

3.11 EXTERNAL ARMING
3.11.1 General Information
3.11.1.1 This features 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 relevant 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 us (80 us
for RATIO A/B).
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SECTION 4 SYSTEM OPERATION

4.1 MATE/CIL INTERFACE

4.1.1 Introduction

4.1.1.1 This subsection defines and describes the MATE/CIIL interface used on
Racal-Dana Model 1992-02M,

4.1.2 CIIL Commands

4.1.2.1 Channel Assignments

4,1.2.1.1 Port numbers 0/00, 1/01, and 2/02 correspond to Channels A, B, and C,
respectively, (i.e., Port = :CHn where n is the port number as just defined). Channels 0
and 1 are used for timing and frequency measurements up to 160 and 100 MHz,
respectively. Channel 2 provides for high-frequency measurements up to 1.3 GHz.
Arming is effected through a rear-panel channel (see Subsection 3.11).

4.1.2.2 Op Codes

4,1.2.2.1 Table 4.1 lists the op codes accepted and processed by the MATE interface.
SET, SRX, and SRN op codes* may be used with any noun modifier shown in Table 4.6.
The branched syntax diagrams (see Figures 4.1 - 4.7) show a choice of SET, SRX, and
SRN op codes in typical setup. This does not impose or imply any constraint or ordering
in the use of these three op codes. (The diagrams are programming examples only, not
striet syntax.)

Table 4.1 - Applicable MATE/CIL Op Codes

OP CODE DESCRIPTION
o it et bbbt T Tt —— e e———
FNC Function
SET=* Set
SRX* Set Maximum
SRN* Set Minimum
CL3 Close
OPN Open
INX Initiate Measurement
STA Status Regquest
FTH Transmit Data
RST Reset
IST Execute Self Test
CNF Execute Confidence Test




4.1.2,2.2 Each op code is interpreted and executed in accordance with
definitions stated in MATE Specification 2806763 (Rev. B). Also, the following specific
actions are initiated by the IST and CNF op codes:

a. IST - upon receipt of this op code, the counter initiates the
following tests:

1. RAM, LOW address = uP RAM
RAM, HIGH address = static RAM (IC28)

Z, ROM - a 16-bit checksum is performed on the entire ROM

3.  Funectional - a check is made of the counter’s ability to
take a reading. The counter is placed into the 'Check'
funetion, a reading is taken, and the result is then validated

After suecessful completion of these tests, the response to a STA
(Status Request) command will be {space> <er> {f> If any test
fails, an error message will result from a STA command (see
Subseection 4.1.5). To allow for IST execution time, wait
approximately 1 second before requesting the status.

b. CNF - causes execution of the Functional Check described above
in paragraph &.3

4.1.2.3 Nouns and Associated Measurements

4,1.2.3.1 Table 4.2 lists the nouns processed by the counter along with their
allowed measurements and input ports.

Table 4.2 - Nouns and Associated Measurements/Port Numbers

NOUN MEASUREMENT | PORT NUMBER

ACS FREQ 00, 01, 02
FRQR 00/01, 02/01
PANG 00 rel 01
PERI 00, 01

EVT COUN 00

PDC PANG 00 rel 01
PERI 0q, 01
PRFR 046, 01

RPS, TRI, FREQ 00, 01

SQW FRQR 00, 01
PANG 00 rel 01
PERI 00,01

DCS ACCF 0o, 01

TMI TIME 00

PAC, PAT CFRQ 00, 01

FMS, PMS,

AMS

4-2



4.1.2.4 Counter Setup Parameters

4.1.2.,4.1 Noun modifiers either intrinsically specify the setup configuration of the
counter (see Table 4.3) or, more commonly, a particular test-signal characteristic which
then is used by the counter to determine its setup (see Table 4.4). Table 4.5 provides a
compliance matrix for nouns and their measured characteristies. Also, Table 4.6
provides a compliance matrix for noun modifiers and their measured characteristics.
Listings of measured characteristic and noun modifier ranges are contained in Table 4.7
and 4.8, respectively. Finally, use the glossary in Table 4.12 for definitions of noun
modifiers and other important terms.

Table 4.3 - Noun Modifiers/Direct Counter Setup

NOUN MODIFIER DESCRIPTION
| 1 3
ACPL/DCPL Sets input coupling to AC/DC

BAND <{value)

Sets the filter on if the {value)is <50 kHz; generates an error if
the (value>is>50 kHz. The default state is filter off

TIMP {value)

Sets input impedance to {value) ohms. The {value)is restricted to
50 or 1e6 for ports 00 and 01 and to 50 for port 02

RIMP <{value)

When performing frequency ratio, phase, or event measurements,
set the input impedance of the denominator or reference channel to
{valueyohms. Thed{value)is restricted to 50 or 1e6 for ports 00 and
01. This noun modifier is an extension to MATE Specification
2806763 {(Rev. B)

TRLV<value)

Sets trigger level to{value) volts.

Trigger levels will be rounded up as follows:

a. x1 attenuation - to next multiple of 20 mV
b. x10 attenuation - to next multiple of 200 mV

TRSL POS/NEG

Sets trigger slope to positive or negative

NEGS/POSS

When used with an EVT noun, it has the same meaning as TRSL
POS/NEG

GASC INT/ENT

Selects internal/external gate source

GAWD (value>

Sets internal gate to<value)seconds

GSTA POS/NEG

Used when in external gate. Sets gate to start on positive/negative

slope of external gating signal. When used with COUN, sets the
Channel B start slope

G3TO POS/NEG

Used when in external gate. Sets gate to stop on positive/negative
slope of external gating signal. When used with COUN, sets the
Channel B stop slope

MAXT <{value>

Interpreted by the counter to be the maximum time expected for
signal event to arrive at input ports after receipt of INX

SYNI

Used to indicate that an external synchronization signal will be
used to start the measurement (always a TTL-crossing triggering,
positive slopa)
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Table 4.4 -~ Noun Modifiers/indirect Counter Setup

NOUN MODIFIER

DESCRIPTION

{meas chrd> {value)

When the measurement characteristic of the ecurrent
setup is received, the information is compared against
the capabilities of the counter to determine validity of
the setup. In addition, when applicable, the value is
used in the ealculation of the timeout number sent to
the computer in response to an INX op code (see MATE
Specification 2806763 (Rev. B, Section 5.3.2.1.1)

VLPP <valued

Voltage peak-to-peak of the input signal. Used to
determine attenuation range of input channels when
auto-trigger is not active. To acecommeodate the "loose"
ugage of this parameter in ATLAS, VLPP means VLPK
for PDC, PDT, and STS

VLPK <{value)

Voltage peak of the input signal. Used to determine
attenuation range of input channels when auto-trigger is
not active

DCOF <valuep

DC offset of the input signal. Used to determine
attenuation range of input channels when auto-trigger is
not active

VOLT <{value)

RMS value of AC input signal. Used to determine
attenuation range of input channels when auto-trigger is
not active. To accommodate the "loose" usage of this
parameter in ATLAS, "VOLT" means VLPK for all
signals except ACS, TRI, and SQW

REFV {value)

When making f{requency ratio, phase, or event
measurements, this parameter is used to determine
input voltage range of the denominator or reference
channel. This noun modifier is an extension to MATE
Specification 2806763 (Rev, B)

Table 4.5 - Noun/Measured Characteristic Compliance Matrix

MEASURED

NOUN

CHARACTERISTIC |ACS

w
z
]
3
3
=3
&

PAC|PAT |EDC|PDT

:

RPS |SQW

7
-
=

TRI

ACCF
CFRQ
COUN
FREQ
FRQR
PANG
PERI
PRFR
TIME
VLPK (TMD)
VLPP (TMI)
VOLT (TMI)

SR A Al A
Al - A A A A e A A

ZZZZZ22Z2Z2722

BRZAZZZZEZZ A E
A A A A A A A Al M
ZZR AR ZRAZZ A4 A
SR A A A e
K ZZ2 22227222
ZZZZZRA 2z
%MMZZ%%MMZZZ
G 2 2 e 22 2
- A A A, g A

ZRZZZZZ 22

ZZZRZ AT RZZZ2Z

MM ZZKHKKZ27 7

KEY:

Y = Valid Noun/Measured Characteristic Combination
N = Invalid Noun/Measured Characteristic Combination




Table 4.6 - Noun Modifier/Measured Characteristic Compliance Matrix

NOUN _ | MEASURED CHARACTERISTIC

MODIFIER |ACCF COUN|FREQ{FRQR[PANG| PERI| PRFR| TIME | VLPK(TMI} | VLPP{TMI) | VOLT{ T

9
2

ACPL
BAND
CLKO
DCOF
DCPL
GASC EXT
GASC INT
GAWD
GSTA NEG
GSTA POS
GSTO NEQG
GSTO POS
MAXT
NEGS
POSS
REFV
RIMP
SAMA
SYNI
TIME
TIMP
TRSC EXT
TRSC INT
TRLYV
TRSL
VLPK
VLPP
VOLT

FrErrprp-mOeDroO000Re P REEEE PP
-0 00000Re e P e o
g ek v g s Rl wh wle e i i g o i g g
i i TR el el R w i i g e i g
g A vl ol v el R g g e g L

PR OO ORI e o
B e OO0 0O = v = e e
BB B RO ORI UT OO TR e B o
e e e e T I OO0 O 00 3 ot e e (B B e 3 D

a o g el el Swiele R Ro i gho e g gh g g i g e

z

Each element of the matrix may contain one of the following:

D = Noun Modifier and Measured Characteristic Combination is Disallowed
A = Noun Modifier and Measured Characteristie Combination is Allowed

I = No Action Required

R = Noun Modifier Must Be Present in Setup String




Table 4.7 - Noun Modifier Ranges/Measured Characteristic

MEASURED CHANNELS 090, 01 CHANNEL 02
CHARACTERISTIC | MIN (for 01) MAX (for 01) MIN MAX
ACCF le-3 *1 1.6e8 (1e8) 47 1.3e9
CFRQ le-3 *1 1.6e8 (le8) de7 1.3e9
COUN 0 le18-1 — —_
FREQ le-3 *1 1.6e8 (1e8) de7 1.3e9
FRQR le-11 #2 1.6ell 4e-1 1.3e12
PANG 0 3.599e2 —_— —
PERI 6.25e-9 (1e-8) le3 *2 — _—
PRFR le-3 *1 1.6e8 (1e8) 4e7 1.3e9
TIME 0 le3 — —
For SQW Signal:

VLPP (TMID) 1.0e-~1 1.02e2 *4 — —
|VLPK | (TMD 5.0e-2 1.02e2 *4 —_ _—
VOLT (TMI) 2.5e-2 5.lel *4 — —_—
For TRI Signal:

VLPP (TMI) 8.6e-2 1.76e2 *4 — —
|VLPK | (TMD 4,32 8.8el *4 —_ —_
VOLT (TMI) 2.5e=2 5.1el *4 — —_
For ACS & All

Other Signals

VLPP ('TMI) 7.2e-2 1.48e2 *4 — —
|VLPK | (TMD 3.6e-2 7.2el *4 —_ —
VOLT (TMD) 2.5e~2 5.1el *4 — —_

See NOTES 1 and 2 after Table 4.8
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Table 4.8 - Noun Modifier Ranges

NOUN CHANNELS 00, 01 CHANNEL 02

MODIFIERS MIN MAX MIN MAX
BAND 0 50e3 —_ —
DCOF ~5.1el 5,1lel *4 — —
GAWD le-3 lel le-3 lel
MAXT le-2 . 9,99%e3 le~2 9.99%¢e3
RIMP Sel lef —— —
TIMP 5el led 5el S5el
TRLV -5el Sel 0 0
For SQW Signal:
YLPP {or REFVY) 1.0e-1 1.02e2 *4 e _
|VLPK| (or REFV) 5.0e=2 1.02e2 *4 —_ —
VOLT (or REFV) 2.5e~-2 3.1el *4 — -
For TRI Signal:
VLPP (or REFV) 8.6e-2 1.76e2 *4 — —
[VLPK! (or REFV) 4.3e-2 8.8el *4 — —
VOLT (or REFV) 2.5e-2 5.1el *4 —_ —
For ACS & All
Other Signals:
VLPP (or REFV) 7.2e-2 1.48e2 *4 2.8e-2 1.98e1 *3
|VLPK! (or REFV) 3.6e-2 7.2e¢l *4 1l.,4e-2 9.9e0 *3
VOLT (or REFV) 2.5e-2 5.1el *4 le~2 TeQ *3

NOTE 1:

The maximum combination values for Voltage and DC offset with a TIMP value of

lef ohms and DC coupling are as {ollows:

For SQW Signal:

(VLPK)2 + (DCOR?2 < (51)

4

For TRI Signal:

(VLPK)2 + (Dcom? < (512
3
For ACS & All
Other Signals:
(VLPK)2 + (DCOR2 < (51)

2




NOTE 2:

The maximum combination values for Voltage and DC offset with a TIMP value of
50 ohms and DC coupling are as follows:

For SQW Signal:

(VLPK)2 + (DCOPF2 < (5)2
— 3

For TRI Signal:

(VLPK)2 + (DCOP? < (5)2
3
For ACS & Al

Other Signals:

(VLPK)2 + (DCOR? < (5)2
—

*1  MIN of 50 applies if trigger level is not specified
*2  MIN value for frequencies of signals is the same as FREQ
*3 AC sinewave input

*4  For TIMP value of 1e6 ohms. For a TIMP value of 50 ohms, the following
maximum values apply:

Noun Modifier Maximum
DCOF 5el
VLPK SQW Signal 1.0el
VLPK TRI Signal 8.6e0

VLPE Other Signals 7e0



4.1.3 Programming Constructs

4.1.3.1 The general construct for counter setup starts with a string containing an
FNC op code, followed by a sequence of SET, SRX, or SRN op codes. This single string Is
terminated by an ASCII carriage return (er) and line feed (1f).

4.1.3.2 For TMI measurements, the FNC setup string is followed by two more FNC
strings; the first for the start channel, the second for the stop channel. Setup execution,
measurement retrieval, and instrument reset are all programmed in accordance with
MATE Specification 2806763 (Rev. B), Section 5.3.3.1.1.

4.1.3.3 Tables 4.9 and 4.10 show valid construets, while Figures 4.1 - 4.7 provide
branched syntax charts for all measurements.

Table 4.9 - Single FNC Setup

FNC <noun)<{measurement characteristic>{port>
SRX <{measurement characteristic){value)

SRN <{measurement characteristicd{value)

SET <noun modifier)[{value?]

®

®

SET <{noun modifier)[ value)]

er If

INX {measurement characteristice)
er if

FTH {measurement characteristic)
er if

RST <{nound>{measurement characteristicd>{port>
er 1f

Table 4.10 ~ Time Interval FNC Setup

smmpmarere
e e

FNC TMI {measurement characteristic):CHO0
SRX {measurement characteristic>{value>
SRN {measurement characteristic) {value)
SET <noun modifier)[{value>]

®

®

SET <noun modifierd[{value>]

er if

FNC {noun)<{voltage measurement characteristied{port>
SRX {measurement characteristic>{value>

SRN {measurement characteristied>{value)

SET {modifier)[<{value)]

°

®
SET <noun modifier)@value)]
er If




le 4.10 - Time Interval FNC Setup (Cont'd)

FNC <{noun){voltage measurement characteristie){port)
SRX {measurement characteristie> (value)
SRN (measurement characteristic) {value>

SET {noun modifier)[{value)}
®

1]
SET <¢noun modifier>{<{value)
er If

INX {measurement characteristic)
er If :

FTH <{measurement characteristic)

er If 7
RST <noun)<{measurement charaecteristic>{port)
er If

4.1.4 Normal Response Output Format

4.1.4.1 Normal Output - Response to FTH

4,1.,4.1.1 The following is a description of a normal ASCI output string for
measurement data:

Byte Number Deseription
1 space
2 sign (+or ~)
3 digit (0-9)
4-14 10 digits with decimal point (0-9)
15 letter E
16 sign (+or_~)
17 digit (0-9) | exponent will always be
18 digit (0-9) | a multiple of three
19 CR
20 LF
4.1.4,2 Normal Output - Timeout Response to INX
Byte Number Description
1 space
2-5 digit (0-9)
6 CR
7 LF
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4.1.4.3 Normal Qutput - Status Response to STA

Byte Number Description
1 space
2 CR
3 LF
4.1.5 Abnormal Response Output Format
4.1.5.1 The format for all abnormal responses is as follows:

F <digit) {digit) FTMO00 {space> ((origin)) {message)>{CRXLF>
a. FTM = Module Name

b. <digit) <{digit> are defined as follows:
05 = Measurement Timeout
06 = Trigger/Gate/External Reference not received
07 = Syntax, IST/CNF, noncatastrophic failure

e. <origin) is defined as:
MOD = Error detected in counter's control section
DEV = Error detected in counter’s measurement section

4,1.5.2 The following string may be transmitted as a resuit of an error having
occurred:

FOTFTMO00: ERROR NUMBER # #

4,1.5.3 A list of the error numbers that may be transmitted is provided in
Table 4.11.

Table 4.11 - MATE Syntax Error Numbers

NUMBER ERROR

=

Phase measurement attempted on waveforms of differing
frequency

Result out-of-range of the display

Overflow of internal counters

Error in numerical entry

Syntax error in command

Low address RAM (inside uP) failed

High address RAM (IC28) failed

ROM checksum failed

CNF failed

1 The op code is not recognized

2 A Line Feed was not found as expected in the CIIL input
string

13 The noun is not recognized

14 The meastrement characteristic is not recognized

o S 0o =3O s WD
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Table 4.11 - MATE Syntax Error Numbers (Cont'd)

NUMBER ERROR

15 The channel number expression contains a syntax error

16 The channel number is out-of-range

17 The noun/measurement characteristic eombination is invalid

18 The modifier/measurement characteristic combination is
invalid

19 Neither POS nor NEG was found when expected

21 Slope must be set to POS for Channel C

22 Measurement characteristic of TMI start and stop channels
are not the same

23 TMI start channel is not channel 00 (A)

24 INX or FTH found while parsing a FNC statement

25 STA, CNF, or IST found while parsing a FNC statement

26 RST found while parsing a FNC statement

27 OPN or CLS found while parsing FNC statement

28 Measurement characteristic must be VLPP, VLPK, or VOLT
for start/stop TMI channel

29 Gate source (Channel B) must be EXT for event measure—-
ment

30 Neither EXT nor INT found when expected

31 Only DC-coupling allowed with Channel C measurement

33 Gate start and stop slopes must be opposite for COUN

34 Number is out-of-range (larger than 9.%e17)

35 Syntax in numerie expression

36 Channel C impedance must be 50 chms

37 Neither 50 ohms nor le6 ohms found for impedance

38 Maximum number of characters (15) exceeded on input word

39 Channel C trigger level must be zero

40 Trigger level is out-of-range (-51 to +51 is valid)

41 DC offset value is out-of-range {(-51 to +51 is valid)

42 VLPK (or VOLT, or VLPP) is out~of-range

43 VLPP must be a positive number

44 Voltage too large with impedance of 50

45 DCOY value too large with impedance of 50

46 Ch 0 DCOF and voltage combined too large for impedance

47 Ch 1 DCOF and voltage combined too large for impedance

48 Ch 0 TRLV out-of-range for DCOF and voltage

49 Ch 1 TRLV out-cf-range for DCOF and voltage

50 SRN/SRX value is too small for COUN measurement charac-
teristic

51 SRN/SRX value is too small for measurement characteristic

52 SRN/SRX value is too large for measurement characteristic

53 MAXT value is too large

54 MAXT value is too small

35 GAWD value is too small

56 GAWD value is too large

37 BAND value is too large

58 BAND value is too small
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Table 4.11 - MATE Syntax Error Numbers (Cont'd)

NUMBER ERROR

59 TRSC must be INTernal and not EXTernal

60 FTH op code found before INX was received

61 Neither SRX nor SRN op code found

63 Neither SRX nor SRN found for TMI start and/or stop

: channel

64 SET TRLV not found for TMI start and/or stop channel

65 SET VOLT, VLPP nor VLPK found for measurement
characteristic

66 Reading timed out - signal not found or measurement not in
specified time

87 SET TIME noun medifier not allowed
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4.1.6

4.1.6.1
transmitted

4.1.6.2
use:

4.1.6.3

4.1.6.4

4.1.6.5
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Timeout Values

Timeout values are calculated when an INX instruction is received and
when the counter is made into a talker. The value depends on the function:

For phase angle, frequency ratio, and event counts (COUN, FRQR, PANG)

Timeout = MAXT (value) + 204 seconds
For frequency-related functions (ACCF, CFRQ, FREQ, PRFR) use:

Timeout = MAXT (valued + GAWD <valued + max [2- (1/freq) +4, 24]
OR if externally gated:

Timeout = MAXT {value> + 100 seconds + max [2 - peri + 4, 24]
where freq = the minimum value specified for SRX/SRN range

For period (PERI) use:

Timeout = MAXT <{value> + GAWD <valued + max [2 « peri +4, 24]
OR if externally gated:

Timeout = MAXT <value) + 100 seconds + max (2 * (1/freq) + 4, 24]
where peri = the maximum value specified for SRX/SRN range

For time (TIME) use:

Timeout = MAXT <value) + max [2 - time +4, 24]
where time = the maximum value specified for SRX/SRN range



Table 4.12 - Glossary of Terms

Nouns

ACS (AC SIGNAL): A sinusoidal time-varying
electrical potential

AMS (AM SIGNAL): An amplitude modulated
sinewave generated when the amplitude of
one wave is varied in accordance with the
amplitude of another wave.

DCS (DC SIGNAL): An unvarying electrical
potential,
EVT (EVENTS): The ocecurrence of an electrical

signal to be counted.

FMS (FM  SIGNAL): A frequency-modulated
sinewave generated when the frequenecy of
one wave is varied in accordance with the
amplitude of another wave.

PAC (PULSED AC): Pulsed alternating current
signal. An EMF characterized by short
duration periods of AC (sinusoidal) electrical
potential.

PAT (PULSED AC TRAIN): An EMF character-
ized by a train of different short duration
periods of AC sinusoidal electrical potential.

PDC (PULSED DC): Pulsed direct current
signal. An EMF characterized by short
duration periods of positive or negative
electrical potential occurring either period-
ically or nonperiodically in time.

PDT (PULSED DC TRAIN): An EMF character-
ized by a train of different single pulses
with a defined time correlation between the
single elements.

PMS (PM SIGNAL phase-modulated signal): A
phase~-modulated signal is generated when
the phase of one wave is varied in accor-
dance with the amplitude of another wave.
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Table 4.12 - Glessary of Terms (Cont'd)

RPS

SQW

STS

TMI

TRI

ACCF

ACPL

BAND

CFRQ

COUN

-DCOF

Nouns

(RAMP SIGNAL): A varying EMF whose
wave shape is characterized by a periodic
series of alternately positive and negative
linear amplitude slopes wherein the ratio of
positive to negative slope does not equal
one.

(SQUARE WAVE):: A varying electrical
potential whose waveshape is characterized
by a periodic series of rectangles indicating
alternately positive and negative potential.

(STEP SIGNAL): A change of DC electrical
potential from one level to another either
positive or negative.

(TIME INTERVAL): The time between two
events.

(TRIANGULAR WAVE SIGNAL): A varying
electrical potential whose waveshape is
characterized by a periodic series of aiter-
nately positive and negative linear slopes,
wherein the ratio of positive to negative
slope is equal to one.

Noun Modifiers

(AC~-COMP-FREQ): The frequency of an AC
component voltage or eurrent signal.

" (AC-COUPLE): Only the AC portion of the

signal is to be analyzed. The DC portion is
to be eliminated.

{(BANDWIDTH): The difference between the
upper and lower frequencies of a frequency
selective circuit where 3 dB attenuation
QCeurs.

(CAR-FREQ): The time-average frequency
of the ecarrier wave signal in the absence of
modulation.

(COUNT): Number of events or items.

(DC-QOFFSET): The DC voltage or current
level of a defined reference base line.
DCOF voltage or current is measured from
zero volts to reference base line.
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Table 4.12 - Glossary of Terms (Cont'd)

Noun Modifiers (Cont'd)

DCPL (DC~CQUPLE): Both the AC and DC por-
tions of signal are to be analyzed.

FREQ (FREQ): The rate at which a periodic
electrical function is repeated, expressed in
the unit Hertz.

FRQR (FREQ-RATIO): The ratio of the fre-
quencies of two signals.

GATO (GATE-QUT): Defines a situation where an
internally generated gating signal is to be
output to the pin specified by the gate-out
pin descriptor.

GASC (GATE-SOURCE): Defines a gating pulse to
be an internal or external signal., This
modifier takes the values INT or EXT. In
those cases when a gate-source is not spec-
ified the gate signal is assumed to be inter-
nal,

GAWD (GATE-WIDTH): Defines the length of time
for a gating signal. The time for which an
instrument "ooks' at a signal in deriving a
measurement.

GSTA (GATE-START-SLOPE): Defines a siart
condition for a gating signal. This modifier
takes the values POS or NEG.

GSTO (GATE-STOP-SLOPE): Defines a  stop
condition for a gating signal. This modifier
takes the values POS or NEG.

MAXT (MAX-TIME): This modifier specifies an
escape or override time delay that forces
continuation of the test sequence in the
event an expected UUT response dces not
oceur,

NEGS (NEG-SLOPE): The portion of a waveform
having a negative derivative.

PANG (PHASE-ANGLE): The angular difference
expressed in degrees between the signal
described by the noun and the signal refer-
enced by the REF HI and REF LO pins.
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PERI

POSS -

PRFR

REFV

RIMP

SYNI

TIME

TIMP

TRSC

TRLV

TRSL

VLPK

VLPP

VOLT

able 4.12 - Glossary of Terms {Cont'd)

Noun Modifiers (Cont'd)

(PERIOD): The period (i.e., 1/frequency) of
a waveform, pulse, or pulse train. Used as a
statement characteristic or measured char-
acteristic.

(POS-SLOPE): The portion of a waveform
having a positive derivative.

(PRF): The time rate at which pulses occur.

(REF-VOLTAGE): The input voitage of a
reference signal when making a dual signal
measurement {phase, frequeney ratic).

(REF-IMPEDANCE): The input impedance
of a reference channel when making a dual
signal measurement (phase, frequeney ratio).

(SYNC-IN): Noun modifier used to indicate
external arming.

(TIME): The measurement of time using a
standard time measurement function as a
reference or the interval over which
EVENTS are counted.

(TEST-EQUIP-IMP): Internal impedance of
the test egquipment (i.e., the test output
impedance for a SOURCE function; the test
equipment input impedance for a SENSOR
function).

(TRIGGER SOQURCE): Noun modifier used
to indicate INT or EXT triggering.

(TRIG-LEVEL): Defines the voltage level of
the trigger signal.

(TRIG-SLOPE}): Defines whether the {rig-
gering level applies to the up or down slope
of a signal. This modifier takes the values
POS or NEG.

(VOLTAGE-P):
(VOLTAGE-PP):

(VOLTAGE): An electrical potential. In the
case of DC signals the potential is unvary-
ing. In the case of AC signals it is the
generally used parameter which assumes a
distortionless sinusoidal signal for a valid
rms value,
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SECTION 5 GENERAL THE!

DRY OF OPERATION

5.1 INTRODUCTION
5.1.1 This section describes the general theory of operation for the 1392-02M.
5.1.2 The theory of operation provided is based on the simplified overall block

diagram shown in Figure 5.1, Key circuit bloeks of the 1992-02M are described and
supported in this section using simplified block and schematic diagrams. These diagrams
supplement the complete schematies found in Section 7 of this manual., As much as
possible, the simplified schematic and block diagrams provided here are annctated with
the same reference designators found in the complete schematics. This should facilitate
cross-referencing between this section of the manual and the schematies,

5.1.3 Integrated circuits (ICs) in the following circuit descriptions are
designated by cireuit 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 is necessary to identify a specific 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).
5.2 FUNCTIONAL BLOCKS
5.2.1 The 1992-02M contains the following ten main functional blocks:

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

b, Channel C block {see Subsection 5.3.2)

c. Measurement block {see Subsection 5.3.3)

é. Display block (see Subsection 5.3.4)

e. Keyboard block (see Subsection 5.3.5}

f. Miecroprocessor block (see Subsecticn 5.3.6)

g.  Standby and IRQ block (see Subsection 5.3.7)

h. Power Supply block (see Subsection 5.3.8)

i. Internal Frequency Standard block (see Subsection 5.3.9)

i GPIB Interface (see Subsection 5.3.10)
5.2.2 The functional relationship between the blocks of the 1992-02M is
illustrated in Figure 5.1. The measurement bloek is internally configured by the
microprocessor according to the instructions entered via the keyboard or over the GPIB.
The signal to be measured and the signal from the frequency standard are fed to the
measurement block. The measured resuit is passed to the microproeessor. If

mathematical manipulation of the result is required, this is performed by the
microprocessor before the final output is passed to the display or system.



5.2.3 The standby and IRQ block handles instructions to switeh to standby.
These instructions are received from the keyboard block and interrupt requests made by
other systems.

RELAY CONTROL

T CHanEL =>4 DisPLaY
>~ aLOocK k= MIGROPROCESSOR BLOCK
BLOCK
Su—
CHANNEL C MEASUREMENT KEYBOARD
’ BLOCK BLOCK ENADLE BLOCK
EXTEND
1RG
TNTEARAL | RESETA IRAA Fias |
FREQUENCY 10MHz
STANDARD KEY 1RO
LOCK
IRQ .S;L%N?:J STANDBY
10MHz BLaCK RESET i
EXTERNAL FREQUENCY i !
STANDARD INPUT J“““Eﬂﬂ‘m
! '
GP1a i
L assy K
TANDBY
IEEE 488 PORT
et 1.2V
POWER i it 2v
Ac SUPPLY "o
WNPGTT]  BLOEK +35V STANDBY
5y
sV

Figure 5.1 - Simplified Overall Block Diagram
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5.3 THEQRY OF OPERATION BY BLOCK

5.3.1 Channel A/B Block
5.3.1.1 Functional Description
5.3.1.1.1 Channel A/B block 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.

5.3.1.1.2 Each channel includes relay-controlled circuits which allow selection of
5002 /LMSY input impedance, AC/DC coupling, and 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 3 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 50 kHz nominal. The signals from the high and
low frequency paths are combined and drive a Sehmitt trigger output stage.

| MEASUREMENT
lsLock

5.3.1.1.4 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
mieroprocessor.
I~ PART OF MQTHERBOARD
' FIGURE 78
FROM 1c25 '
MICROPROCESSOR | DAC TRIGGER LEVELS |
PORT Blﬂzb = I
-
_ T
1 !
I
IneuT 3 z s a > > 1
: F COMMON A 223 8
s T T TRLG IC3&b
; | e Kt e |
{ ' RLD o]
| | ! : — o
] \[ ; 1 RLH G268
i 1 Ea ! iC3s
i
‘ i f ' ! | | FILIER {
NEUT A 7 bt AGOS LUy L ‘ ; L
! A = | fGJHlNG % J : | | \ N M]'B E
h | -
{ TR | TTEES TR ‘t [ Sl e
I R78 | YR i 1 [ TRIE 1C36a
L I A N ‘ L T
o = =7 e aaoe |
1 i 1918 i 7S
| : P . \ ! Qi 47 ! PART OF MOTHERECARD|
il Tt FPoURELT
RELAY CONTRGL SIGNALS 1 : | 5 5 | i i
FROM MITROPROCESSOR —p—mmmm—m e L L e —

Figure 5.2 - Channel A/B Bloek Diagram
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5.3.1.2 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 SK3 (INPUT A ) is 5082, 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 C&5. R165 limits the current surge which
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 Dy
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, Q15
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 frequeney 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 eombined 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 frequeney buffer, and as a

high-pass filter to the output of the high frequency buffer. The crossover frequency is
5 kHz,

5.3.1.2.7 The signal at Q21 emitter is fed to the Schmitt trigger IC36a via the diode
bridge formed by D18, D19, D20, and D21. This protects the input of IC36a by limiting
the signal swing to approximately +1V.

5.3,1.2.8 The differential output of 1C36 forms the input to the measuring block.
The hysteresis of 1C36, 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
1034-2 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 microprocessor. 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
5.3.2.1 Funetional Description

9.3.2.1.1 Refer to the bloek 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 circuit. Next is an automatie level control eircuit 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.

- T T
| Tl
FUSE | , —————— SO = MEasurEMENT
INPUT C Lf:ﬁ';“é; 48 — 54 — TP BATE b aock
T L0 | 7717
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| 98 Dz az | = LA SYinaen
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| on Q4 TowW OETECTED : PART OF !
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SET DETECTCR |— :
l Low AND L _ _|feuReETSE | 1
| ﬁi‘ EGs.Nréto CCMPARATOR
iIClb MOHA T |
i e ‘—]cwrmuous HANNEL G INHIBI | o
GATE, SiGnAL T SONAL DETECIED MICROPROCESSCR
FROM LATCH THROUGHCUT GATE PERKD
MEASUREMENT Teha |
BLOCK RESET . iChe
ICLd l
[ !__
FROM | CHANNEL C SELECTED )5 I
MICROPROCESSOR [ b i
| CHANNEL A INHIBIT 10
- MEASUREMENT
i CHANNEL C SYSTEM 19-1142 | 8tocx
: FIGURE 7.6 :
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 controls the low-signal lateh. If the

detector output is below the threshold, the lateh 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
lateh is reset at the beginning of each gate period and is set if the detector output {alls
below the threshold level. The microprocessor samples the latch output throughout the

gate period. If the measured signal falls below the threshold level during this period, the
measured result is set to zero,

5.3.2,1.6 If Channel C is not selected, the low-signal lateh is held in reset by a
control signal from the micrcprocessor 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.



5.3.2.2 Circuit Description

5,3.2.2.1 Refer to the schematie shown in Figure 7.5. The signal to be measured is
connected via SK13 (INPUT C). The circuit is protected by a fuse whieh is mounted
within SK13. The signal amplitude is limited by the diode clamp comprised of D8, D9,
D10, and Dil.

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
detector D1, D3, R7, and C48 produces a negative voltage proportional to the signal
amplitude. A direct 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 changes in attenuation.

5.3.2.2.3 The signal passes through four amplifier stages inecorporating Q1, Q2, Q3,
and Q4. The amplified signal is fed to the counter 1C3 via the shaping circuit formed by
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 block via the gate IC2Zb 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 IC1b compares the detector output with a threshold voltage set by
R27. The comparator output is at logie 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 IC41b shown in Figure 7.8.
IC41b 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 logie 1, indicating that the Channel C signal level is too low while the
gate is open, the continuous signal latch 1C4-C and IC4-D is set. The lateh output is fed
to the mieroprocessor via SK7 pin 11 and prevents the result of any measurement made
during that gate period from being displayed.

5.3.2.2.8 The U signal at SK7 pin 16 is at a logic 1 when Channel C is selected. A
huffered version of this signal is fed to SK7 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 0.
This level is inverted and buffered in IC4-B and IC1-D, and is then fed to IC41lb via SK7
pin 13, IC41b is held in reset, inhibiting the Channel C signal at IC2-B via S8K7 pin 7.

5.3.3 Measurement Block
5.3.3.1 Functional Description
5.3.3.1.1 The measurement ecircuits of the instrument are provided by three

custom-built integrated circuits. These are the two Multiple Counter and Control {MCC)
cireuits, MCC1l and MCC2, and the Timing Error Correction (TEC) circuit. A block
diagram is shown in Figure 5.4.
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5.3.3.1.2 The eircuits within MCC1 and MCC2 are configured by the microprocessor
aceording to the measurement function selected. The recipromatic 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 cycles of the measured waveform.
The gate time is measured by counting the clock pulses which oceur while the gate is
open. This leads to timing errors at both ends of the gate time, as shown. The TEC
eireuit enhances the measurement accuracy by compensating for these errors.

5.3.3.1.3 For all measurement functions except FREQ A and PERIOD A, the signals
to be measured are fed directly to MCC2. For FREQ A and PERIOD A, the Channel A
signal is scaled by two and fed to the 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, MCC1l generates an interrupt
request for the mieroprocessor. The registers within MCC1 are addressed using the
address bus and the MCC SELECT line. The measured value is transferred to the
mieroprocessor via the multiplexed bus.

5.3.3.1.5 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.

5.3.3.2 Circuit Description

5.3.3.2.1 Refer the the sechematic shown in Figure 7.8.

5.3.3.2.2 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 cireuit

at 1C39-15, 16, 17 and 18, For the FREQ A and PERIOD A funetions, the A signal
frequency is divided by two in IC41la 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
IC29-19. For these funetions IC4la-5 is held at logiec 1 by the PST1 control line
(CHANNEL A INHIBIT) from the Channel C bloek. As a result, IC4la is held in set and
the A signal is inhibited from reaching IC39-19.



5.3.3.2.3 Reference Frequency

5.3.3.2.3.1 The internal reference signal is applied to IC39-2 and the external
reference signal, if present, to IC39-3. 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 logie 0 and the
measurement block switches to use the external reference.

5.3.3.2.3.2 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.

5.3.3.2.3.3 A 10 MHz reference signal, derived from the freguency standard, is
present at IC39-36, This signal is applied to the TEC, H1, at pin 8, and, after inversion in
1C29%e, to IC18-24, '

5.3.3.2.4 Mieroprocessor Clock and Timer

5.3.3.2.4.1 A 5 MHz clock signal for the microprocessor {(and the GPIB
microprocessor if fitted) is taken from IC18-2. A 39,0625 kHz clock signal for the
microproecessor timer is taken from IC18-4,

5.3.3.2.5 Channel C Gate and Reset

5.3.3.2.5.1 A GATE signal (logic 0 during the measurement period) and a RESET
signal (negative-going pulse at the end of each measurement period) are taken from
IC39-27 and IC18-40 and fed to the Channel C bloek via PL7 pins 17 and 15,

5.3.3.2.6 External Arming Input

5.3.3.2.6.1 Signal connected to the EXT ARM INPUT socket on the rear panel are fed
to IC18-27 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 IC18 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 Control Line
Funetion: QQ Q1 Q2 Q3 Q4
FREGQ A 1 1 0 1 0
PERIOD A 1 1 0 1 0
FREQB 1 0 0 1 0
PERIOD B 1 0 0 1 0
FREQ C 1 1 0 1 0
T.I. A—=B 0 0 1 1 0
T.I. B—=A 0 0 0 1 0
TOTAL Aby B 1 0 0 1 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 Function 72 1 1 1 0 1
Speecial Funetion 73 1 i 1 0 0
Special Function 74 1 1 1 0 1
Special Function 75 1 1 1 0 0

NOTES:

e P or = b

a. The FREQ B, PERIOD B, TOTAL B by A, and T.I. B—A {unctions are
obtained using Special Function 21.

b. Special Functions 72 to 75 can only be used when CHECK is selected.

5.3.4 Display Block
5.3.4.1 Functional Description
5.3.4.1.1 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 microprocessor 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.

3.3.4.1.3 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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Figure 5.6 - Display-Block Diagram
5.3.4.2 Cireuit Deseription
5.3.4.2.1 The sehematie is shown in Figure 7.3. The GPIB LEDs LP3, LP4, and LP§

are driven via SK1 from the GPIB system. The GATE LED LP7 is driven frem the
measurement block via a driver stage, shown in Figure 7.9, and SK2 pin 11, The TRIG
LEDs LP3% 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 bleek. The remaining LED indicators and the numeric
indicators DIS and DI6 are controlled by the display driver IC3. Numerie indicators DI1
to DI4 are controlled by IC4.

5.3.4.2.2 Display data is stored in memeoery within IC3 and IC4. To change the data,
the microprocessor puts a control word on the port B bus. The microprocessor 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.

5.3.4.2.3 The miecroprocessor 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 us positive-going pulses
at approximately 250 pps.

5.3.5 Keyboard Block
5.3.5.1 Functional Description
5.3.5.1.1 A simplified diagram of the keyboard block is given in Figure 5.7. The .

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

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 g key is pressed, the encoder examines both matrices simultanecusly
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 inpuis to the
NAND gate is pulled low. The KEYBOARD EXTEND line is then set to logie . If the
key is in the non-extended matrix, the inputs to the NAND gate are isolated {rom the key
line by one of the diodes and the KEYBQARD EXTEND line remains at logic 1.
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Figure 5.7 - Keyboard-Block Diagram
5.3.5.2 Circuit Description

5.3.5.2.1 The sechematic 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 eolumn 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 IC2 are normally held at logic 1 so that SK2 pin 9 is at
logic 1. If a key in the extended matrix (column lines connected directly to the inputs of
IC1b) is pressed, one input of IClb is pulled to logic 0 and SK2 pin ¢ will go to logic 0.
The column lines of the other matrix are isolated from the inputs of IC2 by D6, D7, D9,
and D10, so that the logic level at SK2 pin 9 is not changed when a Key in this matrix is
pressed,

3.3.5.2.4 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 logie 0 using the KEYBOARD ENABLE
line, and the encoder puts the 4-bit code onto the bus. The mieroprocessor reads the
code and the state of the KEYBOARD EXTEND line to determine whieh 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 bloek is given in Figure 35.8.
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 latch, 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 mieroprocessor, are used to maintain
voltage levels on the instrument contrel lines. A third lateh is used to read the status of
the instrument flags via port B. The latches and registers for the connection of the
multiplexed bus to the measurement system are in the mesasurement block, and are
controlled by the MCC SELECT signal. The display data latehes are in the display bloek,
and are controlled by strobe and chip select signals obtained from port A.
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5.3.6.2 Circuit Description

5.3.6.2.1 The schematic is given in Figure 7.8, The mieroprocessor clock and timer
signals are generated in the measurement block and are fed to IC19-39 and IC19-37, A
RESET signal is generated in the standby and IRQ bloek when the instrument is switched
on or off and is fed to IC19-1.

5.3.6.2.2 The miecroprocessor bus for the high-order address bits is designated A8 {o
Al2. The multiplexed bus, used for the low-order address bits and for data is designated

B0 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 i and
(DATA STROBE) at logic 0. This enables the address lateh IC20 (IC20-11 at logic 1),
disables ROM IC22 (IC22-20 at logie 1), and disables the address decoder 1C21 (IC21-6) at
logie 0).

5.3.6.2.3.2 This address is put onto lines B0 to B7 and A8 to A1Z, When the lines have
settled, the ADDRESS STROBE line is taken to logic 8. The low-order bits of the address

are latched into IC20 and are held on address lines AQ to A7. Lines BO to B7 are now
free for use as a data bus.

5.3.6,.2.4 Address Decoding

5.3.6.2.4.1 The levels on address lines A6 to Al2 are decoded in IC21 to provide the
following cutputs:

a. MCC SEL, the chip-select signal for IC18

b. GPIB SEL, the chip~select for the GPIB address deccder

c.  WR, the write control signal for H2

d. Y8, the chip select signal for output lateh 1IC25

e, Y7, the chip select signal {or output lateh IC24
5.3.6.2.4.2 These outputs are only available when IC2Z1 is enabled by a logic 1 at
IC21-6 and a logic 0 at 1C21-4,5. The level at IC21~6 is set by the DATA STROBE output
at IC19-4, which is at logic 1 when the multiplexed bus is available for data transfer, All
outputs from IC21 are decoded from addresses with lines A8 to Al2 at logie 0 when IC21-
4, 5 are held at logic 0 by the output from IC27a, b, and d.
5.3.6.2.5 Input and Output Latches
5.3.6.2,5.1 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 IC25
from data port B of the mieroprocessor. The latech strobe signals are decoded in IC21.

Data may be read by the microprocessor from the input latch IC23, The iatch strobe
signal is provided via data port A of the mieroprocessor.
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5.3.7 Standby and IRQ Block
5.3.7.1 Functional Description

5.3.7.1.1 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 3.9,

5.3.7.1.2 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 keyboard bloek sets
the standby IRQ latch. The latch outputs provide the standby IRQ and a standby flag for
the mieroprocessor. The standby IRQ output also clocks the standby ON/OFF latch 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 IR@s. At the end of the
microprocessor interrupt routine, the standby IRQ lateh is reset, removing the standby
IRQ. The state of the standby ON/OFF lateh is not changed.
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Figure 5.9 ~ Standby and IRQ Block Diagram
5.3.7.1.4 While the instrument is in standby, the input to IC32h is held low and the

IRQ input to the mieroprocessor is held high via D28, This inhibits all IRQs. The output
from IC32b also holds the GPIB interface in reset via Q29c.
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5.3.7.1.5 On return from standby, the standby IR@ latch is again set by the standby
signal from the keyboard block. The standby ON/OFF lateh is clocked to the reset state,
the power supply is returned to normal operation, and IC30b is enabled. The input to
1C32b rises as C121 charges, removing the reset signal from the GPIB interface and
enabling the microprocessor IRQ input. The microprocessor is now able to accept the
IRQ from IC30a. At the end of the restart sequence, the standby IRQ latch is reset.

5.3.7.1.8 When the encoder in the keyboard system has data ready te be read by the
microprocessor, the keyboard IRQ lateh is clocked via the KEYBOARD DATA READY
line. The lateh outputs provide the keyboard IR and a keyboard IRQ flag. Once the

keyboard has been identified as the source of the interrupt, the latch is reset by the
microprocessor. :

5.3.7.2 Circuit Description
5.3.7.2.1 The schematic is shown in Figure 7.8.
5.3.7.2.2 Reset Cireuit

- 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 switched on, the input to IC32f is held low until
C125 charges through R215, Q29a, and R216. The output at 1C32{-12 goes to logic 1
when power is applied, but drops to logic 0 after approximately 500 ms, This output is

inverted by 1C32e to provide the microprocessor reset and by Q29¢ to provide the GPIB
reset,

5.3.7.2.2.2 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 conduects. The current in R218
makes the base of Q29d positive, so the transistor conducts and holds the base of @27 low

until C125 is completely discharged. This ensures that a good reset action is obtained,
even if the power is quickly restored.

5.3.7.2.3 Standby Operation

5.3.7.2.3.1 On switching to standby, PL1 pin 14 is taken to 0V by the STANDBY key.
Debouncing is provided by R158 and C126. The leading edge of the signal is sharpened in
[C32¢, C118, R151, and IC324, and sets the standby IRQ iatch IC30¢, d.

5.3.7.2.3.2 The negative-going output from 1C30e¢~10 is passed via IC30a, IC32a, and
R152 to IC19-2 to provide a microprocessor interrupt. The positive-going output from
1C30¢-11 forms the standby IRQ flag (read by the microprocessor via IC23 during the
interrupt routine) and clocks the standby latch IC26b to the set state.

5.3.7.2.3.3 The logic 0 level at IC26b-8 switches on Q13 and provides power for the
STANDBY LED via PL1 pin 8. The same output is applied to IC30b-5 and disables the
other interrupts which are connected to IC30b-6.

5.3.7.2.3.4 The logic 1 level at IC26b-2 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
IR@ latch by applying logic 1 to IC30¢-8 from IC19-7,



5.3.7.2.3.6 On return from standby, the standby IRQ lateh 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 latech back to the reset state, so that the
STANDBY LED is turned off and the power supplies are restored. The microprocessor
resets the standby IRQ latch at the end of the interrupt routine.

5.3.7.2.4 The IRQ Circuits

5.3.7.2.4.1 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 [C23-11 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 IC28b-14, 13.

5.3.7.2.4.2 If any of these interrupts occur, IC28b-8 and IC30b-6 will go to togic 1.
Provided the standby latch IC26b is not set, IC30b~5 will be at logic 1 and the interrupt
signal passes via IC30a and IC32a to IC18-2.

5.3.7.2.4.3 When the instrument is switched into or out of the standby state, the
standby IRQ lateh IC30c, d is set. The standby IRQ from IC30¢-10 is fed to IC19-2 via
IC30a and IC32a.

5.3.7.2.4.4 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 {rom 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 occurs on return from standby, from being acted upon before the
power supplies are fully restored.

5.3.8 Power Supply Bloek
5.3.8.1 Functional Description
5.3.8.1.1 A simplified diagram of the power supply block 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 switch,

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 ecircuit 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 {eed regulators
providing +11.2V, -11.2V, +5V, +5V and -5.2V. The -5.2V regulator and one of the +5V
regulators, which supply most of the instrument's circuits, are shut down by a signal from
the microprocessor when the instrument is switched to standby.
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Figure 5.10 - Power-Supply-Block Diagram
5.2.8.2 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 f{ilter, formed by L1, L2, C46, C47, and C48, to
the POWER switeh Slb. The switched supply is connected to the primary windings of
transformer T1 via the tracks of a printed circuit board which is inserted in SK8.

5.3.8.2.2 The secondary windings fo transformer T1 suppy the #5V rectifier D11,
49 and C50, and the 11V rectifier D12, C52, and C59.

5.3.8.2.3 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 Q12. The non-inverting inputs to the
comparators IC3la and IC31c are connected to a +2.5V reference voltage, derived in the
hybrid ecircuit H2 shown in Figure 7.8. Potential dividers formed by elements of R49 hold
each inverting input at half the output voltage of the associated regulator.

5.3.8.2.5 A regulated supply at -5.2V is provided by a discrete component regulator
having Qb6 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
-5.2V supplies.



5.3.8.2.6 Standby Mode

5.3.8.2.6.1 When the instrument is switched to standby, the standby latch 1C26b
(see Figure 7.8) is clocked to the set state. The base of Q11 is pulled high and 1C31a-3 is
pulled 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 +53V 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,

5.3.9 Internal Frequency Standard Block
5.3.9.1 Functional Description
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 (IC2)
on the motherboard.
5.3.9.1.3 Signals from an external frequency standard are appiied to a signal

conditioning eircuit on the motherboard. If a 10 MHz external frequency standard is
used, the output of this circuit is connected directly to the measurement eircuitry.

5.3.9.2 Circuit Description
5.3.9.2.1 Frequency Doubler
5.3.9.2.1.1 The schematie of the frequency doubler, used with the internal frequency

standard is given in Figure 7.14. 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 frequeney 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 Q3%, and fed to pin 3 via buffer Q6.
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53.3.9.2.1.3 The output signal is fed back via C6 to switech Q4 on during the positive
peaks of the signal. The gain of Q5 is controlled by the potential across C3 whien
charges via R12 and discharges via Q4. If the output signal increases, the time for which
Q4 conduects increases so that the mean potential across C3 decreases. The resulting
decrease in gain of Q5 provides automatie 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¢c before being fed to the measurement
bloek at IC39-2. The inverting inputs of 1C2 are connected to the bias voitage at IC2-11,

5.3.9.2.3 External Frequency Standard Buffer

5.3.9.2.3.1 The buffer ecircuit 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.

3.3.9.2.3.2 The buffer comprises ICl4a, IC14b, and ICl4e. The inverting inputs are
eonnected to the bias voltage at ICl4-11. The final stage has feedback connected via
R11 to give a Schmitt trigger action.

5.3.9.2.3.3 Link LK1 is fitted between pins 8 and 9 of the PL16 to connect the
differential output of the final stage to the measurement bloek at IC39-3.

5.3.10 GPIB Interface
5.3.10.1 Introduetion
5.3.10.1.1 The GPIB interface is a self-contained, microprocessor-controlied

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 protocoi. Refer to
the schematic in Figure 7.11,

5.3.10.1.2 The microprocessor RESET signal is derived from the standby and [R@
block. The elock signal is derived from MCC1, IC18, shown in Figure 7.8.

5.3.10.1.3 The microproeessor 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 indieated 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 31, via its port B inputs, approximately every 1 ms and writes the settings
inte 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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5.3.10.3 Reading from the Bus

5.3.10.3.1 When the interface is addressed to listen, the GPIA conducts the
handshake procedure up to the point where the ready for data (RFD) indieation is given.
At this point IC12-27 is at logie 0, giving a logie 1 level at IC18-11. This puts three of
the bilateral switches of IC13 into the conducting state, thus ecompleting the RFD line.
The logic 0 at IC12-27 also puts the buffers 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 1C2,

5.3.10.3.2 The microprocessor interrupt routine establishes the reason for the
interrupt. The address decoder IC8 is enabled via IC27-15, IC26-8, and A7. The decoder
is addressed using lines GA4, 5, and 6, and gives the GPIA enable signal at IC8-15. The
data-in register of the GPIA is addressed using the R/W line and lines A0, 1, and 4. The
mieroprocessor 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.

5.3.10.4 Writing to the Bus

5.3.10.4.1 When the GPIA is addressed to talk, its internal data-out register will
normally be empty. Under these conditions IC12-40 goes to logic 0 and provides an
interrupt request to the miecroproeessor.

5.3.10.4.2 IC17B is in the reset state, giving a logie 1 at IC18-12, Since 1C12-27 is
at logic 1 when the GPIA is addressed to talk, IC18-13 is also at logie 1. The resulting
logic 0 at IC18-11 opens three circuits of bilateral switches in IC13 to break the RFD
line. The fourth bilateral switeh conducts, due to the logie 1 at IC19-10, 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 miecroprocessor then enables the address decoder, IC8, via IC27-15,
IC26-8, and A7. The decoder is addressed using lines GA4, 5, and 6, and gives the GPIA
enable signal at 1C8-15, 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.

5,3.10.4.4 Following the data transfer, the microprocessor sets IC17B, using line
PB7, to give a logic 0 at IC18-12. This gives a logie 1 at IC18-11, which enables three
bilateral switches in IC13 and connects the RFD line. The {ourth switeh in IC13 is
disabled, thereby releasing IC12-18 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 IC178, using line PB6, giving a logic 1 at
IC18-12 so that the RFD line is again broken at IC13. 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 microprocessor.

5.3.10.5.2 When the serial poll is completed, the controller sends the serial poll
disable (SPD) message, which is detected by IC26, ICT7, IC18, and IC19. The resulting
logic 1 at IC17B-3 clocks IC17B to the reset condition, and gives a logic 1 at 1C18-12.

5.3.10.5 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 latch,
[C1 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
microproecessor 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 clocks IC16B via IC20-6. The level set on line 0 of
the data bus is transferred to IC16B-5, and forms the ready for data (RFD) signal to the
instrument's mieroprocessor,

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 a clock signal for IC18A, so that the logic level set at [C16A-12 is
transferred to IC16A~19 to form the data valid (DAV) signal to the GPIB microprocessor.

5.3.10.6.5 The GPIB microprocessor addresses IC8 to give a sighal 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 IC20-8) 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
microprocessor follows a 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 mieroprocessor 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 IC1TA. The resulting logic 0 at IC17B-9 disables 1C18-4,

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.






SECTION 6 MAINTENANCE

6.1 INTRODUCTION
6.1.1 This section is written in eight parts ineluding the following:
a. PVP/Calibration Inspection Intervals
b. Required Test Equipment
e. Dismantling and Reassembly
d. Special Funetions 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/aceeptance, (2) periodic determination of the need for
recalibration, (3) upon failure of a routine specification check, and (4) after repair of
unit, Verify the basic operation of the counter before starting these proecedures by
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 de 23°C 1$20C except at receiving
inspection/acceptance when a requirement of 239C +5°C is acceptable
d. The power supply to the internal frequeney 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,
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6.2 PVP/CALIBRATION INSPECTION INTERVALS

6.2.1 PVP Interval

5.2.1.1 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 basie operation of the 1992-02M and the possible need for recalibration.

6.2.2 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 U4E 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 1992-02M except the
internal frequency standard should be on a minimum annual

basis.
6.3 REQUIRED TEST EQUIPMENT
§.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 instruetions.

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 procedures 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 equipment is used.

6.4 DISMANTLING AND REASSEMBLY
6.4.1 Introduetion
6.4.1.1 Instructions for dismantling and reassembling the instrument are limited to

those areas where special care is needed or difficulty may be experienced,

LETHAL VOLTAGE: Dangerous AC voltages are exposed
when the instrument is connected to the AT supply with the
covers removed. Switch the instrument off and diseonnect
the supply socket from the rear panel before carrying out any
dismantling or reassembly operation.
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Table 6.1 - Required Test Equipment

Item Description/Recommended Model Required Parameters
1 Signal Generator Low phase noise. Jitter <0.,5 ns.
Racal-Dana 9087 Frequency range 10 kHz to 1.3 GHaz.
Output level 1 mV to 1V
10 MHz INT STD OUTPUT
2 Osecilloscope with 1:1 Probe Bandwidth 50 MHz
3 Digital Multimeter Frequency range: DC to 5 kHz
Racal-Dana 5001 Level: 20 mV to 20V
4 Frequency Standard 10 MHz
Racal-Dana 9475 Accuracy better than +3 parts
in 1010
5 Audio Oscillator Frequency range: 10 Hz to 5 kHz
Racal-Dana 9085 Level: 30 mV into 5082
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 508 coaxial cable with BNC
connectors. Length between 60 em
and 1m

8 T-piece BNC, 508

9 Coaxial Load BNC, 508

10 GPIB Controller -—

HP-85
11 GPIB Analyzer -
Racal-Dana 488
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 sliding it to the rear of the instrument




REAR-PANEL BEZEL 4D //“’"’”'@
RETAINING SCREWS 4{“‘“ e o i
& WASHERS i ,\@ )
L. P
\O , OJ
Figure 6.1 ~ Rear-Panel Bezel Removal
6.4.2,2 To replace the covers, reverse the above procedure. When replacing the

hottom 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 panel at all points.

panel.

Refer to Figure 6.4 for orientation of the bezel to the rear

FRONT

PRESS BOTTOM
COVER HERE
& SLIDE
TCNGUE INTO
FRONT PANEL

Figure 6.2 - Bottom Cover Replacement



ACCESS HOLES IN SiDE
OF INSTRUMENT

FRONT

Figure 6.3 - Proper Access Hole Orientation

TOP

(o}

| S

BOTTOM

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



66

[ CHANNEL A &B
CLAMPING COLLARS

/11 {(FOR REMOQVAL
/ SEE FIGURE 6.5B)
@, , ({

T ]

Figure 6.5A - Channel A and B Clamping Coilars

TYPICAL CLAMPING COLLAR
{TURN COUNTER-CLOCKWISE
TO REMOVE)

SPECIAL SPANNER TCOL

Figure 6.5B - Clamping Collar Removal

c. Remove the two serews and washers securing the front panel o each
side frame of the instrument. See Figure 6.6

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

FRONT PANEL
RETENTION

& WASHERS

%ﬂ] (2 PER SIDE)



DISCONNECT CHANNEL C
e s COAXIAL LEAD HERE
q

Y

|
1

DISCONNECT DISPLAY BOARD
FRCOM MOTHERBOARD HERE

o i
}SE -

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 {ront panel and reconnect Channel C's coaxial
lead 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 '

Remove the two screws on the GPIB board itself as shown

Lift up the GPIB board where shown and unplug the
GPIB/motherboard cable from the motherboard at SK4

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 TWQ REMOVE TWO
GPIB SCREWS HERE REAR-PANEL SCREWS AND
THEIR LOCK WASHERS HERE

@) 4 Q
O]
@
LIFT
GP!B
BOARD
HERE ~—~—_]

AoH

Figure 6.8 - GPIB Board Removal

REAR PANEL o
RETENTION
SCREWS & ® @ ®
WASHERS
{2 PER SiDE)
}] ® @
ﬁ S e TR S S i :___ - : ::_ﬁjo_]::::‘:: =
L

Figure 6.9 - Rear-Panel Retention Screw Removal

d. Ease the rear panel away from the instrument and disconnect 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 bridge D11
to the rear panel. See Figure 6.10

g. Disconnect the green/yellow lead eonnecting the rear-panel stud to the
power input plug. See Figure 6.10
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DISCONNECT REAR PANEL
FROM MOTHERBOARD HERE

DISCONNECT FLYING LEAD
FROM PL14

NUT & WASHER
FOR RECTIFIER BRIDGE D11

GREEN/YELLOW LEAD

h
I S

|
| B __r___—v*——w—l
. - -
NUT FOR GREEN/YELLOW LEAD/‘P e =
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.

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

6.4.9.1 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 screws and washers securing Channel C's amplifier
PCB to the right-hand side frame. See Figure 6.11

5.4.5.2 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 To replace the amplifier board, reverse the above procedure.
6.4.6 Display Board
6.4.6.1 Complete the following procedure to remove the display board:
a. Remove the instrument covers (see Subsection 6.4.2)
h, Remove the front panel (see Subsection 6.4.3)

a. Eemove the three serews and washers securing the display board to the
front panel (see Figure 6.11) and remove the board

6.4.6.2 To replace the display board, reverse the above procedure.
6.5 SPECIAL FUNCTIONS FOR DIAGNOSTIC PURPOSES
6.9.1 The special functions listed in Table 6.2 are for use during maintenance.

The functions are used in conjunetion with the CHECK mode. They are entered in the
special function register by pressing:

[SHIFT| (STORE]

and are enabled and disabled by pressing

CHANNEL C AMPLIFIER PCB RETENTION
SCREWS & WASHERS {2 EACH)

YCHANNEL C AMPLIFIER PCB

@ 1l
‘\
DISPLAY PCB
RETENTION
SCREWS
& WASHERS
L {3 EACH)
eyl
azi

3 1

DiSPLAY PCB

R,
L]

Figure 6.11 - Channel C Board and Display Board Removal
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Table 6.2 - Diagnostic Special Functions

Special Function Number Funection With CHECK Mode Selected

70 10 MHz cheek
71 LED check ‘
72 Measurement of short start TEC count
73 Measurement of long start TEC count
74 Measurement of short stop TEC eount
75 Measurement of long stop TEC count
76 D-to-A converter check
77 Channel A relay check
78 Channel B relay check

6.5.2 Special Function 70

6.5.2.1 Special Function 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, MCC1, MCC2, and the TEC.

6.5.3 Special Funetion 71
6.5.3.1 Speecial 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
fitted, the REM, ADDR and SRQ indicators light.

6.5.4 Special Functions 72, 73, 74, and 75

8.5.4.1 Special Funetions 72, 73, 74, and 75 should only be used for diagnostic
purposes at an ambient temperature of 23°C + 2°cC.

6.5.4.2 The long counts must be 800 + 220. The short counts (0.5 x long eount) must
be in the range +20 to -40. Counts outside these ranges indicate that the TEC has failed.
6.5.5 Special Funetion 76

§.5.9.1 With Special Funetion 76 active, the microprocessor continuously exercises

the D-to-A converters in both Channel A and Channel B through the range -5.1V 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 OQUTPUT socket on the rear panel connected to the

Channel A input, activating Special Function 77 causes the microprocessor to exercise

the Channe!l A relays for x10/x1, 5082/1 M and DC/AC, FILTER, and COM A. See NOTE
below.
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6.5.7 Special Function 78

§.5.7.1 With the 10 MHz STD QUTPUT 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, 508/ M2 and DC/AC. See NOTE below.

NOTE:
Cable length is important during use of either Special
Funetion 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 guicde to fault location is given in the flowcharts of Figures 6.12 to 6.19.
The charts provide a logical procedure. for localizing the fault to an area of circuit.
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,

Oseilloscope 2
Digital Multimeter 3
Coaxial Connecting Lead 7
GPIB Controller 10
GPIB Analyzer 11
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6.7 POST-REPAIR SETUP
6.7.1 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 verification check.

6.7.1.2 The ambient temperature must be maintained at 23°C £ 29C throughout
these procedures, The instrument should be powered from an AC supply.

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
6.7.2.1 Required Test Equipment
{tem 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 counter-clockwise and R192 to its mid-position. R192 is
located inside the screened module as shown in Figure 6.21.

R 150
R149 %)
2
O O
R192 R 193
MODULE

Figure 6.21 - Location of R149 and R192
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6.7.2.2.2

6.7.2.3

6-26

Complete the following procedure:

a.
b.
¢,
d.
e.

f.

Switceh the 1992-02M on. Select FREQ A

Select 50Q2impedance 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 E§ ¢
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 EXT STD
STGNAL STDOUT INPUT| 1992.02M
GENERATOR b /

RF ¢ ! A

o) 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 4 key five times until 00000000'15 displayed
Switch on the RF output of the signal generator

Inerease 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 steps dto f

Switech off the counter. Disconnect the test equipment



6.7.3

6.7.3.1

6.7.3.2

6.7.3.2.1

6.7.3.2.2

Channel B Input System

Required Test Equipment

Item

Signal Generator

Coaxial Connecting Lead (Qty. 2}

Counter Setup Procedure

Set R150 fully counter-clockwise and R193 to its mid-position.
located inside the sereened module as shown in Figure 6.23.

Table 6.1, Item No.

R 150
R 148 @
@
O Q
R182 R 193
MODULE

Figure 6.23 - Loecation of R150 and R193
Complete the following procedure:
a. Switch the 1992-02M on. Select FREQ A

b. Select 5082 impedance for Channel B and press

1
7

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

e,  Press the RESOLUTION 4 key five times, until 000 is displayed

d. Connect the test equipment as shown in Figure 6.24

R193 is

e. Set the signal generator output to 100 MHz at a level of 3.0 mV RMS

1. 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 E6 +
0.1 E6, with the GATE LED flashing



6.7.3.3

6.7.4

6.7.4.1

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,

10MHz EXTSTD
STOOUT INPUT

SIGNAL -

GENERATOR ) 1992-02M

RF &5
? o0

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 # key five times until 00000000 is displayed

c. Switeh on the RF output of the signal generator

d. Increase the signal generator output to 13 mV RMS

e. Adjust R150 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 stops flashing. If it does not, repeat steps d to f

g. Switch off the counter. Disconnect the test equipment

Channel C Assembly
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
S5THOUT INPUT

SIGNAL -
GENERATOR ! i 1992:02M

RF v { c
000

COAXIAL LEAD

Figure 6.25 - Connections for Channel C Input System Adjustment



6.7.4.2

6.8

6.8.1

6.8.2

Counter Test Procedure

g.
INTERNAL FREQUENCY STANDARD - ROUTINE CALIBRATION

Set R27 on Channel C assembly fully clockwise

Switch the 1392-02M on. Select FREQ C. Verify that the EXT STD

LED is lit

Set the signal generator output to 1 GHz at a level of 7.0 mV RMS

Adjust R27 until the gate LED just starts flashing and the counter
display indicates 1060.00000 E6 £ 0.00001 E6

Switch the output of the signal generator off. Reduce the output level

to 6.5 mV RMS

Switch the output of the signal generator on. Verify that the counter
is not counting. If it is, repeat steps c to {

Switeh off the counter. Disconnect the test equipment

Required Test Equipment

Item

Signal Generator
Coaxial Connecting Lead

Calibration Procedure

a,

b.

Figure 6.26 - Connections for Internal Frequency Standard Adjustment
Press (1] [0] [SHIFT [EXP| [6] [SHIFT| [STORE]

c.

d.

Table 6.1, Item No.

1
7

Switeh on the 1992-02M. Select FREQ A and verify that 00000000 is

displayed and allow at least 72 hours of uninterrupted operation

Connect the test equipment as shown in Figure 6.26

. 10 MHz
1992 O2MA MONITOR
000 OUTPUT

Press [SHIFT| [RECALL]

FREQUENCY
STANDARD

Verify that 10.000000 ES§ is displayed

Press 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. Switeh off the counter. Switeh off and disconnect the test equipment

Table 6.3 - Internal Frequency Standard Accuracy

Frequency Standard Display Accuracy
04E Osecillator +10 E-3 1 part in 10°
6.9 OVERALL PERFORMANCE VERIFICATION PROCEDURE
6.9.1 Introduction
6.9.1.1 By correctly completing the following Performance Verification Procedures

(PVPs), functional operation of the 1992-02M 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 1892-02M 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 1992-02M 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 test given in Subsection 2.6 of this manual.

6.9.1.4 The following conditions must be maintained throughout the performance
check:

a. The inst;'ument 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 fitted
d.  The ambient temperature must be 23°C + 2°C
e. The power supply to the frequency standard must be uninterrupted

5.9.1.5 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 Channel
6.9.2.1 Required Test Equipment

Item Table 6.1, Item No.

Signal Generator

Digital Multimeter

Audio Oscillator

T-piece

Coaxial Connecting Lead (Qty. 2)

-1 03 & Lo

6.9.2.2 Channel A PVYP (1)
a. Switch on the 1992-02M. Select 3082 on Channel A

b. Connect the test equipment as shown in Figure 6.27. Check that the
EXT STD LED lights

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, Disceonnect the test equipment

10 MHz EXT.5TQD

SIGNAL 5TD OUT INPUT -
GENERATOR 1992-02M

RF : A
? QOO

Figure 6.27 - Connections for Channel A Sensitivity PVP (D)

Table 6.4 - Channel A Sensitivity (I)

Frequency 1992-02M Resolution Signal Level
160 MHz g digits 50 mV
100 MHz 8 digits 25 mV
10 MHz 7 digits 25 mV
100 kHz 5 digits 23 mV
6.9.2.3 Channel A PVP (Il)

a. Connect the test equipment as shewn in Figure 6.28

b. Set the signal generator output to the frequencies shown in Table 6.5
in turn. Set the counter's resolution to the corresponding value
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6.9.3

6.9.3.1

6.9.3.2

6-32

c. 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 6.5

d. Disconnect the test equipment

AUDIO 1892-02M DIGITAL
OSCILLATOR MULTIMETER
AF A o0 HIGH
o} g
O | IMPEDARNCE
\ INPUT
T-PIECE

Figure 6.28 - Connections for Channel A Sensitivity PVP (I)

Table 6.5 - Channel A Sensitivity (Il)

Frequency 1992-02M Resolution Signal Level
5kHz 3 25 mV
10 Hz 3 25 mV

Channel B Sensitivity PVP

Required Test Equipment

Item Table 6.1, Item No.

Signal Generator

Signal Generator

Digital Multimeter

Audio Oscillator

T-piece

Coaxial Connecting Lead (Qty. 2)

-1 €O WL o b o

Channel B PYP ()
a. Seleet 5082 on Channel B

b. Connect the test equipment as shown in Figure 6.29. Check that the
EXT STD LED lights

e.  Press [SHIFT| |[STORE| [SF| |SHIFT| [SF]

d. Set the signal generator output to the frequencies shown in Table 6.6
in turn. Set the counter's resolution to the corresponding value

e. 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 6.6

f. Disconnect the test equipment



6.9.3.3

SIGNAL

RF
O

GENERATOR

10 MHz EXTSTD

STD QUT INPUT

1992-02M

B
00Q

Figure 6.29 - Connections for Channel B Sensitivity PVP ()

Table 6.6 - Channel B Sensitivity ()

Frequenecy 1992-92M Resolution Signal Level
100 MH= 8 digits 25 mV
10 MH=z 7 digits 25 mV
100 kHz 5 digits 25 mV

Channel B PYP (II)

a. Connect the test equipment as shown in Figure 6.30

b. Set the signal generator 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 counting. Verify that this is not more than the level

shown in Table 8.7

d.  Press (0] [SEIFT] [STORE] [SF] [SHIFT| {SF]

e, Disconnect the test equipment
AUDIO 1992-02M DIGITAL
OSCILLATOR MULTIMETER
AF B
co
7 & o
T-PLECE

Figure 6.30 - Connections for Channel B Sensitivity PVP (II)
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6.9.4

6.9.4.1

6.9.4.2

6-34

Table 6.7 - Channel B Sensitivity (II)

Frequency 1992-02M Resolution Signal Level
5 kHz 3 25 mV
10 Hz 3 25 mV

Channel C Sensitivity PVP
Required Test Equipment

Item Table 6.1, Item No.

Signal Generator 1
Coaxial Connecting Lead (Qty. 2) 7

Channel C PYP
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
CEunRiTor  |10MMz ext stp| 1992-02M
RE STD OUT INPUT ¢
Q eXoe]

Figure 6.31 -~ Connections for Channel C Sensitivity PYP

Table 6.3 - Channel C Sensitivity

Frequency 1992-02M Resolution Signal Level

40 MHz 8 digits 15 mV
100 MH=z 8 digits 15 mV
500 MHz 8 digits 15 mV
1000 MH=z 9 digits 15 mV
1300 MHz 9 digits 75 mV




6.9.5 External Standard Input Sensitivity PVP

6.9.5.1 Required Test Equipment
Item Table 6.1, Item No.
Signal Generator 1
6.9.5.2 External Standard Input PVP

a. Connect the signal generator output to the EXT STD INPUT socket on
the rear panel of the 1992-02M

b. Set the signal generator output to 10 MHz at a level of 10 mV RMS

e, Slowly increase the signal level until the counter's EXT STD LED lights
steadily

d. Verify that the signal level is not more than 100 mV RMS
e. Disconnect the test equipment

6.9.6 10 MHz Standard Output Level PYP

6.9.6.1 Required Test Equipment

Item Table 6.1, Item No,

Oscillator

T-piece

Load

Coaxial Connecting Lead

-1 W0 o0 B

6.9.6.2 10 MHz Standard Output PVP
a. Connect the test equipment as shown in Figure 6.32
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, Disconnect the test equipment

1992-02M OSCILLOSCOPE

10MHz
STD OUT

B
e

T-PIECE SOLLLOAD

Figure 6.32 - Connections for 10 MHz Standard Output Level PYP
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6.9.7

6.9.7.1

6.9.7.2

6.9.8

6.9.8.1

§.9.8.2

636

Minimum Time Interval PVP
Required Test Equipment

Item Table 6.1, Item No.

Signal Generator 1

. Connect the test equipment as shown in Figure 6.33

b. Select 5002 on Channel A, T.I. 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 .
GENERATOR 1992-02M

RF A
Q 0o

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 5082 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 limit
levels)

e.  Press (6] {SHIFT| [STORE] [SF| [SHIFT] [SF]

f. Verify that the instrument is not counting

g. Trigger the pulse generator to obtain a single pulse output



6.9.9

6.9.9.1

6.9.9.2

Verify that the display indicates 10.0000 E6 Hz +1 count and that the
instrument is not continuously gating

Press (0] [SHIFT| [STORE] [SF] [ SHIFT] {SF]

Disconnect the test equipment

EXT  10MHz
PULSE i STD  STD TSIGNAL
GENERATOR 1992-02M IN OUT | GENERATOR
EXT.ARM 0
INPUT
o— ')

Figure 6.34 - Connections for External Arming PVP

Trigger Level PVP

Required Test Equipment

Item Table 6.1, Item No.
Oscilloscope with Probe 2
Digital Multimeter 3

Trigger Level PVP ()

a.
b.

c.

i.

Connect the test equipment as shown in Figure 6.35
Select DC coupling of the csecilloscope input

Set the oscilloscope to monitor a waveform of approximately 12V
peak-to-peak with a frequency of approximately 2 Hz

Select CHECK
Press (7] [6] [SHIFT| [STORE] [SF| [SHIFT]

Verify that the Channel A and B TRIG LEDs are flashing and that the
displayed waveform is as shown in Figure 6.38

Transfer the oscilloscope probe to the Channel B TRIG LEVEL
OUTPUT pin and verify that the same waveform is displayed

Press [0] [SHIFT] [STORE| [SF| [SHIFT] [SF]

Disconnect the test equipment

1992-02M A TRIG 0SCILLOSCOPE
LEVEL QUTPUT
—C
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 (II)
a. Connect the test equipment as shown in Figure 6.37

b. Set the multimeter to measure DC volis

e.  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 mYV

f. Press |TRIG LEVEL! @ |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 multimeter indicates 0V + 10 mV

i.  Press [TRIG LEVEL] [5] [SHIFT] [+] [TRIG LEVEL]

Je Verify that the multimeter indicates -3V £ 60 mV

k. Transfer the probe to the Channel B TRIG LEVEL QUTPUT pin and
verify that the multimeter indicates -5V £ 60 mV

L Disconnect the test equipment
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1992-02M %ﬁi@éﬁ DIGITAL
A MULTIMETER
0
OSCILLOSCOPE
PROBE

Figure 6.37 - Connections for Trigger Level PVP (1I)
6.9.10 Internal Frequency Standard PVP

6.9.10.1 Required Test Equipment

item Table 6.1, Item No,
Frequency Standard 4
Coaxial Connecting Lead 7

6.9.10.2 a. Switch on the 1992-02M. Select FREQ A and verify that 00000000 is
displayed. Allow 72 hours of uninterrupted operation

b. Connect the test equipment as shown in Figure 6.38
1892-02M 10 MHz | FREQUENCY
A MONITOR | STANDARD
oYoYe) QUTPUT

Figure 6.38 - Connections for Internal Frequency Standard PVP

e. Press [1] [0] [SHIFT| [EXP] [6] [SHIFT| [STORE!

d. Press [SHIFT| [RECALL)
Verify that 10.000000 ES is cisplayed

e. Press [CONTINUE| and [SHIFT| |R-X/Z]

f, Verify that the value displayed is within the limits shown in Table 6.9

g. Switeh off the 1992-02M. Switch off and disconnect the test
equipment

Table 6.9 - Internal Frequency Standard Accuracy

Frequency Standard Display Accuracy

Oscillator 04E £10 E-3 1 part in 10°
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Figure 7.7 - Circuit Diagram, Motherboard
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Figure 7.11 - Circuit Diagram, GPIB (431820) (Cont'd)
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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 (404503) . cuuuunsrurnnneneennrransenoorossoassasasscansssesnns 8-4
Chassis AsSembIy {404506) . ccvivreeeninsesraronserrsasessassanssasasssssnsncss 8-5
Display PCB (19-1141) .. vterrettvtrrernneasvnanausnneannnsosssneonaaiasonsesss 8-6
Channel C P CB (19-1142) . i veveetisosssnsnacsossasnssnsrosisstasoansnnsonssss §-7
Motherboard PCB (19-1140) v st et e tionaenseosnsasnsosscrsnsnsasnsrasasnssons g-o
GPIB PCB{401820) v0evvsovuraacsns e 8-15
Oscillator Assembly (404386) .. vvuiviiverniorinoanercnsrarsessocsasosssnossssns 8-16
Doubler PCB{401822) .1 u et utreneereurcnnsessnuanonissssnesasansssanssssssns 8-17
BNC Mounting PCB (19-1206) + v r e vntuncneneereneenncnocnsnnenienonrrooneens 8-18
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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Tabie 8.1 - List of Suppliers

=3z NAME i F3C NAME
LT T T T e e e e e e e e | o e e e e e e e
L GC772 TAMP, ING. { ! 18714 | RCA
i IHARRISBURG, PA P | (COMMERCIAL REC. TUBE & SEMI. DIv.)
e e e e —————— | iFINDLAY, OH :
[ 911217 JALLEN BRADLEY CO. | e e e
i IMILWAUKEE, WISCONSIN bl 19738 |AVDEL-CHOBERT
e e e ! | TELESBORC, NJ
{01283  !TEXAS INSTRUMENTS, INC | e e e e e
: ISALLAS, TEXAS i | 10486 |BOSSARD
[ e et e e e e e i {BROOKFIELD, €T

| 21793 |RACAL-DANA INSTRUMENTS INC.

! JIRVINE, Ca

; | 22118 |FERRANTI ELECTRIC

j | |PLAINVIEW, MY

RO B e ;VOTOROLA, INC. i

: C(BEMI-CONDUCTOR PRODUCTS DIV.) | | 22958 |TELEDYNE ELECTRO MECHANISYS
|PHCENIX, ARIZONA | [NASHUA, NH

03387 (UNICN CARBIDE CORP. | 24338 [CCOPER LABORATORIES, INC.

[
[ (MATERIALS SYSTEMS DIV.) P [WAYNE. NJ
; [CLEVELAND, QHIO I Bttt e
e e [ 24931 |SPECIALTY CONNECTCR CO., INS.
; 08945 IRICHCO PLASTIC CO. | | FRANKLIN, IN
: CHIZAGS, [LLINGIS | T T e e e e e e e e e e e e e e
e e | 24972 |AEG-TELEFUNKEN CORP.
©O072S3 IFAISCHILD [ ] ISUMMERVILLE, NJ
i i (SEMICONTUCTOR DIV.) [ e e e e e e
) PMOUNTAIN VIEW, CA {1 25088 FSIEMENS CORP. '
o e e e | 1 (CCMP . GROUP)
©11237  ICTS KEENE, INC. P JISELIN, NJ
{ | PASO ROBLES, CA P e e e e e e e e e
e e e e | 25403 |AMPEREX ELECTRONIC CORP, )
} 13782 [MICRO PLASTICS INC. b | (SEMICONDUCTOR & REC. TUBE DIV.)
' {FLIPPIN, AR P [SLATERSVILLE, RMODE ISLAND
——————————————————————————————————————————————— I__.........___........__............_._-........._.__._....._.._.....__.__._._._...___-__._
"4433  TITT 3EMICONDUCTORS I | 27014 |NATIONAL SEMI-CCNDUCTOR CORS.
| WEST SALM BEACH, FLORIDA [ | SANTA CLARA, CA
e e e e e e e e e e e e e o T T e o i _______________________________________________
' 148386 [ GENERAL JNSTRUMENTS CORP. | | 27264 |MOLEX PRODUCTS CO. :
‘ ((SEMICONDUCTOR PRODUCTS GROLP) [ | DCANERS GROVE, ILLINOIS 5
‘ | HICKSVILLE, L.I., N.Y. o e
e e e e e [ 27777 |[VARO ELECTRAN DEVICES, ING. ‘
{ "85333 !DENNISCN MFG., CO. P {GARLAND, TX j
, CERAMINGTON, Ma | e e
it T ——— | 28848 |MULLARD, INC.
;TTeSE BILICONIX, INC. Pl IFARMINGDALE, L.1., N.Y.
: PSANTA CLARA, CA | e e e e e e e e et
T e e e e e e e | 29005 |STORM 2RODUCTS CO. i
R IGNETICS CORP. bl |LOS ANGELES, CA
: fSUNNYVAL:, oF: I et T s ———
it Tt Lttt P —— ! 2v900 |BULGIN A.F. AND CC., LTD.
| 8385 CHOMERICS, INC. (o [BARKING ESSEX, ENGLAND ‘
: CWCBURN, Ma I i e T
T T [t U S — | 22293 |INTERSIL, INC.

i ICUPERTINGD, CA



Table 8.1 - List of Suppliers continued

=5z NAME C 1 Ese | NAME !
I
22337 MURATA ERIEZ NCRTH AMERICA INC. | | 75913% |LITTELFUSE, INC :
‘ 'CARLISLE, P& b |BES PLAINES, IL :
_______________________________________________ !_............._._.__.___________...__....__..........._,,..m__________._,..,..w_
48384 | PENN ENG. & MFG. CORP. | i 78189 JILLINGIS TCOL WORKS, INC.
! IDOYLESTOWN, PA [ | (SHAKEPRCOF DIV.)
e e e e ! JELGIN, IL
, 55434 HEWLETT-PACKARD CO. [ e e e e e
L{HPA DIV.)} ] | 78553 |EATON CORP.
‘ '2AL0 ALTS, CA Pl F(TINNERMAN PRODUCTS, INC.)
e ——————— e | |CLEVELAND, ©OH
© 82272 !CIRCUIT ASSY. ZSORP [ e e e e
ICOSTA MESA, CA | | 80031 |MEPCO~ZLECTRA
_______________________________________________ i IMORRISTCWN, NJ ,
" 5221C  {KABCON CORP. | e e e e e -
TNEWARK, MNJ | | 81348 |MILITARY SPECIFICATION
_______________________________________________ f e e e e
32642 |PLESSEY MEMORIES i ] 82219 |PHILIPS ECG INC. .
; TSANTA ANA, TA [ | {DIV. OF NORTH AMERICAN PHILIPS CJRAP. |
e e e o e e — | | EMPORIUM, PA !
; 53387 [THREE (3)M CO. | e e e
CCELECTRONIC PRODUCTS DIV.) | @ 83125 |NYTRONICS, INC.
137, PAUL, MN [ [DARLINGTCN, SC
_______________________________________________ | e e e e e
SE225  |STATE OF THE ART INC. | | 83330 |HERMAN H., SMITH, IMNC.
ISTATZ CULLEGE, PA | ! | BROOKLYN, NY
_______________________________________________ ‘ e Al Ll o i o o 1 ot T " e ot v . e . m f ARE Al ik e e o SR AT A AT e i e e o
5252  (MATSUSHITA ELECTRIC CORP. OF AMERICA | | 98044 |AERCNAUTICAL STANDARDS GRCUP
IPANASCNIC INCUSTRIAL CG. DIV. )i [DEPT. OF NAVY AND AIR FORGE ‘
: {ZECAUCUS, NJ T e L T g
e e e [ 8CS45 [ELECTRONIZED CHEMICAL CG.
" 537822 (TCSHIBA INTERNATIONAL | IBALTIMORE, MD ;
|[HGUSTCN, TX b e et e e e D
e e e | 91506 {AUGAT, INC. :
© 57323 ! 3CHURTER, INC. | | |ATTLEEORO, MA : :
IPETALUMA, CA | e e e L
e e e e e e e e ! 91637 jDALE ELECTRONICS, INGC.
D 82278 AP PRODUCTS, INC. b JCOLUMBUS, NE ‘
; IMENTOR, CH | e e e e .
Bt | 91718 [GENTECH AN INDIAN HEAD CO. X
© B3233  INOVACAP | |LINDEN, NJ ‘
(BURBANK, CA T et O
T e e e e e e | 85275 |VITRAMON, INC. ;
| S5%4C | RCHM CORP. Pl [BRIDGEPGRT, CN !
[IRVINE, CA | e e e e e e e o L
——————————————————————————————————————————————— | 95906 [MILITARY SPECIFICATION :
75523 |BELDEN CORP. | Jommm e e e
. |CHICAGO, IL | | X053 |HARWIN ENGINEERS
e i [HANTS, ENGLAND
I TU43C IBUSSMAN MFG | e e ———
) j(DIV. MCGRAW & EDISON CO.) | | K11B0 {WELWNY MICROELECTRONICS :
i I3T. LOUIS, MO [ |NORTHUMEERLAND, ENGLAND '
LT T e e e e e e [ = e e e e e
I 71450 {CTS CORP. | | K1935 }JERMYN MANUFACTURING !
! [ELKHART, IN || [KENT, ENGLAND :
e e e e e e e e e e e e e e il
! 72982 |ERIE TECHNOLGGICAL PRODUCTS, INC. | | K2324 |WEBB FASTENERS ;
! |ERIZ, RA Pl |BERKSHIRE, ENGLAND !

| U3085 | TOKO

[ [BERKSHIRE, ENGLAND
| U3441 |QUADRANT METER CO., LTD.
| [HERTS, ENGLAND
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404338, CHASSIZ ABSEMELY, REV. 2
i REF [RACAL-DANA | 4

231G BN ; DESCRIPTION i FsC MANUFASTURER'S P/N
tra [ER-11-:582  [FRONT PANEL SuZ ASSY. 121793 |R-11-15392
RN JR='1-153%3 iREAR PANEL 3UB. ASSY. '21793 R-17-1533
tigty Te53c 02 'SHIELD, POWER 1217493 2
RETAY CR-"1-13423 [BIDE PANEL ASSY. 12173 1543
REh JR-3-2024 0 ILID 121793 2024

[zsl (R="32-2732 KEZPER PLATE 121783 2°c2

127 '511572 ISPACER, BNG {21793 1577
£33 tR-15-58 BUSH BUTTON MAINS 121793 357
BT CO P "SWITCH CONTROL AROD 121753 2533
(35} 1655710 (MAINS COVER i21793 0

REES L X-!17="038  I8SNC-GMA FUSED SKT tizaat %
tsgy 'R-"£-12%4 (VOLTAGE SELECT S0ARD 121793 {R-18-1254

A (A-12-°233% | SCREEN (21793 |R-18-123%
-1 JR=T8=-1141  |DISPLAY 20ARD ASSY. (21792 R-19w=1143

£34 SR-13-7743F [ MOTHIRBOARD ASSY. {21792 {R=18~1125

‘55 1404335 [OSCILLATOR ASSY., 5 MHZ (21782 1404335

5@ [R-"3-72858 IB.N.C. BOARD ASSY. 121793 [R-19-1208
1is2% 3 (R-1G-1742 ;1.w GHZ PRESCALER BD 121783 1R-19-1142

15037 tg2cnnd [FUSE, SLO-BLO, .50A, 230V {76918  |323-533
Pragt (R-23-C083 FUSE HOLDER, CARRIER TOP 161835 [FEX-231-1853

D R-24-C187 BUTTON, RUSBER 152387 315023

‘TLE 1383 (CARD GUIDE, 3" LG 21783 1921255

(73 24-C244  IRIVET, PLASTIC, BLACK i38315  3R3I045

18277 7542 INUT, HEX, M3 1100856 IDING34-M3

ST ‘5iTo4s INUT, HEX, M4 ‘ {1CJ86 IDING34-Mé
RN 1851753 INUT, TINNERMAN, TWIN TYPE, 47 178553 [C60859-47-4

182118 |R~24-2807 |WASHER, CRINKLE, M3 121793  IR-20-280
LTG0 16037191 | LG, SOLDER 83330 |1416-8
PnaY 2 [LABEL, ALUMINUM 121793 |R-24-8127

10833 ISCREW, PAN. HD., M3 X § {1CJB6 | T98S—A-MIXEMN

TIys [SCREW, PAN. HD_, M3 X 8 [1CJ88 | 7285-A~M2 _SX amwv
RS E [SCREW, PPH, 4B SELF TaP 121783  [811184
Ti1t3a ISCREW, TABTITE, M3 X 8 121763 R-24-7322
fi1a2sie IWIRE, BARE COPPER/TIN, 24 GA {21793 |5300023
113055 IWIRE, TEFLON STRANDED, 18 GA, GRN W/YEL | 75903 ! 83C005-DARK
1113813 ATSHMRINK SLEEVING, .188 ID, BLK 121783 |R-25-5232




i REF | RACAL=-DANA | ! |
DESIG 5 /N ! DESCRIPTION i FsC
ol | 16G062 |CAP, CER, .01 UF 100V, 10 PERCENT 105397 33K
ice iR-21-0785 [CAP, ALUM. ELEC., 4.7 UF [61088 IKARTE
103-5 1100062 ‘CAR, CER, .01 UF 100V, 10 PERCENT 105397 | C3260103KIRICA
D5-7 {R-22-102% |DIQDE, SILICON 114433 | 1NAT4S
Ipg-ip ‘R-22-1029 DIGDE, SILICON 114433  1N47ed
\3I1-4 [®-25-1512 [DISPLAY, COUBLE DIGIT | 14936 {MANS3 D
313 'R-23-1312  DISPLAY, SINGLE DIGIT 14836 L MANESSS
DIs 'R-25-1511 'DISPLAY, SINGLE DIGIT ;25088 |HDII3
ok IR=22-4734 | IC, DUAL 4-INPUT NAND GATES {18326 WEF4C123P
By PR-22-477S 11T, CMOS 18-KEY ENCOBER 127014 MMTACAR2N/A
LItz-4 1234257 10, LED DRIVER 132293 [ ICM7212aI00
LR1-3 {3-26~5026 1LED, RED 114336 IMVETS4-2
LP71=13 [R-25-5028 [ LED, RED 14935  |MYE§754-21
1 .P15~18 !R-25-3026 |LED, RED (14836 (MVE7SL.D:
LP20-32  'RA-25~3028 ILED, RED 114938 | MVBT7S54-21
(L33 IR-285-5027 ILED, ORANGE 12497 | TL30~38C"
"LP34-42  [R-28-5026 (LED, RED 114936 (MVETSA-2°
[LP44-47 [R-26-50626 iLED, RED {12935 VET54-2
TRY-2 ‘sogana 'RES, CARB COMP, 10K, 5 PERCENT 1/4kW 121783 [RCOTGFIG3
[ R3 1083015 |RES NETWORK, 9R, 10K, § PERCENT {71450  |7%50-101-2135K
TRLwE ic22103 'RES, CARE COMP, 10K, 5 PERCENT 1/4w (21793  |RCOTGF1G3J
151-33 1501211 |SWITCH, PUSHBUTTON |U3085  {R-7005
BKT -2 'R-Z3-5150 SQOCKET, 14-pWAY 1863878 1524975-27
Pr2yoe [R-13-0703% iPUSH SUTTCN, GREY '29783  IR-15-0723
Tia4 TR-15-£705 {PUSH BUTTON, BLUE 121793 jR-15-0708
(He |R-1§~0851 |BUTTCN, PRINTED (NO. 1) 121783 IR~16~0355"
e {R-"6-0532 BUTTON, PRINTED (NO. 2) 121793 |R-18-0552
Si8)n [R—16-0653 |BUTTON, PRINTED (NO. 3) {21783 {R-156-0533
RN [R=16~0654 [BUTTON, PRINTED (NC. 4) {21783 |R-16-0834
AT IR-15-0855 {BUTTON, PRINTED (ND. §) 121783 |R-16-0855
RERRE- [R-13-08S35 BUTTOM, PRINTED (NC. & & 3) ) (21792 [R-16-0%538 '
eI [R—15-C857 JBUTTON, PRINTED (NG, 7) (21723 [R-15-0857
EEETR LR—18-08558 I BUTTON, PRINTED (NO. 8) {21793 iR-16-03532
Pinggt IR=15-CB5¢ IBUTTON, PRINTED (NO. 0) 121783 {R-15-2353 J
NEEE JR-18-0882 BUTTON, PRINTED (DECIMAL POINT) 121783 |R-16-35380
L7y [R=18-1141 !P.C. BOARD (UNLOADED) 21783 1R-18-1"47
13811 1920891 ISOCKET, 28-PIN [52072 [CA-235-TS50-BC ‘
1i543s ig0aos {TUBING, SHRINK, .187 iD [8CY45  M23053/5~105-0 g

8-6



I-78-1182, BP0B ABSY., OHANNEL ©, XEV. B
I REF 'RACAL-DANA | :
| DESIG | P/N : CESCRIPTION 1 FSC MANUFACTURER™S P/
1 iR-21-180% |GAP, CHIP, 10 NF 195275  IVJ1208vioame
7 {R-21-178% |CAP, CHIP, 3.3 PF 195278 |VJ120543R3CF
; [R=21-18C1 |CAP, CHMIP, 0 NF 'S5275 Vo 1208YisimE
IRe21-1780 |MHP CHIP, 3.3 PF 138275  VJ1206A2RINE
(R-21=1831 CaP, CHIP, 10 NP L9578 VJ1208Y103MF
JR=Z1-1781  |CAP, CHIP, 3.3 5F 195275 1V, 120643R3CE
TR=21-1801  {0AP, 3KIP, 13 NF 185275 YU 1208YrC3ME
"R-21-7795  |CAP, AlLUM. ELEC., 47 UF 129848  |2222-535-35¢
JX=Z1=780%  ICAR, CMIP, 10 NF L85275 IVSi203visgms
[R-21~1733 |CAP, CHIP, 2.7 P< '95278  [VJI208NLRTCT
JR=21-7201  [CAP, CHIP, 0 NF (85275 |VJ12C5YioavE
TR-271-1781 |CAP, CHIP, 3.3 OF 135275 ' VJ1205A3R3CF
TR-21-1788  ICAP, CHIP, 12 PF '35275  |VJi206A1234F
[R-21w1821 ICAP, CTHIP, 10 NE {5275 IVJiR0SY o3wE
X-24-183C  'CA®, CHIP, 1 NF 195275 VS 1205v o2YS
{R-Z27-0795 AP, ALUM. ELEC., 47 UF 128848 | 2222-038-35474
-32 PR-27-'2C% [QAP, CHIP, 10 NE (95275  VJ1203YioIME
1R-21-1784 [CAP, CHIP, §.5 PP 185275 VJ120BA5RECT
-2 (R=27-178 fcAas, cHI12, 6.8 PF 135275 [VJ120BABR2CE
"R-27-1735 [CAP, CHIP, 47 PG 95275  VS102844700F
3 (R=27-1801  ICAP, CHIP, 10 NF IGE275 |V I1208YI0IMF
L [R-21-1781 [CAP, CHIP, 2.3 pF {95275  |VJi208A3R3CE
[R-21-1784 ICAP, CHIP, 3.5 oF 195275 {VJ1208A5RSCE
'z 'R-21-180% ICAP, CHIP, 10 Nf 195275 VA 1208Y103ME
c {R=21-C795 1CAP, ALUM. ELEC., 47 UF {28848 12222-036-3547
iC |2-27-37C04 {CAP, ALUM. ELEC., 47 UF 128848 |122-5347¢8
248 [%-29-1732 AP, CHIP, 3.8 PF 195275  |VJ120B6A3RICF
1C4T-68 [R=21-18371 |CAP, CHIP, 10 NF 65275 | vJ1208Y:1035ME
foas-58 iR-271-1781 |[CAP, CHIP, 3.3 PF {95275  {VJ1205A3R3CF
1CS1-52 'R-21-1732 [CAP, GHIP, 35 PF 195278 1vyigasatsci®
T£E3 1130733 1CAP, CER, .% UF, LOW PROFILE, 20 PERCENT 32837 18131L0-=100-25U-154M
n° 1215088 [CICDE, LOW QFFSET SCHOTTKY 150434 [HP5082-2235
o2 R-22~1038 (DICDE, SIL:ICON 1S0434  15382-2275
o3 1213089 [CICDE, LOW OFFSET SCHOTTHY 50432 jHP5082-2335
53 jzis02g [CIOCE, LOW OFF3ET SCHOTTKY 1504348 H?5082-2235
57 R—-22-105& |DICDE, SILICCN 150434 |5022-3357
153-3 216017 {DIODE, MATCHED PAIR 121793  {216017
i3i5-11 "R-22-1874 |DIODE, ZENER 125403 [BIXTO9CEL
z2 [®-22~152%  {DIODE, SILICON {14433 | 1N41a3
ol 1230347 YIS, GUAD CCMPARATOR [2TCHA ILM33AN/A-
lcz 1233787 SIC, DIRITAL, TRISLE LINE RECEIVER [G4T13  {MZiG118203
Ics [R~22w£584 IS, 1.3 GHZ PRESCALER 52648 (3PaT3:
[ica 1230143 {10, NAND GATE 101295 iSNTALSOONG
e {R=17-3245  [COIL AB3Y. 121783 [R-17-3243
G- 'R-20-3123  (TRANSISTCR, NPAN 182213 DFRSC
1G4 13~22-5155 [TRANSISTGR, RF {50434  [FXTR-2701
Px2-2 'R-20-5758 [RES, CHIP, 10K, 1/8W, 5 PERCENT {65940 |MCR18-10K OMM-3 207 |
RS ‘R-2G-5847 |RES, CHIP, 150 OWM, 1W 156235 | 2021CPX151 :
RS [R-2C-5837 {RES, CHIP, 39 OHM, 1W 36235 | 2021CPX2904 ;
IR7 |R-20-8787 |RES, CHIP, 330 OWM, 1/8W, 5 PERCENT, 200V 55940 [MCR18-330 OHM-5 PCT |
| RS |R-20-5783 |RZS, CHIP, 150 OHM, 1/6W, 5 PERCENT, 200V (85940 |MCRI8-150 OHM-5 PCT |
T [R-20-5788 |RES, CHIP, 270 CHM, 1/€w, 5 PERCENT, 200V |855940 [MCR18-270 OHM-5 PCT |
RS [R-20~5784 |RES, CHIP, 100 OHM, 1/8W, 5 PERCENT {55340 | MCR18~100 OHM=5 PCT !



| REF TRACAL~DANA ! :

CODEBIG ! B /N ‘ DESCRIPTICN i FSC | MANUFACTURER'S /N
'R [R-20-5786 |RES, CHIP, 270 CHM, 1/8W, 5 PERCENT, 230V 55840 | 7 PoT
TRY2 [R-2C-5777  iREE, CHIP, 10 OHM, 1/8W, 5 PERCENT, 200V  [§3340 | g eEohe
Ri2 [R-20-877 [RES, CHIP, 33 OHM, 1/8W, § PERCENT, 250V 165843 ) 3 5 enT
zne %~20-5787 !RES, CHIP, 33C CHM, t/8W, 5 PERCENT, 200V 155940 <k 5 =cT
‘73 IR-20-5788 {RES, CHI®, 270 CHM, 1/3W, 5 PERCENT, 200V [65%49 | 7 € s07
X3 (R-20-5788  RES, CHIP, 380 CHM, 1/8W, § PERCENT, 200V 153340 %1 g 5 soT
R [R=25~5771 IRES, CHIP, 10 CHM, 1/8W, § PERCENT, 200V 1530848 R340 CEa
I JR~20-3778  [RES, CHIP, 33 CHM, 1/8W, 5§ PERCENT, 200V (53840 ATRTR-23 O Elons
R2C [R-20-8787 |RES, CHIP, 330 CHM, 1/8W, 5 PERCENT, 250V 183840 IMCR'§-320 Cuv_g 2o~
R21-22 (R-20-5724  [RES, CHIP, 180 OHM, 1/8W, § PERCENT, 200Y 163540 '¥CR18-'80 Crw-i 5o
Sk [X-20-5788 [RES, CHIP, 280 OHM, 1/3W, 5 PERCENT, 203V {55948 (MCR128-337 CHM-5 oo~
R  ®-23-5777 | RES, CHIP, 10 OHM, 1/3W, 5 PERCENT, 200V {33540 |MORi8-10 OM¥-§ so-
'R25 'R-~2C-5776 IRES, CHIP, 33 CHM, 1/8W, § PERCENT, 200V |55%40 [MCRI8-33 CHM-3 207
[R23 ,R=20-5787  [RES, CMIP, 330 OWM, 1/8W, 5 PERCENT, 200V [85940 [MCRI18-330 CredM—-§ D07
iR2T |%w20-7049  ;POT, 20K PRE-SET {27763 1R-20-7045%

IR28 {R-2C-5788 |RES, CHIP, 380 OHM, 1/8W, 5 PERCENT, 200V !6554C |MCR18-303 OHM—3 BOT
TR293 (R-20-5813 |RES, CHIP, 180K, 1/8W, 5 RPERCENT, 200V 155940 [MCR18-3100K-3 307

T 'R=2C-8777  IRES, CHIP, 10 OHM, 1/8W, S PERCENT, 200V 85940 [MCR18~10 OHM=5 20T
R3" [R-20-5774 |RES, CHIP, 22 CHM, 1/8W, 5 PERCENT, 200V {65945 !MCRI8-22 OHm-3 POT
R32 [X=20-3735  CRES, CMIP, 223 QHM, 1/8W, § PERCENT, 200V 155840 MO8'3-220 ouM—5 o0~
"RI3-34 {R-20-57%4 iRES, CHIP, 1.SK, 1/8W, 5 PERCENT, 200V |65540 {MCRi8~1.5K=5 =207

fr33 TR-20-3850  [RES, CHIP, 58K, 1/8W, 5 PERCENT, 200V [63940 [MCRY8-58K DHM-5 pCT
PR35 [R-20-8771 |RES, CHIP, 10 CHM, 1/8W, 5 PSRCENT, 23GV {65343 MCRIS-i0 OH¥—3 po-
TRIT {R=2C-577%  [RE3, CHIP, 56 CHM, 1/8W, 5 PERCENT, 200V {65940 [MCR®8~58 0HM~3 207
R385 {R=20-58:0 |RE3, CHIP, 55K, 1/8W, 5 PERCENT, 200V 185943 IMCRYB-58K CHM-3 207
R25 JR=20-3775  [RES, CMIP, 1M, 1/8W, 5 PERCENT {85945 M OMM-3 >2CT

TRE -4 [R=-20-5798 [REZ, CHIP, 4.7K, 1/9W, § PERCENT. 200V 16554C IMOR18-4.7TK-5 °0T

Raa IR-20-5752 IRE3, CHIP, 1K, 1/9W, 5 PERCENT, 290V {65340 [MCRIB-1K-3 20T

R4S [R-20-8783 |[RES, CHIP, 150 CHM, 1/3W, 5 PERCENT, 209V {65980 [MCR*8-:50 GHM-5 bo~
TRE5-43 |R-20-5775 |, RES, CHIP, 27 OAM, 1/8W, 5 PERCENT, 200V  |[83940 !MSR18-27 0HM—5 907
RSG5 'R-20~5755 [RES, CHIP, 470 GHM, 1/8W, S PERCENT {85540  |MCR1B-470 SHM-3 07
252 [X-20-38C1  IRES, CMIP, 6.8K, 1/8W, 5 PERCENT, 200V {65848 !MOR13-6.8K-3 PUT

RS3 {R-25~3797 IRES, CHIP, 3.3K, 7/8W, 5 PERCENT, 200V 165840 |MOR18~3.3%~5 PCT

L RE4-33 PR-223-57§2  IRES, CHIP, tK, 1/8W, 5 PERCENT, 200V (65940 {MCRIB-1K-5 207

RSB {R~20-5780 |RES, CHIP, $3G GOHM, 1/8W, 5 PERCENT, 200V [55940 [MCR1§-330 OHM—§ =0T
1R57 |R=20-37858 (RES, CHIP, 2.7K, 1/3W, 5 PERCENT 165840 [MOR18-2.7K 0HM-3 POT
‘R58 'R-20-5797 |RES, CHMIP, 3.3K, 1/8W, 5 PERCENT, 200V 85840 IMCR18~2,3K~3 PCT
TRE9-82 iR-20-5792  {RES, CHIP, 1X, 1/8W, 5 PERCENT, 200V {65340 {MCRI8-1K-5 PCT

'RS3 {R—20~3783 JRES, CHIP, 150 2HM, 1/3W, 5 PERCENT, 200V 165340 [%CR18-150 GHM—5 PC~
[R52-GQ (R-26-577C [ RES, CHIP, 1M, /%W, 5 PERCENT 165940 1M OHM-5 2CT

CRTOT IR-20-3771 IRES, CHIP, 10 CHM, 1/8W, 5 PERCENT, 200V  [55823 [MCRI2-14 GHM-Z 20T
(BKT 'R-23-5173 {CONNECTOR, 30~WAY {KDB36  [MI0-389-3C0-08

Lo {R—10-2881 |[COAX ASSY. (21793 1R-18-28%1

A "R=17~1737  !COVER AGSY. (21793 |R-11-1737

152 [R~13=23733 | SCREE! 121783 |R-13-2133

REES 'R-13-2°04  ICOVER 121765 1R-13-21C4 ;
(a2 |R=14~4000 [SPACER 121793 IR-14-4C30 ;
Srigs (R—18-1142 [P.C. BOARD (UNLOADED) 21793 |R-18-1142 |
{18832 1517042 INUT, HEX, M3 [1CJ85  1DINS34-M3 j
| {158} 2 |R—24~28C1 IWASHER, CRINKLE, M3 121793 [R-24-2801 ;
{{186)60MMI500022 {WIRE, BARE COPPER/TIN, 22 GA 1217¢3 (500022 :
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. REF |RACAL~DANA | ! ;
I pESIG | P/ g DESCRIPTION I OF3C | MANUFASTURER'Z 2/%
Xop IR-21-0783 |CAP, ALUM. ELEC., 47 UF, 235V 161058 ECEATEVATDS
c2 {R—-21-18071 [CAP, CHIP, 410 NF |35275  |vJjiz2asyisswe
ok {R-21-CT88 CAP, ALUM. ELEC., 47 UF, 25V |81058 [ ECEAIEV4ATOS
o412 [R-21-1801 [CAP, CMIP, 10 NF 195275  ivJi2c§vicawT
13-4 R—-21-180C  fCAP, CHIP, 1 NF 198275 V) i208Y I 02KF
ke iR-21-18C! [CAP, CHIP, 106 NF 195275 1vi1206Yi03MT
©23-25 [R—21-3789 {CAP, ALUM. ZLEC., 47 UF. 25V {61058 ECEATEVATAS
25-27 iR=-21-180% CAP, GHI®, 10 NF 185275  1voi208Y 03ms
23 [R-2T-C728 [ CAP, ALUM. ELEC., 47 UF, 25V 151058 §C“””““’d7:5
£35 PR-21-1800 |ZAP, GHIP, 1 NF 85275  (vJi208Yicess
535 'R-21-1847 {CAP, CHIP, 23 NE, 400V 155238 512 5B203KA57N
037 [R-21-1808 [CAP, CHKIP, 33 NF | 95275 |vJi205Y333KE
zan CR-21-1801 {CAP, CHIP, 13 NF 195275 (VS 12087 153ME
104125 'R-21-1808 !CAP, CHIP, 33 NF 95275 [VJ1208Y323KF
048 IR=27~7C03 CAP, POLYPROP., 47 NE, 230V | 25088 {CR1121-C-123
CaT-43 [R—21-7C02 |CAP, POLYPRGP., 2.5 NF | 25088 1881121-C-B14°
€43 TR-21~0583  !CAP, ALUM. ELEC., 10000 UF, 15V 28848 |2222-050-5%:03
zIg iR~27-0667 |CAP, ALUM. SLEC., 4700 UF, 18V | 2834 12222-03G~55"
£52 PR=27-3797 ICA®, ALUM. ELEC., 680 UF, 25V 128848 12222-035~5558"
{C53~55 [R—21-073%  |CAP, ALLM. ELEC., 47 UF, 25V 51058 {ECZATEVAE73S
: 53 tR-21-12838  1CAP, CHiP, 220 oF lass V12058221
[R-21-8757 [CAP, ALUM. ELEC., 580 UF, 25V j28ges  12222-035-33
R—21-1827 1CAP. GHIP, 20 NF. 400V 185238  |12088253448
o 'R-21~1359 |CAP, CHIP, 6.8 PF, 400V 195275 ‘4,1 05AER3C
o5 IR-27-°8B2 (CAP, CHIP, 47 PF, 2 PCT 195275 INJI205A472G)
ics iR-21-13%8 [CAP, CHIP, 5.8 PF, 403V 195275 VL I23BA8RBONTLIS
ki [R-21-1852 [CAP, CHIP, 47 PF, 2 PCT 85275 INJ12CBA4TOGHA
roTe (R=21-178C [CAP, CHIP, 2.7 PF 195275  |YJ128842RTC
572 [R-21-1782 [CAP, CHIP, 3.9 PF 195275 iyl CSAJ?:C
cTa-7a iR-21-18%7 |CAP, CHIP, 130 PF, 400V 165238 11206N191K401N
75 'R-21-1801  ICAP, CHIP, 10 NF 195275 {VJ1205Y 03MF
0TS IR=21-1808 (0AP, CHIP, 33 NF 195275 |VJi1206Y333KF
Toen IR-21-1802 ICAP, CHIP, 180 NF {85275 |VI1205Y15aMF
oo [R=21-1801  [CAP, CHIP, 10 NF 95275 WS i235YiG03MF
: [&-21-1838 iCAP, CHIP, 33 NF 195275 (VS 1206Y333KF
; 1155733 {CAP, CER, .1 LF, LOW PROFILE, 20 PERCENT {32897 |3131LP-130-25U—154M
; iR-21-1801 [CAP, GHIP, 10 NF 185275  1v11205Y103MF
: JR-21-078% CAP, ALUM. ELEC., 47 UF, 23V |81058 1 ES0EATEV4ATIS
R ot-N {R-27-7258 [CAP, CHIP, 3.3 NF, 50V 95275 [VJ1025Y3532KE
1ces ‘R-21-18581 ICAP, CHIP, 10 NF 95275 |VJi208Y153ME
‘LES iR-21-078% AP, ALUM. ELEC., 47 UF, 25V 61088 ECTAIEVATCS
tceo-91 {R-21-1807 [GAP, CHIP, 10 NF '95275  |VJ1205Y103MF
k¥ 'R-27-3789  [CAP, ALUM, ELEC., 47 UF, 25V '61058 [ 3CEAIEV4ATLS
oo IR=21-1801 [CaP, CHIP, 10 NF 195275  |VJ1208Y103Me
{091-53 {R-21-0789  CAP, ALUM. ELEC., 47 UF, 25V 167058 ECEA1EVATOS
1285-103 R-21-1831 [CAP, CHIP, 10 NE. 195275  |vJi208vigame
'0704-108 {R-27-0788  ICAP, ALUM. ELEC., 47 UF, 25V |£1058 |ECEAIEVATIS
12106 [R~21-180%1 ICAP, CHI®, 1G NF 195275  tVJ1228Y103MF
{C107-108 [R-21-1808 |CAP, CHIP, 33 NF |85275  1VJ1208Y333KF
iC10%-710 1R-271-1801 |CAP, CHIP, 10 NF | 85275 IVJ1208Y103ME
fC11-113 {R-21-C78%  !CAP, ALUM. ELEC., 47 UF, 25V {51058 IECEA1ZVATLS
1814 |R=21~077¢ |CAP, ELECT, 1 UF, 50V |61088 |ECEAIHKP12Z
1115 [R=21-1801 |CAP, GHIP, 10 NF 195275  |VJ1206Y103MF



R—15-11435, PCE AS3SY., MOTHERBCARD, REV, D (ICNT'H)

! REF [RACAL-DANA ; ;

I nsSs1G j P/N i DESCRIPTICN I FSC | MANUFASCTURER'S PN
§ et e e e e e e e e et e e LTI T
1118 [R-21-0739  |CAP, ALUM, ELEC., 47 UF, 23V 151058 38
icTi7 IR-21-1801 {0AP, CHIP, 10 NF 195275 3ME
1ct1a {R-21-1800 |CAP, CHI®, 1 NF |$5275 K=
[ESRRE- "R-27~1801 CCAP, CHIP, 10 NF 195275 ImE
EVRECEs IR-27-0739  |CAP, ALUM. ELEC., 47 UF, 25V 151558 o3
ot TR-21-077 [Ca2, ELECT, 1 UF, 50V 151C58 >z
o128 IR-27-0789  1CAP, ALUM. ELEC., 47 UF, 25V 151058 :
Tnrzs 'R=2°-8779  CAP, ELIOT, t UF, SOV (812582

(027 \R=21=1807 |CAP, CHID, 13 NF 185275 J Fms
o3 "R-21-"8G0 [ CAP, CHIP, 1 NF TS52TS VU208V ID2KE
icU2s [R-21-18C1 [CAP, CHIP, 10 NF 195275 VU208V i03ME
CI30-131 [R=-24=1887  'CAP, CHIP, 10 NF 195278 (vJ1208v103MF
oese 'R-27~-1808  [CAP, CHIP, 33 NF 15527 1VJ1208Y323+7
io133 JR-27-"308 [CAP, CHIP, 33 NF [9527S 1VU1Z0SYIISAF
(C225-226 [R-21-072%  ICAP, ALUM. ELEC., 47 UF, 25Y {61358  ECEATEVLTIS
=SET 'R-22-1029 (DIGCE, SILICON 112433 [ iN4149

33 {R~22-13589 {CIODE, SILICON 17858 |sPaDS]

05-7 SR-22-71029  IDICOE, SIiLICON £12433  CTN4149

g ‘R=-22-"089%  [CIOSE, SILICO! {17855 [ UPADED

D 2-22-1862 0IODE, BRIDGE RECTIFIER T2TTIT O IVH2Esd

N iR-22-3584 !DIODE, BRILCGE, 80 DOF 127777 jvMis

PDi3-13 'R-22~7525  IDIODE, SILICON 114433 11iN4743
,Di1E-25 tzi00as |DIODE, LOW OFFSET SCHOTTKY 150434 |HP3082-2935
023 {R-22-1029 |OIGDE, SILICON 114433 (1N4149

528 {R-22-1029 IDIODE, SILICON 114433 1iIN4T29
T335-31 1R~22-%807 |0IODE, VOLTAGE REGULATOR, 2.7V, 4C0 “w 14433  1ZPD2.7
(32-33 [R=22-7808 |DICDE, VOLTAGE REGULATOR, 5.3V, 430 MW {14433 [ZF.5.8A

TE31 [R-23-0082 |FUSE HOLDER 181935 |FAL-037-3573
H e JR-17-1034  IHYBRID TEC 121793 !R~17-1038
H2 [R=17-1035 |HYBRID DAC [21783 IR-17~1035
tIo 1230750 |1C, DIGITAL, ECL [24713  [MC10215P353
S10n 1220787 [IZ, DIGITAL, TRIPLE LINME RECEIVER 04713 |MC151:8803

R ger: 123024¢ |IC, 12 YOO REGULATOR 104713 |MGT782CT
L1c4 1230230 'IC, REGULATOR 1072683  [UATYSI2UCOR

[ oL 1235787 |IC, DIGITAL, TRIPLE LINE REGCEIVER 104743 |MC10116PDS
tigts 1230790 |IC, DIGITAL, CUSTOM CHIP 21793  |{230790

1c1e [R-22-3307 |[IC, 8~BIT CMOS MICROPRCCESSOR 104713  IMC1488C582P
can 1230208 1IC, OCTAL TRANSPARENT LATCH, 3I-STATE QUTPUT! 18714 I1CBT4HOTITIEX
ficee 1235358 1IC, DEMULTIPLEXER [27014 [SN76L51239N2
finez 1230357 DIC, MEMORY {21793 | 230867

Ic23 [R-22-4897 1iC, COTAL BUFFER/LINE ORIVER, 3-STATE I18714 |CDT4HCT244%8
Ligas T230557 11C, OUTAL LATCH 18324 N74LS357N-5

L 1c2s {23CR05 1IC, CCTAL TRANSPARENT LATCH, 3-STATE CUTPUT!18714 'COTAHCTI73EX
L iCRs 233154 [IC, DUAL © FLIP-FLOP : {01285  ISMTALITLANG
pice t23g423 | IS, QUAD 2 INPUT OR GATE 131295 | SN74L332N3
1icca 12307248 FIC, POSITIVE MNAND GATE (91295 |SNTLLSiCN3
[1C23 1230234 jIC, HEX INVERTER 101295  |SNT4LS04N
|iC30 IR=22~47C0 'IC, QUAD 2-INPUT NAND GATE 121793  {R=-22-4700
{103 |R-22-4262 |IC, GUAD OP-AMP 107263 {UA3403PC
11c32 [R-22-47358 [IC, HEX SCHMITT TRIGGER [ 18328 [HEFaCi28P

1 {C34-35  1R~22-4289 [IC, MOS/FET INPUT, 31 POLAR OUTPUT OP-AMP 118714 |CA314%E
11038 1230735 {IC, COMPARATOR, DUAL ULTRA FAST {51870 1ADYBBTED !
1239 1230729 {IC, DIGITAL, CUSTCM CHIP 121793 1230739 ;
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I

I DESCRIPTION
iIC, DIGITAL, ECL PLIP=FLOP
ICHOKE, MAINS, 40 UH

ICHOKE, 3¢ PERCENT, 100 UM
{CHOKE, WIDEBAND

[CHOKE, 10 PERCENT, 138 U4
|PLUG, JUMPER, 0.1 CTR, LOW PROFILE
IUUMPER, INSULATED

[PLUG, JUMPER, 0.1 CTR, LCW PROFILE
"CONN, t4-PIN RT. ANGLE, DUAL RCW
ICONN., PCE, PLUG, 30~PIN
TCONN, 202, PLUG, S-SIN

ISCNN, PCB, PLUG, 3-PIN
[CONN., PC8, PLUG, 10-PIN
[CCNN, PCB, PLUG, 5-PIN

[PLUG, 2 X 3-WAY

{PLUG, RT. ANGLE, 2 ROW, 2 PIN
TPLUG, 2 X 10, 10-WAY
{TRANSISTOR, PNP

I TRANS, NPN

CTRANS, NPN

i TRANSISTOR, MPN

| TRANSISTOR, PNP

'TRANSISTOR, PNP

'TRANSISTOR, NPN

I TRANSISTOR, NPN

| TRANS, NPN

[ TRANSISTOR, £NP

| TRANSISTOR, PNP

[ TRANS, NPN

| TRANSISTOR,
| TRANSISTOR,
[ TRANSISTOR,
[ TRANS, NPN
I TRANSISTCR,
I TRANS, NPN
ITRANS, PNP
| TRANSISTOR,
|IC, LINEAR
(RES, CHIPR,
IRES ARRAY,
IRES, CHIP,
IRES, CHIP,
IRES, CHIP,
IRES, CHIP,
'RES, CHIP,
|RES, CHIP,
IRES, CHIP,
IRES, CHIP,
{RES, CHIP,
IRES, CHIP,
|RES, CHIP,
cHIP,

|RES,
|RES, CHIP,

N-CH SILICCN JFET
RF, NPN
RF, NPN

R,

PNP
HIGH CURRENT

1K, /3%, S PERCENT,
3 X 1K CHM,
330 CHM,
PK, 1/3W,
330 OHM,
1K, 1/8W,
10 QHM,
470 CHM,
470 OHM,
TK, 1/3W,
10K, 1/8W,
1K, 1/8W,
1K, 1/8W,
1K, 1/8W,
4.7k,

200V
10 PIN 3IL
1/8W, 5 PERCENT,
5 PERCENT, 204V
1/8W, 3 PERCENT, 200V
3 PERCENT, 200V
1/8W, § PERCENT,
1/8W, 5 PERCENT
1/8W, 5 PERCENT
5 PERCENT, 200V
5 PERCENT
5 PERCENT,
5 PERCENT,
3 PERCENT,
1784,

208V

200V

200V
200V
200V
5 PERCENT, 200V

[K03538
104713
104713
10473
104713
122719
106713
122119
122119
104713
104713
{22118
04713

2118
2118
4713

8714

65340
165340
(55840

—apa

L0 Q)

BERR T I | I v B o ]

1329
iM2C-
[MPS36
roNzend
LaN3E0s
IMJE3055T
1ZT®S5C
IMIE2955T
[ZTX450

[ ZTX43
f2Nzena
IMJE2955T
[ZTX550
J2N3904
IBF255A
13F517
{BFS17

[ 2N3904
iBESTT

[ MCRTE-1 D
{MCR1§-472
[MCR1B=470 OHM—
|MCR1E-1K-5 PCT
IMCR523~10K QHM~-5 >CT
iMCR18-1K-5 2CT
|MCR18~1K-5 PCT
IMCR18~1K-5 PCT
IMCR18~4 . TX~5 PCT

DHM-T 20

THM -

1

PCT



I-15-11345, PC3 ASS5Y., MOTHERBCARD, REV. O (CONT'D)

RES LRACAL- ! !

, bESIa 2N i DESCRIPTION | F5C | MANUFACTURER'3 2%
‘R&S {R~20~5789 |RES, CHIP, 4,7K, 1/8W, 5 PERCENT, 200V 155340 (MCRI8-4.7%~5 PC7T
frasg 1000391 [RES, CARBON, 390 OWMM 1/4wW, 5 PERCENT {81348 IRCOTGF3SC.

T ‘R-2G-3562 {REDS ARRAY, 10K, 10 PIN {51658 |EXBF:0Vic3a

R4z (R-23-3782  [RES, CHIP, 1K, 1/8W, 5 PERCENT, 200V {55340 IMOR1~1%-35 20~

T ELREEE (RE3, CARSOCN, 120 CHM, 1/4W, S5 PERCENT 181349  {RCOTGF1Z0.

A3 'R-203-5555 [QUSTOM RES ARRAY, SIL 'K1180 [ Ta737%

25 [R-20-5792  [REZ, CHIP, 1K, 1/3W, 5 PERCENT, 203V 155340 IMORTE-14-3 20T

1580 -20-3782  RES, OHIP, K, /%W, 5 PERCENT, 209V (85940 MCR'E~" o

(A5 3 Bohetok 13 [RES, CARBCN, 390 CMM 1/4W, 5 DERCENT {81343 {RCOTGF

(R53 'R-22-5782  IRES, CHIP, 1K, 1/8W, 5 PERCENT, 203V 165943  IMORIE-TX-3 20T

‘ng7 (R-2C-5787  [RES, CHIP, 330 GHM, 1/8W, § PERCENT, 200V  [63942 [MCR'3-330 OHM-3 oo
'RS3  R-20-%873  {RE3, CHIP, 100K, 1/8W, 5 PERCENT, 200V {55340 [MOR13-1304-8 o007
[R75 "R-23-57858 |RES, CHIP, 10K, 1/8W, 5 PERCENT 165540  IMORI8-30K CHM=3 BOT
‘RT3 [R-20-3873  [RES, CHIP, 100K, 1/8W, § DERCENT, 200V 65943 MCRIS-150M-% D07
‘rTT ;R-22-5737 |RES, CHMIP, 330 OHM, 1/8W, 5 PERCENT, 200V [65%940 |MCRI8-33C oHM—3 50+
PRTE-85 ‘20873 {RES, CARBON, *00 OHM, 1/2W, S PERCENT 01121 IRC2EGE1G

RS2 [215990 {RES, CARBON FILM, $0GK, 1/2W, 0.25 PERCENT !8033%! |RNSSCS4I38

. R83 S3'0%89 IRES, METAL FILM, 111K, 1/8W, 0.25 PERCENT 80031 I1RNSSCT1:38

L 1310580 |RES, CARBCN FILM, 3CGK, 1/2W, 0.25 PERCEMT ;33C3" [RNS5C9003E

zas 310939 [RES, METAL FILM, 111K, 1/8W, 0.25 SERCENT 180031 |RNS5C°1-38

[ RS7-33 [R-20-5S584 [CUSTOM RES ARRAY, SIL {27793 |R-20-3554

ETE %~20-5334 [CUSTOM RES ARRAY, SIi.L {21793 1R-20-5354

"R33 [R-20-58" |RES, CHIP, SBGK, 1/2W, 5 PERCENT, 200V {85340 | MCRI8~580K-5 20~
LT [R-20-578¢4  [RES, CHIP, 180 OHM, 1/8W, 5 PERCENT, 200V (85940 [MCR18-180 oum-~3 20-
223 [R-20-5817 |[RES, CHIP, 56GK, 1/8W, 5 PERCENT, 200V ]655840 {MCRIS-550K-5 2o
'RSH [R-20-5784 IRES, CHIP, 180 OMM, 1/8W, 5 PERCENT, 200V [55940 |MOR18=180 CHM-3 20~
{RGT {R-23-5787 [RES, CHIP, 330 CHM, 1,/8W, 5 PERCENT, 200V |55940 MCR18-230 CHM-35 2CT
RS3 [X=2C-5785 [RES, CHIP, 470 OHM, 1/8W, 5 PERCENT 155940  [MCR18=-470 CHM-5 20T
tr1C {R-20-5783 |RES, CHIP, 1.2K. i/8W, 5 PERCENT, 200V {55940 IMCRI8-1.2K~5 237
PReoy {R-23-5787 |RES, CHIP, 230 OHM, 1,/3W, 5 PERCENT, 200V [83540 IMCR18-330 0-9-3 20-
"RyOD ‘R-2C-5785 |[RES., CWIP, 470 CHM, 1/8W, § PERCENT (55540 [MCR18-470 OHM-3 20~
FRICA R-20-3793 {RES, CHMIP, 1.2K, 1/8W, S PERGENT, 203V {55540 IMCR1B-7.2K-5 207
1R1G7 1R=23-5782  {RES, CHIP, 1K, 1/3W, 5 PERCENT, 200V 155948  [MCRIB-1K-5 23

"R Te {R=-20-5792 IRES, CHIP, 1K, 1/8W, 5 PERCENT, 200V 165940 IMOR18-1K-3 it
(R1I1-172 {R-20-8771  (RES, CHIP, 10 CHM, 1/8W, 5 PERCENT, 200V {65940 [MCR18-:0 CHM-5 P~
iR (RX-20-3784 IRES, CHIP, 100 CHM, 1/8W, 5 PERCENT 55340 |MCRI8-~180 ChM-3 PO~
HESTE 'R-20-5782 [RES, CHIP, 1K, 1/3W, 5 PERCENT, 200V |85940 [MCRI$-1K-3 PO
"RTB 'R-20~3785  (RES, CHIP, 470 OHM, 1/8BW, 5 PERCENT {53540 [ MOR12-~470 OHM=-5 207
(RT17 {R-20-5754 |RES, CHIP, 120 CHM, 1/8W, 5 PERCENT 165943 |[¥CRI8~150 OH?

TR11G PR-20-3792  IRES, CHIP, 1K, 1/8W, 5 PERGENT, 200V 185940 [MCRIB-1K-3

"Rr2 [R-20-5785 {RES, CHIP, 470 OMM, 1/3W, 5 DERCENT (65940 IMCRI8-470

fR721~324 [3-20-8768 |RES, CHIP, 2.2K, 1/8W, S5 PERCENT, 200V 165948  [MOR1B—~2.2)

[R125-126 [R-23-5730 IRES, CHIP, 380 OHM, 1/3W, 5 PERCENT, 200V {55340 |MCR1§-630

imizE (R-20-8785  {RES, CHIP, 220 OHM, 1/8W, 5 PERCENT, 200V 155340C  MCRIA-220 CHM-%
R725 [R-20-5794 |RES, CTHIP, 1.S5K, 1/84#, 5 PERCENT. 200V 1653940 gmca:s—z.sx—s 2T ;
iR133 [R-20-5873 RES, CHIP, 100K, 1/8w, 5 PERCENT, 200V 185940 {MCR18-100K-5 PCT :
IRY35 |R-20-8768 |RES, CHIP, 10K, 1/8W, 5 PERCENT 655340 ;wca1a~ SK CHM=3 2CT
1R137  R=20-5768 |RES, CHIP, 10K, 1/8W, § PERCENT 85940 |MCR18~10K QHM=3 207
[R139 1600100 [RES, CARBON, 10 CHM, 1/4W, 5 PERCENT 181349 IRCO7GF130.

IR149 [R-20-5754 IRES, CHIP, 100 OHM, 1/8W, 5 PERCENT 85940 |MCR18~10C OHM-5 =CT
R4 {R-20-5768 |RES, CHIP, 10K, 1/3W, 5 PERCENT 65840 |MCR18~1CK GHM=§ PCT |
tRT42 {R-20-578C |RES, CHIP, &8 OHM, 1/8W, 5 PERCENT, 200V {65940 (MCR18-88 OHM~S PCT
iR143 50010 RES, CARBCN, 10 CMM, 1/4W, 5 PERCENT 181343  RCOTGF1G0J

|z1d¢ tR-20-5754 |RES, CHIP, 100 GHM. 1/8W. 5 PERCENT 55840 |MCR18-100 OHM—3 2CT |
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RET RAGAL-DANA
| DESIG | P/N DESCRIPTICN [ FSC | MANUFACTURER'S P/N
IR14S [R~20-5758 [RES, CHIP, 10K, 1/8W, 5 PERCENT 165940 | MCRI8-10K CHM=5 207
{R145 [R=20-5771 jRES, CHIP, 1C OHM, 1/8W, 5 PERCENT, 200V [65340 [MIRI2-10 OHM-5 20T
PR147 IR-2C0-37%2 |RES, CHIP, 1K, 1/8W, 35 PERCENT, 200V 165940 IMCRY8-1%-5 5C7
R142 {R-20-5797 [RES, CHIP, 3.3K, 1/3W, 5 PERCENT, 203V (55940 L MCRI1B-3.3K-% P07
IR148-°50 [R-20-7371 20T, iGK, "TOP ADJ (21723  1R=20-707°
LR5571-332 IR-20-578& {RES, CHIP, 10K, 3/8W, 5 PERCENT 165340 IMJRIS-10K CHM-5 PCT
CRT35-155 | R-20-3789  iRES, CSHIP, 4.7K, 1/8w, 5 PERCENT, 200V 155940 |MCRIS~4 . 7XK=5 2o
RU3T R-20-5313 RES, CHIP, 1GCK, 1/3W, 3% PERCENT, 200V 85345  MORT3-100K~3 207
"Ri58 {R-20-578% |RES, CHIP, 4.7K, 1/8W, 5 PERCENT, 200V {55940 MORI2-4.7K~% ACT
"R153 "R-2C0-5763 RES, CHIP, 18 OHM, 1/8W, % PERCENT (55540 [MORIE-18 OMM=3 20
'R153 IR=20-5764 IRES, CHIP, 10G OHM, 1/8W, % PERCENT 165940 IMCRI8-350 CHM-3 207
R [R=20-378C (RES, CHIP, 358 OHM, 1/8W, 5 PERCENT, 200V 13534C !MCR"B8-52 CHM~5 20T
'R153 [R~20-5754 |RES, CHIP, 130 GCHM, 1/3W, 5 PERGENT 65948 [MCR®3-1300 SHM-3 pC7
TRYEL LR-20-3730 |RES, CHIP, 63 OHM, 1/8W, 5 PERCENT, 230V |55840 iMCR18-58 OWM-3 POT
JRIES-168 ‘R-20~3784 [RES, CHIP, 100 CHM, 1/8W, 5 RPERCENT 185840 [MCRI8-100 CRM-3 207
(R137-153 [R-20-3787 |[RES, CHIP, 2.3K, 1/8W, 5 PERCENT, 200V {85840  MIR3IE-3.3K-3 PCT
LRSS [R=20-5778 [RES, CHIP, 47 OHM, 1/3W, 5 PERCENT, 260V 165840 |MCR18-47 CHM-5 207
CRTTI-171 jeco12t TRES, CARSBON, 120 OHM, 1/4W, 5 PERCENT {81348 RCOTGFI2G
2774 IR-20~3732 !RES, CHIP, 1K, 1/8W, 3 PERCENT, 200V {85440 |MCRIS-1K-3 PCT
L TR-20-5752  'RES, CHIP, 1K, 1/3W, 5 PERCENT. 205V 83940 MCR18-1K-5 PCT
R1T7 {R~26-3782 RES, CHI?, 1K, 1/8W, 3 PERCENT, 293V 155940 [MCR1B-1K-5 poT
R (R-20-3797  IRES, CHIP, 3.3K, 1/8W, 5 PERCENT, 200V {55940 | MORTS-3.3%-5 P
LR1TS (R=20-8782 IRES, CHIP, 1K, 1/83W, 5 PERCENT., 230V 165940 (MCRI8-1K-3 PCT
RYac ‘R-23-5753 (RES, GHIP, 10K, 1/8W, 5 PERCENT 65540 !MCRIE~10K OHM~5 PCT
‘gt |R=20~5755 |[RES, CHIP, 470 COHM, 1/8W, 5 PERCENT {65940 |¥CR18-473 CHM-B 207
L RIBE~1B7 [R-20-5817 |RES, CHIP, 580K, 1/8W, 5 PERCENT, 200V 1859840 |MCR18-353%-3 P07 ,
RTS8 {R-20-5792 {RE3, CHIP, 1K, 1/8W, 5 PERCENT, 200V {65540 !®MCR18-1K-5 PC !
RCEE:T- {R~20-5806 |RES, CHIP, 27K, 1/8W, S PERCENT, 200V {55949 {MCR18-274-5 PCT j
TR195 IR=20-5782 |RES, CHI®, 1K, 1/8W, 5 PERCENT, 203V 65940 IMCRT8-1K-5 20T ;
"RiST [R-20-5808 [ RES, CHIP, 27K, 1/8W, 5 PERCENT, 200V 168940 [MCRIB-27K-5 PCT !
 R"22-1893 I1R-2C-737%1  {POT, 10K, TOP AD. 121793 [R-20-7071
CRIG4 {R-20-3771  (RES, CHIP, 10 OHM, 1/8W, 5 PERCENT, 200V 183340 |MOCR18-35 CHM=3 20~
iR°8S iR-20-5774 JRES, CHIP, 22 CHM, 1/8W, 5 PERCENT, 200V [6S840 |[MCR18-22 ChM=5 PCT
R135 JR=2G-3784  (RES, CHIP, 180 OMM, 1/8W, 5 PERCENT, 200V 15S640 [MOR18—180 OHM-3 50T
12168 [R=20-3771 |RES, CHIP, 10 CHM, 1/8W, 5 PERCENT, 200V 65940 IMCRIS—10 OHM-5 Pc-
RYSS (R-20-5774  IRES, CHIP, 22 OHM, 1/8W, § PERCENT, 200V {63940 !MCR12-22 OWHM-3 PCT
'R263 (R=20-5784 [RES, CHIP, 180 OMM, 1/8W, 5 PERCENT, 200V |635940 IMCRT8-120 CHM=3 =0T
IR202-203 |R~20-3792 {RES, CHIP, 1K, 1/8BW, 5 PERCENT, 240V 163940 ‘M“Q*a—ﬂm 5 oCT
TRICEZ ,R-20-5788 [RES, CHIP, 4.7K, 1/8W, 5 SERCENT, 200V 165540 [MCR18-4.7K=3 »07
L RLI5-210 |R-20~5787  {RES, CHIP, 330 CHM, 1/8W, 5 PERCENT, 260V [65340C IMOR18- °ac SHM~5 PCT
'R21'-273 iR-20-5732 RES, CHIP, 1K, 1/0W, 5 PSRCENT, 2006V 85340 |MCR13-1K-5 po~
R TR=20~37T98 RES, CHIP, 2.3K, 1/8W, 5 PERCENT, 200V 85645 MCR18-2.2R~E P07
{R215 {R=20-5768 |RES, CHIP, 10K, 1/3W, 5 PERCENT [6594C |MCRI2-710K GHM-5 20T
R213 {R-20-3730  [RES, CHIP, 88 OHM, /8w, 5 PERCENT, 200V 185940 (MCR18~58 OHM~5 »C7
RZ%7 {R-20-58%3 |RES, CHIP, 00K, 1/8W, 5 PERCENT, 200V 155540 [MCR18-100K-3 pCT
tRZ18-225 IR-20-57% JRES, CHI®, 1CK, 1/3W, 5 PERCENT {65840 [MCRIG-10K QHM-~3 507
IR226 |R—-20-8730 RES, CHIP, 88 OHM, 1/8W, 5 PERCENT, 200V 165840 |MCR18=-88 CHM-3 207
[R227 TR-20-3771 !RES, CHIP, 10 OHM, 1/8W, S PERCENT, 200V |55940 |MCRI8-1C GHM-5 PCT
TR228 |R~23-5792 |RES3, CHIP, 1K, 1/8W, 5 PERCENT, 200V 65940 |MCR18-~1K-5 PCT :
iR229 {R~20~5798 [RES, CHIP, 2.2K, 1/8w, 5 PERCENT, 250V 1535940 IMZR18-2.2K=5 POT
'RLA-RLD |R-23-752S |[RELAY, REED, 1A 181718 | G57DX424 :
IRLE iR-23-7530 |RELAY, DIL., 1 FORM C (91712 |GT831C-238 '
[RLF-RLG  IR-23~7528 |RELAY, REED, 1A7B 121783 |R-22-7828

CRLHA tR-23-73527 {RELAY, CPOT ;2253538 11725



REE TRACAL-DANA

! DESIG | P/N
=N {R~23-4124
"SK5-% 1507224
SKe {R=23-5177
RER R 'R-23-342%9
T TR-17-4122
e 12455117
3 "R=11-1728
ft "R=12-7528
=y 'R-13-20328
[ IR-18-1143
L {3313 i611059
T{33802 192588

j 13372 {R-23-9748
143515 S80St
ciLadzva (817047
Cldagya 817042
{4454 CR-Z4-2800
SL37THS iR-24-2807
RSN (R=24-2852
14453 iR-24-2805
(A%Grte IR-34-3519
{43231 \R~24-4148
Tiigsa 13153086
1143533 1316316
i{a58} 1575244
TRl igrszae
,1488;70¥WM | 5203453
475 TOMYIB20503

¢ 4

TA72373M 5206929

LT NACMMISCCT0S

IMAINGS SWITCH

ICONNECTOR, BNC, PCB MOUNT
'MAINS SELECTOR SOCKET
IMATNS SOCKET
'TRANSFORMER, MAINS
THEATSINK 3335Y.

ICLAMD ASSY.

3CREEN

| INSULATOR

iP.C. 3CARD, MOTHERBOARD (UNLCADED)
ICCNN, DIP, LOW PROFILE, 40-PIN
J3OC0KET, 28-PIN

PINSULATING BUSH, M3

CINSULATOR, TO-22C

INUT, MEX, M2.%

PNUT, HEX, w3

{WASHER, ™M2,53

IWASHER, CRINKLE, M3

PWASHER, M4

IWASHER, M3.5

TAV LUGS

PSTAND=OFIT, M3 X 14

ISCREW, PAN. HD,, M2.5 X 14

"SCREW, PAN., HD., M2 X 3

| SCREW, PAN HD., M4 X 12

ISCREW, PAN HD., M3.5 X 5

[WIRE, TEFLCON STRANDED, 20 GA, wWHITE
iWIRE, TEFLON STRANDED, 20 GA, WHT/SXK
{WIRE, TEFLON STRANDED, 20 GA, WHT/RED
[ TUBING, SHRINK, .125 ID, BLK

121783
fyzad
127254
12V900
121783
121793
121793
127793
121793
1217493
915086
(52072
1K1535
| 18585
| 16086
BTNET]
121793
121793
121793
121793
118738
145334

I MANUFACTURER'S P/N

L4 INRR T & T S 1 IO S )
(N O @ g

Q
—
=
WO -
IR
F
£
2
%
[F1]

IR-24-2833
[AVLUGT 37/0228
IKTF=M3-ta-E7

1616306
LTGRE-A-M2, BX oM
17635~ A=MaX T 2N
17985 -4-M3  IXEMY
15209853

L5RS8/7 WAT/3LK
1526823

IRNF=100-1-1/3



: | PN _ DESCRIPTION i FSC | MANUFACTURER'S o/
ok ERIE RS {CAP, TANTA, 6.8 UF, 20V, 10 PERCENT {05397 | T353D7175X02043
iC2-10 1150082 |CaP, CER, .01 UF 100V, 15 PERGENT {95387 {C3200133K1R3CA
figt -2 230302 {IC, OCTAL D-TYPE Fw=F, 3-8TATE [18714 [CDTARGTITaEX
ek 1233388 {IC, DEMULTIPLEXER 12701 LENTALST139N3
ot 238103 {IC, HEX BUFFER/DRIVER 101295 SNT41TNG

1ot 1232323 V1T, TRI-STATE BUFFER 131295 ISNTALS3ISTAND
107 1235183 [1C. NAND GATE 01295 ISNT4LSOCNS
rize 235353 [IC, DEMULTIPLEXER 127094 ISNT4LS139N2
129 233227 PIC, CPU, CMCS, B4aK EXT MEMORY 113714  (CDBAL3EZ23X
oREe 225517 1T, MEMGRY 121783 1230317

HEo 2330303 (IS, COTAL TRANSPARENT LATCH, 3-STATE OQUTPUTII8714 ' CDT4HCT3IT3EX
1512 1230430 'IC, GENERAL PURPOSE INTERFACE ADAPTER 104713 | M(G5824383°

1013 1232247 TIC, MOS8 BILATERAL SwWITCH {18714 | CDAGRBAEX

124 1232472 JIC, OCTAL GPIB TRANS 101295 [ SN7S187AN3Z
VR 1235459 iIC, OCTAL GPIB TRANS 105285 [ SNTSISCAND
1203 ‘2351394 [IC, DUAL D FLIP~FLOP {21285 |SNT4LST4AND
ol , 235732 11C, GUAD © W/SET &% RESET {18714  [CDTAHCTT4EX
rTota t232193 LIS, NAND GATE 131295  |SNT4LB00N3
B ELE- 1230385 |IC, QUAD, 2 INPUT NOR GATES 101285 |SNT4LSOEN3
1ces 1230428 |IC. QUAD 2 INPUT OR GATS 101295 1SNT74LS32N3
1223 23071 LIC, QIGITAL, 3 INPUT NCR 51295 {SMNT2L327NZ
1027 1230388 |1C, DEMULTIPLEXER 127614  [SNTLLS138N3
1c2e 1230548 IIC, MEMORY, 2K X 8 RAM 151802 iTMM2015P
HEE igs503a2 IRES NETWORK, 107, 9RES, 3.3K, 2 PERCENT 111237 [T750~101-R3.3K
Tm2 13028560 IRES, CARE COMP, 56 OHM, 5 PERCENT 1/4R |81349 RCOTGF5EG
23 fzzooa2 JRES NETWORK, 10P, SRES, 3.3K, 2 PERCENT 111237 |T50-101~R3. 3K
[R4 -5 feocaa |RES. CARE COMP, 330 OHM, 5 PERCENT 1/4W 81348 RCOTGF331
IRT EERDED IRES NETWORK, &P, SRES, 3.3K, 2 PERCENT 151237 | 750-81-R3.3K
R 130378 |RES, CARB COMP, 18 OHM, 5 PERCENT 1/4W {81348 [RCO7GFig0J
fag 1350560 |RES, CARS COMP, 55 CHM, 5 PERCENT 1/4W 181348 [RCO7GF560.
CR1C 158033 IRES, CARB COMP, 320 OHM, S PERCENT 1/4W 181349  |[RCOTGF331.J
R17T-18 1088557 IRES NETWORK, 3P, 7RES, 100K, 2 PERCENT 111237 | 753-31-R130%
AL connaTe IRES, CARE COMP, 4.7K, 5 PERCENT, 1/4W {21349 |RCOTGF4TZ. ¢
(RS2 sesose |RES NETWORK, 18P, 9RES, 3.3K, 2 PERCENT |11237 |750-301-R3.3K
'RE1-~52 racsioe [RES. CARB COMP 1.0K § DERCENT 1/4W 81349 |RCOTGF1524
"RS3 el bok IRES, CAREB COMP, 10K, 5 PERCENT 1/4W 121793  |RCCTGF103Y
w4 1342333 {RES, CARBON, 3.3K, 1/4W, 5 PERCENT (81349 |RCOTGF332J
ISK2 581248 [CONN, DIP, RIGHT ANGLE, 14-PIN [52072 CA-14SE-"15RAC3~0"
'SK3 s07san [CONN, RECEPTACLE, 24 PIN ]00779  |5838711-¢
15K (R-23-318 {PLUG, RT. ANGLE, 2 ROW, 2 PIN 153878 1928838~01-C2
YR 1300874 'SWITCH-SLIDE-GSPST 102660 131+010
Pz latiersg !PCB, GPIB (UNLCADED) 121793 j411820

PEN 1541198 {PLUG, JUMPER, 0.1 CTR, LOW PRGFILE {00778  [S30153-2 :
- 1801247 'CABLE ASSY, 28 DIN {52672 |CA-D28P02-28~1-T"=433
TR '5115358 ICONN, SIP, L0OW PROFILE. 4G-PIN {15056 [ 24C-AG39D
e '578252 |SCREW, 2PY,SEMS ASSY,4~40X.3%2 {78189 163-040345-25 :
PigTy 1830070 |HARCWARE KIT, STANDOFS, STUD MOUNT [0G778 [352833-3
T (9208524 |SGCKET, IC, 24-PIN 32072  [CA-245T3C0-3C
fidqoye 1520897 ISOCKET, 28-PIN |$2072 |CA-285~TS0-8C
115011 'R-11-1603 (G.P.I.S. PLATE ASSY. [21783 |R=-11-1503



| RACAL-DANA | | ;
SN ! DESCRIPTICN 'OFBC | MANUFACTURER'S 2N
‘ 1511058 [CONNECTOR, CABLE, S5-PIN 121793 15711035
|a37822 {PC3, CCUBLER (UNLOADED) 121783 ra14822
1454873 {OSCILLATOR, § MHZ FREG. ST 121782 1454373
Iscc0sa (TUBING, SHRINK, .093 ID, BLK | 29005 RNF="53-1-2/32
'512304 |SPACER, .250D X ,125 LG 121733 !810304
519374 ISCREW, METRIC PAN HD., M3 X 10 121733 511572
ol 1517132 INASHER, FLAT, R4, LIGHT SERIES 19890 IMZ15795-803
o 57127 iNASHER, LLCCK, #2 188044 [ANS35CL
TITA/R 322305 ITUBING, SHRINK, .125 [o, 2Lk 12530508  RNF-13I-1-1/2
(S A/R TS23°74 {WIRE, TEFLCN TOAX (21733 805774
CitTiA/® 524535 INIRE, TEFLON, STRANDED, 24 Ga&, 3R’N 121792 (524535
(U31A/R 1524529 {WIRE, TEFLON, STRANDED, 24 GA, WHMT/RED 121793  |52482¢
(2513 (10777 [CABLE TIE 116955 jC8-432
R ‘51052 IKEY, POLARIZING, PLUG 100778 127077t
(2313 811553 CTERMIMAL, CRIMP 'C077TS | S30553~2

8-16



457222, PCB ABSY., J0UBLER, REV. A

I REF {RACAL-DANA | I ! j
I 2ESIG | PN | DESCRIPTICH | FSC | MANUFACTURER'S P/M |
(51-5 [R=21-1801 {CAP, CHIP, 106 NF : [95275 |VJ1206Y103MF

{012 iR-22-1029 {CIODE, SILICON [14433  11N47149

i 13784514 |CHOKE, 10 PERCENT, 100 UH 183125 [DO10OUN

(g2 1200299 | TRANS, PNP 194712 l2M3%08
53-8 ra0czas [TRANS, NPN {04713 l2N2304

PR CRe25~5776 CHIP, 33 CHM, 1/8W, 5 PERCENT, 200V 35940 IMCR18-33 CHWM=3 53T
32-3 (R-20-575¢ CHIP, 130 OHM, 1/3W, § SERCENT 165940 [MORIB-105 CRV-E 307
2e TR-23-3782 CHIP, K, 1/3W, 5 PERCENT, 200V 165540 [MCR"3~7K~5 307
25-8 3~20~5T35 CHIP, 470 OHM, 1/8W, 5 PERCENT (B3540  MOR'EZ-474 Shved 207
i R-20-5754 CHIP, 1.BK, 1/8W, 5 PERCENT, 252V (55840 [MCR18-1.5K-3 307
Cxg-g  R-20-3798 CHIP, 2.4%, 1/8W., 5 PERCENT, 200V "E584C (1 MCR18-3.3K-% 27
RUC TR-20-57%¢ CHIP, ~.8K, 1/8W, 5 PERCENT, 2030V {65340 |MORI8-1.5<-3 20T
RS "R-20-5782 CHIP, 1X, 1/8W, 5 PERCENT, 200V 155940 |MORIg~1%~5 207
Y- ‘R-20~5838 CHIP, 39K, 1/8W, 5 ZERCENT, 2880V 15594C IMCRI8-39K-5 237

%13 [R~20-5803 CHIP, 15K, 1/8W, § PERCENT, 200V 185945 [MCRI1Z-15K-5 20T
R4 {R~20-53818 (RES, CHIP, 330K, 1/8W, 5 PERCENT, 200V {65340 IMCRI8-2330K-3 2CT
EAE (R-20-5768  |RES, CHIP, 10K, 1/8%W, 5 PERCENT 155940 [ MCR8-104 CHM-3 PCT
%45 IR=25-5792 [RES, CHIP, K, 1/3W, 5 PERCENT, 200V 165940 (MCR18-1X-5 >CT
CRIT-'3 ‘R-20-5788  (RES, CHIP, 3.3K, 1/8W, § PERCENT, 200V {85840 |MCR13~3.8K-5 207
"RYS 'R-23-5764 IRES, CHIP, 100 GHM, 1/8W, 5 PERCENT 155940 FMCR18~°00 CHM-3 307
220 (R-20-~578%2 [RES, CHIP, 1K, 1/8W, § PERCENT, 200V 153940 IMORI2-1K-3 20T
RTC 'R-20-~5874 [RES, CHIP, S7 CHM, 1/8W, 5 PERCENT, 230Y  [35340 |MCR18-57 CHM-3 507
e ln L R=23-7149 | TRANSFORMER 121793  |R-23-7143

o {R-24-2537 [TERMINAL ASSY, 121783 |R-24-3537

(iCha t211822 IPCB, COUBLER (UNLOADED) 1217983 (411822

5213 [R-24~3518 AV LUGS 119738 |AVLUGT1C7/0200



REF CRACAL-DANA | j :

DESIG 3 2N ] DESCRIPTICN i FSC ! MANUFACTURER'S P/N
1SK18-20 {R-23~5159 |CONMECTOR, FEMALE, DUAL-RCW, 2 X 2 WAY {63878 1828975-02 i
Ty IR-13-0138 [LABEL 121793 !R~15-0133
YN (R=-"8~1206 [P.B. BOARD, BNC MCUNTING (UNLOADED) 121792 ' R-18-1205
‘ 1®-23-342%  |BNC SOCKET 124931  28.R175-7
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