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WARRANTY STATEMENT

Products sold by Racal Instruments, Inc. are warranted to be free from defects in workmanship or
materials. Racal Instruments, Inc. will, at its option, either repair or replace any hardware products
which prove to be defective during the warranty period. You are a valued customer. Our mission is
to make any necessary repairs in a relizble and timely manner,

Duration of Warranty

The warranty period for all Racal Instruments, Inc. hardware is one year, except software and
firmware products designated for use with Racal Instruments, Inc. hardware are warranted not to fail
to execute their programming instructions due to defect in materials or workmanship for a period of
ninety (90} days from the date of delivery to the initial end user.

Return of Product

Authorization is required from Racal Instruments before you send us your product. Call Customer
Support at 1-800-722-3262. You will be given repacking instructions. You will be required to return
your product prepaid UPS. Racal Instruments will pay the shipping costs back to you UPS Ground.

Limitation of Warranty

- Racal Instruments, Inc. shall be released from all obligations under this warranty in the event repairs
or modifications are made by persons other than authorized Racal Instruments, Inc. service personnel
or without the written consent of Racal Instruments, Inc.

Racal Instruments, Inc. expressly disclaims any liability to its customers, dealers and representatives
and to users of its products, and to any other person or persons, for special or consequential damages
of any kind and from any cause whatsoever arising out of or in any way connected with the
manufacture, sale, handling, repair, maintenance, replacement or use of said products.

Representations and warranties made by any person, including dealers and representatives of Racal
Instruments, Inc., which are inconsistent or in conflict with the terms of this warranty (including but
not limited to the limitations of the liability of Racal Instruments, Inc. as set forth above), shall not
be binding upon Racal Instruments, Inc. unless reduced to writing and approved by an officer of Racal
Instruments, Inc.

Except as stated above, Racal Instruments, Inc, makes no warranty, express or implied (either in fact
or by operation of law), statutory or otherwise; and except to the extent stated above, Racal
Instruments, Inc. shall have no liability under any warranty, express or implied (either in fact or by
operation of law), statutory or otherwise.

PROPRIETARY NOTICE

This document and the technical data herein disclosed, are proprietary to Racal Instruments, and shall
not, without express written permission of Racal Instruments, be used, in whole or in part to solicit
quotations from a competitive source or used for manufacture by anyone other than Racal Instruments.
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
technical specifications and other documents which specify procurement of products from Racal
Instruments. _ o



FOR YOUR SAFETY

Before undertaking any maintenance procedure, whether it be a
specific troubleshooting or maintenance procedure described 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 inflieting personal
injury. The cautionary and warning notes are included in this manual to
alert operator and maintenance personnel to the electrical 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 Variac or equivalent) ensure that the
common connector is connected to the neutral (earthed pole) of the
power supply.

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

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

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 satisfactorily

_ Shows visible damage

- Has been stored under unfavorable conditions
— Has sustained stress

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






Amendment to
Racal Instruments Model 1994
Instruction Manual, Publication No. 980601

May 15, 1995

This amendment updates the drawing and parts list located in Sections 7 and 8.

L.

10.

I

Page 7-4, 7-5, Chassis Assembly, 404391

a. Add "Note 8: Item 9 to be soldered to bottom of Item 7
during test".
b. Change Revision letter to "F".
Page 7-17, PCB Assy, GPIB, 401760
a. No corrections. Change Revision letter to "G".
Page 7-18, Schematic, GPIB, 431760
a. Change Revision letter to "C".
b. Change Sheet 1, Zone B6 from "was" to "is” as shown below:
Was Is
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Page 7-22, PCB Assy, BNC, 401762

a. No corrections. Change Revision letter to "F".

Page 7-25 Option 04A, Oscillator Assy, 404392
_ a. = Nocorrections. Change Revision letter to "C".

Page 7-26, Oven Oscillator, 404397

a. Delete "9444" from drawing title.

b. Change Revision letter to "C".
Page 7-27, Option 04E, Oscillator, 404384

a. No corrections. Change Revision letter to "D".

Page 7-29, Cable Assy, Oscillator, 404691

a. Replace with assembly drawing on Page 3 of this amendment.
Page 7-33, Option 41, Channel C, 404398

a. No corrections. Change Revision letter to "B".

Page 7-35, Schematic, Channel C
a. Replace with Schematic on Page 4 of this amendment.



12.

i3.

14,

Is.

16.

17.

Page 8-3, Chassis Assy Parts List, 404391
a. Add Item 9, RI P/N R-18-1239, Screen, FSC 21793,
Manufacturer's P/N R-18-1239,
b. Revision letter is now "F",
Page 8-18, BNC Assy Parts List, 401762
a. Change Item 20 to RI P/N 601970, Terminal, Feed-thru,
Insulated, FSC 98291, Manufacturer's P/N 011-2103-000-
479,
b. Revision letter is now "F".
Page 8-20, Oscillator Assy Parts Lists, 404397
a. Change Item 1 to RI P/N 921124, Oscillator, 5SMHz, Fallout
FSC 21793, Manufacturer's P/N 921124,
b. Revision letter is now "C".
Page 8-21, Cable Assy, Oscillator, Parts List, 404691
a. Change Item 22 to RI P/N 602094-900, Polarization Plug,
ESC 22526, Manufacturer's P/N 65307-001.
b, Change Item 23 to RI P/N 611311, Terminal, Crimp, FSC
22526, Manufacturer's P/N 48251-000.
c. Change Item 24 (J14) to RI P/N 602193-005, Connector,
Cable, Recept. 5-Pin, FSC 22526, Manufacturer's P/N 65039-
032.
d. Revision letter is now "E".
Page 8-23, Option 41, Channel C Parts List, 404398
a. Change Item 7 to RI P/N 6i6315 Screw, Metric, M3X6(2
Required).
b. Revision letter is now "B"
Pages 8-24 to 8-26, Channel C, PCB Parts List, 404389
a. Change C19 and C46 to RI P/N R-21-1779, Cap Chip, 2.2
PF, 50V, +/-25 PF, FSC 95275, Manufacturer's P/N
VI1206A2R2CXA.
b. Change D8 and D9 to RI P/N 210090, Diode, Silicon, FSC
50434, Manufacturer's P/N 5082-2800.
c. Change IC3 to RI P/N R-22-5155, IC, AB6456A, FSC 21793,
Manufacturer's P/N R-22-5155.
d. Change Q4 to RI P/N R-22-6278, Transistor, AT-42035, FSC
24539, Manufacturer's P/N AT-42035.
e. Change R36 to RI P/N R-20-5763, Cap, Chip, 18 Ohm, 1/8
W, 5 pet, FSC 65940, Manufacturer's P/N MCR18-18 Ohm-5

pet.
f. Revision letter is now "H".

k
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ADDENDUM

RACAL INSTRUMENTS MODEL 1994, OPTION 01

Addition to p. 1-13, Table 1.1 Specifications:

Option 01, Rear Panel Inputs

Inputs A and B

Sensitivity at rear panel inputs is as specified on pp. 1-6 and 1-7.

Sensitivity at front inputs is not specified and will be degraded.

The following statement must be added to the following procedures:
p. 6-21, under NOTE in step (6) of paragraph 29

p. 6-23, under NOTE after step (7) of paragraph 33

p. 6-26, step (2) of paragraph 44

p. 6-27, step (1) of paragraph 45

p. 6-27, step (2) of paragraph 47

p. 6-28, step (1) of paragraph 48

p. 6-31, step (1) of paragraph 56

p. 6-32, step (2) of paragraph 58

p. 6-35, step (2) of paragraph 62
Procedure must be performed on rear inputs when Option 01 is installed.

August 1993
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Figure 1.1 - Model 1994 Universal Timer/Counter
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SECTION 1 GENERAL INFORMATION

11 INTRODUCTION

1.1.1 The Racal Instruments Model 1994 timer/counter is a microprocessor—qon-—
trolled instrument offering high accuracy measurements with a comprehensive range of
capabilities. The 1994 can be provided with Option 41 Input C, extending frequency
measurement to 1.3 GHz.

1.2 MEASUREMENT FUNCTIONS
1.2.1 Frequency A and B
1.2.1.1 Frequency A and B are used to measure the frequency of the signal applied

to Inputs A and B, respectively. A resolution of 9 digits is available with a 1-second gate
time.

1.2.2 Frequency C
1.2,2.1 Frequeney C is available as Option 41. A resolution of 9 digits is available
.- with a 1-second gate time.
- 1.2.3 Period A
1.2.3.1 Period A is used to measure the period of the waveform applied to Input A.
A resolution of 9 digits is available with a 1-second gate time.
1.2.4 Time Interval
1.2.4.1 Time Interval provides single-shot measurements of the time interval
between:

1. Separate Mode: An event occurring at Input A and a later event at
Input B

2. Common Mode: Two events oceurring at Input A

1.2.4.2 The arming of the stop trigger circuit can be delayed to prevent the
measurement interval being stopped prematurely by spurious pulses, such as those caused
by contact bounce.

1.2.5 Total A by B

1.2.5.1 Total A by B permits events occurring at Input A to be totalized. The
counting interval can be controlled by:

1. Eleetrical start and stop signals applied to Input B (Total A by B)

2. Successive operations of a front panel key accumulating counts
(Manual Totalize)

1.2.5.2 Delayed arming of the stop eircuit to prevent spurious triggering is available
in the Total A by B mode.

1-1



1-2

1.2.6 Ratio A/B

1.2.6.1 Ratio A/B is used to measure the frequency ratio between Inputs A and B,
1.2.7 Ratio C/B

1.2.7.1 When Option 41 is installed, Ratic C/B is used to measure the frequency
ratio between Inputs C and B.

1.2.8 Rise/Fall A

1.2.8.1 Rise A and Fall A are automatically measured using positive and negative
slope selection, respectively.

1.2.9 Pulse Width A

1.2.9.1 Positive and negative Pulse Widths A are automatically measured using

positive and negative slope selection, respectively.

1.2.10 Phase Arel B

1.2.10.1 Phase A rel B is used to measure the phase difference between the
waveform applied to Inputs A and B. The phase difference is displayed in degrees, and
indicates the phase lead at Input A.

1.2.11 Check

1.2.11.1 The Check function enables a number of functional tests of the instrument's
circuits to be made without the use of additional test equipment. For example, the 1994
can measure its own 10 MHz internal reference standard. 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. The Check function can be extended using special functions (see

Subsection 3.4.8) to provide a comprehensive range of self tests.

1.3 SIGNAL INPUT CHANNELS

1.3.1 Inputs A and B are fully independent, but provision is made for connection of
Input A's signal into both channeis (common mode). When this is done, Input B's socket is
isolated from Channel B.

1.3.2 Both Inputs A and B are provided with independent controls to permit
selection of:

1. AC or DC input coupling

2. 1MQ or 508 input impedance

3. X1 or X10 input attenuation

4, Positive or negative-slope trigger

3. Manual or automatie setting of input trigger level



1.3.2.1 The manually set trigger level is entered into an internal store.

1.3.2.2 The auto-trigger level is derived by measuring the positive and negative
peaks of the input signal. If the peak-to-peak value exceeds 5.1V, or if either peak is
outside the range 5.1V, the X10 attenuator is automatically switched-in. The trigger
level is then set to the mean of the measured value.

1.3.2.2.1 When operating in auto-trigger with the X10 attenuator in-circuit, the
attenuator will be switched-out if the peak~to-peak value is less than 4.8V and both peak

values are within the range 4.6V,

1.3.2.2.2 The trigger levels in use are available at pins mounted on the rear panel.
The voltage range is +£5.1V regardless of whether the attenuator is switched-in or out.

1.3.3 Input C has a nominal input impedance of 50Q and is AC-coupled.
Protection against excessive signal levels is provided by a 5V rms fuse in the input BNC
connector.

1.4 LOW-PASS FILTER

1.4.1 An internal low-pass filter can be introduced to reduce the bandwidth of
Input A to 50 kHz (nominal).

1.5 MATH COMPUTATION

1.5.1 When the Math function is active, the displayed value is (Measurement

Result-X) Y/Z where X, Y, and Z are values entered into stores within the instrument by
the user., X is set to 0, Y and Z to 1 when the instrument is powered-on. By an

appropriate choice of values for X, Y, and Z, offset, normalized, and scaled displays can
be achieved. ‘ '

1.6 SPECIAL FUNCTIONS

1.6.1 The 1994 provides a set of Special Functions, permitting extended
measurements and capabilities beyond those provided by the front-panel keyboard. See
Subsection 3.4.10 for details.

1.7 ERROR INDICATION

1.7.1 Certain errors in eounter operation will result in the display of error codes.
See Subsection 3.4.11 for details.

1.8 EXTERNAL ARMING

1.8.1 External arming of the start and stop trigger circuits for the measurement
interval can be carried out by means of signals applied to a rear-mounted BNC
connector. Any combination of internal and external arming can be selected by use of
the appropriate special function.

1.9 DISPLAY FORMAT

1.9.1 The display uses an engineering format, with a 9-digit mantissa and 1-digit
exponent. Overflow of the most significant digits can be used to increase the display
resclution.



1.10 HOLD

1.10.1 The Hold feature allows readings to be held indefinitely, A new
measurement cyecle is initiated using the RESET key.

1.11 " GATE TIME AND RESOLUTION

1.11.1 Refer to Subsections 3.4.3 and 3.4.4 for details. In Frequeney A and B,

Frequency C, Period A, Ratio A/B and C/B modes, a gate time may be specified from the
front panel (Gate Time mode) or by the selected display resolution using the
RESOLUTION (*t) keys (Resolution mode). The available gate time range is 1 ms to
99.9 s.

1.11.2 In the Total A by B and Manual Totalize modes, the counting interval (i.e.,
gate time) is controlled by the time interval between the start and stop signals at Input
B, or between successive operations of the HOLD key.

1.11.3 In Phase mode, the gate time is fixed and the display resolution is
determined by the input signal frequency. ‘

1.12 EXTERNAL FREQUENCY STANDARD INPUT

1.12.1 The 1994 may be operated using an external frequency standard. The

counter will operate from the external standard when a signal of sufficient amplitude is
applied at the EXT STD INPUT BNC connector. The counter reverts to internal

frequency standard operation automatically if the external standard input is removed.

1.13 STANDBY MODE

1.13.1 When the 1994 is switched to Standby, the internal frequency standard
continues to operate but the measuring circuits are switched off.

1.14 GPIB INTERFACE

1.14.1 An IEEE-488-1978 GPIB interface is standard on the 1994. This feature

permits remote control of all the instrument's functions except the power ON/OFF and
STBY switching. See Section 4 for 1994 system operation.

1.15 OPTIONS AVAILABLE
1.15.1 Resr Panel Input (Option 01)

1.15.1.1 This permits use of rear-mounted Inputs A, B, and C. This is a factory-
installed option.

1.15.2 Prequency Standards (Options 04A and 04E)

1.15.2.1 Two internal frequency standerd options are available. The technical
specifications are given in Table 1.1. The frequency standard can be changed, if
necessary, by the customer (see Section 2).



1.15.3 Reference Frequeney Multiplier (Option 10)

1.15.3.1 The reference frequency muitiplier is a phase-locked multiplier which
permits the use of external frequency standard signals at 1 MHz, 2 MHz, 5 MHz or
10 MHz. The multiplier can be installed by the customer; instructions are given in

Section 2.
1.15.4 1.3 GHz Input C (Option 41)

1,15.4.1 This provides the 1994 with high-frequency measurement capability to 1.3
GHz.

1.15.5 Fixed-Mount Rack (Option 60)

1.15.5.1 This permits fixed 19-inch full~rack installation of the 1994, See Subsection
2.5.2 for field installation.

1.15.6 Slide-Mount Raek {Option 65)

1.15.6.1 This permits standard 19-inch full rack installation with slides for the 1994.
See Subsection 2.5.3 for field installation.

1.16 SAFETY

1.16.1 The 1994 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, ICAUTIONS[, and
WARNINGS|to ensure personal safety and prevent damage to the instrument.
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1.17 SPECIFICATIONS

1.17.1 Table 1.1 lists the 1994 specifications. They specify the performance
standards to which the instrument should be tested during any necessary calibration
and/or servicing.

Table 1.1 - 1994 Specifications

GENERAL DESCRIPTION

The 1994 universal counter provides the following measurement functions: frequeney, frequency ratio,
period, high-resolution time interval, rise/fall time, pulse width, phase, and totalize. A full
talker/listener GPIB is a standard feature. Supplemental features include mathematical manipulation
of measurements, averaging of 100 readings, peak amplitude measurement, and a high-speed "raw"
data output via the GPIB.

The frequency range on Inputs A and B is DC to 160 MHz; 40 MHz to 1.3 GHz on Input C using a plug-
in option board. Single-shot time interval resolution is 1 nanosecond or 9 digits per second of
measurement time., Trigger levels on Inputs A and B can be set via the front-panel keypad or via auto~
trigger at the 50% point of the input waveform. Trigger levels can be shown on the main display.

A full range of options support the 1994 including rear-panel inputs (Option 01), precision ovenized
oscillators (Options 04A, 04E), external frequency standard muiltiplier (Option 10), 1.3 GHz Input C
(Option 41), fixed rack mount (Option 60), and slide rack mount {Option 65). The 1994 is housed in a
3.5-ineh, full~width rack chassis. :

INPUT CHARACTERISTICS

Inputs A and B
Frequency Range:
DC Coupled ' 0 to 100 MHz
AC Coupled 10 Hz to 100 MHz
Note: Input A frequency range is 0 to 160 MHz in the frequency mode.

Input Impedance (X1, X10):

High, Separate 1 M2 shunted by 45 pF (nominal)
High, Common 1 MQshunted by 55 pF (nominal)
5082, Separate and Common 5052 (nominal)

Sensitivity, Sine Wave (X1): 25 mV rms to 100 MHz

50 mVY rms to 160 MHz
(Input A Frequency mode only)
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Table 1.1 ~ 1994 Specifications (Cont'd)

Sensitivity, Pulse (X1):

Dynamic Range (X1):

Signal Operating Range (X1):
Input Aitenuation:
Damage Level:

1 M) input impedance

3082input impedance
Triggering:

Trigger Level

Trigger Level Setting

75 mV p-p; 5 ns min. width

150 mV p-p; 3.1 ns min. width~
(Input A Frequeney mode only)

75 mV to 5V p~p; 0 to 50 MHz
79 mV to 2.5V p~p; 50 to 100 MHz

150 mV to 2.5V p~p; 100 to 160 MHz
-5.1V DC to +5.1V DC

X1 or X10, seiectable

X1 280V (?C + AC rms), DC to 1.92 kHz
5x 10VV rms, 1.92 to 100 kHz
Frequency (Hz)
SV rms, 100 kHz

X10: 260V (DC + AC rms), DC to 19.2 kHz
5x 105V rms, 19.2 to 100 kHz

Frequency (Hz)
50V rms >100 kHz

X1, X10: 5V rms, DC to 160 MHz

Automatic or rﬁanual selection in the +3.1V to 5.1V
range (X1), +51V to -51V range (X10). Trigger level
readout is shown on main display.

Automatic mode: trigger points are set halfway

between the max. and min. measured values of the
input signal. Input signal must be continuous, with
lowest auto-trigger frequency being 50 Hz. Auto-
trigger to a DC level is possible. Nominal auto-
trigger time is 500 ms per input. Auto-trigger
selection of the attenuator is automatic as follows:

X1 selected if positive and negative peak amplitudes
are< + 4.6 and the peak-peak amplitude is < 4.6V

X10 selected if positive and negative peak
amplitudes are>+ 5.1 or the peak-peak amplitude is
>85.1V

Manual mode: trigger levels can be entered via the

kKeyboard or using the inerement/decrement button

20 mV steps, nominal (X1)
200 mV steps, nominal (X10)




Table 1.1 - 1994 Specifications (Cont'd)

Trigger Level Accuracy

Auto~Trigger Minimum Amplitude
Auto-Trigger Level Accuracy

Read Peak Amplitude Accuracy

Coupling:
Slope:

Low-Frequency Filter:
(Input A only)

Input Connections:

Crosstalk (X1 at 100 MHz):

+ 1% reading * 30 mV relative to trigger level set
(X1)

+ 1% reading + 300 mV (X10)
150 mV p-p
+ 30 mV relative to displayed reading
Frequency Range: DC, 50 Hz to 20 MHz

X1: +50 mV + 6% Vp-p (sinewave)

t 40 mV £ 1% reading (DC)

X10:  + 1% reading + 500 mV + 6% Vp—p

AC or DC

Positive or negative; independently selectable

50 kHz {(nominal)

BNC sockets

36 dB between channels, measured using 50%Q input
impedance

FREQUENCY MEASUREMENT (INPUTS A and B)

Range:
Input A
Input B

LSD Displayed:

Resolution:

Accuracy:

6 x 10™* Hz to 160 MHz
3x 1074 Hz to 100 MHz

10~% ¢ Frequency

Gate Time

(+ 2 x LSD) + 1.4 x Trigger Error x Frequency
Gate Time

+ Resclution * Timebase Error x Frequency

PERIOD A MEASUREMENT

Range:

LSD Displayed:

6.25 ns to 1.7 x 10°s

10~ x Period (see note 1)

Gate Time
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Table 1.1 - 1994 Specifications (Cont'd)

Resolution:

Aceuracy:

(+ 2x LLSD) #+ 1.4 x Trigger Error x Period
Gate Time

{see note 2)
+ Resolution + Timebase Error x Period

TIME INTERVAL MEASUREMENT

Input Configuration:

Separate:

Common:
Time Range:
Trigger Slopes:
LSD Displayed:

Resolution:

Accuracy:

Input A start/Input B stop,
Input B start/Input A stop
(via Special Funetion 21)

Input A start/Input A stop

-2 ns to 8 x 109 (i.e., stop signal can oceur up to
2 ns before the start signal)

Start, positive or negative
Stop, positive or negative

1 ns (100 ps using averaging)

t LSD + 1 ns rms * start trigger error * stop trigger
error
(see note 2).

t resolution f timebase error x TI t trigger level
timing error (see note 2) t trigger level setting error
(see note 2) + 2 ns (i.e., differential channel delay
error - see note 2)

TOTALIZE ABY B

Input Channel:
Maximum Rate:
Range:

Pulse Width:

Input A (100 MHz max. frequency)
108 events/s |
1to1018-1

3 ns min. at trigger points




Table 1.1 - 1994 Specifications (Cont'd)

Start/Stop:

LSD Displayed:
Resolution:

Accuracy:

Input B {electrical)
Start, positive; Stop, negatwe
with positive pulse
Start, negative; Stop, positive
with negative pulse
Hold button enabled by Special Function 61
(manual totalize)

+ 1 count
LSD

LSD

FREQUENCY RATIO MEASUREMENT

Ranges: Ratio A/B
Iinput A
Input B

LSD Displayed:

Resolution:

Accuracy:

DC to 100 MHz
DC to 100 MH=z

10 x Ratio

F AX Gate Time

+ LSD £ Trigger Error B
Gate Time

+ Resolution

Note: Higher frequency is assumed to be applied to Input A.

Ranges: Ratio C/B
Input C
Input B

LSD Displayed:

Resolution:

Accuracy:

40 MHz to 1.3 GHz/64
DC to 100 MHz

540 x Ratio

FC X Gate Time

+ LSD + Trigger Error B
Gate Time

1+ Resolution

Note: Higher frequency is assumed to be applied to Input C.




Table 1.1 ~ 1994 Specifications (Cont'd)

RISE/FALL TIME*

*requires a continuous signal.

Rise Time (Default State):
Fall Time:

Input Channel:
Range:

Min. Pulse Height:
Min. Pulse Width:
LSD Displayed:

Resolution:

Accuracy:

Start:  positive slope, 10% trigger point
Stop: positive slope, 90% trigger point

Start:  negative slope, 90% trigger point
Stop: negative slope, 10% trigger point

Input A

20 ns to 20 ms

500 mV p~p

20 ns at gsignal peaks

1 ns (100 ps using averaging)

+ LSD * 1 ns rms # start trigger error * stop trigger
error

(see note 2)

f resolution * trigger level timing error (see note 2)

trigger level setting error at 10% trigger point #

trigger level setting error at 90% trigger point (see
note 2) * 2 ns (differential channel delay error - see
note 2) + timebase error {see note 2) x rise/fall time

PULSE WIDTH*

*requires a continuous signal

Positive Puise Width:
{Default State)

Negative Pulse Width:

Input Channel:

Range:

Minimum Pulse Height:
LSD Displayed:

Resolution:

Start: - positive slope, 50% trigger point
Stop: negative slope, 50% trigger point

Start: negative slope, 50% trigger point
Stop: positive slope, 50% trigger point

Input A

5ns to 20 ms

150 mV p-p

1 ns (100 ps using averaging)

+ LSD £ 1 ns rms £ start trigger error & stop trigger

error _
(see note 2)
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Table 1.1 - 1994 Specifications (Cont'd)

Accuracy:

+ resolution * trigger level timing error (see note 2)
t trigger level setting error (see note 2) + 2 ng
(differential channel delay error - see note 2) +
timebase error (see note 2) x pulse width

PHASE A RELATIVE TO B*

*requires a continuous signal
Range:

LSD Displayed:

0.1° to 350°

0.1° to 1 MHz
1.0° to 10 MHz
10.0° to 100 MHz

Resolution: + LSD (+ TI Resolution) x 360°
Period A
Accuracy: + LSD (¢ TI Accuracy) x 360°
Period A
MATH

Applies to all counting/timing measurement functions. Note that the Math function is applied prior

to the Statisties funetion.

Display:

Constant (X, Y, or Z) Range:

Rea%igg - X v

where X, Y, and Z are constants entered and stored
via the keyboard. The displayed measurement
reading can also be stored.

£1x 1079 to * 10 x 107 to nine significant figures

Note:  Any number exceeding this range will result in a displayed Op Er.

Display Range:

+ 999,999999 E + 8

AVERAGE MODE

Number of Samples:

100 measurements are accumulated and averaged
for display

Note: The Average mode appliés to all funetions except totalize.




Table 1.1 ~ 1994 Specifications (Cont'd)

GATE TIME
Range 200 uS to 99.88
Resolution: 25.6 ps

TIME INTERVAL DELAY

Range:
Step Size:

Accuracy:

200 uS to 800 mS
25.6 us, entered via keyboard

+ 50 us £ 0.1% reading

BASIC FREQUENCY STANDARD

Internal Frequency:

Adjustment Range:

Aging:
Initial
Long Term

Temperature Stability:

External Standard Input:
Frequeney.
Level

Max. Input Level.

Impedance

- 10 MHZ

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

1 ppm/month at shipment

2 ppm/first year

- £ 10 ppm over the range 0° to 50 °C, referenced to

259C

i0 MHz
Min., 100 mV rms; Max., 10 V rms

400V peak to 500 Hz, decreasing to 10V rms at
30 kHz and above

1 kilohm {nominal) for signals <1V p-p, decreasing to
500 ohms (nominal) for signals 10V p-p and above.
AC coupled

Note: The external reference multiplier (Option 10) may be used to lock other standard
frequencies that are subharmonies of 10 MHz.

Internal Standard Output:

Frequency

Level

10 MHz

=600 mV p-p into 50 ohms
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Table 1.1 - 1994 Specifications {Cont'd)

EXTERNAL ARMING

Applicability: All functions, except phase, can be armed by
rear-panel input with modes selected by front-panel
entered special function

Input Signal:

Sensitivity 500 mV p-p
Offset +4 to -4V {potentiometer adjusted)
Arming Mode:
1,  Start-Off Stop-Off SF10 (Default)
2. Start-./ Stop~Off SF11
3. Start-"o Stop Off SF12
4. Start-./" Stop~ _/~ SF15
5.  Start-\_ Stop- _/~ SF17
6. Start-_/ Stop- "\_ SFi6
7. Start-"\. Stop- "\ SFi8

Note:  "Off" state indicates the counter's seif-arm start/stop is used.

Minimum Start-Stop Arm Period: 100 ns

GATE OUT

A TTL-compatible signal (into 1 kilohm) is provided from a rear-panel BNC connector coincident
with the measurement gate. The signal level is low while the gate is open

NON-VOLATILE MEMORY

Up to ten complete front-panel settings (including math function stores) may be retained for
subsequent recall

GPIB INTERFACE
Standard: IEEE-STD-488-1978
Programmable Controls: All front-panel keyboard controls except power
on/off and standby
IEEE-488 Subsets: SH1, AH1, TS5, TEO (none), L4, LEO (none), SR1, RL1,
PP0’ (none), DC1, DT1, CO (none), and E2 (3-state
bus drivers}
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Table 1.1 - 1994 Specifications (Cont'd)

Handshake Time: 7 us to 90 us, typical, depending on the interface
(DAY to NDAC) message -
Data Qutput Rate: 150 readings/s in high-speed output mode

15 readings/s in normal cutput mode
Data OQutput Format:

High-Speed Output mode 19 binary bytes containing event counts, time
counts, TEC (timing error correction) counts, and
calibration constants

Normal Ouiput mode FF+/-D.DDDDDDDDDDE+/-DDCRLF
Where: FF are ASCIl characters identifying
function; D is an ASCI digit; and the
decimal point varies within the mantissa

TEMPERATURE PERFORMANCE

Operating Temperature: 0°¢C to 50°C
Storage Temperature: -40°C to +70°C
POWER REQUIREMENTS

These include 100, 120, 220, and 240V rms + 10%, 45 to 450 Hz * 10%, 35 VA approximately

DIMENSIONS

These include 89 mm (3.5 in) High x 427 mm (16.8 in) Wide x 345 mm (13.8 in) Deep

WEIGHT

Approximately 6 kg (13.2 1b)

OPTIONS

Option 01 Rear Panel inputs
Option 04 A High-Stability Oven Osecillator

Fast warm-up, ovenized Internal Frequency Standard

Frequency: 10 MHz
Aging: <lx 10'8/day at shipment averaged over ten days
| Ix lﬂ'g/day averaged over 10 days continucus
operation
Temperature Stability: ;010 é 1077 (frequency at 25°C) over the range 0° to
Line Voltage Stability: <5'x 1079 two minutes after a 10% line voltage

change
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Option 04E High-Stability Oven Oscillator

Proportionally-controlied, ovenized Internal Frequency Standard

Frequency:
Aging:
Temperature Stability:

Line Voltage Stability:

10 MHz
<5x iﬂ“lglday at shipment
<7x 1079 over the range 0° to 50°C

<5 x 10719 two minutes after a 10% line voltage
change

Option 10 External Frequency Standard Multiplier

Phase-locked frequency multiplier enabling 1, 2, 5, or 10 MHz to be used as the external standard

Frequency Input:
Signal Level:

Maximum Input Levels:

Input Impedance:

Option 41 1.3 GHz Input C

1, 2,5, or 10 MHz + 10 ppm
100 mV rms sinewave min., 10V rms max.

400V peak up to 500 Hz, decreasing to 10V rms at
30 kHz and above

1 kilohm (nominal)} for signals<lV p-p, decreasing to
500 ohms (nominal) for signals 10V p~p and above.
Ac coupled :

Plug-in option extending the counter range to 1.3 GHz

Frequency Range:

Sensitivity, Sine Wave:

Dynamic Range:

Impedance:
Maximum Operating Input:

Maximum Input:
(without damage)

40 MHz to 1.3 GHz

Better than 10 mV rms to 1.0 GHz
Better than 75 mV rms to 1.3 GHz

10 mV to 5¥ rms to 1.0 GHz
75 mV to 5V rms to 1.3 GHz

50 chms (nominal), AC~coupled, VSWR~2:1 at 1 GHz
i1Vrms

7V rms (fuse~-protected, fitted inside input
connector)
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LSD, Resolution, and Accuracy: Same as Inputs A and B frequency
Option 60 Rack-Mounting Kit (Fixed)

Option 65 Rack-Mounting Kit (Sliding)

DEFINITIONS AND NOTES

1. Resolution and Gate Time
8. Refer to the table below. The gate time is set by the selected resolution in the
frequency, period, ratio, and check functions. However, gate times may also be
programmed in increments rounded to the nearest 25.6 ps using the range of 200 us to
99.999 s. The default state is determined by the resolution selected (see table), and is
100 ms (8 digits) at power-on. Also, the gate time may be extended by:
- one period of the input signal on Frequency B and Ratio A/B
- two periods of the input signal on Frequency A and Period A
b. The resolution of phase and totalize is determined by the input signal
c. Time interval, rise/fall time, and pulse width measurements have the resolution
determined by both the input signal and the resolution set
Resolution (no. of selected
digits) in Frequency, Period ‘ GPIB
Ratio, and Check-See Note 1 Gate Time " Display Code
9 + Overflow 10s Up Stop SRS* 10
9 ls g
8 100 ms Default 8
7 10 ms 7
6 1ms 6
5 See 1 ms 5
4 Note 1 ms 4
3 2 1 ms Down Stop 3
NOTE 1:
. |The most significant digit is permitted to exceed *SRS = Store thg
.+ |the resolution by 1 digit providing a 10% overrange. Display Resolution
This precludes unnecessary shifting of digits. Command
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Table 1.1 - 1994 Specifications (Cont'd)

NOTE 2:

Measurements of frequency, period, ratio, and
check are averaged when these gate times are set.

2.

Trigger Error

Trigger Error equals SQR (e.2+e,2) seconds rms
Input Stew Rate
At Trigger Point
where e; = input amplifier rms noise (typieally 150 uV rms in 160 MHz bandwidth)

where e, = input sig'nal rms noise in 160 MHz bandwidth

Trigger Level Timing Error (X1)

Actual Trigger
Point (+Slope)

' I
Hysteresis / \ Trigger Level
Band (x1)

: i Reading
25 mV p-p typical /; : \ Actual Trigger
: i
!

7 < Point (-Slope)
8t &t = Trigger Level Timing Error
TIMING ERROR = 1/2 Hysteresis Band
Input Slew Rate at START Trigger point
- 1/2 Hvsteresis Band

Input Slew Rate at STOP Trigger point
Differential Channel Delay Error

A system error, typically less than 1 ns, but which can be compensated by numerical offset or
by adjusting cable lengths.

Trigger Level Setting Error

a. In time interval:

Setting Error = + Trigger Level Accuracy
Input Slew Rate at Start
Trigger Point

+ Trigger Level Accuracy
Input Slew Rate at Stop
Trigger Point
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b, Inrise/fall and pulse width:

Setting Error = + 60 mV
Input Slew
Rate at
Trigger Point

Timebase Error

The fractional deviation of the timebase frequency from 10 MHz due to aging, temperature,
voltage variations, ete. (See oscillator specifications for details.)







SECTION 2 INSTALLATION

2.1 INTRODUCTION
2.1.1 This section describes the unpacking and inspection, reshipment, rack
installation; = miscellaneous option installation, power connections, and

storage/temperature requirements for the 1994,
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. Remove the
instrument carefully from its carton, preserving the factory packaging as much as
possible. Inspect the counter for any defect or damage. Notify the carrier immediately
if any damage is apparent. Have a qualified person check the instrument for safety
before use. _

2.3 RESHIPMENT INSTRUCTIONS

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

2.4 BENCH OPERATION 4
2.4.1 The 1994 is equipped with a tilt-bail to elevate the front of the instrument
for easy operation. The tilt~bail is attached to the two front feet on the bottom of the
counter. For use, the bail is pulled down to its vertical position.
2.5 EQUIPMENT RACK INSTALLATION
2.5.1 The 1994 can be mounted in a standard 19-inch equipment rack using either
the Fixed-Mount Option 60 or Slide-Mount Option 65. Installation instructions for these
two options follow.
2.5.2 Fixed-Mount Option 60 Installation
2.5.2.1 Refer to Figure 2.1 for this procedure. The installation package includes:

a.  Flange-Mount angle-brackets (2)

b.  Front corner-inserts for non-handle installations (2)

c. Flathead #8-32 x 1/2 screws (4)



PHILLIPS RETAINING-SCREWS (2)

REMOVE & STORE
2RETAINING SCREWS

r
.
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{
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REMOVE SIDE
PANEL AND STORE

#8 '

REPLACEMENT~—»
SCREWS

(2)

-~

MOUNTING
ANGLE-BRACKET

Figure 2.1 - Fixed-Mount Angle-Bracket Detail

2.5.2.2 Remove the tilt-bail by applying pressure inwerd on the bail legs, then
unhooking the bail from the bench feet.

2.5.2.3 Remove the bench feet and side panels by cornpleting the following steps:

al

d.

€.

Unscrew the two phillips head screws from each rear corner-foot. This
frees the corner-feet, covers, and side panels

Remove the two rear corner-feet from the case

Place the instrument bottom-up, then slide the bottom cover 1/2 inch
towards the rear panel and lift off. The top cover slides off in the
same manner

Remove the four bench feet from the bottom cover by unscrewing the
phillips head retaining serews from each foot

Slide the side panels down their retaining tracks towards the rear, then
remove the panels. (With side panels off, the retaining screws-2 per
side-for the front handles/corner inserts are exposed.)

2.5.2.4 Install the flange-mount angle-brackets by completing the following steps:

a.

D,

Remove the retaining screws for both handles/corner inserts, leaving
the handies/corner inserts in place

Place an angle bracket over each handle/corner insert, aligning the
mounting holes over the retaining serew holes



e, Insert two repl&cemént flathead #8-32 x 1/2 screws through each angle

bracket and handle/corner-insert combination, then screw securely to
the case

2.5.2.5 Reassemble the instrument by replacing the top and bottom covers into the
groove in the front panel. Do not attempt to replace the instrument's side panels.
Complete the procedure by screwing the two rear corner-feet to the case.

2.5.2.6 Store the following items in & convenient location:

Two side-panels, four bench feet and retaining screws, and four replaced
retaining screws from the front handles/corner inserts

2.5.3 Slide-Mount Option 65 Installation
2.5.3.1 Refer to Figures 2.2-2.6 for this procedure. The installation package
includes:

a.  Front corner-inserts for nonhandle installations (2)
b.  Flange~Mount angle-brackets (2)
e.  Alignment blocks (6)
d.  Front rack-brackets (2)
interchangeable
e.  Rear rack-brackets (2)
f.  Triple-rail slide-mount assemblies (2)
g.  Self-Anchoring #10-32 tinnerman nuts (12)
h.  Phillips panhead #10-32 x 1/2 screws (8)

i. Slotted panhead #8-32 x 3/8 screws with nuts, washers, and lock
washers (6 each)

je Phillips panhead self-tapping #8-32 x 5/16 screws (8)
k.  Phillips flathead #8-32 x 1/2 screws (4)

R Phillips panhead #10-32 x 3/4 screws (4)

m. Alignment #8 x 1/16 (spacers) washers (2)

n.  Cover retaining-brackets {(2)

2.5.3.2 Prepare the instrument for installing the alignment bloecks in the side
channels of the unit, Refer to Figures 2.1 and 2.2 and complete the following steps:

a. Remove the two rear corner-feet by extracting the two phillips
retaining screws from each foot

b. Slide the top and bottom covers 1/2 inch towards the rear panel, then
lift them off

c. Remove the four bench feet and tilt-bail from the bottom cover



d. Slide the side panels down their retaining tracks towards the rear, then
remove the panels

e. Store the four panels, four bench feet, and tilt-bail in a convenient
loeation

f. Remove the two front handles/corner inserts from the frame by
extracting the two retaining screws from each handle or corner insert

r PHILLIPS RETAINING-SCREWS (2)

REMOVE & STORE
2 RETAINING SCREWS

REAR CORNER
FOOT

REMOVE SIDE
PANEL AND STORE

Figure 2.2 - Rear Corner Foot, Side Panel, and Handle Detail

2.5.3.3 Refer to Figure 2.3 for alignment block loading. Slide the alighment blocks
down the center channel of the frame on each side of the instrument. . Three
alignment blocks per side should be loaded for full-rack depth units; two
bloeks for intermediate-rack depth units. The two serew holes in each
alignment block should be at center position and below, relative to the
center channel.

CE«]E;}N?NEERL h 2

ALIGNMENT BLOCKS
2 OR 3PER SIDE
FRONT LOAD

Figure 2.3-Loading the Alignment Blocks



2.5.3.4 Replace the top and bottom covers on the instrument. Fasten the covers
using the two cover retaining-brackets (see Figure 2.6) and four phillips panhead screws
(two per side) originally removed from the rear corner-feet. The instrument is now ready
for attachment of the two triple-rail slide~-mount assemblies.

2.5.3.5 Refer to Figure 2.4A/B. Prepare the triple-rail slide-mount assembly for
equipment rack installation. First, note that the instrument-rail and rack-rail holes are
accessible either direetly or through the enlarged holes in the center-rail (as the
assembly is extended or retracted). Complete the following procedure:

a. Place a front rack-bracket on the workbenech, slotted flange facing
down

b.  Position the front end (i.e., slide-out end) of the slide-mount assembly
over and parallel to the front rack-bracket. The rack-rail should rest
within the bracket, about 3/4 inch from the bracket's front edges

c.  Adjust the rails, aligning the front rack-rail hole with the center-rail
access hole and mounting slot in the front rack-bracket. Insert a
slotted panhead #8-32 x 3/8 screw through the holes. Attach a washer,
loek washer, and nut to the screw and secure firmly, maintaining the
3/4-inch dimension to the front of the bracket

NOTE:

Mesasure the distance between the front and rear mounting-rails of the rack
at this point. If the distance is less than 20 inches, follow instruction "d"
next; if the distance is greater than 20 inches, follow instruetion "e".

d. Fully extend the slide-mount assembly. Position of a rear-bracket
(with two elongated mounting slots) on the rear of the assembly in the
same way as the front rack-bracket. Align the mounting slot closest
to the slotted flange with the rear rack-rail hole. Insert a slotted
panhead #8-32 x 3/8 screw through the holes. Attach a washer, lock
washer, and nut to the serew and secure the rear rack-bracket loosely
to the slide-mount assembly

e. Fully extend the slide-mount assembly. Position a rear rack-bracket
on the rear of the assembly in the same way as the front rack-bracket,
Align the mounting slot with the rear rack-rail nail hole.  Insert a
slotted panhead #8-32 x 3/8 screw through the holes. Attach a washer,

lock washer, and nut to the screw and secure the rear rack-bracket
loosely to the slide-mount assembly

f. Complete the other slide-mount and rack-bracket assembly in the
same manner as just described

g.  Slide two self-anchoring #10-32 tinnerman nuts on the front and rear
rack-brackets at the top and bottom slots of both slide-mount
assemblies
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Figure 2.4A/B-8lide~Mount and Bracket Assembly



2.5.3.6 The assistance of a second person will be needed for the following
instrument-rack assembly. Secure the slide-mount assembly in the designated area of
the instrument rack using the procedure below. ’

NOTE:

If the mounting-rail of the instrument rack is tapped for #10-32 screws,
drill out two places for each bracket using a 1/4 inch diameter bit.
Proceed with the assembly:

a.

C.

d.

el

Hold the front end of the slide-mount assembly behind the front
mounting-rail of the rack, while the second person holds the resr end
of the assembly

Secure the front rack-bracket to the front mounting-rail using two
phillips panhead #10-32 x 1/2 screws. Seat the front rack-bracket
firmly against the mounting-rail before tightening these screws

Install the other front rack-bracket on the front mounting-rail in the
saine manner

Set the front dimension between the two slide-mount assemblies at 16
5/8 inches

Adjust the length of the rear rack-brackets to touch the inside of the
rear mounting-rail. Tighten the rear rack-bracket assembly screws

The distance between the two slide-mount assemblies at the rear-
bracket should be 16 5/8 inches. Should a filler plate be required to
secure the slide-mount assembly to the rear rack mounting-rail at 16
5/8 inches, use the dimensions given in Figure 2.5 to determine filler-
plate size

NOTE:

The rear rack-bracket may require adjustment to accommodate the
thickness of the filler plate.

g.

h.

Secure the rear rack-bracket mounting-rail (or filler plate) using two
phillips panhead #10-32 x 1/2 screws in each bracket

The triple-rail slide-mount assemblies should move freely to their

maximum extended positions. If not, remove any obstacle before
installing the instrument
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Figure 2.5 - Rear End Slide-Mount Rack Dimensions

2.5.3.7 Refer to Figure 2.6 (with inset). The assistance of a second person will be
needed for the foilowing slide-mount assembly-to-instrument installation.

a. Extend the rails of the slide-mount assemblies to their maximum
position. Insert a phillips panhead self-tapping #8-32 x 5/16 screw
inward through the first mounting hole in the instrument rail. Place an
alignment {spacer) washer on the screw on the other side of the
instrument-rail

b. Screw the flange-mount angle-bracket to pull-up position on the
instrument-rail. Check that the alignment washer remains between
the angle bracket and instrument-rail. Repeat this procedure for the
other instrument-rail

NOTE:

For 5-1/4 inch high instruments, use the bottom hole of the angle bracket
in step "b" above.



With the help of a second person, position the instrument between the
fully extended rails. For full-depth instruments, the rear alignment-
block hole should be situated immediately behind the fourth
attachment hole in the center-rail. For immediate-depth instruments,
the rear alignment-block hole should be located behind the third
attachment hole

NOTE:

For 3-1/2 inch high instruments, position the rail access hole over the top
alignment-bloek hole; for 5-1/4 inch high instruments, use the bottom hole.

d.

e.

h.

Insert a phillips panhead self-tapping #8-32 x 5/16 screw through the
rail access hole and screw it to pull-up position in the alignment
bloek. At the same time, position the flange-mount angle-bracket in
its approximate final location in the side frame channels. Align the
other alignment-block secrew holes with their attachment holes in the
instrument-rail. Insert phillips panhead self-tapping #8-32 x 5/16
serews in the alignment blocks and fasten to pull-up position. Repeat
this procedure for the other rail

Slide the handle/corner insert between the side frames and each angle
bracket

Align the handle/corner insert and angle-bracket holes with their
retaining serew holes in the side frame

Insert two phillips flathead #8-32 x 1/2 screws through the
handle/corner insert and angle-bracket combinations, then fasten
firmly to the frame

Securely fasten all self-tapping screws in the instrument-rail. The
instrument should slide freely on the rails
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2.5.3.8 The following assembly is required to lock the instrument into its normal
operating position on the rack:

a. Slide two self-anchoring #10-32 tinnerman nuts on the mounting-rail of
the rack (each side). These nuts should be aligned with the angle-
bracket slots, Omit the tinnerman nuts if the mounting-rail is tapped
for #10-32 screws

b. Slide the instrument fully into the rack until the angle brackets strike
the slide-mount bracket serews. Secure the instrument in place using
four phillips panhead #10-32 x 3/4 screws

2.6 MISCELLANEOUS OPTION INSTALLATION
2.6.1 | Ovened Frequency Standards 404392 and 404384 (Options 04A and 04E)
2.6.1.1 Refer to Figure 2.7 for these procedures. The installation package includes:
a.  Oscillator assembly (1) P/N 404397 for Option 04A
P/N 404386 for Option 04E
b.  #4 split lock washers (2) P/N 617127
c.  #4 flat washers (2) P/N 617102
d. M3 x 8screws(2) P/N 611067
2.6.1.2 Installation

a.  Disconnect the AC power cord at the rear panel

b. Loosen, but don't remove, the two rear corner-feet by unfastening the
four retaining screws (two per foot). Back the corner feet out
approximately 5/8 inch. Slide the top cover toward the rear of the

unit, then lift up and out to remove

C. Remove the currently fitted frequency standard, according to the
following instructions:

If the standard 10 MHz oscillator is installed:

1. Remove the two screws and washers attaching the oscillator
assembly to the rear panel via the two threaded standoffs

2. Disconnect the flying lead from the motherboard at SK14, then
lift the oscillator assemby out of the chassis

If Option 04A/04E is installed:

1. Remove the two screws and washers attaching the oscillator
assembly directly to the rear panel

2. Disconnect the flying lead from the motherboard at SK14, then
lift the oscillator assembly out of the chassis '
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2‘6.2
2.6.2.1

2.6.2.2

d.

f.

Connect the flying lead of the new oscillator assembly to SK14 on the
motherboard

Secure the oscillator assembly to the rear panel using the two M3 x 6
screws and two #4 lock washers. For Option 04A/04E, the screws pass
directly into the top of the oscillator assembly; for the standard
oscillator, the screws fasten the oscillator to the rear panel via two
threaded standoffs

Replace the top cover; firmly secure the two rear corner-feet,
completing the installation

Frequency Standard Multiplier 404399 (Option 10)

Refer to Figure 2.7 for this procedure. The installation package includes:

a.  Frequency multiplier PCB (1) P/N 19-1164

b.  #4 split lock washers (2) P/N 617127

c. #4 flat washers (2) P/N 617102

d. M3 x 8screws (2) P/N 611087

Installation

a. Disconnect the AC power cord at the rear panel

b. Loosen, but don't remove, the two rear corner-feet by unfastening the
four retaining screws (two per foot). Back the corner feet out

approximately 5/8 inch. Slide the top cover toward the rear of the
~ unit, then lift up and out to remove

e, If an ovened frequency standard (Option 04A/04E) is installed, remove
it according to paragraph 2.6.1.2

d. Remove the 2-pin shorting link at SK16. Connect the frequency
multiplier PCB to the motherboard at SK16 and SK17, with the
threaded spacers toward the adjacent shield (as shown)

e. Secure the option PCB to the shield using the two M3 X 6 screws and
two #4 split lock washers

f. If removed, replace and secure the ovened frequency standard removed
in step (e)

g. Replace the top cover; firmly secure the two rear corner-feet,

completing the installation
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2.6.3

2.6.3.1

2.6.3.2

1.3 GHz Input C 404398 (Option 41)

Refer to Figure 2.8 for this procedure. The installation package includes:

a'

b.

c.

d.

e.

Input C (1.3 GHz) PCB including coaxial cable with snap-on BNC
eonnector (1) P/N 19-1142-58-125

Fused BNC connector (1) P/N 601235
#4 split lock washers (2) P/N 817127
#4 flat washers (2) P/N 617102
M3 x 8 screws (2) P/N 617067

Installation

a.

b.

d.

e.

Disconnect the AC power cord at the rear panel

Loosen, but don't remove, the two rear corner-feet by unfastening the
four retaining screws (two per foot). Back the corner feet out
approximately 5/8 inch. Slide the top eover toward the rear of the
unit, then lift up and out to remove

Conneet the Input C PCB to the motherboard at PL7 with the two
threaded spacers toward the right-hand side frame

Secure the option PCB to the shield, usmg the two M3 x 6 screws and
two #4 split loek washers :

Remove the black front-hole plug from INPUT C and screw the fused
BNC connector inte the front panel. Store the front-hole plug in a
convenient place

Connect the coaxial cable from the option PCB to INPUT C (as shown)
using the snap-on BNC connector

Replace the top cover; firmly secure the two rear corner-feet,
completing the installation



FRONT PANEL

INPUT C
FUSED
BNC

605

7/

COAXIAL CABLE
WITH SNAP-ON
BNC CONNECTOR

MOTHERBOARD

Figure 2.8 - Option 41 Installation
2.7 POWER CONNECTIONS

2.7.1 Before operating the counter, verify that the AC voltage selector is
correctly set for the local AC supply. The counter operates on 100, 120, 220, or 240
volts, 45 to 450 Hz. The present voltage range can be viewed through the small window
on )the rear panel between the power cord socket and the line fuse (see Figures 2.9 and
3.2).

2.7.2 Line Voltage Selection
2.7.2.1 The line voltage setting is easily changed by repositioning the small voltage
selector card, which is inserted vertically in its slot close to the rear panel. Refer fo
Figure 2.9 and use the following procedure:
a. Remove the power cord from its socket
b. Loosen, but don't remove, the two rear corner-feet by unserewing the
two phillips retaining screws from each foot. Back the corner feet out

approximately 5/8 inch. Slide the top cover 1/2 inch towards the rear
panel, the lift the former off

2-15



2.7.3

2.7.3.1

c. Extract the voltage selector card by firmly pulling it upwards until it

is disengaged from its socket. Reinsert the card so that the desired
setting is visible in the rear-panel window

d. Slide the top cover back into place and resecure the two rear corner

feet
REAR PANEL
VOLTAGE DESIRED
VOLTAGE SELECTOR CARD SHOULD BE VIEWED
IN WINDOW
TRANSFORMER
T ey
H
,
]
4
3
3
MOTHERBOARD—\ ~~~~~ -
“““““ L.

A ol

POWER SOCKET /

Figure 2.9 - AC Line Voltage Selection

- Power Cord and Grounding

The front panel and instrument case are grdunded in accord with MIL-T-

28800C, protecting the user from possible injury due to shorted circuits.

2.7.3.2

NOTE:

The counter is designed to meet IEC Publication 348, "Safety Requirements
for Electronic Apparatus for Class I Instruments”,

A protective ground terminal, forming part of the rear-panel input socket, is

provided. The counter is supplied with a detachable 3~core power cord. Only this cord
should be used.



2.7.3.3 Use only AC power outlets having a protective ground for connection to the
counter. DO NOT USE 2-core 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 Green/Yellow
2.7.3.4 Also, all devices connected to or in proximity with the 1994 must maintain

the third-wire ground (earth) intact as set forth in current regulations.
2.7.4 Line Fuse

2.7.4.1 Check that the rating of the line fuse is suitable for the AC voltage range in
use. The fuse should be & 1/4 in. x 1 1/4 in., glass cartridge, Slow-Blow type. Line
voltage settings of 100 or 120V should have a 0.5A Slow-Blow fuse installed; settings of
220 or 240V should have a 0.25A Slow-Blow fuse installed.

2.8 STORAGE AND TEMPERATURE
2.8.1 The 1994 can be stored at temperatures ranging from -40°C to +70°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.

2.9 FUNCTIONAL CHECK
2.9.1 Introduction
2.9.1.1 The following test procedure confirms whether or not the 1994 is performing

correctly by checking most of the counter's circuitry. The procedure should be
conducted when the 1994 is first put into service and after shipment to a new location.

2.9.1.2 Now perform the following procedure:
a. Connect the 1994 to a suitable AC power supply
b. Power-on the counter. Verify that the instrument type number "1994"
is displayed for about two seconds, followed by the software issue
number
NOTE:

Home-state conditions for the 1994 are listed in Subsection 3.2.3. Consuit
as required.

c. Press the FUNCTION ¢ key once; the CHECK LED should light. Verify
that the display shows 10.0000000 E6 and that the GATE LED flashes



2.9.1.3

these tests.
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Press the RESOLUTION ¢ key five times, verifying that the display
resolution decrements by one digit each key press

Press the RESOLUTION¢ key to increase the resolution to nine display
digits

As required, the following additional tests may be performed using the
1994's special functions. Make sure the 1994 is in the Check mode before executing

a.

€.

il

Press key sequence (7T1)>SHIFT STORE SF SHIFT SF. Verify that all
LEDs, except those for TRIG A, TRIG B, GATE, and STBY, flash on
and off every two seconds.

Press key sequence SHIFT SF. Verify that SF LED is not lit

Provide a 5082 coaxial test lead fitted with BNC connectors. The lead
should be 60 em to 1m long.

Using the coaxial test lead, connect the 10 MHz STD., OUTPUT BNC
(see Figure 3.2) on the rear panel to the front-panel Input A connector

Press key sequence<77>SHIFT STORE SF SHIFT SF. This test
verifies the proper operation of Input A's input relays. Confirm that
the display shows *0,******* ) Hz where * is & blanked digit. The
X10, 502, DC, FILTER, and COM A LEDs for Input A should light in

turn

Disconnect the coaxial lead from Input A. The display should show an
error number after a few seconds. See Table 3.14 for error codes

Press key sequence SHIFT SF. Verify that SF LED is not lit

Using the same test lead, connect the 10 MHz STD. QUTPUT BNC to
the front-panel Input B connector

Press key sequence{78>SHIFT STORE SF SHIFT SF. This test
verifies the proper operation of Input B's input relays. Confirm that
the display shows *Q.**#*%** ) Hz as in step d. The X10, 508, and DC
LEDs for Input B should light in turn

Disconnect the coaxial lead from Input B and the 10 MHz STD.
OUTPUT BNC. The display should show Er 56

Press key sequence SHIFT SF. Verify that SF LED is not lit

Turn the 1994 off



SECTION 3 | LOCAL OPERATION

3.1 INTRODUCTION

3.1.1 This section contains information for operating the 1994 as a bench instru-
ment. It provides General Operating Information, Front and Rear Panel Descriptions,
and Operating Procedures.

3.2 GENERAL OPERATING INFORMATION
3.2.1 If the counter is being used for the first time or at a new location, ensure

thet the voltage selector is set for the correct local AC supply before turning on the
instrument. Refer to Subsection 2.7.2, as required, for details on line voltage selection.

3.2.2 Power-On and Self Test
3.2.2.1 Depress the POWER~ON/OFF button to its ON (=) position. Power should
now be supplied to the entire counter.
3.2.2.2 After a brief self-test, the counter will display the instrument number (1994)
for approximately two seconds followed by the software issue number.
3.2.3 Home State

- 3.2.3.1 After self-test, the counter reverts to a home state, ready for operation.

The following home-state conditions are selected after "self-test™
8.  Manual Trigger levels A and B (0.00V): enabled

b.  Time Interval DELAY: set at 200 us {min. value)
(Verify using key sequence SHIFT RECALL DELAY)

c. GATE Time: 100 ms
(Verify using key sequence SHIFT RECALL GATE)

d. Math constants X, Y, and Z: 0, 1, 1, respectively
NOTE

The user may set math constant Z to zero. However, any attempt to use the math
funetion with this value set will cause the generation of an error code.

e. FREQ A (8-digit resolution): enabled

f. Attenuation: 1X

g. Input Impedance: 1MQ for Inputs A and B
h.  Separate inputs (i.e., Common LED A is off)
i Filter: off

iR Slopes A and B: positive



k.  Special Funetions disabled {none stored)
L. Input A and B trigger levels: zero, displayed levels are off
m. Hold: off
n. Resolution: on
0. Input coupling: AC for Inputs A and B
3.2.4 Main Display

3.2,4.1 Readings are displayed in engineering format with a 9-digit mantissa, 1-digit
exponent, and floating decimal point. It is assumed that the reading is positive unless (1)
the negative-sign LED to the left of the display is lit, or (2) a negative sign precedes the
displayed mantissa. The largest display reading is 999.999999 with a +9 exponent; the
smallest displayed reading is 1.00000000 with a -9 exponent.

3.2.4.2 See Subsections 3.4.3 and 3.4.4, and Table 3.13 for details of gate time and
resolution. The selected function and resolution determine the number of digits dis-
played in the mantissa. In the frequency, period, frequency ratio, and check functions, 3
to 10 digits (3 plus overflow) can be selected. To change from 9 to 10 digits, the
RESOLUTION (4 ) key must be held down for approximately two seconds. Also, the gate
time may be programmed in increments rounded to the nearest 25.6 us using the range of
200 ps to 99.9 s. Stored gate times are immediately enabled. When the RESOLUTION
(1 1) keys are pressed, the counter is stepped up or down the closest decadie multiple of
ms,

3.2.4.3 LED indiecators for units in Hz (hertz), S (seconds) and V (volts) are located
to the right of the exponent display. Units for some functions are implied. For example,

phase angle measurements are in degrees. Seven LEDs (O/F, REM, ADDR, SRQ, EXT
ARM, EXT STD, and GATE) are situated immediately below the display (see Table 3.1).

3.2.5 Keyboard Organization
3.2,5.1 The front penel of the 1994 is arranged logically by funetion into color-
coded keyboard/LED groups. Refer to the front-panel figures and Table 3.1 for location
and description. Listed below (left to right) are the keyboard groups with their color
coding indicated in parentheses.

a.  General Operating (gray)

b.  FUNCTION (yellow)

¢. DATA ENTRY (brown)

d. INPUT A (blue)

e. INPUT B (blue}

f. INPUT C (blue)



3.3 PANEL DESCRIPTIONS
3.3.1 Pront Panel Features

S 3.3.1.1 Refer to Table 3.1 and the front-panel figures.
front-panel controls, indicators, and connectors.

NOTE:

They show and deseribe -

In the following table, LEDs shown in the "ltem" column with an asterisk (¥ are
described in their lit condition. Certain LEDs are associated with toggle keys; their lit

condition is specified.



Table 3.1 - Front Panel Controls, Indicators, and Connectors
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®

STBY Key/LED
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ORI
Reference Item Funetion/Description
E : ) POWER (ON/OFF) Button Switches power ON or OFF. In ON
position, power is supplied to the entire
counter
- N - S

Toggles counter into and out of

Standby. In Standby, power is supplied to
the internal reference standard :
(timebase) and the LED is lit

RESOLUTION Keys (}§)

Select the number of display digits from
3 to 10 (9 with overflow). Use of these
keys is function-dependent (see Sub-
section 3.4.3). Each key press either
steps the counter's resolution up (4) or
down (1) by a decade. The up {}) key
must be held down for about two seconds
to change from 9 to 10 display digits.
When the RESOLUTION up (4) and

down (1) keys are pressed, the gate time
is disabled

e ——

Key

2 j ) RESET/CONTINUE, LOCAL

This key provides the following:
RESET

Terminates the measurement in progress,
clears the display, and triggers a new
measurement

NOTE:

In the HOLD mode, pressing this key
triggers a new measurement cycle.

34

o)




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

Reference

O

Item

HOLD Key/LED

; i ) Measurement Display A T-segment LED digital display. Uses
engineering format with 9-digit

Punetion/Description

e e e e e et

CONTINUE

Returns the counter to the measurement
mode, triggers a new measurement
eyecle, after the display of a recalled
number or constant

LOCAL

Returns the counter to front-panel
control from remote control on the
GPIB, providing local lock-out has not
been set

Toggles counter into and out of HOLD
(single-shot measurement). LED lights in
HOLD. In HOLD, the measurement in
progress is completed and displayed. See
NOTE under Reference (4). Special
Funetion 61 causes the HOLD key to
successively start and stop measure-
ments for manual Totalize

mantissa, 1-digit exponent, and floating
decimal point. The display shows one of
the following depending on operational
state:

— Mmeasurement results

numbers for data entry

numbers for recall from constant or
function stores, including trigger
levels and peak values

-  error messages

]

!

NOTE:

The exponent LED is blanked and should
be considered zero during the following:

a. phase measurement

b. totalize measurement with less than
nine digits

e¢. numerie entries not involving an
exponent




Table 3.1

- Front Panel Controls, Indicators, and Connectors (Cont'd)
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Racal Instrisments 1994 UNIVERSAL CQUNTER
Reference Item Function/Description

i sttt e
Display 9-digit mantissa

6

e

Exponent Display LED*

One-digit exponent number

6C Exponent Sign LED* Negative exponent
O/F LED* Readout overflows the ninth digit of the
display. With 10s or greater gate times,
multiple overflows are possible
— —

( s) GPIB LEDs:

REM LED* Counter under remote control over the
GPIB interface

@ ADDR LED* Counter is being addressed as either a
talker or listener over the GPIB inter-
face

@ SRQ LED* Counter has transmitted a service

request over the GPIB interface

E j ) EXT ARM LED*

External arming or gating (Special Func-
tions 11-18) is controlling the measure-
ment

10

O

EXT STD LED*

Counter is operating from an external
frequency standard reference

3-6
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Table 3.1 - Front Panel Controls, Indicators, and Connectors (Cont'd)

Reference Item Function/Desecription
NOTE:
Counter automatically switches to the
external standard when the signal is
applied
i s e ———— Pt i
@ GATE LED* Gate is open and a measurement is in
progress
e — —— " i ———
@ Display Unit LEDs: NOTE:
These LEDs do not light when a phase
angle, ratio, totalize, math ecomputation,
or a constant is displayed
@ Hz LED* Units in Hertz for a frequency measure-
ment
12B S LED* Units in Seconds for & time measurement
V LED* Units in Volts for voltage level
sttt |

FUNCTION Keys (41)

Select in succession the counter's
measurement function. The corres-
ponding FUNCTION LED is lit. Function
selection "wraps around" at both ends
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Table 3.1 - Front Panel Controls, Indieators, and Connectors (Cont'd)
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Reference Item Funetion/Description

Indicate selected function

‘ FUNCTION LEDs:

1 FREQ A

&1 FREQ B

-3 FREQG C

-3 PERIOD A
—71 T A+B
£ TOTAL AbyB

qm

FUNCTION

T

& RATIO A/B

~E-1 RATIO C/B

—£27 RISE/FALL A
-3 PULSE WIDTH A
et PHASE Arel B
£ CHECK

OREEEE

EEEEOG

FREQ A* Input A Frequeney-measures frequencies
to 160 MHz (diréct gating), providing a
resolution of at least 9.digitsinls

@ FREQ B* Input B Frequency just as FREQ A

except frequency measurement to 100 MHz




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

Reference Item Function/Description

@ FREQ C* Input C Frequency (Option 41)}-measures
frequencies to 1.3 GHz with a resolution
of at least 9 digitsin 1 s at any freq-
uency

@ PERIOD A* Input A Period-megsures periods from
6.25 ns to 1.7 x 10%/s, with up to 9-digits
resolution per second of measurement

@ TIA B* Time Interval {Input A for start, Input B

for sto§). Intervals from -2 ns to

1x 10Y/s can be measured. When in
COM A mode, the measurement signal
applied to Input A is directed to both
Input A and B amplifiers

TOTAL A by B*

Totalize (Input A events gated by Input
B). Input A can totalize events at a rate
up to 1 x 108/s. A positive slope
selection on Input B starts positive, stops
negative, and vice~versa

14G RATIO A/B* Ratio A/B (Ratio of Frequency A to
Frequency B), with frequency range of
DC to 100 MHz
RATIO C/B* Ratio C/B (Ratio of Frequency C to

Frequency B)

RISE/FALL A*

Selects Rise/Fall Time for Input A,
depending on the trigger slope

condition. Input A Rise Time (positive
slope; 10% start and 90% stop trigger
points). Input A Fall Time (negative
slope; 90% start and 10% stop trigger
points). Default state is Rise A. Chang-
ing either Input A or B trigger slope
automatically changes the other input
and sets the counter to Fall A. Minimum
frequency is 50 Hz

PULSE WIDTH A

Input A Pulse Width. Default state is
Positive Pulse Width (positive start
slope, negative stop slope, 50% trigger
points). Changing either Input A or B
trigger slope automatically changes the
other input and sets the counter for
Negative Pulse Width (negative start
slope, positive stop slope, 50% trigger
points). Minimum frequency is 50 Hz

3-9




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

e e el ieterr
Phase difference {Input A relative to
Input B)

NOTE:

Phase, Rise/Fall, and Pulse Width require
a continuous signal during measurement

CHECK*

NOTE:

Designators for shifted key
funetions are underlined.
Also, designator "150" is
not used

: t ) { DATA ENTRY Keys/LEDs: | Permit data entry and user interface
with the 1994 other than input signal

Permits the 1994 to measure its own

10 MHz internal standard. The CHECK
function can be expanded using special
funetions (See Subsection 3.4.10)

conditioning and measurement functions

DATA ENTRY

ea@.| o o Ij
@____: ST(:HE HEC!U.. D(%f_

tJ]Eu
ity
® G ®

MEMORY GksT! [mm gf
B@— o=
o —t— £1 °
Lo SHIFT PEAKS _;xoo‘n
@ | L) o
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Table 3.1 - Front Panel Controls, Indicators, and Connectors (Cont'd)

Reference

Item

Function/Deseription

e s

E——

@

Unshifted Key Funetions:

Numerie Keys (0-9)

Entry of numbers and constants for
math, special functions, time-interval
stop delays, trigger levels, and gate
times. Also, used to recall machine
setups. When a numeric key is pressed,
the measurement in progress is aborted
and the display shows the entered num=~
ber

15

Decimal Point (.) Key

Inserts decimal point during numeric
entry

15

& ®

Positive/Negative (+/-)
Sign Key

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

EXP Key Changes the data entry mode so that the
next number-entered is the exponent
S CE Key Clears current display and starts a new

reading

& G ®

Shifted Key Funetions:

SHIFT Key/LED*

Enables any shifted key function. After
pressing a shifted key funetion (except
for STORE, RECALL, and MEMORY),
counter immediately returns to its
unshifted state with the SHIFT LED
turning off. Does not clear the display

SF Key/LED*

Enables all selected special functions
(SHIFT SF). Also stores ((NN>SHIFT
STORE SF) and recalls (SHIFT RECALL
SF) special functions. See Subsection
3.4.10 for details

DELAY Key/LED*

Enables a time~interval stop delay
(SHIFT DELAY) in TI A»B and

Totalize. Also, store ({value)SHIFT
STORE DELAY) and recalls (SHIFT
RECALL DELAY) a time~interval stop
delay. Enabling a delay in a non-TI
funetion produces an error message.
Selecting a non-T1I function when in delay
disables DELAY and turns off the LED




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

Reference

Item

(Tf) (R-X) Y/Z Math
Key/LED*

. Funetion/Description

T —

—

Selection of Math computation mode

]

@ PEAK A Key Displays positive and negative signal
peaks of Input A by using key sequence
SHIFT RECALL PEAK A

(159 PEAK B Key Displays positive and negatwe signal

peaks of Input B by using key sequence
SHIFT RECALL PEAK B

NOTE:

During recall of PEAK A or B, the
counter must be in the Auto-Trig mode.

[

100 AVE Key*

Permits counter to accumulate 100 gate
measurements and dxsplay the average.
A l-decade improvement in resolution
results. Enable the Average function
using key sequence SHIFT 100 AVG,
turning on the LED. Perform the same
sequence again to disable the funetion
and turn off the LED

ism

STORE Key

Stores constants for math functions, gate
time, time-interval delay, and special
functions. Used with MEMORY key to
store complete measurement (i.e.,
machine) setups
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Table 3.1 - Front Panel Controls, Indicators, and Connectors (Cont'd)

157}

Reference ; Item

Function/Description

T i e

RECALL Key

Recalls constants for math functions,
gate time, time-interval delay, special
functions, and peak A and B levels. Used
with MEMORY key to recall complete
measurement (i.e., machine) setups

MEMORY Key

Stores and recalls complete measure-
ment setups (SHIFT STORE/RECALL
MEMORY{(N)>where(N>=0 to 9). At~
tempted store or recall of an out-of-
range setup number produces "Op Er" as
error message

GATE Key

Stores and recalls gate time using cor-
responding key sequences{value) SHIFT
STORE GATE or SHIFT RECALL

GATE. The programmable gate time
range is 200 us to 99.9 5. Gate times are
rounded off to the nearest 25.6 us for
display, but can be entered in any valid
step size

ADDR Key

Used to display the counter's GPIB
address using key sequence SHIFT
RECALL ADDR. See Subsection 4.3 for
the address setting procedure

X/Y/Z Keys

Store and recall of Math computation
constants X, Y, and Z

b rer e
i

|

INPUT Aand B
Keys/LEDs

AUTO-TRIG Keys/LEDs*

Toggle the counter in and out of the
Auto-Trig mode for Inputs A and B. The
AUTO-TRIG LED lights in the Auto-Trig
mode. Press the TRIG-LEVEL key to
display the trigger level

TRIG-LEVEL Keys/LEDs*

Suecessive operations display Input A or
B trigger levels or store the displayed .
trigger levels, returning the counter to
its main funetion. The TRIG-LEVEL
LED flashes when the trigger level is
being displayed. The displayed trigger
level can be changed using either the
LEVEL#y¢ keys or via the front panel
keyboard.
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Table 3.1 - Front Panel Controls, Indieators, and Connectors {Cont'd)
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Reference Item Function/Description
Fr— s e e o2 et PP e bt
@ LEVEL*4 Keys Step the displayed trigger. level for-

Inputs A and B either up (} } or down (¢)
in 20 mV increments. Use the key
sequence TRIG-LEVEL LEVEL (#y)
TRIG-LEVEL to store the displayed
trigger level and return the counter to
its main function

®

Attenuation X10/X1
Keys/LEDs

Toggle Input A or B's attenuation.
between X1 and X10. The LED lights
when X10 attenuation is selected.
Changing the attenuation modifies the
displayed trigger level by a factor of 10
(1.00v, X1; 10.0V, X10)

&

J7_Keys/LEDs

Toggle Input A or B's trigger slope
between positive (_/ ) and negative
(".). LED lit in positive slope

[y
(=2
[25]

50/1 M§1 Keys/LEDs

Toggle Input A or B's input impedance
between 502 and 1 MQ2. LED lit in
502 mode

DC/AC Keys/LEDs

Toggle Input A or B's coupling between DC
and AC. LED lit in DC coupling

& ®

FILTER Key/LED

Toggles a low-pass filter (50 kHz cutoff
frequency) for Input A. LED lit when
filter is on

COM A Key/LED

Toggles Input A also to Input B. LED lit
in COM A mode

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

Reference

Item

TRIG LEDs/Inputs
Aand B

Function/Desecription

Tri-state LEDs indicating the counter's
trigger status:

a. LED Off-level too low

b. LED Flashing-triggering

¢. LED On-level too high

@)

INPUT(s) A and B

BNC connectors for INPUT(s) A and B,
INPUT A (DC to 160 MHz) is used for all
funetions except Frequency C (Option
41). INPUT B (DC to 100 MHz) is used
with INPUT A for Time Interval, Ratio
A/B, Totalize, and Phase measure~
ments. Input B is used with INPUT C for
Ratio C/B. Special Function 21
internally exchanges INPUTs A and B
(providing, e.g., PERIOD B, ete.
measurement capability)

INPUT C (Option 41)

BNC connector for high-frequency
INPUT C (40 MHz to 1.3 GHz range).
INPUT C is used with INPUT B for Ratio
C/B. Special Function 21 provides Ratio
C/A capability. Protection against
excessive signal levels (>5V rms) is
provided by a fuse in the input socket




3.3.2 Rear Panel Features

3.3.2.1
panel controls and eonnectors.

Refer to Table 3.2 and the figure at top. They show and describe the rear

Connectors @, @, , , @, @, and are BNCs.

Table 3.2 - Rear-Pane] Controls and Connectors

. LM Fust
& =
mAY
50

EXT !TB !XT Alll O STD.
N

oM
VOLTAGE ¢ ) \
SELECTION
i C::]v
=g ol
Ui i3V 130 m
T8I-TITV | T
AW {38!

CUTST mAt

SHU ANY, T, L4 SR ALY,

A AT My TALK oy ) Lag.atd
0, DCE OTE O, T

A uax ATOAESS

?
@

C O ﬁ& rrse) @jg‘,ﬁ‘;
@

"l

Ee[ O JoY)

® O 0600

Reference Item Funetion/Description
E j ) GPIB Connector GPIB (IEEE-STD-488-1978) connector
@ GPIB Address Switches Switches Al to A5 define the listen/talk

addresses for the counter in the
addressed mode. The Talk-Only switch
should be in the "0" position. The
counter is in the Talk-Only mode when
the switch is set to "1"

)

AC Power Input Socket

Standard connector for the AC power
supply

VOLTAGE SELECTION

Line voltage selection is changed by

Window repositioning a small printed circuit card
inside the counter. The selected voltage
is viewed through the window

LINE FUSE A i,4in.x 1-1/4 in. glass cartridge Slow-

Blow fuse. Line fuse ratings for avail-
able line voltages are shown on the rear
panel to the right of the fuse recep-
tacle. See also Subsection 2.7.4 in this
manual

3-18



Table 3.2 - Rear Panel Controls and Connectors {Cont'd)

Reference Item Function/Description
@ - 10 MHz STD. QUTPUT Output for 10 MHz internal reference
Connector signal
@ EXT. ARM INPUT Input for external arming/gating control
Connector : signal
EXT. STD INPUT Input for external reference frequency

standard. The required frequency is

10 MHz, unless the reference frequency
multiplier (Option 10) is installed. This
option permits acceptance of 1 MHz,

2 MHz, 5 MHz as well as 10 MHz
external reference signals

LEVEL ADJUST Adjustment of the trigger level for the
external arming input

OSC ADJ Adjustment of the internal reference
frequeney standard

INPUT A Connector Rear-panel Input A
(Option 01)

INPUT B Connector Rear-panel Input B
(Option 01)

INPUT C Connector Rear-panel Input C
(Option 01 for units
fitted with Option 41)

@ 6 6 6 6 e

TRIGGER LEVEL OUTPUTS | Outputs for Inputs A and B trigger
(A, B) levels. Voltage range at both pins is
£5.1V, regardless of attenuation

GATE QUTPUT Output for negative-going TTL-compat-
ible signal equivalent to the gate signal

®

3-17/3-18 Blank







3.4 OPERATING PROCEDURES

3.4.1 Measurement Functions

3.4.1.1 Tables 3.3 - 3.11 with figures describe the basic bench functions of the 1994.
NOTE:

Review as required Table 3.1, References 17 and 18, for use of Inputs A, B, and C,

including Special Function 21 permitting interchange of Inputs A and B. See also
Subsection 3.4.10 and Table 3.13 for speeial functions.
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Table 3.3 - Frequency Measurement
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Turn power on.
Select FREQ A, FREQ B, or FREQ C (Option 41) using FUNCTION keys @
If FREQ A or FREQ B is selected, set the AC/DC coupling and input

impedance as required.

Select the X10 input attenuation if desired. Attenuation setting is
sutomatie in the Auto-Trigger mode.

Connect the measurement signal to INPUT A (DC to 160 MHz) @ , INPUT
B(DC to 100 MHz) (17) , or INPUT C (40 MHz to 1.3 GHz) (18).
Select a specific gate time (valid range of 200 us to 99.9 s) if desired. For

small numbers, enter the gate time using the exponential format. The
displayed gate time will be rounded to the nearest 25.6 us. Use key

sequence {value) SHIFT STORE @ GATE . Programmed gate

times are immediately enabled with the resolution set accordingly. Skip
step 7 if step 6 is being used to enter the gate time.

Use the RESOLUTION*+keys @ to select the required display resolution
and gate time if step 6 was not used (see Table 3.12).

If FREQ A or B is selected, either select AUTO-TRIG (A or B) , or set
the trigger level manually using key sequence TRIG-LEVEL (A or B}

+/- (150) < value) TRIG-LEVEL (A or B) . Check that Input A/B TRIG

LED flashes.

NPT




10.

11,

12.
13.

Table 3.3 - Frequenéy Measurement {Cont'd)

If a frequency below 50 kHz is to be measured in the presence of high freg-
uency noise, select the FILTER .

If external arming/gating is needed, connect the arming/gating signal and
enter the required special function number. Enable special functions. Refer
to Subsection 3.4.8 for special function numbers and procedures.

Select the HOLD mode@for single-shot measurements. Press the RESET
@while in HOLD to trigger a new measurement.

If external arming/gating is in use, trigger a measurement cyecle.

Ensure that the GATE LED @ turns on during the measurement period.
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Table 3.4 - Period Measurement
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10.

@11

@

Turn power on.

@ ©® POLOE

Select PERIOD A using FUNCTION keys(13).
Set the AC/DC coupling @ and input impedance as required.

Seleet the X10 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Connect the measurement signal to INPUT A @ . PERIOD B may be
measured to 10 ns resolution using Special Function 21.

Select & specific gate time (valid range of 200 us to 99.9 s) if desired. For
small numbers, enter the gate time using the exponential format. The

displayed gate time will be rounded to the nearest 25.6 us. Use key

sequence{ value) SHIFT STORE GATE . Programmed gate

times are immediately enabled with the resolution set accordingly. Skip
step 7 if step 6 is being used to enter the gate time.

Use the RESOLUTION t+ keys (3)to select the required display resolution
and gate time if step 6 was not used (see Table 3.12).

Select AUTO-TRIG s or set the trigger level manually using key

sequence TRIG-LEVEL +/~ (159) <value> TRIG-LEVEL . Check
that Input A TRIG LEVEL LED (1a) flashes.

If a frequency below 50 kHz is to be measured in the presence of high freq-
uency noise, select FILTER .
If external arming/gating is needed, connect the arming/gating signal and

enter the required special function number. Enable special functions. Refer
to Subsection 3.4.8 for special function numbers and procedures.



11.

12.

13.

Table 3.4 - Period Measurement (Cont'd)

Select the HOLD mode @ for single-shot measurements. Press the
RESET @while in Hold to trigger a new measurement.

If external arming/gating is in use, trigger a measurement period.

Ensure that the GATE LED @ turns on during the measurement period.
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Table 3.5 - Time Interval Measurement
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Turn power on.
Select TI A~B using FUNCTION keys (19).

Set the AC/DC coupling and input impedance as required.

Select the X10 input attenuation if desired. Attenuation setting is
automatiec in the Auto-Trigger mode.

Select the slope for Inputs A/B as required. If the start and stop
signals are from the same source, select COM A .

Connect the start signal to INPUT A @ If a separate source for the stop
signal is used, connect the stop signal to INPUT B @ . TI B=A may be
measured usin_g Special Funetion 21.

Select AUTO-TRIG A/B » or set the trigger levels A/B manually using

key sequence TRIG-LEVEL +/~ (150) (value> TRIG-LEVEL (168) . Check
that Inputs A and B TRIG-LEDs flash,

Use the RESOLUTION %4 keys@when the display resolution will exceed 3
digits (100 ns).

NOTE:

The 1994's resolution is selectable down to 3 digits; however, the counter will display 1
digit when measurements to 0 ns are made.

3-24

9.

If delayed arming of the stop circuit is required, enter the delay info
memory using Kkey sequence <(value) SHIFT @ STORE @
DELAY @ Enable the delay using key sequence SHIFT @
DELAY @ . Refer to Subsection 3.4.5 for explanation of delayed stop
arming.

NPT & 1)




10,

11.

12,

13.

Table 3.5 - Time Interval Measurement {Cont'd)

If external arming/gating is needed, connect the arming/gating signal and
enter the required special funetion number. Enable special functions. Refer
to Subsection 3.4.10 for special function numbers and procedures.

Select the HOLD mode @ for single-shot measurements. Press the
RESET@whﬂe in Hold to trigger a new measurement.

If external arming/gating is in use, trigger a new measurement.

Ensure that the GATE indicator @ turns on during the measurement
period.
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Table 3.6 ~ Total A by B Measurement
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ofc

Turn power on.

&
Q0
®

Select TOTAL A by B using FUNCTION keys (13).
Select the AC/DC coupling and input impedance as required.

Select the X10 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Select the slopes as required.
NOTE:

Input A slope selects the slope of the events to be totalized. The measurement period,
however, starts on Input B slope and stops on the opposite slope.

6.

10.

3-26

Connect the signal to be totalized to INPUT A and the control signal to
INPUT B @ TOTAL B by A may be measured using Special Funetion 21.

Select AUTO-TRIG A/B » or set the trigger levels A/B manually using
key sequence TRIG-LEVEL (168) +/- (i5)<value> TRIG-LEVEL () . Check
that Inputs A and B TRIG LEDs (1&J) flash.

If a frequency below 50 kHz is to be measured in the presence of high freg-
uency noise, select the FILTER . .

If delayed arming of the stop cireuit is required, enter the delay into
memory using key sequence <{value> SHIFT @ STORE @
DELAY (). Enable the delay using key sequence SHIFT @)
DELAY . Refer to Subsection 3.4.5 for explanation of delayed stop
arming.

If external arming/gating is needed, connect the arming/gating signal and
enter the required special function number. Enable special functions. Refer
to Subsection 3.4.10 for special function numbers and procedures.




11.

12.

13.

Table 3.6 - Total A by B Measurement {Cont'd)

Seleet the HOLD mode@for single-shot measurements. Press the RESET
@while in Hold to trigger a new measurement.

If external arming/gating is in use, trigger a new measurement cycle.

Ensure that the GATE indicator @ turns on during the measurement
period.
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Table 3.7 - Manim Totalize Messurement
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1. Turn power on.
2. Select TOTAL A by B using FUNCTION keys@.
3. Select the AC/DC coupling and input impedance as required.
4, Select the X10 input attenuation if desired. Attenuation setting is
automatie in the Auto-Trigger mode.
5, Select the slope as required.
8. Enter Special Function 61 using key sequence 61 SHIFT @ STORE @
and SF . Enable special functions using key sequence SHIFT @ SF
7. Connect the measurement signal to INPUT A @
8. Set the AUTO-TRIG A - , or seleet the trigger level A manually using

key sequence TRIG-LEVEL +/- (i50) (value> TRIG-LEVEL . Check
that Input A TRIG-LED flashes.

g, If a frequency below 50 kHz is to be measured in the presence of high freg-
ueney noise, select the FILTER .

10.  Operate the HOLD key (5 ). Verify that the count stops and the GATE LED
@ is off. The displayed result is cumulative over successive measurement

cycles. Use the RESET key @to clear the display. Check that the main
display blanks before triggering new measurement cycles.
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Table 3.8 -~ Ratio A/B and C/B Measurements
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Turn power on.

Select RATIO A/B or RATIO C/B using FUNCTION keys (13).

Set the AC/DC coupling , input impedance , and slope(s) as

required.

Select the X10 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Connect one signal to INPUT B (17) and the other to INPUT A (17) or INPUT
C . The lower frequency signal should be connected to INPUT B,

Select a specific gate time (valid range of 200 us to 99.9 s) if desired. For
small numbers, enter the gate-time using the exponential format. The

displayed gate time will be rounded to the nearest 25.6 us. Use key.
sequence (value> SHIFT () STORE (&¥) GATE . Programmed gate

times are immediately enabled with the resolution set accordingly. Skip
step 7 if step 6 is being used to enter the gate time.

Use the RESOLUTION ¢y keys @ to select the required display resolution
and gate time if step 6 was not used (see Table 3.12).

If RATIO A/B is selected, either set trigger levels A and B manually using
key sequence TRIG-LEVEL +/- @ {value> TRIG-LEVEL , OF
select AUTO-TRIG A and B . Check that Inputs A and B TRIG LEDs
flash. For RATIO C/B, a trigger level for only INPUT B may be
specified.

If a frequency below 50 kHz is to be measured in the presence of high freg-
uency noise, select the FILTER .

o



10,

11.

12.
13.

Table 3.8 - Ratio A/B and C/B Measurements (Cont'd)

If external arming/gating is needed, connect the arming/gating signal and
enter the required special funetion number. Enable special functions. Refer
to Subsection 3.4.8 for function numbers and procedures.

Select the HOLD mode @ for single-shot measurements. Press the
RESET@while in HOLD to trigger a new measurement.

If external arming/gating is in use, trigger a new measurement cycle.

Ensure that the GATE indicator @ turns on during the measurement
period.
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Table 3.9 -~ Rise/Fall A Measurements
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1. Turn power oﬁ.

2. Select RISE A (default state) using the FUNCTION keys (13). Input A
trigger slope is positive (/). .

3. Use the slope key for Input A to change RISE A to FALL A by toggling
Input A slope to negative (),

4, Connect megsurement signal to INPUT A@.

NOTE:

All other controls are set automatically.
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Table 3.10 -~ Pulse Width A Measurement
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1. Turn power on.

2. Select PULSE WIDTH A using FUNCTION keys (13). Default state is pos-
itive pulse width with start-positive and stop-negative 50% trigger points.

3. Use the slope key for Input A ‘to change to negative pulse width by

toggling Input A slope to negative (). Negative pulse width has start-
negative and stop-positive 50% trigger points.

4. Connect measurement signal to INPUT A@. '
NOTE:

All other controls are set automatically.
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Table 3.11 - Phase Arel B Measurement
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1. Turn power on.

2. Select PHASE A rel B using FUNCTION keys (13).

3. Set the AC/DC coupling , input impedance , and slopes as

required. Selected slopes for signals A and B should be the same.

4, Select the X10 input attenuation if desired. Attenuation setting is
automatic in the Auto~Trigger mode,

5. Connect the signals to be compared to INPUT A @ and INPUT B@.

6. Select AUTO-TRIG A and B s or set the trigger levels A and B manually
using key sequence TRIG-LEVEL +/= (50) Cvelue> TRIG-LEVEL )
Check that Inputs A and B TRIG LEDs (&) fiash.

7. Ensure that the GATE indicator@tums on dﬁring the measurement period.
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.
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3.4.2 Trigger Level Setting
3.4.2,1 Introduction

3.4.2.1.1 Refer to Figure 3.1 for this subsection. The 1994 provides both manual and
automatic (including single-shot) trigger setting for Inputs A and B. Trigger level
readout is available on the main display.

3.4.2.1.2 Manual trigger selection involves setting the levels in either the *+5.1V or
+51V ranges, with corresponding resolutions of 20 mV and 200 mV. These ranges
correspond to attenuation settings of X1 and X10. Any valid trigger entry, having more
than 3 digits will be entered but truncated to just 3 digits when stored as a trigger
level. For example, 4.6432V becomes 4.64V (X1), or 4.6V (X10). Also, the trigger level
operates in 20 mV (X1) and 200 mV (X10) steps with all entries being rounded up. For
example, 1.3754V becomes 1.38 (X1) and 1.4 (X160).

3.4.2.1.3 Auto-trigger level is the mean of the positive and negative-peak values of
the input signal as automatically determined by the counter.
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Figure 3.1 - Trigger Level Setting
3.4.2.2 Manual Trigger Setting
ROTE:

An attenuation setting of X1 and a trigger level of 1.24 volts are used in the following
deseription.

3.4.2,2.1 Set the trigger level manually using one of the following key sequences:

a. To set a trigger level of +1.24, use TRIG-LEVEL @ {1.24>

TRIG-LEVEL

b.  To set a trigger level of ~1.24, use TRIG-LEVEL +/- (159 <1.24>

TRIG-LEVEL
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3.4.2.2.2 Pressing the TRIG-LEVEL key displays Input A or B's current trigger
level and causes the TRIG-LEVEL LED to flash.

3.4.2.2.3  This displayed trigger level can now be changed up ($) or down ({ ) in 20 mV
steps (X1) or 200 mV steps (X10) using either the LEVEL 4 ¢ keys , OF & new trigger
level entered from the keyboard.

3.4.2.2.4 Press the TRIG-LEVEL key again to return the counter to its main

function and store the displayed trigger level. The TRIG-LEVEL LED should stop
flashing, The key sequence for manual trigger level step-up/down and store is TRIG-

LEVEL LEVEL 44 TRIG-LEVEL (is9) .

3.4.2.2.5 Any manual trigger level that is out-of-range will produce an "Op Er" display
message. For example, entering 47.2V as a trigger level in X1 attenuation will generate

an "Op Er" display message. The operator should press the CONTINUE key@ to return
to the previous trigger setting in the measurement mode; select X10 attenuation ;
press the TRIG-LEVEL key to display the trigger level; reenter 47.2V. This new
trigger level may be stored or changed.

NOTE:

INPUT A and B each have a single trigger-level store. Using the Auto-Trigger mode
overwrites & manually stored trigger setting. Also, pressing the AUTO-TRIG key
while manually setting the trigger level enables the Auto-Trigger mode. Toggle the
AUTO-TRIG key off, then enter a manual trigger level.

3.4.2.3 Automatic Trigger Setting

3.4.2.3.1 Press the required AUTO-TRIG key to calculate and set the auto-
trigger level. Automatic attenuation oceurs in the Auto-Trigger mode.

3.4.2.3.2 Press the corresponding TRIG-LEVEL key @ to display the auto~trigger
level. The TRIG-LEVEL LED will flash when the trigger level is being displayed.

3.4.2.4 Single-Shot Automatic Trigger

3.4.2.4.1 Automatic trigger settings vary as peak input levels change. To execute and
store a single-shot auto-trigger level:

a.  Enter Special Function 31 using key sequence 31 SHIFT (IF) STORE

(&) andSF (59)

b. Enable special functions using key sequence SHIFT @ SF @

.  Press the AUTO-TRIG key . The LED lights as the level is cal-
culated and set, then turns off
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3.4.2.4.2 The stored level is retained as a manually set value until either (1) another
single-shot measurement is made, or (2) a new manual trigger level is entered.

3.4.2.4.3 To execute additional single-shot trigger settings, press the AUTO-TRIG
key again with Special Function 31 enabled.

3.4.2.5 Automatic Attenuation Setting

3.4.2.5.1 When operating in the Auto-Trigger mode, automatic switching of the X10
attenuator occurs as follows:

a. The attenuator is selected if the peak-to-peak value of the input signal
exceeds 5.1V or if either peak is outside the range 5.1V

b.  The attenuator is deselected if the peak-to-peak value of the input
signal is less than 4.6V and both peaks are within the range +4.6V

3.4.3 Display Resolution

3.4.3.1 In the 1994, except for totalize and phase, resolution for all funetions refers
to the number of displayed zeros when no input signal is being applied. Resolution of
totalize and phase measurements is determined by the input signal. (Resolution of time
interval, rise/fall, and pulse width is determined by both the resolution set and input

signal.}

3.4.3.2 The 1994's resolution can be set to any value from 3 to 10 digits. For a
resolution of 10, the most significant digit will overflow the display. A 10% overrange of
the counter’s display occurs without a change of range.

3.4.3.3 Results are rounded to meaningful values in all measurement functions.
Therefore, the number of displayed digits may be less than the selected resolution. For
example, in the time-interval function, the resolution may be selected down to 3 digits
{100 ns); however, the 1994 will display only 1 digit when measuring down to 0 ns. '

3.4.3.3.1 In frequency ratio, a maximum of 7 digits are displayed regardless of the
selected resolution.

3.4.3.3.2 In totalize, the display shows the true total of events counted from 1 to
999999999, For higher totals (ranges of 1 to 10EL8), an exponential display is used.

3.4.3.3.3 In phase, a maximum of 4 digits are displayed for frequencies to 1 MHz; 3
digits for higher frequencies. Any leading zeros are blanked. For frequencies above
10 MHz, the display resolution is 10° with a place-holding zero displayed as the least-
significant digit.

3.4.3.4 Display Resolution Setting

3.4.3.4.1 Display resolution for the 1994 is function-dependent and is set using the
RESOLUTION 4+ keys to select the number of display digits from 3 to 10 (9 plus
overflow)., To step up from 9 to 10 digits, the RESOLUTION + key must be held down for

about two seconds. The exponent digit will be set to zero when a 10~digit resolution is
selected.
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3.4.4 Gate Time

3.4.4.1 Refer to Table 3.12. In frequency, period, ratio, and check functions, the
gate time is set by the selected resolution.

Table 3.12 - Resolution and Gate Time

Resolution {no. of selected
digits) in Frequency, Period, : GPIB
Ratio, and Check-See Note 1 Gate Time Display Code
e Aot eererer e e ————
g + Overflow 10s Up Stop SRS* 10
9 1s g
8 100 ms Default 8
7 10 ms 7
6 1 ms 6
5| See 1ms 5
4 > Note 1 ms 4
32 1 ms Down Stop 3
NOTE 1:
The most significant digit is per~ *SRS=Store
mitted to exceed the resolution by Display Resolution
1 digit providing a 10% overrange. Command
This precludes unnecessary shifting
of digits.
NOTE 2:
Measurements of frequency, period,
ratio, and check are averaged when
these gate times are set.

3.4.4.2 Gate Time Storage/Recall

3.4.4.2.1 Use key sequences(value) SHIFT STORE GATE and SHIFT RECALL
GATE to store and recall gate times, respectively.

3.4.4.3 The default state is determined by the resolution selected (see table above);
the home state resolution is 8 digits or a 100-ms gate time.

3.4.4.4 Also, gate times may be programmed in inerements rounded to the nearest
25.6 us using the range of 200 us to 99.9 s. Whenever the counter is not in the reselution

mode and gate times are being set directly, the display resolution is dependent on the
input signal's frequency/time and gate time.
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3.4.4.5 Gate time may be extended over the programmed value as follows:
a  One period of the input signal on FREQ B, RATIO A/B
b. Two periods of the input signal on FREQ A, PERIOD A

3.4.4.6 When the counter's gate time is programmed, it is immediately enabled.
Pressing the RESOLUTION 44 keys will disable the gate time which reverts to the
nearest decade. .

3.4.5 Stop Arm Delay (Hold Off)

3.4.5.1 The arming of the stop input circuit may be delayed or held off when either
the TI A~B or TOTAL A by B function is selected. The programmable delay range is
200 us to 800 ms, with the display rounded to the nearest 25.6 us. In the home state, the
delay function is set at its minimum value of 200 us.

3.4.5.2 The stop arm delay can be useful in preventing premature triggering of the
stop eireuit by spurious signais (e.g., those resulting from relay contact bounce). Figure
3.2 below shows the principle of the stop arm delay.

WITHOUT DELAY

START
I
(e A |
| !
ot B -
| i |
T !
| z |
!
[
|
- ‘ I I
WITH DELAY

A = DESIRED MEASUREMENT
B = ACTUAL MEASUREMENT
C = ARMING DELAY

Figure 3.2 - Use of Stop Arm Delay
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3.4.5.3 Stop Arm Delay Storage

3.4.5.3.1 A stop arm delay is stored using key sequence <valued SHIFT
STORE DELAY, where(value) is in decimal or exponential form. _

3.4.5.3.2 The value of the displayed delay entered is rounded to the nearest 25.6 us
before it is stored. Attempted entry of an out-of-range value will result in an "Op Ep"

being displayed. The stored delay is retained when the counter is placed in the Standby
mode. The counter returns to the measurement mode automa_tically once the delay value

is entered.
3.4.5.4 Stop Arm Delay Recall

3.4.5.4.1 Recall stored delay values to the display using key sequence SHIFT RECALL
DELAY.

3.4.5.5 Stop Arm Delay Enabling/Disabling

3.4.5,5.1 Enable and disable the stop arm delay by successively using key sequence
SHIFT DELAY. The LED lights when the delay function is enabled.

3.4.6 Math Function (R-X) Y/Z

3.4.6.1 The math function applies to all counting and timing functions of the 1994
except phase measurement and check. This function permits measurement value R to be
offset, normalized, or scaled before display, using stored constants X, Y, and/or Z,
respectively. The display indicates (R-X) Y/Z after enabling the math function. Home
state values for X, Y, and Z are 0, 1, and 1, respectively (Z# 0 at any time).

NOTE:

It is possible to store a 0 for constant Z. However, Error 20 will result if the math fune-
tion is enabled with this value set.

3.4.6.2 Because the 1994 attempts to retain engineering format in its display, one or
two small place-holding zeros will be shown when a computation causes the display to
exceed counter resolution.

3.4.6.3 Math Constant Storage/Recall

3.4.6.3.1 Constants X, Y, and/or Z must be stored before enabling the math fune-
tion. Use key sequence {value) SHIFT STORE X/Y/Z, where {value) is in decimal or
exponential form, to enter any of the constants. The permissible range of values for the
math constants is +0.000000001 E-9 to +10000000000 E9 to nine significant digits. Any

number exceeding this range will result in an "Op Er" being displayed. The actual display
range for the 1994 is +999.999999 Et9. Use key sequence SHIFT RECALL X/Y/Z to

recall math constants.

3.4.6.3.2 The counter returns to the measurement mode automatically once the value
for the constant is entered.



3.4.6.4 Displayed Reading Storage

3.4.6.4.1 Use key sequence (R>SHIFT STORE X/Y/Z, to store displayed
reading {R> into either the X/Y/Z register.

3.4.6.5 Math Function Enabling/Disabling

3.4.6.5.1 Engble and disable the math funection by successively using key sequence
SHIFT (R-X)Y/Z. The LED lights when the math function is enabled.

3.4.7 Memory Funetion

3.4.7.1 Refer to Table 3.1, Ref, 15P for details,

3.4.8 Peak Level Recall

3.4.8.1 Press key sequence SHIFT RECALL PEAK A/PEAK B. The display shows

the positive and negative peaks of A or B. Using this feature requires Auto-Trigger
selected.

3.4.9 100 AVG Function

3.4.8.1 This function permits the counter to accumulate 100 measurements and
display the averaged result. The funetion may be applied to all counting and timing func-
tions of the 1994 except totalize. Resolution is improved by one display digit (one
decade). Any number exceeding the display range will produce an "Er 02" error message.

3.4.9.2 100 AVG Function Enabling/Disabling

3.4.9.2.1 Enable and disable the 100 AVG function by successively using key sequence
SHIFT 100 AVG. The LED lights when the 100 AVG function is enabled.

3.4.10 Special Functions

3.4.10.1 Table 3.13 lists the special functions available on the 1394, All special
funetions are designated by a two-digit special function number (NN).

3.4,10.2 Special functions are organized by decades, one for each of the nine man-
tissa display digits. One special funetion from each decade is entered into a special
function register. Only the second digit is stored; the decade is indicated by the position
of the digit in the register. Default state has a 0 entered in each position. To recall the
special functions setup, use key sequence SHIFT RECALL SF. Refer to Figure 3.3 for a
typical special functions display.
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Display Digits
1 0 2 0 3 0 4 0 O

I H
80
74  Special
60  Function
53  Numbers
40  Selected
32
20
11

Figure 3.3 - Special Function Register Display
3.4.10.3 Special Function Storage

3.4.10.3.1 Special function numbers must be entered into memory before special func-
tions can be enabled. Use the following key sequence to store, for example, special
funetion 21: 21 SHIFT STORE SF.

3.4.10.3.2 The digits for a special function number are shown on the display as the
numeric kKeys are pressed. Once the number is stored, the counter automatically returns

to the measurement mode.

3.4,10.3.3 When a number is stored, it overwrites the number stored in the same
decade. Therefore, to remove a number from its register, another number from the same
decade must be stored.

3.4.10.3.4 Numbers stored in the special function register are retained when the
counter is switched to Standby mode and as a front-panel setting in Recall Memory
mode.

3.4.10.4 Special Function Recall

3.4.10.4.1 Stored special functions are recalled for display using key sequence SHIFT
RECALL SF.

3.4.10.5 Special Function Enabling/Disabling
3.4.10.5.1 The power-on home state for special functions is that none are stored.
Default state then corresponds to the special function register, with all digits displaying
zero. Successively use Key sequence SHIFT SF to enable and disable stored special
functions. The LED lights when special functions are enabled.

NOTE:

Storing a special funetion when special functions are enabled immediately enables that
special function.
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Table 3.13 ~ Special Functions (SFs)

SF Number

10
11
12
15 —— Arming
16
17
18

.

20
21

30
31

46 ]
41
42

43

44

60
61

70
71
72

73

74
75
76

(i
78

rDisplay Time
between
measurement
cycles

Function
Start Stop
Defauit: Internal Internal
External+ve Internal
External-ve Internal
External+ve External+ve
External+ve External-ve
External-ve External+ve
External-ve External-ve
Default: Normal Operation
Inputs A and B interchanged. Permits
PERIOD B and TI B—+A measurements, for
example,
See Note 1 below:
Default: Continuous auto~-trigger measurement
Single-shot auto-trigger measurement
Default: Rdg. update rate x 150 ms
Rdg. update rate maximum
1s read rate
10s read rate
300s read rate -
See Note 2 below:
Default: Totalize Aby B
Manual Totalize
Default: Basie 10 MHz Check/Press CHECK key
_LED Check/Press CHECK key
Start TEC short continuous ealibration
(100 ns pulse applied); display shows TEC
count
Start TEC long continuous calibration
Diagnostic (200 ns pulse applied); display shows TEC
Testing | count

Stop TEC short calibration
Stop TEC long calibration
Input A and B DAC Check-continuously ramps

_through DACs

Input A relay check/Press CHECK key
Input B relay check/Press CHECK key
See Note 3 below:
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Table 3.13 - Special Functions (SFs) {Cont'd)

SF Number Funection

NOTE 1: In Special Function 21, Frequency B is
specified to 100 MHz only; Period B is
specified to 10 ns only; Totalize B by A
operates for one complete cyele of Input
A,

NOTE 2: Special Funections 40, 42, 43, and 44 are
available only in local operation. Special
Function 41 is selected automatically
when in remote operation.

NOTE 3: Special Functions 77 and 78 require
connection of & 10 MHz internal standard
to Input A or B.
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3.4.11

3.4.11.1

Error Codes

Table 3.14 lists the error codes that may be displayed by the counter during

local operation. All errors will be displayed either as "Er NN" where NN is g 2-digit code
number, or simply as "Op Er". Error codes will clear from the display as described in

par. 3.4,11.2.
Table 3.14 - Error Codes
Displayed Codes Error a
A e e o e —— AL — —_— —
Er 01 Signals of different frequencies used in phase measurement
Er 02 Measurement result too large or too small to display
Er 03 Overflow of internal counters
Op Er Numerical entry error (e.g., number out-of-range or attempt to
store trigger level in an auto-triggered channel)
o Programming error
Er 50 Basie Check mode error _
Er 51 X1/X10
Er 52 508¥1 M@
Er 53 Input A— AC/DC
Er 54 Relay FILTER in/out
Er 55 Check  COM A
Failure n
Er 56 X1/X10
Er 57 Input B — 50§¥/1 MQ
Er 58 LAC/DC
NOTE: Er 51-58 only oeccur in the Check and Special
‘Funetion 71-78 modes.
3.4.11.2 Error Code Clearance
3.4.11.2.1  Error code "Er 01" is cleared by:
a. Performing a phase measurement on signals of equal frequency |
b. Choosing another measurement funetion
3.4.11.2.2  Error codes "Er 02" and "Er 03" are cleared by:
a. Obtaining a measurement result that is within range
b. Choosing another measurement function
3.4.11.2.3 "Op Er" is cleared by pressing the RESET key,
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SECTION 4 | SYSTEM OPERATION

4.1
4.1.1

4.1.1.1
interface,

GENERAL PURPOSE INTERFACE BUS (GPIB)
Introduction

This subsection provides operating information for the 1994 using the GPIB
The IEEE-488-1978 interface permits remote control of all the counter's

funetions except POWER ON/OFF and STBY. Inputs and outputs are made via a standard
24-pin connector (see Figure 4.1) on the rear panel. Pin location, signal line
identification, and GPIB operation comply with IEEE-STD-488-1978. The GPIB provides
interface capability with other instruments and a controller also using the interface-bus
structure (see Figure 4.2). This figure also shows signal line designations and pin
assignments. [EEE-STD-488-1978 subsets available are listed in Table 4.1.

LR QML T L A [ R R U () W R W S VA G S N S G e S o
12111938 76 5 4 3 21 ®
2% 221201918 1716 15 14 1

Pin No. | Assignment Pin No. | Assignment
——
1 DIO 1 13 DIO § .
2 DIO 2 14 DIO 6
3 DIC 3 15 DIO 7
4 DIO 4 16 DIO 8
5 EQI 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, (10)
11 ATN 23 GND, (11)
12 SHIELD 24 GND, (8 AND 17)

Figure 4.1 - GPIB Connector (Rear Panel)



8, N
DATA = < < ~< >
HANDSHAKE —t < ~ < < S
INTERFACE ——t W W < >
CONTHOLLER 1994 X X
Pin Nomenclature - Deseription
e e et vl LTI bt o
1 DIO-1 Data In/Out Bit 1 (LSB)
2 DIO-2 Data In/Out Bit 2
3 DIO~3 Data In/Qut Bit 3 Data lines are used to
4 DIO~4 Data In/Out Bit 4 transfer data from one
13 DIO-5 Data In/Out Bit 5 instrument to another
14 DIO-6 Data In/Out Bit 6
15 DIO-7 Data In/Out Bit 7
16 DIO~8 Data In/Out Bit 8
6 DAV (Data Valid) Handshake lines operate
7 NRFD (Not Ready for Data) in a proper time sequence
8 NDAC (Not Data Accepted) for complete communication
between instruments
5 EOQI (End or Identify)
g IFC (Interface Clear) Interface lines are used to
10 SRQ (Service Request) provide an orderly flow of
11 ATN (Attention) information between units
17 REN (Remote Enable)
12 SHIELD
18 GND (8)
19 GND (T)
20 GND (8)
21 GND (9)
22 GND (10)
23 GND (11)
24 GND(5and 17)

Figure 4.2 - Interface Signal Pin Assignments



4.2 GPIB DESCRIPTION

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

Logic Levels: 1 = Low = £.8Y
0 = High = 22.0V

Input Loading: Each input = one TTL load

Qutput: The output is capable of driving 15 interface bus loads. It
consists of an open-collector driver and is capable of

sinking 48 mA with a maximum voltage drop of 0.4 volts.
See the IEEE-488 Electrical Specifications.



Table 4.1 ~ JEEE-488-1978 Standard Interface Subset Capability

GPIB
Subset Description Applicable Capability
SHi1 Source Handshake Complete Capability
AH1 Acceptor Handshake Complete Capability
TS Talker Complete Capability
(1) Basic Talker
(2 Serial Poll
(3) Talk Only Mode
(4) Unaddress if MLA
TEO Extended Talker None
L4 Listener Complete except Listen Only
(1) Basic Listener
(2) Unaddress if MTA
LEO Extended Listener None
SR1 Service Request Complete Capability
RL1 Remote/Local Complete Capability
(1) REN - Remote Enable
(2) LL0 - Loeal Lockout
(3) GTL - Go to Local
PPO Parallel Poll No Capability
DC1 Device Clear Complete Capability
(1) DCL - Device Clear
(2) SDC - Selected Device
Cleer
DT1 Device Trigger Complete Capability
GET - Group Execute Trigger
Co Controller No Capability
El Open Collector Bus Drivers

A_A




4,2.2 The signal lines shown in Figure 4.2 consist of three functionally separate
sets: Data, Handshake, and Interface.

4,2.2.1 Data ~ the data lines consist of DIO-1 to DIO-8. These lines are the signal
channels over which data flows between ali instruments on the bus in bit-parallel, byte-
serial form. ' '

4.2,2.2 Handshake - these three transfer lines consist of: DAV (Data Valid), NDAC
(Not Data Accepted), and NRFD (Not Ready for Data). These lines provide
communication between GPIB bus members (i.e., between the instrument that is talking
and the instrument(s) that are listening) to synchronize the information flow across the
eight data lines. These lines derive their nomenclature from their meaning in the low or
1 state {(e.g., when NRFD is low, the device is Not Ready for Data).

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

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

c. NDAC-  when low, it signifies that information is not accepted by
the acceptor bus device

4.2.2.3 Interface ~ these five interface lines coordinate the ihformation flow on the
bus.

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

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

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

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

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



4.2.3 GPIB Handshake

4,2.3.1 The handshake sequence is the process by which each data byte is
transferred from the source to the acceptor.

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

chart.

18T DATA TRANSFER CYCLE 2ND DATA TRANSFER CYCLE
- e N A ~
pAv ‘\ /"‘
- NRFD \"

:

NDAC

Figure 4.3 - Handshake Sequence



SOUACE ) ACCEPTOR

START START

SET
A NAFD NDAC
LOW

SET AV HIGH

¥

ADD OR ALTER
DAT A& ON
DIO LINES

1S DAV LOW

SET DAV LOW DATA i5 VALID AND
CAN BE ACCEPTED
SET
- NRFD
LOwW
ACCEPT
DATABYTE
;
Y
NDAC GOES HIGH WHEN SET
ALl ACCEPTORS MAVE NDAC
ACCEPTED T HIGH
SET DAV HIGH

YEg MORE SET
OATA NOAC
s LOW
A
NO
END

Figure 4.4 ~ Handshake Flow Chart



4.3 GPIB ADDRESS ASSIGNMENT

4.3.1 The 1994 must be assigned an address as a bus member when operating in a
GPIB system. Assigning an address to the counter permits it to be "ecalled up" by the
system controller or other resident bus device without interfering with them.

NOTE:
Only a total of 15 devices, including the 1994, can reside on any single 488-bus.

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

4.3.3 Table 4.2 contains all the information required for setting the counter's
address and determining the talk and listen address codes used in programming the
controller.



Table 4.2 - 199*_; GPIB Address Assignment

ASCH DATA LINES ADDE???&@TCH
* iN B
CHARACTERS 0, Dg | D5 | Dg i D3| Dy Dy TALK AAAAA DECIMA
aNLY] 5 4 3 2 1 .
ADDRESS [T Z3 %355 ADDRESS
TALK | LISTEN| TALK | LISTEN f&fﬂd g&d
SP 0 1 clo|ojo|o 0
........................................ ’f-éd&ddd 00
@ 1 0 ol o] oo o0
! 0 1 ¢ | 000 1 g
.................... | O Y SUPLNN DU TOOER SO A Tdddd&q o1
A 1 0 ¢[00 |0 i
" 0 1 I I I I A o
......................................................................... }*ddﬁd?d a2
8 1 0 1|0

0 0
& 0 1 0 0 1 i 2
R A e e NS R S R Tdd&dqq 03
$ 0 1 0 0 1 0 iy
R it RUIEU U S B SRl e ?dddﬁ&d 04
% ) 1 0 0 1 c ! H
S R S SR & S R I S fdadeq 05
& 0 1 0 0 1 1 a a
T e R R R0 RS S SR e ?dédqga 06
.......... wostom| O | 110 10 1l AARL O 07
G 1 3] 0 0 1 1 ! t
( 0 1 o} 1 0 G 0
R Tor Jt RS s S S ?ddQJdé 08

H 1 0 4} 1 Q Q
} 0 i 1 0 1 ¢ 0 1 o
............................................................. do §ddgdﬂq 09
! 1 8] 2] 1 0 Q 1
. Q 1 0 1 g 1 a o
....................................................................... ;adqaq& ) 10
J 1 0 0 1 4] 1 0
0 Q

+ 0 1 1 (I o
................... 1 SO FOUUULTUON SR SO UGT SURIOE SRR ;ﬁdqagq 11
K 1 0 I A T T T O
, 0 1 o 1|10 o0 s
................... | ROV RSO SR SUSURS DRSS UULITY ISPV ?ddQQ&d 12
L 0 111 0

1 0 0
- 0 1 o | 1 1o 2
.......... P A N SR SO AP SOTE SO f&@quq 13
M 1 0 o | 111 |0
0

. ) 1 1 1 1 o] 2 ‘
................................................ S Y S, ?ddﬁ@@d 14
N 1 0 0 1 1 i )
/ Q 1 a 1 1 1 1 a
........................................................................ ;&aqqqq 15
(6] 1 Q 0 t 1 1 1

**The "Talk Only" switch is set to "ON" when used with a printer or other "listen only"
device.
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Table 4.2 ~ 1994 GPIB Address Assignment (Cont'd)

ASCII _ DATA LINES ADDRESS SWITCH
CHARACTERS «x SETTING

o D =D D D D D TALK. A A A A A

7 5 5 43 "2 1 DECIMAL

ONLY] 5 4 2 2 1 ADDR

ADDRESS 1[TZ3Z55% DRESS

TALK | LISTEN| TALK | LISTEN ?&[ﬂ ddd
16 8 4 2 1 o
@ 0 1 1 0 0 0 ]

.......................................... PR St HAE S §dqa&da ~ 18

1 o | o | o0
1 0 ¢ | oo o
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll u
; ; ; duk* [ fu ] ' IS
1 1

1 0 0 1
2 0 °© |0 0

B R AR SIUAE S St R AR g&qddqd 18
1 1 0 1 1

1 0
_ 0 0 :
e S U e O i B EE qu[jaqq 19
1 1 0 1

1 1 1
4 o ) 0 0
........ B U0 O O O 0 P N s 30 (Y 1o 1o | ”
T 0 1 0 0
t 1 0 1

1 1 0
5 0 1|0 :
.......................................................................... AgAgAY 21
U 1 0 1 0 1 0 1
B 0 1 1 9] 1 1 0 °
........................................................................ A AgUA 22
v 1 0 1 0 i 1 0
7 0 1 1 0 1 1 1 o
........................................................................ t[!gdqqg 23
w i 0 1 0 1 1 Ty
8 0 ] 1 1 0 o 0 2
......................................................................... LI ELLL "
X 1 0 1 1 g 0 0
g 0 1 1 1 0 0 1 °
.......................................................................... ’dqq&ﬁq 26
Y 1 0 1 1 0 0 1
: 0 1 1 1 0 1 0 o
......................................................................... ﬂ}WW&QH 26
2 1 0 1 1 0 1 0 .
; 0 1 1 1 o 1 1 ® )
......................................................................... AJUAYY 27
{ 1 0 1 1 0 1 1
< 0 1 1 1] 1 0 0 o
............................................................... [ ;dqqq&a 28
\ ] 0 1 1 H o 0
= 0 1 i 1 1 0 1 g
........................................................................ ;&WM‘J 29
] 1 o 1 1 1 0 1
> o 1 1 i 1 1 o 2
......................................................................... AOU99A 20
I 1 0 1 1 1 1 0
NONE ILLEGAL NONE 31

**The "Talk Only" switeh is set to "ON" when used with & printer or other "listen only"
device.
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4,34 Note in the table the column headed "ADDRESS SWITCH SETTING", It
illustrates the positions of switches Al to A5 for each number address listed in the far
right column. To set the GPIB address, simply select the desired decimal address for the
counter, refer to the table, and set the switches on the address selector to the
corresponding pattern shown in the column.

4.3.5 Once an address has been assigned and stored, the controller may then
address the 1994 as a talker/listener by transmitting the appropriate ASCII character on
the data lines. The "DATA LINES" column of the table shows the 7-bit binary codes for
every talk/listen address assigned to the counter. The controller transmits these codes
to the counter to establish its talker/listener status.

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

4.3.7 The counter's GPIB address can be displayed in decimal form using key
sequence SHIFT RECALL ADDR. If the 1994' bus address is changed, the previous key
sequence must be repeated to display the new address. Press the CONTINUE key to

return the 1994 to the measurement mode.

4.3.8 The rear-panel GPIB switch bank provides a "Talk-Only" selector switch (see
Subsection 4.6.2). -

4.3.9 The 1994 is preset at GPIB address 03 when shipped.

4.4 GPIB FUNCTIONAL CHECK

4.4.1 Introduction

4.4,1.1 The following procedure verifies the 1994's capability to accept, process,

and transmit GPIB messages. Complete a satisfactory check of the counter under local
control before starting this procedure (see Subsection 2.9).

4.4,1.2 Successful completion of the GPIB check indicates that the counter's GPIB
interface is operating properiy.

4.4.1.3 For recommended test equipment use a Hewlett-Packard Model HP-85 GPIB
controller with /O ROM in s drawer. [t is assumed that the select code for the

controller I/O port is 7 and the GPIB address of the counter is 15.

NOTE:

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

4.4.1.4 Conneect the controller to the GPIB interface of the counter using & standard
GPIB cable. No connection should be made to Inputs A, B, or C.



4.4.2 ~ Remote and Local Check
4.4.2.1 Now perform the following procedure:
a. Power-on the counter. Verify that the REM, ADDR, and SRQ LEDs
flash on and off once. If the indicators do not f{lash or flash
continuously, there is a fault on the GPIB PCB.

b. Test as shown below:

Action HP-85 Code Your Controller
Send the REN command REMOTE 715

true, together with
the 19894's listen
address

e. Verify that the REM LED lights

d. Test s shown below:

Action HP-85 Code Your Controller
Send the device- OUTPUT 715;
dependent command "CK"
CK

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

f. Test as shown below:

Action HP-85 Code Your Controller

Send the 1984's listen LOCAL 715
address followed by
the GTL ecommand

g. Verify that the REM LED is off. The ADDR LED will also extinguish if
the controller automatically transmits the UNL (unlisten) command true
as with the HP-85

4-12



4.4.3

4.4.3.1

Local Lockout and Clear Lockout Check

Test as shown below:

true, together with -
the 1994's listen
address

Send the LLO command

Action HP-85 Code Your Controller
e T
Send the REN ecommand REMOTE 715

LOCAL LOCKOUT 7

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

b. Test as shown below:

Action

HP-85 Code

Your Controller

-

Send the REN command
false

LOCAL 7

e. Verify that the REM LED is off

d. Test as shown below:

Action

HP-85 Code

Your Controller

Send the REN command
true, together with

the 1994's listen
address

REMOTE 715

e. Verify that the REM LED lights. Operate the LOCAL key and check
that the REM LED extinguishes



4.4.4
4.4.4.1

A-14 .

Data Output Check

Test as shown below:

Action

HP-85 Code Your Controller

Send the 19984 in the
Check mode by sending
the counter's listen
address, followed by
the device-dependent
command CK

Prepare a store to
receive a 21-byte
data string

Send the 1994's talk
address. Store the
21-byte data string
in the prepared store

Display the contents
of the store

QUTPUT 715;
oK

DIM Z321

ENTER 715; Z3

DISP 73

a. Verify that the HP-85 display reads CK+0010.0000000E+06 with the
cursor moved to the next line, indicating that carriage return (CR) and
line feed (LF) have been accepted 2



4.4.5

4.4.5.1

SRQ and Status Byte Check

Test as shown below:

Action

HP-85 Code

Your Controllier

Send the REN command

true

Set the 1994 to
transmit the SR@
command when an
error is detected,
and force the gener-
ation of error code 0_
by sending device-
dependent command
XXX

Store the status of

the GPIB interface of
the controller, in
binary form, as variable
T

Display the status of
the SRQ line

REMOTE 7

OUTPUT 715;
MPXXX"

STATUS 7,2; T

DISP "SRQ=";
BIT (T,5)

a. Verify that the HP-85 display reads SRQ=1, the SRQ status bit is at

logie 1. Confirm that the SRQ LED is lit

b. Test as shown below:

Action

HP-85 Code

Your Controller

Conduct a serial poll
and store the status
byte as variable R

Display variable R

R=SPOLL (715)

DISP "R="; R

e¢. Verify that the SRQ LED is extinguished when the serial poll is made.
The value of R should be 101 (in binary form,

0000000001100101)

R

should be
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4.4.6 Device Clesr and Selected Device Clear Check

4.4.6.1 Test as shown below:
Action HP-85 Code Your Controller
iAol A —
Set the 1994 to the OUTPUT 715;
Total A by B mode , HT AN

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

Send the DCL command CLEAR 7
frue

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

b. Test as shown below:

Action HP-85 Code Your Controller
el it .
Reset the 1994 to the OQUTPUT 715;

Total A by B mode by "TAN
sending the instru- _
ment's listen address,
followed by device-
dependent command TA

Send the SDC message CLEAR 715
true

¢. Verify that the funetion indicated on the front panel changes to FREQ A
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4.4.7 IFC Check
4.4.7.1 Test as shown below:
Aection HP-85 Code Your Controller
mSend the ATN message RESUMEE 7 e
false
Send the IFC message ABORTIO 7
true
a. Verify that the ADDR LED is extinguished
4.4.8 Talk~-Only Selector Check
4.4.8.1 Perform the following procedure:
a. Set the Talk-Only switch on the 1994's rear panel to 1. Verify that the
REM LED is turned off and the ADDR LED lights
b. Set the Talk-Only switch to 0. Verify that the ADDR LED is turned off
4.5 INTERFACE MESSAGE REPERTOIRE and RESPONSE
4.5.1 Introduction
4.5.1.1 The 1994 is equipped with a standard GPIB interface designed to meet IEEE-

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

a. Primary command group

b. Secondary command group

This ecounter incjudes only the primary commands in its interface repertoire.

4,5.1.2

The primary command group is further divided into four categories:
a. Listen address commands

b. Talk address commands

¢. Addressed commands

d. Universal commands
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4.5.2 Listen and Talk Address Commands

4,5.2.1 The counter responds to sddress messages defined by the programmed GPIB
address set from the rear panel. Refer back to Table 4.2 as required for a listing of the 31
talk and 31 listen addresses. The 1994 will respond to talk and listen address messages
regardless of its addressed state.

4,5.2.2 Listen Addresses

4,5.2.2,1 Receipt by the counter of a listen address makes it a listener. If previously
addressed to talk, the counter ceases to be a talker. In in Local mode, the counter reverts
to its Remote state, provided the REN message is true.

4,5.2.3 Talk Addresses

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

4.5.2.4 Talk Addresses ~ Other Devices

4.5.2.4.1 If the counter was previously addressed to talk, then receives the talk address
of another bus device, the 1994 ceases to be a talker.

4.5.3 Addressed and Universal Commands

4.5.3.1 Table 4.3 lists the Addressed and Universal commands to which the 1984
responds. These interface commands are recognized because they are sent with the ATN
message as true. The following paragraphs desecribe the counter's response to each of these
commands.

Table 4.3 - Addressed and Universal Commands

' Hex Decimal Dats Line Code

Message Meaning Code Equivalent 6 |5 4|3
GTL Go To Local 01 1 FREERERE
SDC Selected Device Clear 04 4 0100 |1
GET Group Execute Trigger 08 8 0 :G6 |10
LLO Loceal Lock Out 11 17 0 :1 00
DCL Device Clesar 14 10 0 {10 |1
SPE Serial Poll Enable 18 24 ¢ :1 11 ]0
SPD Serial Poll Disable 19 25 0 i 1/1 ¢
UNL Unlisten JF 63 1 /17111
UNT Untalk 5F 9 011 1 1




4.5.3.2 Go To Local (GTL)

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

4.5.3.3 Selected Deviee Clesr {SDC)

4.5.3.3.1 Provided the counter is in remote and a listener, it reverts to home state.
The condition of the GPIB interface remains unchanged. The decimal and hex
equivalents are both 04.

4.5.3.4 Group Execute Trigger (GET)

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

4,5.3.5 Loeal Lockout (LLO)

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

4.5.3.6 Device Clear (DCL)

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

4.5.3.7 Serial Poll Enable (SPE)

4.5.3.7.1 This command permits all bus members, including the counter, to set their
SRQ line to binary 1, informing the controller that attention is required. The 1994
responds to this command regardless of its addressed state. Each bus member, having
been made a talker, is then serially interrogated by the controlier to determine which bus

member(s) requested service and the purpose of each request. Bus members respond by
transmitting their respective status bytes to the controller. All members respond to the

SPE regardless of their addressed state. The hex and decimal equivalents are 18 and 24,
respectively.

4.5.3.8 Serial Poll Disable {(SPD)

4.5.3.8.1 This ecommand returns all bus members to normal operation after completion
of a serial poll. All bus members respond to the SPD command regardless of their
addressed state. If addressed to talk, a bus device will put its data output string on the
GPIB, provided such data is available in its output buffer. The decimal and hex
equivalents are 25 and 19, respectively.
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4.5.3.9 Untalk (UNT)

4.5.3.9.1 This universal command instructs all talkers, including the counter, to return
to their untalk or talker-idle state. All bus members are glso removed from their talker

state whenever a talk address other than their own is received. In the Untalk state, the
front-panel ADDR LED is turned off. The decimal and hex equivalents are 9 and 5F,

respectively.
4.5.3.10 Unlisten (UNL)
4,5.3.10,1 This universal command instruets all listeners, including the counter, to

return to their unlisten or listen-idle state. In the Unlisten state, the front-panel ADDR
LED is turned off. The decimal and hex equivalents are 63 and 3F, respectively.

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

been assigned its correct bus address (see Subsection 4.3) and that the correct AC line
voltage has been selected (see Subsection 2.7.2). The last instruction is especially
important if the 1994 is being used for the first time or at a new location.

4,6.1.2 The 1994 can be operated on the GPIB in either its Talk-Only or Addressed
mode.

4.5.2 Talk-Only Mode

4.6.2.1 To set the counter in this mode, place the "Talk Only" switch of the GPIB

switeh bank in its logic "1" position. The GPIB interface is now in the Talk-Only mode
and the settings of switches Al to A5 are irrelevant.

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

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

4.6.2.4 The listener triggers the transfer to data from the counter. The counter's
output buffer is cleared when data transfer is completed.

4.6.2.5 Differences between the measurement rate and data transfer trigger rate
are resolved as follows:

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

b. If data transfer is requested during a measurement cyele and the
output buffer is empty, data transfer is delayed until the buffer is
updated. Data transferred will then correspond to the latest
measurement cycle
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C. If a measurement eyele is completed before the results of the previous
cycle have commenced transfer to the listener, the buffer will be
updated. The data from the previous cyele will be overwritten and
lost.

4.6.2.6 Measurement rate in the 1994 is affected by the following:

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

b. A time interval delay can be set using the range of 200 ps to 99.5 s

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

4.6.3 Addressed Mode

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

4.7 OUTPUT MESSAGE FORMAT (TALKER)
4.7.1 Introduction
4.7.1.1 Refer to Table 4.4. The same output format is used for transmitting

measurement values as well as numbers recalled from the counter's internal stores.
4,7.1.2 The output message consists of a string of 21 ASCI characters for each
transmitted value, Measurement units should be assumed as hertz, seconds, volts,
degrees, or a ratio, depending on ecommands previously sent to the counter.

NOTE:

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

Byte No. Interpretation Permitted ASCI Characters Notes
1 Function letter or space-the See Table 4.5 Spaces are trans~
latter only if programmed by mitted
special function
2 Function letter or space See Table 4.5
3 Measurement sign +or -
4 Most significant digit 0to8 Bytes 4 to
5 Digit 0to9or. 15 will always
6 include 11 digits
7 and decimal point.
8 Zeros are added
9 when necessary in
10 the more
11 significant
12 positions
13
14
15 Least significant digit !
16 Exponent indicator E Upper case only
17 Exponent sign +or-
18 More significant digit 0to8 Exponent is a
19 Less significant digit 0Oto 8 multiple of 3
20 Carriage return CR
21 Line feed LF
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Table 4.5 - Funetion Letters

Funetion/Operation

Frequency A
Frequency B
Frequeney C

Period A

Time Interval A=B
Totalize Aby B

Ratio A/B

Ratio C/B

Rise Time A

Fall Time A

Positive Pulse Width A
Negative Pulse Width A
Phase A rel B

%

e

Recalled Data

sl bt L ——
e TS

Unit Type
Resolution
Trigger Level A
Trigger Level B
Math Constant X
Math Constant Y
Math Constant Z
Delay Time
Special Function
Master Software Issue
GPIB Software Issue
Gate Time
Memory (Non-Vol)

Funection Letters

FA
FB
FC
PA
T1
TA
RA
RC
RT
FT
PwW
NwW
PH

Function Letters

UT
RS
LA
LB
MX
MY
MZ
DT
SF
MS
GS
GT
M

4.7 .2

4.7.2.1

High~Speed Data Output Mode
The 1994 provides a High Speed Output mode which is capable of

transmitting over 150 readings per second in raw data format. The High Speed Output
mode is intended for applications in which the controller can store the readings for later

processing.
information,

4.7.2.2

Once the data is received, it must be processed to extract useful

Table 4.6 below shows the format of the data sent by the 1994 while in the

High Speed Output mode. An explanation of symbols follows the table,
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Table 4.6 - High Speed Output Mode Format

Byte Comments
No. | D7 D6 DS b4 D3 D2 D1 Do
Aok el e e et om0 et ot i — T ———

1 E7 E6 E5 E4 E3 E2 El E0 Least significant byte of
Event counter

2 E15 | E14 E13 E12 Ell El0 E9 E8 Next to least significant
byte of Event counter

3 E23 | E22 E21 E20 E19 E18 E17 Eié Next most significant
byte of Event counter

4 — T26 T25 T24 - E26 E25 E24 Most significant three bits
of Time and Event counters

5 T7 T8 TS T4 T3 T2 Tl TO Least significant byte of
Time counter

6 | TI5 |Ti4 | T3 | Ti2 | TI1 | TI0 | T9 | T8 | Next to least significant

: byte of Time counter

7 T23 | T22 T21 T20 Ti9 T18 T17 T16 Next most significant
byte of Time counter

8 TT7 | TTS TTS TT4 TT3 T2 TT1 TTO Least significant byte of
Start TEC counter

9 TP11; TP10| TP9 TP8 TT11| TT10| TTS TTS Most significant four bits
of Start TEC and Stop TEC
counters

10 TP7T | TP TPS TP4 TP3 TP2 TP1 TPO Least significant byte of
Stop TEC counter

11 ST7 | ST6 STS ST4 ST3 ST2 ST1 STO Least significant byte of
short calibration Start
TEC counter

12 SP11, SP10| SPS SP8 ST11 | ST10 | STS ST8 Most significant four bits
of short calibration Start
TEC and Stop TEC counters

13 SP7 | SP6 SP5 SP4 SP3 SP2 SP1 SPo Least significant byte of
short calibration Stop
TEC counter

14 LTT | LT6 LTS LT4 LT3 LT? LT1 LTO Least significant byte of
long calibration Start
TEC counter




Table 4.6 - High Speed Output Mode Format (Cont'd)

DY

Dé

D5

D4

16

17

18

19

LP11

LP7

DT7

DP11

DP7

LP10

LP6

DTé

DP10

DPé6

LPS

LP5

DTS

DP9

DP5

LP8

LP4

DT4

DP8

DP4

D3 D2 D1 DG

Comments

LT11 | LT10 | LT9 | LT8 | Most significant four bits

of long calibration Start
TEC and Stop TEC counters

LP3 LP2 LP1 LPO Least significant byte of

long calibration Stop
TEC counters

DT3 | DT2 DT1 DTG Least significant byte of

delay calibration Start
TEC counter

DTI1 | DT10 | DTS DT8 | Most significant four bits

of delay calibration Start
TEC and Stop TEC counters

DP3 DP2 DP1 DPO Least significant byte of

delay calibration Stop
TEC counter

4.7,2.3

4,7.2.4
used:

The Event and Time counters are 24-bit binary numbers while each of the
TEC counters are 12-bit binary numbers. The following symbols will be used to deseribe
each of the counters:

Symbol Description
E Event counter
T Time counter
TT TEC Start counter
TP TEC Stop counter
ST Short calibration TEC Start counter
SP Short calibration TEC Stop counter
LT Long calibration TEC Start counter
LP Long calibration TEC Stop counter
DT Delay calibration TEC Start counter
DP Delay calibration TEC Stop counter

in

a.
b.

c.

order to calculate the measurement, the following formulas must be

FREQUENCY = Ef{(corrected time)

PERIOD = (corrected time)/E

TIME INTERVAL = corrected delay time
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d. FREQUENCY RATIO = E/T
where:
corrected time = T + {TT~-ST)/(LT-ST) - (TP-SP)/(LP-SP))
corrected delay time = T + ((TT-ST)/(LT-ST) ~ (TP-SP)/(DP-SP))
4.7,2,5 Below is a program example for frequency measurement (using a Hewlett-

Paockard Model 9825A controller). For other measurement functions, substitute the
formulas mentioned in par. 4.7.2.4 in line 20 of the program.
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4.8 SERVICE REQUEST (SRQ)

4.8.1 The counter can be set, by means of device-dependent commands to enable
an SRQ@ message whenever: '

-a. A measurement cycle is completed

b. A change of frequency standard oceurs

c. An error state is detected
d.  Any combination of &, b, and ¢

4.8.2 SRQ enablement may be inhibited. Refer to Table 4.18 which provides the
necessary SRQ commands. When in home state, condition "¢" indicated above is active.

NOTE:
An SRQ message is not enabled by data recall from the counter's stores.
4.9 . STATUS BYTE

4.8.1 To inform the controller of its status, the counter assembles and transmits a
status message referred to as a status byte. The controller generates a serial poll enable

eyele to determine which bus member has requested service and the purpose of the
request. When the 1994 receives the SPE command, and has been made a talker, it

outputs the status byte to the controller. Table 4.7 shows the format of the counter's
status byte.

Table 4.7 - Status Byte Format

DIO Line Funetion

e e o e e T e e e e e e e ey e e
Error - Least significant bit - See NOTE 1

Codes

in Binary - Most significant bit

1 = Frequency standard changed

1 = Reading ready - See NOTE 2

1 = Error condition

1 = Service requested

1 = Gate open

Q0 =3O 1 OB
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Table 4.7 - Status Byte Format (Cont'd)

DIO Line Function
NOTE 1:
The error codes and numbers are as follows:

N

1 = Phase measurement attempted on
waveforms of differing frequency
{(Ratio #1)

Result out-of-range of display > See NOTE 3
QOverflow of internal counters
Numerical entry error

GPIB syntax (programming) error

(2L VL S
it HHH

/

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

NOTE 2:

Regardless of the current SRQ mode, the SRQ message

that a reading is ready is not generated after a data-
recall operation.

NOTE 3:
The five error codes are cleared as follows:

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

Error 2 - complete an in-range measurement

Error 3 - complete an in-range measurement

Error 4 - complete a valid numerical entry

Error 5 ~ the erroneous command string will be
correctly executed up to the error; the rest
will be handshaken, but not executed.
Receipt of the next valid command clears
the error

4.10 INPUT COMMANDS (LISTENER)

4.10.1 Introduction

4,10.1.1 The 1994 responds to device-dependent commands in a "deferred"” mode.
This means that the GPIB interface continues to accept commands until a terminating

character or message is received, then the entire string will be executed. There is no
"immediate"” mode in which commands are obeyed as they are received.
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4.10.2 Device~Dependent Commands

4.10.2.1 When the counter is addressed to listen, it can be controlled by device-
dependent commands. These commands are listed below, and tabulated in Tables 4.9 to
4.18.

a. Table 4.9 Instrument Preset Code

b. Table 4.1¢ - Numerical Input Format

c. Table 4.11 - Measurement Function Codes
d. Teble 4.12 - Numerical Input Ranges

e. Table 4.13 - Resolution Selection

f. Table 4.14 - Input Control Codes

g.  Table 4.15 - Measurement Control Codes
h. Table 4.16 -~ Store and Recall Codes

i, Table 4.17 - Special Function Codes

j. Table 4.18 - Service Request Codes

K. Table 4.19 - Alphabetic List of Command Codes

4,10,2.2 Device~dependent commands are executed sequentially beginning with the
first one sent and ending with the last.

4.10.2.3 If more than one command is to be sent, no delimiters are required. If
necessary, commas, spaces, and semicolons may be included in the command strings for
clarification without affecting counter operation.

4.10.2.4 Each command string must be followed by an end-of-string terminating
group. Table 4.8 shows the valid terminator groups.

Table 4. 8 ~ Permitted Terminators

1 2 3 4 5 6
e il VPt perrererrrerrr T e e e e T —]
LF LF i CR CR LF CR LF Last Character
EQI EQI EQI EQI

Where LF=Line feed, CR=carriage return; EQI is considered true

4,10.2.5 Table 4.9 provides the instrument preset code for the 1994.
Table 4.9 ~ Instrument Preset Code

Function Code
Sets counter functions and settings to home state 1P
4.10.2.6 Some of the device-dependent commands in the following tables require

additional numerical input data. Such numerical input succeeds its command and is
indicated by an asterisk (*) in the tabulations. Also, home-states are underlined. Refer
to Table 4.10 as required for numerical input format.
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Table 4.10 - Numerical Input Format

Byte No. Interpretation Permitted ASCH Characters

Frr T A Y

1 Sign of mantissa +or -

2 Most significant digit Oto8or.

3 Digit

4

5

6

7

8

9

10 L)

11 Least significant digit )

12 Exponent indicator Eore

13 Exponent sign/space + or - Or space

14 More significant digit Oto 8

15 Less significant digit 0to 9
NOTE 1:

Spaces, nulls, or zeros occurring before byte 1 are ignored by the counter.
NOTE 2:
Byte 1 may be omitted and a positive mantissa assumed.
NOTE 3:
Bytes 2 to 11 may have up to 9 digits and a decimal point. The decimal point, however,
is not essential. After entry of 9 digits (without a decimal point), additional digits are
ignored and a GPIB programming error is generated. Excess digits that are truncated

will still increase the power-of-ten stored. Also, if fewer than 9 digits are needed,
unused bytes may be omitted.

NOTE 4:
Spaces or nulls entered between bytes 11 and 12 are ignored by the counter.
NOTE 5:

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

NOTE 6:

Byte 15 may be omitted for a single-digit exponent.
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Table 4.10 ~ Numerical Input Format (Cont'd)

Byte No.

by another device-dependent message.

Interpretation

Permitted ASCII Characters

NOTE 7:

NOTE 8:

Numbers may be terminated by one of the same terminators used for output messages, or

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

4,10.2.7

Table 4.11 presents the measurement function codes for the 1994,

Table 4.11 - Measurement Funetion Codes

Function

Frequency A
Frequency B

Frequency C
Period A

Time Interval A-B
Totalize A by B
Ratio A/B

Ratio C/B

Rise Time A

Fall Time A

Phase Arel B
Check

Positive Pulse Width A
Negative Pulse Width A

Code

FA
FB
FC
PA
Tl
TA
RA
RC
RT
FT
PW
NW
PH
CK

NQTE:

Option 41 must be installed in the 1994 for FC and RC to be accepted as valid

commands.
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4.10,

2.8 Table 4.12 provides the various numerical input ranges for the 1994,

Table 4.12 - Numeri'cal Input Ranges

Funetion

Resolution
Trigger Level
(X1)

Trigger Level
(X10)

Math Constant

Delay/Gate
Time
Non-VYolatile
Memory

SRS

Numerical Limits

Command Code
Low
3
SLA, SLB -5.1
SLA, SLB -51
SMX, SMY, SMZ >1x 1078
>-1 x 1010
SDT/SGT >200 ps
SM/RM >0

High

10
+3.1

NOTE 1:

Entered numbers will be rounded up before storage as follows:

a. Trigger level X1 to next multiple of 20 mV

b. Trigger level X10 to next multiple of 200 mV

¢. Delay/gate time to next multiple of 25.6 us

NOTE 2:

Resolution entries are rounded down to the next integer. Refer to Table 3.12 for related
gate times and GPIB resolution numbers.

Math constant Z can be set to zero. However,

NOTE 3:

funetion is enabled with this value set,
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4.10.2.9

Table 4.13 provides the 1994 GPIB resolution selection.

Table 4.13 ~ Resolution Selection

Refer to Table 3.12 as required. It shows the relationship of gate time and display
resolution in the 1994,

Number of Selected,
GPIB Digits in Frequency, Period,
Resolution Number Ratio, and Check Gate Time
——— o e
10 g + Overflow 10 s
9 9 ls
8 8 100 ms
7 7 10 ms
6 6 1 ms
5 5 1 ms
4 4 I ms
3 3 1ms
NOTE:

4,10.2.10  The following tables complete the necessary GPIB commands for the 1994:
Table 4.14 - Input Control Codes
Funetion Code

FILTER Disable/Enable AFD/AFE
COM A Disable/Enable BCS/BCC
DC/AC Coupling A ADC/AAC
DC/AC Coupling B BDC/BAC
1 M£Y/508 impedance A AHI/ALI

1 MY/5052 impedance B BHI/BLI
Slope A +ve/-ve APS/ANS
Slope B +ve/-ve BPS/BNS
X10 attenuator A Disable/Enable AAD/AAE
X10 attenuator B Disable/Enable BAD/BAE
Manual/AUTO-TRIG A AMN/AAU
Manual/AUTO-TRIG B BMN/BAU
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Table 4.15 -~ Measurement Control Codes

Function : Code
ettt e e e e T ——

Continuous measurement mode selection T0 (See NOTE 1)
Single (One-Shot) measurement mode selection T1 (See NOTE 2)
Start Totalize or trigger a measurement (T1 mode) T2 (See NOTE 3)
Stop Totalize T3 (See NOTE 3)
Read current value while measurement is in RF (See NOTE 4)
progress (i.e., next reading on the fly)
Math funetion Disable/Enable MD/ME
Delay Disable/Enable DD/DE
100 AVG Disable/Enable NA/AE
Fast data output Disable/Enable EFD/FE
Reset measurement RE

NOTE 1:

In continuous measurement mode, the output buffer is updated at the end of each gate
period. If the buffer is being read out via the bus when the gate period ends, updating is
delayed until reading is compiete.

NOTE 2:

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

NOTE 3:

In making totalize measurements, T2 and T3 commands are used with the TA command
and Special Function 61. In this mode, the readings executed in successive totalize
periods are cumulative; (the RE command being used to reset the count to zero when
required).

NOTE 4:

The RF command must be sent each time a reading is required. The reading is obtained
when the counter is made a talker.

4-34



Table 4.16 -~ Store and Recall Codes

Function Code
Reecall unit type RUT
Store/Recall display resolution *SRS/RRS
{Defaults to 8)
Store/Recall trigger level A *SLA/RLA (See NOTE 1)
(Defauits to 0V)
Store/Recall trigger level B *SLB/RLB (See NOTE 1)
(Defaults to 0V)
Store/Recall math constant X *SMX/RMX
(Defaults to 0)
Store/Recall math constant Y *SMY/RMY
(Defaults to 1)
Store/Recall math constant Z *SMZ/RMZ
(Defaults to 1)
Store/Recall arming delay time *SDT/RDT
(Defaults to 200 ps)
Store/Recall gate time *SGT/RGT
{Defaults to 100 ms)
Store/Recall memory (0 through 9) *SM/RM (See NOTE 2)
Recall special function RSF
(Defauits to all SFs off)
Recall master software issue RMS
Recall GPIB software issue RGS
NOTE 1:
The manual trigger level is automatically secaled by a factor of 10 when the X1i0
attenuator key is toggled in or out-of-ecireuit. The correct input attenuation must be
selected before storing or recailing the trigger level.
NOTE 2:
The SM and RM codes are used to store and recall complete measurement setups. Both
SM and RM must be followed by a measurement setup number from 0 to 9.

Table 4.17 - Special Function Codes

Function Code
F Special functions Disabled/Enabled SFD/SFE
Store special funetion nn Snn
NOTE 1:

The list of special functions (SFs) is provided in Table 3.13.
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NOTE 2:

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

Table 4.18 - Service Request Codes

Funetion Code
SRQ generation inhibited Q0
SRQ generation inhibited upon error detected Q1
SRQ generation inhibited for measurement ready Q2
SRQ generation inhibited for measurement ready or error detected Q3
SRQ generation inhibited for frequency standard changed

{internal to external/or external to internal) 04
SRQ generation inhibited for frequenecy standard change or

error detection Q5
SRQ generation inhibited for measurement ready or frequency

standard change Q6
SRQ generation inhibited for measurement ready, frequency

standard changed, or error detected (internai to external

or external to internal) Q7

NOTE:

An SRQ message is not generated by data recalled from stores.

Table 4.19 - Alphabetic List of Command Codes

Code Command | Code Command
AAC A Channel, AC coupling NA 100 Average disabled
AAD A Channel, X10 attenuator NW Negative pulse width A
disabled PA Period A
AAE A Channel, £10 attenuator PH Phase A relative to B
enabled PW Positive pulse width A
AAU A Channel auto-trigger Qn SRQ mode
ADC A Channel, DC coupling RA Ratio A/B
AE 100 Average enabled RC Ratio C/B
AFD A Channel filter disabled RDT Recall arming delay time
AFE A Channel filter enabled RE Reset measurement
AHI A Channel, 1 Mohm RF Read total so far
ALl A Channel, 50 ohms RGS Recall GPIB software
AMN A Channel manual trigger issue number
ANS A Channel, ~ve slope RGT Recall gate time
APS A Channel, +ve slope RLA Recall trigger level A
BAC B Channel, AC coupling RLB Recall trigger level B
BAD B Channel, X10 attenuator RM Recall Non-Volatile Memory
disabled RMS Recall master software
EBAE B Channel, X10 attenuator issue number
enabled RMX Recall math constant X
RMY Recall math constant Y
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Table 4.19 - Alphabetic List of Command Codes (Cont'd)

Code Command Code Command

BAU B Channel auto-trigger RMZ Recall math constant Z
BCC A and B Channels common RRS Recall display resolution
BCS A and B Channels separate RSF Recall special funetion
BDC B Channel, DC coupling RT Rise time A

BHI B Channel, 1 Mohm RUT Reeall unit type

BLI B Channel, 50 ohms Snn Special funetion number
BMN B Channel manual trigger SDT Store arming delay time
BNB B Channel, -ve slope SFD Special function disabled
BPS B Channel, +ve slope SFE Special funetion enabled
CK Check SGT Store gate time

DD Delay disabled SLA Store trigger level A

DE Delay enabled SLB Store trigger level B

FA Frequency A ‘ SM Store Non-Volatile Memory
FB Frequency B SMX Store math constant X
FC Frequency C SMY Store math constant Y
FD Fast data output disabled SMZ Store math constant Z

FE Fast data output enabled: SRS Store display resolution
FT Fall time A Tn Measurement mode or

Ip Instrument Preset start/stop reading

MD Math funetion disabled TA Total Aby B

ME Math function enabled TI Time Interval







SECTION 5 GENERAL THEORY OF OPERATION

5.1 INTRODUCTION
5.1.1 This section describes the general theory of operation for the 1994,
5.1.2 The theory of operation provided is based on the simplified overall block

diagram shown in Figure 5.1, Key circuit blocks of the 1994 are described and supported
in this seection using simplified block and schematie diagrams. These diagrams
supplement the complete schematies found in Section 7 of this manual, As much as
possible, the simplified schematic and bloek diagrams provided here are annotated with
the same reference designators found in the complete schematics. This should facilitate
cross-referencing between this section of the manual and the schematics.

5.1.3 Integrated circuits (ICs) in the following circuit descriptions are
designated by ecircuit references provided on the supporting simplified block and
schematic diagrams. The IC designations employed in the following key ecircuit
descriptions follow those found in supplied schematics.
When an IC package contains more than one cireuit, 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 1994 contains the following ten main functional blocks:

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

b.  Channel C block (see Subsection 5.3.2)

e Measurement block (see Subseetion 5.3.3)

d.  Display block {(see Subsection 5.3.4)

e.  Keyboard block (see Subsection 5.3.5)

f. Microprocessor block (see Subsection 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)

j. GPIB Interface (see Subsection 5.3.10)
5.2.2 The functional relationship between the blocks of the 1994 is illustrated in
Figure 5.1. The measurement block 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 result is passed to the microprocessor. 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.
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5.2.3 The standby and IRQ block handles instructions to switch to standby.

These instructions are received from the keyboard block and interrupt requests made by
other systems.
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Figure 5.1 - Simplified Overall Block Diagram



5.3 THEORY OF OPERATION BY BLOCK

5.3.1 Channel A/B Block
5.3.1.1 Functionsal 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 /IMQ 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 paratlel) can be selected.

5.3.1.1.3 The channel amplifiers feature separate high frequency and low frequency
paths. The crossover frequency is nominally 5 kHz. Signal filtering can be introduced, in
Channel A only, by disconnecting the high-frequency amplifier path and inereasing 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 Schmitt trigger output stage.

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
microprocessor.
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5.3.1.2 Circuit Desecription

5.3.1.2.1 Refer to the schematic shown on page 7-10. When relay RLC is
energized, the input impedance seen at SK5 (INPUT A ) is 5082, given by resistors R78
and R79 in paraliel.

5.3.1.2.2 When energized, RLA gives DC coupling of the input signal. With RLA
~ deenergized, the signal is AC coupled via C65. RI165 limits the current surge which
occurs if DC coupling is selected while C65 is in the charged state.

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

5.3.1.2.4 The attenuator output is fed.tc 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 QL7 is
approximately 0.94,

5.3.1.2.5 The buffer of the low frequency channel, 1C34 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 R152.

5.3.1.2.8 When RLE is deenergized (Channel A filter not selected), the signals from
- the two buffers are combined at the base of Q21 by the network C7% and R107. These
components act as a low-pass filter to the output of the low frequency buffer, and as a
high-pass filter to the output of the high frequency buffer. The crossover {requency is
S kHz.

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

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

5.3.1.2.¢ The trigger level is set by the DAC, H2, shown on page 7-11 and is fed to
1C34-2 via R202 and one section of R89. Feedback, taken from the emitter of Q21 to
IC34-2 via R89 pins 5 and 3, makes R89 pin 3 a virtual ground point, and the gain from
the R136/R202 junetion 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 conneets 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 on page 7-11.
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5.3.2 CHANNEL C BLOCE
5.3.2.1 Functional Deseription

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

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

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

detector and comparator. The comparator output controls the low-signal latch. If the
detector output is below the threshold, the lateh is set and the ehannel 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 latch., This
latch is reset at the beginning of each gate period and is set if the detector output falls
below the threshold level. The microprocessor samples the 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 latch is held in reset by a
control signal from the microprocessor and the output to the measurement bloek 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 Cireuit Deseription

5.3.2.2.1 Refer to the schematic shown on page 7-34. The signal to be measured is
connected via SK13 (INPUT C). The circuit is protected by a fuse which is mounted
within SK13. The signal amplitude is limited by the diode clamp comprised of D8, D9,
D10, and D11.

5.3.2.2.2 A degree of a::tomatic gain control is achieved by means of an attenuator,
formed by R6 and the impedance of the PIN diodes DZ and D7. The peak-to-pesk
detector D1, D3, R7, and C48 produces a negative voitage proportional to the signal
amplitude. A direct current proportional to this voltage flows through the PIN diodes via
L1, 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 incorporating Q1, Q2, Q3,
and Q4. The amplified signal is fed to the counter IC3 via the shaping circuit formed by
R37, C46, and R36.

5.3.2.2.4 The signal frequency is prescaled by 64 in IC3 and buffered in IC2a.
Provided that Channel C is selected and the amplitude of the signal is adequate, the
output at IC2a-2 passes to the measurement bloek via the gate IC2b and SK7 pin 5.

5.3.2.2.5 The signal at the output of Q4 is fed to the low-signal detector D5 and
C23. The comparator IC1b compares the detector output with a threshold voltage set by
R27. The comparator output is at logic 1 if the detector output is below the threshold
(Channel C's signal amplitude too low for aceurate 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 on page 7T-11.
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 logiec 1. This level is fed back via SK7 pin 7 to disable the
gate IC2-B and inhibit the output to the measurement block.

5.3.2.2.7 The GATE signal enters the system at SK7 pin 17 and is inverted in
IC1-C. The resulting signal and the output of the comparator IC1-B are fed to IC4-A. If
both inputs are at a logic 1, indicating that the Channel C signal level is too low while
the gate is open, the continuous signal lateh IC4-C and IC4-D is set. The latch output is
fed to the microprocessor via SK7 pin 11 and prevents the result of any measurement
made during that gate 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
buffered version of this signal is fed to SK7 pin 1 via IC2-C and disables Channel A at
IC41la shown on page 7-11. 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 IC41b via SK7
pin 13. ICA4lb is held in reset, inhibiting the Channel C signal at 1C2-B via SK7 pin 7.

5.3.3 Measurement Block
5.3.3.1 Funetional Description
3.3.3.1.1 The measurement ecircuits of the instrument are provided by three

custom-built integrated circuits. These are the two Muitiple Counter and Control (MCC)
cireuits, MCC1 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 ecireuits within MCC1 and MCC2 are configured by the microprocessor
according 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 cloek pulses which occur while the gate is
open. This leads to timing errors at both ends of the gate time, as shown. The TEC
eircuit 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, MCCl generates an interrupt
request for the microprocessor. The registers within MCCl are addressed using the
address bus and the MCC SELECT line. The mesasured value is transferred to the
microprocessor 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 resar panel.

5.3.3.2 Circuit Description

5.3.3.2.1 Refer the the schematic shown on page 7-11.

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 circuit
at 1C39-15, 16, 17 and 18. For the FREQ A and PERIOD A functions, the A signal
frequency is divided by two in I1C4la 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
IC39-19. For these functions IC41la-5 is held at logic 1 by the PST1 control line
{CHANNEL A INHIBIT) from the Channel C block. As a result, IC41a is held in set and
the A signal is inhibited from reaching 1C39-19.



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 IC39-24 and is applied to the detector D26, C96, and R129. The detector
output is fed to IC23-6 and is read periodically by the microprocessor. If the level is
above the TTL logic 1 threshold, the microprocessor sets 1C39-38 to logic 0 and the
mesasurement block switches to use the external reference.

5.3.3.2.3.2 A 10 MHz signal, derived from the frequenecy standard, is present at 1C39-
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 frequenecy standard, is
present at IC39-36. This signal is applied to the TEC, H1, at pin 6, and, after inversion in
IC29e, to IC18-24.

5.3.3.2.4 Microprocessor 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
microprocessor 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
1C39-27 and IC18-40 and fed to the Channel C block 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
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Table 5.1 ~ Control Logic Levels by Function

Measurement Control Line
e eme———.
Function: Qo Q1 Q2 Q3 Q4
FREQ A 1 1 0 1 0
PERIOD A 1 1 0 1 0
FREQ B 1 0 0 1 0
PERIOD B 1 0 0 1 0
FREQC 1 1 0 1 0
T.I. A~3B 0 0 1 1 0
T.I.B+A 0 0 0 1 0
TOTAL Aby B 1 0 0 1 1
TOTALBby 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
Special Funetion 73 1 1 1 0 0
Special Function 74 1 1 1 0 1
Special Function 75 1 1 1 0 0

NOTES:

a. The FREQ B, PERIOD B, TOTAL B by A, and TJI. B—~A functions 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 Functionsal Description
5.3.4.1.1 A simplified disgram 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 control 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,

5.3.4.1.3 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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5.3.4.2 Circuit Description
5.3.4.2.1 The schematic is shown on page 7-15. The GPIB LEDs LP3, LP4, and LP5

are driven via SK1 from the GPIB system. The GATE LED LP7 is driven from the
measurement block via a driver stage, shown on page 7-12, and SK2 pin 11. The TRIG
LEDs LP39 and LP40 are driven from the Channel A/B block via driver stages, shown on
page 7-12, and SK2 pins 7 and 3. The STANDBY LED LP1 is driven via SK1 pin 8 from
the standby and interrupt block. The remaining LED indicators and the numeric
indicatqrs DIS and DI6 are controlied by the display driver 1C3. Numeric indicators DIl
to DI4 are controlied by IC4.

5.3.4.2.2 Display data is stored in memory within IC3 and IC4. To change the data,
the microprocessor puts a control word on the port B bus. The 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 microprocessor then selects the display driver required by setting a
logic 0 on the appropriate MODE line at SK1 pin 3 or 6. Eight words containing display
data are written into the selected display driver via the port B bus, controlled by eight
negative-going pulses on the DISPLAY STROBE line.
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5.3.4.2.4 The output of each display driver is multiplexed under the control of an
internal clock. Eight-bit display data (for seven segments + decimal point or eight LED
indicators) are put onto the device output bus (pins 1 to 4 and 24 to 27). A positive pulse
is then applied to the enablement line of the device or group of indicators which is to
display the data. The enablement line waveforms consist of 500 ps positive-going pulses
at approximately 250 pps.

5.3.5 Keyboard Block
5.3.5.1 Functional Deseription
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 (IRQ) is made to the microprocessor when encoding is
complete. Data transfer is initiated by the KEYBOARD ENABLE signal from the
mieroprocessor.

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

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

5.3.5.1.4 If the key pressed is in the extended key matrix, one of the inputs to the
NAND gate is pulled low. The KEYBOARD EXTEND line is then set to logic 0. If the
key is in the non-extended matrix, the inputs to the NAND gate are isolated from the key
line by one of the diodes and the KEYBOARD EXTEND line remains at logic 1.
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5.3.5.2 Circuit Description
5.3.5.2.1 The schematic is given on page 7-15, The keys are divided into two

16~-key matrices having eommon row lines connected to the encoder at IC2-7, 8, 10, and
11. The matrices have separate column lines connected in pairs to 1C2-1, 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 logic 0. The encoder then scans the
keyboard and stores a 4-bit code, corresponding to the row and column of the key, in an
internal register. Because the column lines are connected to the encoder in pairs, it
cannot find which matrix contains the key.

5.3.5.2.3 The KEYBOARD EXTEND line indicates which matrix contains the key
that is pressed. The inputs to IC2 are normally held at logic 1 so that SK2 pin 9 is at
logic 1. If a key in the extended matrix (ecolumn lines connected directly to the inputs of
IC1b) is pressed, one input of IC1b is pulled to logic 0 and SK2 pin 9 will go to logic 0.
The eolumn lines of the other matrix are isolated from the inputs of 1C2 by D6, D7, DS,
and D10, so that the logic level at SK2 pin 9 is not changed when a Key in this matrix is
pressed.

5.3.5.2.4 When the Kkey-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 1C2-13 to logie 0 using the KEYBOARD ENABLE
line, and the encoder puts the 4-bit code onto the bus. The microprocessor reads the
code and the state of the KEYBOARD EXTEND line to determine which key has been
pressed.




5.3.6 Microprocessor Bloek
5.3.6.1 Functional Description

5.3.6.1.1 A simplified diagram of the microprocessor block is given in Figure 5.8.
The microprocessor used has a 5-bit bus for the high-order address bits and an 8-bit
multiplexed bus which is used for the low-order address bits and for data. The low-order
address bits are strobed into the address 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 microprocessor, are used to maintain
voltage levels on the instrument control lines. A third lateh is used to read the status of
the instrument flags via port B. The latches and registers for the connection of the
multiplexed bus to the measurement system are in the measurement block, and are
controlled by the MCC SELECT signal. The display data latches are in the display block,
and are controlled by strobe and chip seleet signals obtained from port A.
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5.3.6.2 Circuit Description

5.3.6.2.1 The schematic is given on page 7-11. The microprocessor clock and timer
signals are generated in the measurement block and are fed to IC19-38 and IC19-37. A
RESET signal is generated in the standby and IRQ Dlock when the instrument is'switched
on or off and is fed to IC19-1.

5.3.6.2.2 The microprocessor bus for the high~order address bits is designated A8 to
Al2., The multiplexed bus, used for the low-order address bits and for data is designated
B0 to B7. The microprocessor also has two input/output ports PAO to PAT and PBO to
PB7.

5.3.6.2.3 Multiplexed Bus Operation

5.3.6.2.3.1 The microprocessor puts IC19-6 (ADDRESS STROBE) at logic 1 and
(DATA STROBE) at logic 0. This enables the address latch IC20 (IC20-11 at logic 1),
disables ROM 1C22 (IC22-20 at logic 1), and disables the address decoder IC21 (IC21-6) at
logic 0).

5.3.6.2.3.2 This address is put onto lines B0 to B7 and A8 to A12. When the lines have
settled, the ADDRESS STROBE line is taken to logie 0. The low-order bits of the address
are latched into IC20 and are held on address lines A0 to A7, Lines B0 to B7 are now
free for use as a data bus.

5.3.6.2.4 Address Decoding

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

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

b. GPIB SEL, the chip-select for the GPIB address decoder
e.  WR, the write control signal for H2

d. Y6, the chip select signal for output latch 1C25

e. Y7, the chip select signal for output lateh IC24

5,3.6.2.4.2 These outputs are only available when IC21 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 I1C21 are decoded from addresses with lines A9 to Al2 at logic 0 when IC21-
4, 5 are held at logic 0 by the output from 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 microprocessor. The latch strobe signals are decoded in ICZ1.
Data may be read by the microprocessor from the input lateh IC23. The latch strobe
signal is provided via data port A of the microprocessor.



5.3.7 Standby and IRQ Block
5.3.7.1 Funetional 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 bloek, and the keyboard biock
for connection to the mieroprocessor. A block diagram is given in Figure 5.9.

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 block sets
the standby IRQ lateh. The latch outputs provide the standby IRQ and a standby flag for
the miecroprocessor. The standby IRQ output also cloeks the standby ON/OFF lateh to
the set state. This provides signals to switeh the power supply to standby, light the
STANDBY LED, and disable IC30b, thereby inhibiting the other IRQs. At the end of the
microprocessor interrupt routine, the standby IRQ 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 IC32b is held low and the

IRQ input to the microprocessor is held high via D28. This inhibits all IRQs. The output
from IC32b also holds the GPIB interface in reset via Q29e¢,



5.3.7.1.5 On return from standby, the standby IRQ lateh is again set by the standby
signal from the keyboard bloek. 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
IC32b 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 latech is reset,

5.3.7.1.6 When the encoder in the keyboard system has data ready to be read by the
microprocessor, the keyboard IRQ lateh is clocked via the KEYBOARD DATA READY
line. The lateh outputs provide the keyboard IRQ 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 on page 7-11.

5.3.7.2.2 Reset Circuit

5.3.7.2.2.1 The RESET signal is generated in the cireuit 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 [C32f-12 goes to logic 1
when power is applied, but drops to logic 0 after approximately 500 ms. This output is
inverted by IC32e 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 C123, so Q27 conduets., The current in R218
makes the base of Q29d positive, so the transistor conducts and holds the base of Q27 low
until C125 is completely discharged. This ensures that a good reset action is obtained,
even if the power is quickly restored.

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
1C32e, C118, R151, and IC32d, and sets the standby IRQ latch IC30e, d.

5.3.7.2.3.2 The negative-going output from IC30e-10 is passed via IC30a, IC32a, and
R152 to IC19-2 to provide a microprocessor interrupt. The positive-going output from
IC304-11 forms the standby IRQ flag (read by the microprocessor via IC23 during the
interrupt routine) and clocks the standby lateh 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-9 shuts down the power suppiies except the +5V
STANDBY supply.

5.3.7.2.3.5 At the end of the interrupt routine, the microprocessor resets the standby
IRQ latch by applying logie 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 latch 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 cloeks IC26a to the set state to provide a
keyboard IRQ flag at 1C23-11 and an interrupt signal at IC28b-8. Interrupts from the
measurement system (MCC IRQ) and the GPIB interface (GPIBIRQ) are connected to
1C28b-12 and 1C28b-10, 13.

5.3.7.2.4.2 If any of these interrupts occur, IC28b-8 and IC30b-6 will go to logie 1.
Provided the standby latch IC26b is not set, IC30b-5 will be at logic 1 and the interrupt
signal passes via IC30a and 1C32a to IC19-2,

5.3.7.2.4.3 When the instrument is switched into or out of the standby state, the
standby IRQ latch IC30e, d is set. The standby IRQ from IC30c¢-10 is fed to IC19-2 via -
[C30a and I1C324.

5.3.7.2.4.4 The ecircuit comprising R220, C121, IC32b, and D28 disables the
microprocessor interrupt input and holds the GPIB microprocessor reset line low (via
Q29¢), while the +5V power supply to R220 is switched off. On return from standby,
C121 charges and 1C32b~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 Block
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 primery winding of the power
transformer via the operating-voltage range selector. The voltage range selector is &
small plug-in printed circuit board which is positioned according to the desired line
voltage.

5.3.8.1.3 The transformer has a tapped secondary winding which supplies two bridge
rectifiers. The smoothed but unregulated outputs from the rectifiers feed regulators
providing +11.2V, -11.2V, +5V, +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
5.3.8.2 Circuit Description”
5.3.8.2.1 The schematic is shown on page 7-12. AC power connected at the power

input plug passes via fuse FSI and the RF filter, formed by L1, L2, C46, C47, and C48, to
the POWER switch Slb. The switched supply is connected to the primary windings of
transformer T1 via the tracks of a printed cireuit board which is inserted in SK8.

5.3.8.2.2 The secondary windings fo transformer T1 suppy the +5V rectifier D11,
C48 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 I1C4.
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 IC31a and IC31c are connected to a +2.5V reference voltage, derived in the
hybrid eircuit H2 shown on page 7-11. 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 Q6 as its series element. The comparator inputs are held at approximately 0V,
The potential divider controlling the inverting input is connected across the +5V and
-5.2V supplies.
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5.3.8.2.6 Standby Mode

5.3.8.2.6.1 When the instrument is switched to standby, the standby latch IC26b
(see page 7-11) is clocked to the set state. The base of Q11 is pulled high and IC31a-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 voitage of the +5V supply falls, IC31b~6 goes more
negative. The base of Q7 is taken towards 0V by IC31b so that the base current of Q6 is
cut off and the -5.2V regulator is shut down.

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

5.3.9.2 Circeuit Description

5.3.9.2.1 Frequency Doubler

5.3.9.2.1,1 The schematic of the frequency doubler, used with the internal frequency
standard is given on page 7-30. The 5 MHz input is applied to the balanced amplifier
containing Q1 and Q2. The base of Q3 is driven by the differential outputs from the
amplifier via D1 and D2 so that the frequency here is 10 MHz.

5.3.9.2.1.2 The 10 MHz signal is amplified and filtered in the two stages containing
Q3 and Q5, and fed to pin 3 via buffer Q6.



5.3.9.2.1.3 The output signal is fed back via C6 to switch Q4 on during the positive
peaks of the signal. The gain of Q5 is controiled by the potential across C3 which
charges via R12 and discharges via Q4. If the output signal increases, the time for which
Q@4 conducts 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 circuit is shown on page 7-12. The 10 MHz input at PL14 pin 4
is shaped and buffered in IC2a, IC2b, and IC2¢ before being fed to the measurement
block at IC39-2. The inverting inputs of IC2 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 circuit is shown on page 7-12. The signal connected to the
EXT. STD. INPUT socket on the rear panel is fed to PL20 pin 4. Protection against
excessive signal amplitude is provided by D6, D7, and R32.

5.3.9.2.3.2 The buffer comprises ICl4a, IC14b, and ICl4c. The inverting inputs are
connected to the bias voltage at IC14-11, 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 block at 1C39-3. ' :

5.3.10 GPIB Interface
5.3.10.1 Introduction
5.3.10.1.1 The GPIB interface is a self~contained, mieroprocessor-controlled

system. It handles the transfer of data between its internal memory and the GPIB
without involving the main instrument's microprocessor. Data transfer is made one byte
at a time, each transfer being controlled by the IEEE-488 handshake protocol. Refer to

the schematic on page 7-18.

5.3.10.1.2 The microprocessor RESET signal is derived from the standby and IRQ
bloek. The clock signal is derived from MCC1, IC18, shown on page 7-11.

5.3.10.1.3 The microprocessor uses a multiplexed bus, the eight low-order bits being
. used for both address and data. The low-order address bits are put onto the bus first and
are latched into IC11 by the address strobe. The bus is then free for data use.

5.3.10.1.4 Data transfer between the microprocessors is initiated by an interrupt and
is controlled by a 3-wire handshake protocol. The transfer is in the form of a data string,
the number of bytes in the string being indicated by the first byte.

5.3.10.2 Address Setting and Recognition

5.3.10.2.1 The microprocessor reads the settings of the address switches in
switchbank 81, via its port B inputs, approximately every 1 ms and writes the settings
into an address register within the general purpose interface adapter (GPIA) IC12.
5.3.10.2.2 When the interface address is set on the bus by the controller, it is
recognized by the GPIA by comparison with the contents of the internal address register.
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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) indication is given.
At this point 1C12-27 is at logic 0, giving a logic 1 level at 1C18~11, This puts three of
the bilateral switches of IC13 into the condueting state, thus compieting the RFD line.
The logic 0 at 1C12-27 also puts the buffers in 1C14 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 1C9.

5.3.10.3.2 The microprocessor interrupt routine establishes the reason for the
interrupt. The address decoder 1C8 is enabled via IC27-15, [C26-8, and A7. The decoder
is addressed using lines GA4, 5, and 6, and gives the GPIA enable signal at 1C8-15. The
data-in register of the GPIA is addressed using the R/W line and lines A0, 1, and 2. The
microprocessor then reads the contents of the data-in register and transfers the data to
memory.

5.3.10.3.3 When the data-in register has been read, the GPIA cancels the interrupt
request and allows the data accepted (DAC) line to go high. The handshake routine then
continues, and a further byte, if available is loaded into the data-in register. The
interrupt and data transfer sequence is then repeated.

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 microprocessor.

5.3.10,4.2 IC17B is in the reset state, giving a logic 1 at IC18-12. Since IC12-27 is
at logic 1 when the GPIA is addressed to talk, IC18-13 is also at logic 1. The resulting
logic 0 at 1C18-11 opens three circuits of bilateral switches in IC13 to break the RFD
line. The fourth bilateral switch conducts, due to the logic 1 at I1C19-10, and holds
IC12-18 at 0V. Even if the listening device asserts that it is ready for data, IC12 will not
attempt to load the contents of the data-out register onto the bus,

5.3.10.4.3 The microprocessor interrupt routine establishes the reason for the
interrupt. The microprocessor then enables the address decoder, IC8, via IC27-15,
IC26-8, and A7. The decoder is addressed using lines GA4, 5, and 6, and gives the GPIlA
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
PBT7, to give a logic 0 at IC18-12. This gives a logic 1 at IC18-11, which enables three
bilateral switches in IC13 and connects the RFD line. The fourth switech in IC13 is
disabled, thereby releasing IC12-18 from 0V. When the listening device asserts that itis
ready for data, the GPIA loads the contents of the data-out register onto the bus and
continues with the handshake routine.

5.3.10.4.5 When the data-out register has been read, the GPIA generates a further
interrupt request. The microprocessor resets IC17B, using line PB6, giving 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, IC7, IC18, and IC19, The resulting
logie 1 at IC17B-3 clocks IC17B to the reset condition, and gives a logic 1 at IC18-12.

5.3.10.6 Data Transfer Between Microprocessors

5.3.10.6.1 Data transfer between mieroprocessors is made using the multiplexed data
bus on both devices. Connections between the buses is made by means of a D~type latch,
IC1 or IC2, depending on the direction of data transfer. All data transfers are initiated
by the sending device. The first byte indicates the number of bytes to be transferred.

5.3.10.6.2 For data transfer to the GPIB microprocessor, the instrument's
microprocessor sets SK1 pin 22 (GPIBIRQ) low. This provides an interrupt request (IRQ)
to the GPIB microprocessor via IC4., As part of the interrupt routine, IC8 is enabled and
addressed to give an enabling signal for IC5A. The microprocessor reads the IRQ flag via
IC5A and data bus line 7 to establish that the IRQ is from the instrument and not the
GPIA.

5.3.10.6.3 The GPIB microprocessor prepares to receive data, and then enables and
addresses IC8 to give a signal which 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 microprocessor.

5.3.10.6.4 The instrument's microprocessor enables and addresses IC3 to give an
enabling signal to ICSB, 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 10 give a clock signal for IC16A, so that the logic level set at ICIB8A-12 is
transferred to IC16A-19 to form the data valid {DAYV) signal to the GPIB microprocessor.

5.3.10.6.5 The GPIB microprocessor addresses IC8 to give a signal to enable IC54,
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 I1C4. The IRQ flag is read by the instrument's microprocessor during its
interrupt routine, via IC5B (enabled by an output from IC3). The IRQ signal is cancelled
by the instrument's microprocessor setting data bus line 0 to logic 0 and then addressing
IC3 to clock IC1TA, The resulting logic 0 at IC17B-9 disables IC18-4.

5.3.10.6.7 During data transfer from the GPIB interface to the instrument, the RFD
signal is passed via IC16A and IC5A, the DAY signal via IC16B and [C5B, the DAC signal
via IC1, and the data via ICZ.






SECTION 6 | '- | MAINTENANCE

1

INTRODUCTION
This section provides information on the following:

(1) Required test equipment

{2) Dismantling and reassembly

{3) Diagnostic special functions

(4) Troubleshooting Flowcharts

{(5) Instrument setup (either post-repair or after specification check failure)

(6) Overall specification check

REQUIRED TEST EQUIPMENT

A complete list of required test equipment is provided in Table 6.1 on the next
page. Equipment needed for specific procedures is indicated at the beginning of
each set of instructions.

Particular models of specific equipment types are recommended in some
categories. However, equipment having operating characteristics equivalent to or
better than those listed may be substituted. The procedures described in this section

are general ones and based on the use of the test equipment recommended. Some
modification to the procedures may be necessary if substituted equipment is used.
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TABLE 6.1

Required Test Equipment

Minimum Use Recommended
Item Specification Equipment
Frequency Standard 10 MHz; accuracy better Racal 9475

than + 3 parts in 1010

Oscillescope with 50 MHz bandwidth TEK 454
an X1 probe
Digital Multimeter | Freguency range of DC Racal 5001

to 5 kHz; input level
of 20 mV to 6V

Signal Generator 10 kHz to 1.3 GHz Racal 9087

Audic Generator Frequency range of 10 Hz Raeal 9083
to 5 kHz; output level
of 36 mV into 50 ohms

Pulse Generator Single positive-going Racal P25
pulse with +0.8V low
and +2.8V high levels
{TTL limit-level)

BNC T-Connector 50 ohms

Connector Lead 50-ohm coaxial cable
with BNC connectors,
length between 0.80m
and 1m

Coaxial Load BNC connector, 50 ohms

GPIB Controller HP8S

GPIB Analyzer Racal 488




DISMANTLING AND REASSEMBLY

Introduction

Instructions for dismantling or reassembling the counter are limited to those areas
where special care is required or difficuity may be experienced.

REMOYAL OF COVERS

WARNING:

Instrument Covers

DANGEROUS AC VOLTAGES ARE EXPOSED WHEN THE
COVERS ARE REMOVED WITH THE INSTRUMENT
CONNECTED TO AN AC SUPPLY. TURN THE INSTRUMENT
OFF AND DISCONNECT THE SUPPLY PLUG FROM THE
REAR PANEL PRIOR TO ANY DISMANTLING OR
REASSEMBLY, o

Complete the following procedure:

(1} Disconnect the AC power cord from the rear panel.

(2) Unscrew the two phillips head serews from each rear corner-foot.

(3) Slide the top cover 1/2 inch towards the rear panel and 1ift off. The bottom
cover slides off in the same manner.

To replace the covers, reverse the above procedure. Ensure that the tongues of the
covers fit under the edges of the frame on the front panel

Front Panel

Complete the following procedure:

{1} Remove the instrument covers.

(2) Remove the side panels by sliding toward rear of instrument,

{3) Turning counterclockwise, remove the clamping collars from the front-panel
BNC connectors for INPUTs A and B. Use the special wrench (Racal-Dana P/N

14-15886).

(4) Remove the two screws securing the handles to the side frame at both sides of

the counter.

(5) Remove the two screws securing the front panel to side frame whieh are
exposed by removing the handles.

(6) Ease the front panel forward.

(7) To completely disconnect the front panel, unplug PL1 and PL2 from the

motherboard.



(8) Remove the two screws securing the on/off switeh to the front panel;
(9) Disconnect the coaxial lead from the back of Input C {Option 41 only).

8 To replace the front panel, reverse the above procedure. Pass the POWER button
through its aperture in the front panel and reconnect the Input C amplifier (Op-
tion 41 only) before securing the front panel
Rear Panel

9  Complete the following procedure:

{1) Remove the instrument covers,

{2) Disconnect the following flying leads between motherboard and rear panel:
(a} PL14 to Reference Oscillator
(b) Q6, Q12, and Q8 to transistors on the rear panel
() TP1 and TP2 to Gate Output

{3) Remove the screws securing the rear panel to the side frame which are
exposed by removing the rear-corner feet.

(4) Ease the rear panel away from the counter, disconnecting the BNC mounting
board assembly from the motherboard at PL19 and PL20.,

(5) Remove the nut and crinkle washer securing the rectifier bridge D11 to the
rear panel ‘

{6) Disconnect the green/yellow ground lead connecting the rear panel stud to the
power input plug.

10 To repiace the rear panel, reverse the above procedure,

LETHAL VOLTAGE

WARNING: THE GROUNDING OF THE COUNTERS EXTERNAL

METALWORK DEPENDS UPON THE INTEGRITY OF THE
CONNECTION BETWEEN THE REAR PANEL STUD AND
POWER INPUT PLUG. ENSURE THAT THE GREEN/YELLOW
GROUND LEAD IS PROPERLY CONNECTED DURING
REASSEMBLY.

Input C Amplifier Board (Option 41)

11 Complete the following procedure:
{1) Remove the counter's top cover.
{2} Remove the two screws securing the Input C PCB to the support plate.

{3) Disconnect the coaxial lead from the Ch. C PCB.
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(4) Gently pull the amplifier PCB assembly upwards until the board disconnects
from the motherboard at SK7. This permits acecess to both sides of the board

for servicing.

12 To replace the amplifier PCB assembly, reverse the above procedure.

Display Board

13 Complete the following procedure:

(1) Remove the instrument covers.

{(2) Remove the counter's front panel.

(3} Remove the seven screws securing the display board to the front panel, then
remove the board itself, : '

14 To replace the display board, reverse the above procedure.

DIAGNOSTIC SPECIAL FUN CTIONS

15 Refer to Section 3 and Table 3.13 for a full description of the counter's special
functions. Listed below in Table 6.2 are those special function numbers for use
during maintenance and calibration. (Check mode must be selected.)

TABLE 6.2

Diagnostic Special Functions

Funetion Number

70
71
72

73

74
73
76

77
78

W%

Function.

Basic 10 MHZ check (default)

Front-panel LED check

Start TEC (Timing Error Correction) short,
continuous calibration, Application of a

100 ns pulse with TEC count shown on display
Start TEC long, continuous calibration. Appli-
cation of a 200 ns pulse with TEC count shown
on display

Stop TEC short calibration

Stop TEC long calibration

Input A and B DAC check with continuous ramping
through the DACs

Input A relay check

Input B relay check

16 Special Function 70

Special function 70 is the default state of its decade. It provides measurement of
the 10 MHz internal frequency standard and verifies cperation of the microprocessor
system, MCC1, MCC?2 and the TEC.
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17

18

19

20

21-

22

23

Special Function 71

Special funetion Tl exercises all the LEDs, except STANDBY, GATE, TRIG A,
TRIG B, REM, ADDR and SRQ, at approximately 0.5 Hz. If the GPIB interface
{Option 55) is fitted, the REM, ADDR and SRQ indicators light. '

Special Functions 72, 73, T4 and 75

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

The TEC long counts must be 800 +228. The TEC short eounts must be in the range
(0.5 x long count) +20 to -40. Counts outside these ranges indicate a malfunction of
the TEC circuit.

Special Function 76

Special function 76 continuously exercises the DACs in both Channel A and
Channel B through the range -5.1V to +5.1V. The waveform can be monitored at the

trigger output pins on the rear panel.
Special Function 77

Special function 77 continuously tests the relays associated with Channel A input:
X1/X10 attenuators, 5052 /1M{2 input impedance, DC/AC coupling, FILTER and
COM A. The 10 MHz STD OUTPUT from the rear panel BNC must be connected to
the Channel A input.

Special Funcetion 78

Special functioh 78 continuously tests the relays associated with Channel B input:
X1/X10 attenuators, 5082 /1IMQ input impedance and DC/AC coupling. The 10 MHz
STD OUTPUT from the rear panel BNC must be connected to the Channel B input.
Special Funetion Error Codes

Listed below in Table 6.3 are displayed error codes for the diagnostic Special
Functions,

TABLE 6.3
Special Function Error Codes
Special
Display Function Number Error
B R e ]

Er 50 70 or 71 Basic CHECK mode error
Er 51 77 X10/X1

Er 52 Input A 50 /Im

Er 53 relay check ¢ DC/AC

Er 54 FILTER

Er 55 CCM A

Er 56 78 Input B X10/X1

Er 57 relay check ¢ 50 /im

Er 58 DC/AC
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TROUBLESHOOTING FLOWCHARTS
Introduction

Refer to Fig 6.1 (A-F) and 6.2 for main counter and GPIB troubleshooting
floweharts. They are designed to facilitate the user in tracing specific 1994 faults
and failures to their sources.
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COUNTER SETUP (POST-REPAIR/POST-SPECIFICATION CHECK FAILURE)

Introduction

After repair, appropriate setup procedures as decribed in this subsection should be
performed prior to initiating an overall specification check. These procedures
should also be used if the counter fails a routine specification check.

Ambient temperature must be maintained at 23°C + 2°C throughout these
procedures.

LETHAL VOLTAGE

WARNING: THESE PROCEDURES REQUIRE THE COUNTER TO BE
OPERATED WITH COVERS REMOVED. DANGEROUsS AC
VOLTAGES ARE EXPOSED UNDER THESE CONDITIONS.

Input A System
Regquired test equipment includes a signal generator (see Table 6.1; Item 4).

First, set resistors R149 fully counterclockwise and R192 to its midposition. R192 is
located inside the screened module (aceess holes provided) as shown in Fig 6.3.

R150
R149 o
E
o) Q
R192 R193
MODULE

Fig. 6.3 Location of R149 and R192

Complete the following procedure:
(1) Turn on the counter. Select 50 ohms for Input A and function FREQ A.
(2) Press the RESOLUTION key five times until 000 is displayed.

(3) Connect the test equipment as shown in Fig 6.4.
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10 MHz - EXT STD '
SIGNAL GENERATOR ST Ut INPUT COUNTER

Fig. 6.4 Connections for Input A System Adjustment

(5) Verify that the EXT STD LED (front panel) is lit, and that INPUT A TRIG LED
is flashing.

(4) Set the signal generator output to 100 MHz at a level of 3.0 mV r.m.s.

(6) Adjust R192 to obtain the most stable display of 100.0 E 6 +0.1 E 6, with the
GATE LED flashing.

NOTE:

Care is required when adjusting R192. The display indication is random when R192 is
set to either side of its correct position.

Complete the following procedure:

(1) Turn off the RF output of the signal generator.

(2)  Press the RESOLUTION 1 key five times until 00000000 is displayed.

NOTE:

Disregard any noisy readings that may be experienced.

(3) Turn on the RF output of the signal generator,

(4) Increase the generator's output to 13 mV r.m.s.

(5) Adjust R149 slowly clockwise until the display just becomes unstable. Turn
R149 slowly counterclockwise until the display is just stable, showing

100.000000 E 6+0.000001 E 6.

(6) Reduce the generator's output to 7 mV r.m.s. Verify that the GATE LED stops
flashing. If flashing continues, repeat steps 4 through 6,

(7} Turn off the counter and disconnect the test equipment.
Input B System
Required test equipment includes a signal generator (see Table 6.1; Item 4).

First, set resistors R150 fully counterclockwise and R193 to its midposition. R193 is
located inside the screened module (access holes provided) as shown in Fig 6.5.
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R150

R149 o
@
O O
R192 R183
MODULE

Fig 6.5 Location of R150 and R193
Complete the following procedure:
(1) Turn on the counter. Select 50 ohms for Input B and function FREQ A.
(2) Press key sequence
[SHIFT] [STORE] [SF| [smm:l (sF].
(3) Press the RESOLUTION ¢ key five times until 000 1s displayed.

(4) Connect the test equipment as shown in Fig. 6.6,

10 MHz EXT STD
SIGNAL GENERATOR STO QUT INPUT COUNTER

Fig 6.6 Connections for Input B System Adjustment

(3) Set the signal generator output to 100 MHz at a level of 3.0 mV r.m.s.

(6) Verify that the EXT STD LED (front panel) is lit, and that INPUT B TRIG LED
is {lashing.
(7)  Adjust R193 to obtain the most stable display of 100.0 E 6 0.1 E 6, with the

GATE LED flashing.



NOTE:

Care is required when adjusting R193. The display indication is random when R193
is set to either side of its correct position.

Complete the following procedure:

(1)  Turn off the RF output of the signal generator.

(2)  Press the RESOLUTION 4 key five times until 00000000 is displayed.

NOTE:

Disregard any noisy readings that may be experienced.

(3)  Turn on the RF output of the signal generator.

(4) Increase the generator's output to 13 mV r.m.s.

(5) Adjust R150 slowly clockwise until the display just becomes unstable. Turn
R150 slowly counterclockwise until the display is just stable, showing

100.000000 E6 +0.000001 E 6.

(6) Reduce the generator's output to 7 mV r.m.s. Verify that the GATE LED stops
flashing. If flashing continues, repeat steps 4 through 6. ‘

(7)  Turn off the counter and disconnect the test equipment.
Input C Assembly (Option 41 only)

Required test equipment includes a signal generator and connector lead {see Table
6.1; Items 4 and 8).

Connect the test equipment as shown in Fig. 6.7.

10 MHz EXT STD
SIGNAL GENERATOR STO ouUT INPUT COUNTER

Fig. 6.7 Connections for Input C Assembly Adjustment
Complete the following procedure:
(1)  Set resistor R27 on the Input C Assembly board {ully clockwise,
{2) Turn on the counter. Select funetion FREQ C. Verify that the EXT STD LED

{front panel) is lit.
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(3) Set the signal generator output to 1 GHz at a level of 5.0 mV r.m.,s.

(4) Adjust R27 slowly counterclockwise until the GATE LED just starts flashing
and the display shows 1000.00000 E6 +0.00001 E 6.

(5) Turn off the RF output of the signal generator. Decrease the output level to
4,5 mV r.m.s.

(6) Turn on the RF output of the signal generator. Verify that the 1894 is not
counting. If it is, repeat steps 3 through 6.

(7)  Turn off the counter and disconnect the test equipment.

internal Frequency Standard ~ Routine Calibration

Required test equipment includes a frequency standard (see Table 6.1; Item 1).

NOTE:

If either Option 04A or 04E ovenized frequency standard is installed, allow the

counter to warm up for one hour {switched to standby, if required) before making

any adjustment.

Complete the following procedure:

(1) Turn the counter on. Select function FREQ A. Verify that 00000000 is
displayed. If Option 04E is installed, press the RESOLUTION { key until
060000000 is displayed. ‘

{2} Connect the test equipment as shown in Fig 6.8,

10 MH2

COUNTER MONITIR!  FREQUENCY STANDARD
A
[o] Q (o]
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(3) Press key sequence

@ &) (smFr) [sToRE] (X

(4) Press key sequence

suFt| [REcCALL] [X].

Verify that 10,000000 E 6 is displayed.

(5) Press |CONTINUE| andkeysequence |SHIFT| |[R-X/Z] .

(6) Adjust the internal frequency standard as close as possible to 10 MHz, using
the FREQ STD ADJUST aperture on the rear panel. The accuracy limits are
shown in Table 6.4. Verify that the value displayed is within these limits.

TABLE 6.4

Internal Frequency Standard Accuracy

Limits
Frequency Standard # Digits Exp.

Standard oscillator + 16 0
Option 04A £ 3 0
Option 04E + 10 -3

(7y  Turn off the counter and disconnect the test equipment.

OVERALL SPECIFICATION CHECK

Introduction

Satisfactory completion of the following performance verification procedures (PVPs)
will confirm that the counter is functional and meets its specification. Before
beginning the specification check, ensure that the counter successfully passes the
functional check provided in Section 2, par. 2.9 of this manual. The PVPs should be
completed in the order given.

The following conditions must be kept throughout the specification check:

(1) The counter must be operated from an AC supply.

{2} The line voltage must be within the indi-ted range of the line voltage
selector.

(3 The instrument covers must be installed.
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(4) The ambient temperature must be 23°C & 2°C.
(5} The power supply to the frequency standard must be uninterrupted.

The counter should be allowed to warm up for one hour (switched to standby, if
required) before beginning the specification check.

Input A Sensitivity PVP

Required equipment includes a dfgital multimeter, signal generator, audio generator,
and BNC T-Connector {see Table 8.1; Items 3, 4, 5, and 7).

Complete the following procedure:
(1)  Turn on the counter. Select 50 ohms for Input A,

(2) Connect the test equipment as shown Fig 6.9A. Verify that the EXT STD LED
lights.

10 MHz EXTSTO
SIGNAL GENERATOR STO oUT INPUT EOUNTER

Fig 6.9A Connections for Input A Sensitivity PVP (D

(3) Set, in turn, the signal generator output to the frequencies shown in Table
6.5A. Set the counter's resolution to the corresponding values.

TABLE 6.5A
Input A Sensitivity (D
Frequency 1994 Resolution Signal Level
160 MHz 8 digits 40 mV
100 MHz 8 digits 20 mV
10 MHz 7 digits 20 mV
100 kHz 5 digits 20 my

(4) TFor each selected frequency, determine the minimum input level to the
counter that provides stable counting. Verify that these minimum levels do
not exceed those shown in the table.

(5) Disconnect the test equipment.
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45 Complete the following procedure:

(1) Connect the test equipment as shown in Fig. 6.8B.

AUDIO GENERATOR COUNTER DIGITAL MULTIMETER
AF A B C
¢ n_° ° ?
ond ey ]
T-CONNECTOR HIGH
IMPEDANCE
INPUT

Fig. 6.98 Connections for Input A Sensitivity PVP (II)

(2) Set, in turn, the audio generator output to the frequencies shown in Table 6.5B.
Set the counter's resolution. to the corresponding values.

TABLE 6.5B

Input A Sensitivity (I)

Frequency Counter Resolution Signal Level
5 kHz 3 Digits 20 mv
10 Hz 3 Digits 20 mV

(3) For each selected frequency, determine the minimum input level to the
counter that provides stable counting. Verify that these minimum levels do
not exceed those shown in the table.

{4) Disconnect the test equipment.

Input B Sensitivity PVP

46 Required equipment includes a digital multimeter, signal generator, audio generator,
and BNC T-Connector (see Table 6.1; Items 3, 4, 5, and 7).

47 Complete the following procedure:
(1) Select 50 ohms for Input B.

(2) Connect the test equipment as shown in Fig. 6.10A. Veri{y that the EXT STD
LED lights.

-27
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10 MHz EXT STD
SIGNAL GENERATOR STD OUT INPUT COUNTER
aF A B ¢
o [»] o] o]
Fig. 6.10A Connections for Input B Sensitivity PYP (D)
(3) Press the key sequence

[smFT| [SsTORE| [SF] [sHIFT| [SF] .

(4)

6.6 A, Set the counter's resolution to the corresponding values.

TABLE 6.6A

Input B Sensitivity ()

Set, in turn, the signal generator output at the frequencies shown in Table

Frequency Counter Resolution Signal Level
100 MHz 8 digits 20 my
10 MH=z 7 digits 20 my
100 kHz 5 digits 20 my
{5) For each selected frequency, determine the minimum input level to the
counter that provides stable counting. Verify that these minimum levels do
not exceed those shown in the table.
(8) Disconnect the test equipment.

48 Complete the following procedure:

(1

Connect the test equipment as shown in Fig. 6.10B,

AUDIO GENERATOR COUNTER DIGITAL MULTIMETER
AFE A B €
7 i | ?
L JUE § By i
T.CONNECTOR HIGH
IMPEDANCE
INPUT

Fig. 6.10B Connections for Input B Sensitivity PVP (II)
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(2) Set, in turn, the audio generator output to the frequencies shown in Table 6.6B.
Set the counter's resolution to the corresponding values.

TABLE 6.6B

Input B Sensitivity (If)

Frequency Counter Resolution Signal Level
5 kHz 3 20 mVv
10 Hz 3 20 mV

(3) TFor each selected f{requency, determine the minimum input level to the
counter that provides stable counting. Verify that these minimum levels do
not exceed those shown in the table.

{4) Press the key sequence

(0] [sHIFT| [STORE] [SF| [SHIFT| [SF] .

(5)  Turn off and disconnect the test equipment.

Input C Sensitivity PYP (Option 41 only)

Required equipment includes a signal generator and connector lead (see Table 6.1;

Items 4 and 8).

Complete the following procedure:

(1) Connect the test equipment as shown in Fig. 6.11.

SIGNAL GENERATOR

10 MHz
STO QUT

EXTSTD
INPUT

COUNTER

Fig. 6.11 Connections for Input C Sensitivity PVP

(2) Select function FREQ C.

(3) Set, in turn, the signal generator output to the frequencies shown in Table
6.7. Set the counter's resolution to the corresponding values.
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TABLE 6.7

Input C Sensitivity

Frequency Counter Resolution Signal Level
40 MHz 8 digits 10 mV

100 MHz .8 digits 10 mV

500 MHz 8 digits 16 mV

1.0 GHz g digits 10 mV

1.3 GHz 9 digits 50 mV

For each selected frequency, determine the minimum input level to the
counter that provides stable counting. Verify that these minimum levels do
not exceed those shown in the table.

Disconnect the test equipment.

External Standard Input Sensitivity PYP

Required equipment includes a signal generator (see Table 6.1; Item 4).

Complete the following procedure:

(1)

(2)
(3)

(4)
(5)

Connect the signal generator output to the EXT. STD. INPUT socket on the
rear panel of the counter, -

Set the signal generator output to 10 MHz at alevel of 10 mV.

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

Verify that the signal level does not exceed 70 mV r.m.s.

Disconnect the signal generator,

10 MHz Standard Output Level PVP

Required test equipment includes an oscilloscope, BNC T-Connector, and coaxial
load (see Table 6.1; [tems 2, 7, and 9).

Complete the following procedure:

(1)

Connect the test equipment as shown in Fig. 6.12.



10 MHz
COUNTER STD OUT QSciLLoscore

1

55
56

57

(2)

(3)

50-0HM
LOAD

T-CONNECTOR

Fig. 6.12 Connections for 10 MHz Standard Output Level PVP

Verify that the peak-to-peak amplitude of the displayed waveform is not less
than 0.5V. Verify that the mark-space ratio is between 30:70 and 70:30.

Disconnect the test equipment.

Minimum Time Interval PYP

Required test equipment includes a signal generator (see Table 6.1; Item 4).
Complete the following procedure:
{1} Connect the signal generator as shown in Fig. 6.13.
SIGNAL GENERATOR COUNTER
RE - A'B C
Q o] o o
Fig. 6.13 Connections for Minimum Time Interval PYP
(2) Select 50 ohms on Input A, function TI A - B, and COM A,
(3) Select AUTO-TRIG, Ch. A and Ch. B slopes are the same.
(4) Set the signal generator output to 100 MHz at a level of 1V,
(5) Verify that a display of 0 + 2 ns is obtained.
(6) Press the COM A key and ensure that its LED turns off,
{(7) Disconnect the test equipment.
External Arming PVP
Required test equipment includes a signal generator and pulse generator (see Table

6.1; [tems 4 and 6).
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58 Complete the following procedure:
(1) Seleet 50 ohms on Input A and function FREQ A. Press the
RESOLUTION ¢ key three times until 00000 is displayed.
(2) Connect the test equipment as shown in Fig. 6.14.
PULSE GENERATQR COUNTER SIGNAL GENERATOR
A RE
O Q G o Q
EXT
ARM
INPUT
Fig. 6.14 Connections for External Arming PVP
{3) Set the signal generator output to 10 MHz at a level of 250 mV r.m.s.
(4) Prepare the pulse generator to provide a single, 300 us, positive-going pulse
with a low level of +0.8V and a high level of +2,8V (TTL-limit levels).
(3) Press the key sequence
[6] [sHIFT] [STORE] [SF| [SHIFT] [SF] .
(6) Verify that the instrument is not counting.
(7) Trigger the pulse generator to obtain a single pulse output,
(8) Verify that the display indicates 10,0000 E6 Hz £ 1 count and that the counter
is not continuously gating.
(9) Press the key sequence
[o] [smIFT] [STORE| [SF] [SHIFT| [SF] .
(10) Disconnect the test equipment,
Trigger Level PYP
59 Required test equipment includes an oscilloscope with probe and digital multimeter

(see Figure 6.1; Items 2 and 3).



60 Complete the following procedur‘e:-'

(1) Connect the test equipment as shown in Figure 6.15.

COUNTER TRIG LEVEL QSCILLOSCOPE
AQUTPUT

< § } - <
PROBE

Fig. 6.15 Connections for Trigger Level PYP (D)

(2) Select the DC coupling of the cscilloscope input.

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

{4} Select the CHECK funection.

(5) Press the key sequence

{6] [smirT] [sTORrE] [sF] [sHIFT] [SF] .

(6) Verify that Input A and B TRIG LEDs are flashing, and that the displayed
waveform is as shown in Fig. 6.16.

AL
AV

—-J = 500 msL—-

Fig. 6.16 Trigger Level Waveform

(7) Move the oscilloscope probe to the TRIC 2R LEVEL B OUTPUT pin and verify
that the same waveform is obtained.

(8) Press the key sequence

(71 {o] [smFT] [sTore] [sF| [smiFT] [sEFj.

(9} Disconnect the test equipment.
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Complete the following procedure:

(1) Connect the test equipment as shown in Figure 6.17.

COUNTER TRiG LEVEL 0SCILLOSCOPE
A QUTPUT '

o
EPF{OBFE

Fig. 6.17 Connections for Trigger Level PVP ()
(2) Set the multimeter to measure DC volts,

(3) For Inputs A and B, press the key sequence

[TRIG LEVEL] [TRIG LEVEL] .

(4) Verify that the multimeter indicates +5V + 60 mV.

(5) Move the oscilloscope probe to the TRIGGER LEVEL B OUTPUT pin and verify
that the multimeter indicates +5V + 60 mV.

(6) For Inputs A and B, press the key sequence

[TRIG LEVEL| [0] [TRIGLEVEL] .

(7)  Verify that the multimeter indicates 0V £ 10 mV,

(8) Move the oscilloscope probe to the TRIGGER LEVEL A OUTPUT pin and verify
that the multimeter indicates 0V + 10 mV.

(9) Press the key sequence

(TRIG LEVEL] [TRIG LEVEL] .

(10) Verify that the multimeter indicates -5V £+ 60 mV,

(11) Move the cscilloscope probe to the TRIGGER LEVEL B OUTP UT pin and verify
that the multimeter indicates -5V + 60 mV.

(12) Disconnect the test equipment.



Internal Frequency Standard PYP

62 Required test equipment includes a frequency standard (see Table 6.1; Item 1).

NOTE:

If either Option 04A or 04E ovenized frequency standard is installed, allow the

counter to warm up for one hour {switched to standby,

this procedure.

63 Complete the following procedure:

(1)

(2)

Turn on the counter,
displayed.
000000000 is displayed.

Seleet function FREQ A,
If Option 04E is installed, press the RE

Connect the test equipment as shown in Fig. 6.18,

COUNTER

(3)

(4)

(5)
(6)

(1

if required) before performing

Verify that 000060000 is

SOLUTION key until
10 MHz
MONITOR
OUTPUT FREQUENCY STANDARD

Fig. 6.18 Connections for Internal Frequency Standard PVP

Press key sequence

[o] (6] [SHIFT] [STORE] .

Press key sequence

[sHFT| [RECALL] [X].

Verify that 10.000000 6 is displayed.

Press and key sequence |SHIFT| [R-X/Z]

Verify that the value displayed is within the limits shown in Table §.8.

TABLE 6.8

Internal Frequency Standard Accuracy

Limits
Frequency Standard Digits Exp
Standard oscillator +16 0
Option 04A +3 0
Option 04E +300 -3

Turn off the counter and disconnect the test equipment,
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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:

404390 Counter ASSY vovvvenennrnssnnnens Pererarreaascuianaraeae N 8-3
404391 Chessis ASSY.vuruiiereranannans Ce e reetrerraatt et et 8~3
401730 10 MHz Oscillator .. .ovvvvvnennnnnn, Ceteeiaaeseen et naeaeee. 84
404426 Motherboard......oviviveneinnnnn rerisaneas cieeas berisensresian 8-5
401760 GPIB tivririinntetinonanencnnnnens et ne e feartsaraeaunaan 8~13
401746 Display «.vuvn. Cereaeeans cevnas beeereaanae chaeaes Cereenereans 8-15
401762 BNC ASSY tvviiiiiirnnnnecsannnnns Ceereeaa Ceteirseeerer s 8-18
401395 " Option 01, Rearlnput Ceterasecietaasana eeeae cerssaraeaniell8-19
404392 Option 04 A, Oscillator ....... sesena Ceaseeeas ceasaen cesmances ..8-19
404397 Osci].latorAssy....... ..... cerersana ceseaaens D - A
404384 Option 04E, Oscillator ....cvevmennens treeraas i teeeaees ceeaeea 8-20
4004386 OSCHIAtOr ASSY tuvtvivreecenanescnensnnssssesasanasnasansse .. 8-21
404681 Cable Assy., Oseillator. .o ve v e ieenennnnnnns cetesassenaes oo 8-21
404399 Option 10, Reference Frequency Mult:pher Creresetarrerana teeaes 8-21
19-1164 MultzpherPCB ......... et rsertss st iennens - A 1
404398 Option 41, Channel C ................ Cheeneaes B - £
4043389 Channel CPCB ...iiieeineiecnnnnnnn Cretsaresseretaatenaanes .8-24
8.2 Manufgcturers 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 Handbooks H4-1, H4-2, and their supplements.
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RACAL Instruments Inc.

4 Goodyear Street, Irvine, California 9271&2202

REPAIR AND CALIBRATION REQUEST FORM

To allow us to better understand your repair requests, we suggest you use the
following outline when calling and include a copy with your instrument to be
sent to the Racal Repair Facility.

Model No. Serial No. Date
Company Name P.O.No.
Billing Address
City : State Zip
Shipping Address
City State Zip
- Technical Contact Phone Number { )
Purchasing Contact Phone Number ()
1. Describe, in detail, the problem and symptoms you are having. Please include all set

up details, such as input/output levels, frequencies, waveform details, etc.

2. If problem is occurring when unit is in remote, piease list the program strings used

and the controller type.

3. Please give any additional information you feel would be beneficial in facilitating a
faster repair time (i.e., modifications, etc.)

4, Is calibration data required?

Cali before shipping:

Ship instrument to:

Note: We do not accept “collect” shipments.

Yes No  (please circle one)
Customer Service o
(800) 722-3262

Customer Service Department
Racal Instruments Inc.

4 Goodyear Street

Irvine, CA 92718






