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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 inflicting 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 feature 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" circuit 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.
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SECTION 1 GENERAL INFORMATION

11 INTRODUCTION

1.11 This Instruction Manual provides information for installing, operating, and
servicing of Racal-Dana's Universal Systems Counters Modeis 1995/1998. The designa-
tions 1995/1996 are used throughout this manual. Figure 1.1 shows the 1996, Both the
1995/1996 offer universal counter functions using Inputs A and B. The 1996 also provides
high-frequency Input C for frequency measurements to 1.3 GHz. Input D, located on the
rear panel, provides for extarnal arming and gating. All personnel using the 1995/1986
are encouraged to thoroughly read this manual before operating or servicing either

instrument.
1.2 "SUMMARY
1.2.1 This manual is organized into eight sections:

SECTION 1. General Information: published specifications, safety consider-
ations, product support, general description, and options.

SECTION 2. Installation & Preparation for Use: unpackiné_h -and initia
inspection, reshipment, setup, field installation of options, power:connections
storage and ventilation. '

SECTION 3. Local Operation: bench operation, including general operating
information, panel descriptions, and measurement procedures.

SECTION 4. System Operation: GPIB system cperation.
SECTION 5. Theory of Operation: general theory of operation.

SECTION 6. Maintenance: Performance tests and basic calibration informatio
for the 1995/1996.

SECTION 7. Drawings: assembly and schematic drawings.
SECTION 8. Parts List: replaceable parts and assemblies.
1.3 SPECIFICATIONS

1.3.1 Table 1.1 lists the 1995/1996 specifications. They specify the performane
standards to which either instrument should be tested during necessary calibration an
servieing.



- Table 1.1 - Technical Specifications

GENERAL DESCRIPTION

The 1995/1996 system universal counter utilizes a mieroprocessor-controlled multiple register
data acquisition IC for counting and timing to 200 MHz (1.3 GHz on the 1996 with Input C).

The counter provides the following measurement funetions: frequency, frequency ratio, period,
1-ns resolution time interval, automatic pulse parameters {(including duty cycle and slew rate),
phase, and totalize. Time interval averaging is available via software—derived {unctions.

The frecquency range on Inputs A and B is 0 to 200 MHz; 40 MHz to 1.3 GHz on Input C using an
sdditional board. Trigger levels on Inputs A and B can be set manually via the front panel
keypad or via auto-trigger with 50% trigger points. The DC offset component of the input
signal may bDe tracked by auto-triggering in between readings in the manual mode {peak
tracking). Use of a timing error correction (TEC) technique permits measurements with 9-digit
resolution in one second and a single-shot time-interval resolution to 1 ns.

The counter is housed in a 3.5" high X 19" wide full-rack X 19" deep standard corporate
enclosure. Total weight does not exceed 22 lbs {10 kg). Unit is adaptable to rack or bench top
use. _

INPUT CHARACTERISTICS

Inputs A and B
Channel Input: Start/stop channels for each input
provide common measurements for
Input A and Input B.

Frequency Range:

DC Coupled " 0 to 200 MHz
AC Coupled , 20 Hz t0 200 MHz
Sensitivity, Sine Wave: 25 mV rms to 100 MHz

50 mV rms to 200 MHz

Sensitivity, Pulse (Frequency Mode): 150 mV p-p; 2.5 ns min. width with
75 mV overdrive.

Sensitivity, Pulse (T.I. Mode): 7% mV p-p; 3 ns min. width
with 35 mV overdrive.

Hysteresis: Sensitivity reduces by X 4 {nominally).
Dynamic range bandwidth limited to
approximately 50 MHEz.
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Table 1.1 - Technical Specifications (Cont'd)

Filter: Independently selectable Input A and
Input B; 100 kHz, nominal. Greater
than 20 db attenuation from 10-200
MHz.

Note: The Filter and Hysteresis functions may be combined to increase noise immunity.

75 mV to 10V p-p to 25 MHz
75 mV to 3V p-p to 100 MHz
150 mV to 2.5V p~p to 200 MlHz

Dynamic Range (X1):

Signal Operating Range (X1): -5V DC to +3Y LC

Grosstalk at 100 MHz: 500 mV rms*

*Qine wave into either input will not trigger the other input.
Triggering:

Trigger Level Ranges: 5, 50, 250V peak (X1, X10, X58)
Adjustable to +100% of input voitage
range with a resolution of 0.2% of input
range (10 mV on X1). Level is displayec
on front panel.

Trigger Level:

+ or -, selectable with digital hysteresis
compensation.

Trigger Slope:

Trigger Level Setting + 1% of trigger level £10 mV
Acecuraey (25°C £ 1°0C)

(X1 range)

Trigger Level Temperature + .5 mV/°C
Coefficient (X1 range)

Auto-Trigger

Frequeney Range:

Minimum Amplitude:

Accuracy of Trigger Level Readout:

Response Time:

DC and 30 Hz to 100 MHz (AC or
DC Coupled), usable to 200 MHz

150 mV pp

Same as "Read Amplitude
Peak' aceuracy

$50 ms typical 1s maximum

Note: The Auto-Trigger function is independent of the input-signal duty cyele.




Table 1.1 - Technical Specifications (Cont'd)

Coupling:

impedance:

High, Separate and Common

50 Ohm

Damage Level:

1 megohm input impedance

50 ohm input impedance
Input C -

Frequenecy Range:

Sensitivity, Sine Wave:
Dynamic Range:

Impedance:
VSWR
Maximum Operating Input:

Maximum Input:
(without damage)

Input D (Gate Control Input)

Sensitivity, Pulse:

AC or DC, independently selectable

1 megohm shunted by 40 pF (nominal)

50 chms nominal

X1: 260V (DC + AC rms) DC to 2 kHz
5 X 10%/f V, 2 kHz - 100 kHz
5V rms, 100 kHz - 200 MHz
X10,X50:
260V (DC + AC rms) DC to 20 kHz
5 X 105/f V, 20 kHz to 100 kHz
50V rms, 100 kHz to 200 MHz

5V rms (DC to 200 MHz)

40 MHz to 1.3 GHz

10 mV rms to 1.0 Gliz
106 m¥Y rms to 1.3 GHZ

40 dB to 1 GHz
20 dB to 1.3 GHz

50 ohms nominal, AC-coupled
2:1 at 1 GHz
IV rms

7V rms (fuse-protected)

300 mV p-p; 50 ns min. width
with 150 mV overdrive
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Table 1.1 - Technical Specifieations (Cont'd)

Impedance:
Damage Level:
Triggering

Trigger Levels:

Trigger Slope:

10 kilohms shunted by €35 pF

+ 20V (DC + AC peak)

TTL or zero-crossing, selectable via specia
function or through GPIB interface

+ or -, selectable via special function or GPII

JFREQUENCY MEASUREMENT

Inputs A & B

Range:
Input A:
(B selectable through
Special Funeticn 21 or
GPIB)

LSD Displayed:

Resclution:

Accuracy:
Gate Time:
Hange:

Resolution:

Input C (1996 only)
Range:

LSD Displayed:
Resolution:

Aecuracy:

0 to 200 MHz

{1 ns/Gate Time) X Frequency
(i.e., 9 digits in one second)

+#1 X LSD) # 1.4 X (Trigger Error*/Gat
Time) X Frequency

+ Resolution + Time Base Error x Frequency

Selectable from 200 ns to 100 sec.

>1 ms, 0.1%
<1 ms, 0.1 ps

40 MHz to 1.3 GHz
(1 ns/Gate Time) X Frequency
(LSD)

+ Resolution + Time Base Error x Frequency

* Refer to Definitions, Trigger Error

-
!
W



Table 1.1 - Technical Specifications (Cont'd)

PERIOD MEASUREMENT

Range:
LSD Displayed:

Resolution:

Aceuracy:

Snstol.0X 107s
(1 ns/Gate Time) X Period

+(1 X LSD) t 1.4 X {Trigger
Error*/Gate Time} X Period

+ Resolution * Time Base Error % Period

TIME INTERVAL MEASUREMENT

Input Configuration:

Separate:

Common:
Range:
LSD Displayed:

Resolution:

Accuracy:

Time Interval Delay:

Delay Resolution:

Delay Accuracy:

Input A start/Input B stop

Input B start/Input A stop {(through Special
Funection 21 or GPIB)

Input A or Input B start and stop

-3nsto 1.0 X 107 see

1 ns {100 ps using Average mode)

+ {1 X LSD) # (Start Trigger
Error*) + (Stop Trigger Error¥)

+ {Resolution) # (Time Base
Error) X TI + (Trigger Level Timing Error*¥)
+ 2ns

Programmable 200 ns to 100 s

>1 mSec, 0.1%
<1 mSec, 0.1 us

Same as Delay Resolution

RISE/FALL TIME

Range:
Minimum Pulse Height:

Minimum Pulse Width:

5ns to 25 ms
250 mV p-p

15 ns at signal peaks

1-6

* Refer to Definitions, Trigger Error

** Refer to Definitions, Trigger Level Timing Error
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Table 1.1 - Technical Specifications (Cont'd)

LS Displayed:
Resoclution: .

Accuracy:

Same as Time Interval Specification

Same as Time Interval Specification

" Same as Time Interval Specificatior

with Trigger Level Timing Error®
computed at 10% and 90% trigge
points

PULSE WIDTH

Range:

LSD Displayed:

5 ns to 33 ms (107 s for manually se
trigger levels)

Same as Time Interval Specification

Resolution: Same as Time Interval Specification

Accuracy: Same as Time Interval Specificatio
with Trigger Level Timing Error®
computed at 50% trigger points

DUTY CYCLE

Range: © 0.01% to 99.99%

Frequency Range:

LSD Displayed:

30 Hz to 100 MHz (to DC for manuall
set trigger levels)

0.01% or 1 ns/period x 100% {whicheve;
is greater)

Resolution: Pulse Width Resciution x 1006%
Period
Accuracy: + LSD + (Pulse Width Accuracy> X 10
Period
SLEW RATE
Range: 10V/s to 2 X 10° V/s

Transition Time Range:
Minimum Pulse Height:

5 ns to 30 ms
250 mV p-p

e

Refer to Definitions, Trigger Level Timing Error
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Table 1.1 - Technical Specifications (Cont'd)

LSD Displayed: 1 ns X Slew Rate (tc 3 digits)
Transition Time

Resolution: +| (Stop Trig Level-Start Trig Level) +10 mV - Slew
0.0 % (TFansition Time-Transition Time Resclution)

Accuracy: +| (Stop Trig Levei-Start Trig Level} + 20 mV - Slew:
“| T3 x (Transition Time-Transition Time Accuracy) '

The magnitude of the slew rate is displayed on the 7-segment display readout. Negative
values are obtained on selecting slope \ .

FREQUENCY RATIO MEASUREMENT

Ratio A/B (software}
{Ratjo B/A is available via Special Function 21)

Range:
Input A 0 to 200 MHz
nput B 0 to 200 MHz
Accuracy: t (Aceuracy of F )/F 5 + (Accuracy of Fp)/Fp

Where F, and Fgare the frequencies of inpﬁf signals A and B, respectively.

Ratio A/B (hardware)

Range: -
Input A 0 to 100 MHz
Iput B 0 to 100 MHz

1-8
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- Table 1.1 - Technical Specifications {Cont'd)

[ L i

LSD Displaved:

Ratio

FA ¥ Gate Time

Where F 5 is the higher frequency, connected to the numerator input

Resolution:

+ 13D = TB X Ratio
Gate Time

Where Tp is the denominator trigger error on lower frequency Input B

Accuracy:

Ratio C/B (hardware)
(Ratio C/A is available via Speeial Function 21)

Range:
Input C
Input B

LSD Displayed:

Where F is Input C frequency.

Resolution:

Ratio

Same as Resolution

40 MHz to 1.3 GHz

0 to 100 MHz

X 84

FC X Gate Time

+ LSD ¢+ TB X Ratio
Gate Time

Where Tp is denominator trigger error on lower frequency Input B

Accuracy:
Ratio C/B (software)
Range:

Input C:

Input B:

Same as Resotuticn

40 MHz to 1.3 GHz

0 to 200 MHz




Table 1.1 - Technical Specifieations (Cont'd)

Accuraey:

(¢ Accuracy of F»/F () * (Accuracy of Fp)/Fy

Where F~ and Fp are the frequencies of input signals C and B, respectively.

TOTALIZE A BY B

(Totalize B by A available via Special Function 21)

Range:
Start/Stop:
1LSD Displayed:
Resolution:

Accuracy:

0 to 100 MHz

Input B or manual via Special Funetion 61
1 Count

LSD

Same as Resolution

PHASE A RELATIVE TO B

(Phase B relative to A available via Special Function 21)

Range:

Minimum Signal:

LSD Displayed:

0 to 360°

150 mV p-p using Auto-Trigger function
25 mV rms Manual Trigger settings

Continuous monitoring of measurement provides
optimum resolution based on Period and Time
Interval Resolution

Resolution: + LSD + TI Resolution x 360°
PERICD A '

Accuracy: + LSD + TI Aceuracy x 360°
PERICD A

GATE TIME

Range: 200 ns to 100 sec

LSD Displayed:

3 Digit Display

1-16
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Table 1.1 - Technical Specifications {Cont'd)

TIME BASE (See Option 04E)

Frequency:

Aging:

Temperature Stability:

External Standard Input:

10 MHz

<1 ppm per month
<2 ppm for first year

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

] ”_Frequency: 1, 5,10 MHz
Levek . Min., 500 mV rms, Max., 5V rms
Impedance: 1 kilohm
Internal Standard Output:
Frequeney: 10 MHz
Level: >1V p-p into 50 ochms
ARMING

Start Arm:

Input:

Start Arm:

Inputs A, B or D, selectable via Special
Functions 82.0-83.3

(+) or (-} edge, selectable via special
funetion applied to external arm input
allows counter to start a measurement
cycle

i-11



Table 1.1 - Technical Specifications (Cont'd)

External Gate:

Input:
Start Arm:
Stop Arm:

- [

Synchronous Window Auto-Trigger:

(Syn. Wind. AT)

Input:

Start/Stop Edges:

—

Inputs A, B or D, selectable via Spectal
Funetions 85.0-88.3

(+} or (-) edge, selectable via
special function applied to external arm
input allows counter to start a
measurement eyele

(+) or () edge, selectable via
special function applied to external arm
input allows eounter to stop
measurement eyele

Inputs A, B or D, selectable via Special
Funetions 91.0-94.3

(+) or (-), selectable via special function
applied to external arm input allows the
auto-trigger funetion to establish the
{(+) and (~) signal peaks and trigger level
only during the period when the arming
signal is present

PEAK SIGNAL MEASUREMENT

The auto-trigger function may be used to determine and indicate the peak maximum, peak
minimum, and peak-to-peak values of the measurement signal applied to Inputs A or B.

Display:

Frequency Range:
Dynamic Range:
Resolution:

Accuracy:

Individual 3-digit displays for Inputs A
and B.

DC and 30 Hz to 25 MHz
.15 to 10V p~p (X1 attenuation)
10 mV (X1 attenuation)

+ 5% of peak-to-peak voltage + 20 mV
for sine waves

+ 9% of peak-to-peak voltage + 20 mV
for pulses > 20-ns wide and > 5 ns rise
time

1-12




o

|

Table 1.1 - Technieal Specifications (Cont'd)

STATISTICS

Sample Size: 2 to 9899

Standard Deviation: Displays Standard Deviation of sample
size (n)

Average: Displays Average {(mean) value of
sample size (n)

Highest: Using Special Function 51, the highest
value in sample size (n) is displayed

Lowest: Using Special Function $2, the lowest
value in sample size (n) is displayed

MATH

Applies to all counting/timing measurement funetions. Note Math Funetion is applied prior
to Statisties Funetion.

Display = Reading - X Y
Z

Where X, Y and Z are constants entered and stored via the keyboard.

Constant (X, Y or Z) Range: + 0.000000001E-9Y to + 9995999999 EY

Power-Up Condition: X=10
Y=1
Z=1
I GPIB INTERFACE
|
!
| Standard: IEEE-STD-488-1978
Programmable Controls Al front panel controls with the

exception of Power

Universal Commands: Trigger, Clear, Remote, Local, Local
Lockout, Require Service

Data Qutput Format: Refer to Tables 4.5 and 4.7

Data Output Rate: 150 readings/second, maximum

1-13



Table 1.1 - Techniecal Specifications (Cont'd)

NON-VOLATILE MEMORY

Up to 10 compilete front-panel settings may be stored for subsequent recall.

GATE QUT

A TTL-compatible signal is provided from a rear-panel BNC connector coinecident with the
measurement gate + 100 nanoseconds.

TRIGGER LEVEL OUTPUTS

Stert and stop levels are available on the rear peanel from BNC connectors for calibration
purposes only.

DISPLAY

LED: 10 digit display, character size 0.43".
Exponent digit, character size 0.43"

When measurement exceeds 10 digits, the least significant 10 digits are displayed, and the
overflow indieator is lit.

TEMPERATURE PERFORMANCE

Operating Temperature: 0°C to +50°C
Storage Temperature: ~400C to +75°C
POWER REQUIREMENTS: 100, 120, 220, 240V rms % 10%
50 to 400 Hz + 10%
80 VA
DIMENSIONS: 88.9 mm (3.5 in) High X 427.0 mm

(16.8 in) Wide X 475 mm (18.7 in) deep

WEIGHT: 10 kg (22 1b.)

1-14
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Table 1.1 - Technical Specifications (Cont'd)

OPTIONS™

Option 01 Rear-Panel Inputs
Option 04E High-Stability Oven Osecillator

Proportionally controlled ovenized Internal Frequency Standard

Frequency: 10 MHz

Aging: <5 x 10710 per day at time of shipment
Temperature Stability: <7 %X 107 over the range 0°C to 50°C
Line_Yoltage Stability: <5 % 10719 two minutes after a 10%

line voltage change
Option 04R Rubidium Precision Internal Frequency Standard
Frequency: 10 MHz
Long Term Drift: <5 X 107 per month

<5X 10710 per yeear

Temperature Stability: <3X 10710 from 0°C to +50°C
Line Voltage Stability: <2 x 1071 from £10% voltage change
Option 60

Rack mounting kit (fixed)
Option 65

Rack mounting Kit (slides)

DEFINITIONS

LSD Least Significant Digit

Trigger Error
Trigger error= \/(eizi'enz) {Volts)
(Seconds) Tnput Slew Rate at Trigger Point
(V/sec)
where e;= input amplifier rms noise, 250 4V rms max
e, = input signal rms noise in 250 MHz bandwidth

n




- Table 1.1 - Technical Specifications {(Cont'd)

Trigger Level Timing Error

Timing Error = (Trigger Level Error (V))/

{Seconds) Input Slew Rate at START trig
point (V/see) - (Trigger Level
Error (V))/Input Slew Rate at
STOP trig point (V/sec)

where Trigger Level Error = 1% of Trigger Level +10 mV

1-16
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1.4 SAFETY

1.4.1 The 1995/1996 incorporates a protective earth terminal and is designed to meet
international safety requirements. Refer. to the safety page "FOR YOUR SAFETY'
immediately preceding the Table of Contents. Follow all NOTES, [CAUTIONS!, and [WARNING!
to ensure personal safety snd prevent damage to the instrument.

1.5 PRODUCT SUPPORT

1.5.1 Racal-Dana supports the 1995/1996 with Product Engineering, Service, and Part:
Departments. A complete listing of service centers and field representatives is provided on the
last two pages of the manual.

1.6 GENERAL DESCRIPTION

1.6.1 _ The 1995/1996 is a universal counter designed for system or bench use. DBasi
measurement funetions inelude Frequency, Period, Time, Ratio, and Totalize. Inputs A and |
provide frequency measurement to 200 MHz; Input C {1996 only) extends frequency and rati
measurements to 1.3 GHz. Computational capabilities include Rise/Fall Time, Pulse Width
Phase Measurement, Duty Cyele, Slew Rate, Statistical Data, and Math Operations. Inputs :
and B incorporate independent Start and Stop channels with automatic or manual trigge
selection. Input D on the rear panel is used for external arming and gating.

1.6.2 Special Functions

1.6.2.1 Both the 1995/1996 provide a set of Special Functions, permitting extende
measurements and capabilities beyond the front-panel keyboard. See Subsection 3.4.8 fc
details.

1.6.3 GPIB Interface

1.6.3.1 The 1995/1996 provides a GPIB interface as standard. This permits the execution ¢
all front-panel operations except power-on and address selection. See Section 4 for GPI
capabilities, addressing, and bus protocol.

1.6.4 Models 1995/1996-02M

1.6.4.1  These two special versions incorporate a MATE(R)/CIL interface and are availab!
from Racal-Dana.

1.9 OPTIONS

1.7.1 Options available for the 1995/1996 are listed below. Those specified on the origin
order will be factory installed and ready for use. Seetion 2 provides information on the fie
installation of certain options. See the Specifications in Table 1.1 as reguired.

a. Option 01 - Rear Panel Input

b. Option 04E - High Stability Oven Oscillator
c. Option 60 ~ Fixed Rack Mount

d. Option 65 - Slide Rack Mount
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INSTALLATION

SECTION 2 PREPARATION FOR US

2.1 INTRODUCTION

2.1.1 This seetion describes the unpacking and inspection, reshipment, rack installatic
miscellaneous option installation, power connections, and storage/temperature requirements {
the 1995/1996.

2.2 UNPACKING AND INSPECTION

2.2.1 Before unpacking the counter, check the exterior of the shipping carton for any sig
of damage. All irregularities should be noted on the shipping bill. Remove the instrume
carefully from its carton, preserving the factory packaging as much as possible. Inspeet t
counter for any defect or damage. Notify the carrier immediately if any damage is appare!
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-Dana |
calibration and/or servieing. The original shipping earton end the instrument's plastic-fo:

form will provide the necessary support for safe reshipment. If the original packaging
unavailable, reconstruct it as much as possible. Wrap the counter in plastic; then use plas

spray foam to surround and protect the instrument. Reship in either the original or new, stur
shipping carton.
2.4 BENCH OPERATION
2.4.1 The 1995/1996 is equipped with a tilt-bail to elevate the front of the instrument
easy operation. The tilt-bail is attached to the two front feet on the bottom of the count
For use, the bail is pulled down to its vertical position.
2.5 EQUIPMENT RACK INSTALLATION
2.5.1 The 199571996 can be mounted in a standard 19-inch equipment rack using either
Fixed-Mount Option 80 or Slide-Mount Option 65. Installation instructions for these two opti
follow.
2.5.2 Fixed-Mount Option 60 Installation
2.5.2.1 Refer to Figure 2.1 for this procedure. The instaliation package includes:

a.  Flange-Mount angle-brackets (2}

b. Front corner-inserts for nonhandle installations ()

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



= PHILLIPS RETAINING-SCREWS {2}

REMOVE & STORE
2 RETAINING SCREWS

REAR CORNER
FOOT

REMOVE SIDE
PANEL AND STORE

T =g .
- REPLACEMENT— -
SCREWS w*
i2)

MOUNTING
ANGLE-BRACKET

Figure 2.1-Fixed-Mount Angle-Bracket Detail

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

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

-

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

b. Remove the two rear corner~feet from the case

c. 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

d. Remove the four bench feet from the bottom cover by unscrewing the phillips
head retaining screws from each foot

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

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

’. Remove the retaining screws for both handles/corner inserts, leaving the
hendles/corner inserts in place
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C.

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

Insert two replacement flathead #8-32 x 1/2 serews through each angle brack
and handle/corner-insert combination, then serew securely to the case

2.5,2.5 Reassemble the instrument by replacing the top and bottom covers, fitting the frc
edge of the covers into the groove in the front panel. Do not attempt to replace t
instrument's side panels. Complete the procedure by screwing the two rear corner-feet to t

case.

2.5.2.6 Store the following items in a convenient location:

Two side-panels, four bench feet and retaining screws, and four replaced retaini
serews 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.

b.

Front corner-inserts for nonhandle installations (2) - P/N 454323
Flange-Mount angle-brackets (2) ~ P/N 454422

Alignment blocks (6) - P/N 454490

Front rack-brackets (2) - Part of P/N 454488

Rear rack-brackets (2) - Part of P/N 454488

Triple-rail slide~mount assemblies (2) - P/N 454489
Self-Anchoring #10-32 tinnerman nuts (12) - P/N 610920
Phillips panhead #10-32 x 1/2 screws (8) - P/N 615091

Slotted panhead #8-32 x 3/8 screws with nuts, washers, and lock washers
each) - Part of 454488

Phillips panhead self-tapping #8-32 x 5/16 serews (8) - P/N 610910
Phillips flathead #8-32 x 1/2 screws (4) - P/N 615325

Phillips panhead #10-32 x 3/4 screws (4) - P/N 615093

Alignment #8 x 1/16 (spacers) washers (2) - P/N 610921

Cover retaining-brackets (2) - P/N 454597

Phillips Flathead Metric Screws M4 x 12 (4) - P/N 611011

]
]
o0



2.5.3.2 Prepare the instrument for installing the alignment blocks in the side channels of the
unit. Refer to Figures 2.1 and 2.2 and complete the [ollowing steps:

a.

Remove the two rear corner-feet by extraeting the two phillips retaining screws
from each foot

Siide the top and bottom covers 1/2 inch towards the rear panel, then Lift them
off

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

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

Store the four panels, four bench feet, and tilt-bail in a convenient location

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

— PHILLIPS RETAINING-SCREWS (2]

REMOVE & STORE
2 RETAINING SCREWS

!
REAR CORNER
FOOT

REMOVE SIDE
PANEL AND STORE

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

2.5.3.3 Refer to Figure 2.3 for alignment block loading. Slide the alignment bloeks 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 blocks for intermediate-rack depth units. The
two serew holes in each alignment block should be at center position and below, relative the

center channel
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I 2 OR 3PER SIDE
FRONT LOAD

Figure 2.3-Loading the Alignment Blocks

2.53.3.4 Replace the top and bottom covers on the instrument. Fasten the covers using t
two cover retaining-brackets (see Figure 2.8) and four phillips panhead screws (two per sic
originally removed from the rear corner-feet. The instrument is now ready for attachment
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 equipme
rack installation. First, note that the instrument-rail and rack-rail holes are accessible eitt
directly or through the enlarged holes in the center-rail (as the assembly is extended
retracted). Complete the following procedure:

a. Place a front rack-bracket {(with one mounting slot) on the workbench, slott
flange facing down

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

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

NOTE

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

_Fully extend the slide-mount assembly. Position a rear rack-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 clesest to the slotted flange 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

Fully extend the slide-mount assembly. Position a rear rack-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 farthest from the slotted flange
with the rear rack-rail neil 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
seecure the rear rack-bracket loosely to the slide-mount assembly

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

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



TINNERMAN NUTS

SLIDE-MOUNT
ASSEMBLY
SLOTTED
FLANGE
FRONT END OF FRONT

OR SLIDE-QUT END RACK-BRACKET

OF SLIDE-MOUNT
ASSEMBLY

NUT-
A EASTENING

SLOT

3/4 INCH

INSTRUMENT RAIL IS SCREWED TO ALIGNMENT
BLOCKS ON INSTRUMENT

a. Front bracker 314 inch leading edge
FRONT RACK:BRACKET
{ONE MOUNTING SCREW SLOT)

SLOTTED
PAN-HEAD
8-32 x 3/8 SCREW

CENTER-RAIL

A

RACK-RAIL = \
« SECURED TO REAR \ N

MOUNTING BRACKET N e
o\
N\

SLOTTED PAN-HEAD
8-32 x 3/8 SCREW

REAR RACK-BRACKET
{TWO MOUNTING
SCREW SLOTS)

b. Frout and rear bracke! assembly

Figure 2.4A/8-Slide-Mount and Bracket Assembly




2.5.3.6 The agsistance 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.

HOTE

If the mounting-rail of the instrument rack is tapped for #10-32
screws, drill out two places for each bracket using a 174 inch
diameter bit. Proceed with the assembly:

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

b. 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

c. Inétall the other front rack-bracket on the front mounting-rail in the same
manner

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

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

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

h. The triple-rail slide-mount assemblies should move freely to their maximurm
extended positions. If not, remove any obstacle before installing the instrument

Z2-8
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9.5.3.7 Refer to Figure 2.6 (with inset), The assistance of a second person will be needed for
the following slide-mount assembly-to-instrument installation.

3 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

g first mounting hole in the instrument-rail. Place an alignment (spacer) washer
on the serew on the other side of the instrument-rail

b. Serew 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

c. With the help of a second person, position the instrument between the fully

extended rails. For full-depth instruments, the rear alignment-bloek hole should
g be situated immediately behind the fourth attachment hole in the instrument-
; } rail. For intermediate—depth instruments, the rear alignment-block hole should
' be located behind the third attachment hole

1
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NOTE

For 3-1/2 inch high instruments, position the rail access hole
over the top alignment-block hole; for 35-1/4 inch high
instruments, use the bottom hoie.

d. Insert a phillips panhead self-tapping #8-32 x 5/16 screw through the rail access
hole and serew 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 serew 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

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

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

Z. Insert two phillips flathead #8-32 x 1/2 screws (some models use M4 x 12}
through the handle/corner insert and angle-bracket combinations, then fasten
firmly to the frame

h. 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 #10-32Z screws
b. Slide the instrument fully into the rack until the angle brackets strike the slide-
mount bracket screws. Secure the instrument in place using four phillips
panhead #10-32 x 3/4 screws
2.6 MISCELLANEOQUS OPTION INSTALLATION
2.6.1 Rear-Panel Input Option 01

2.6.1.1  .Refer during this procedure to Figure 2.7A, B, and C as well as Option 01 Assy
Drawing 404378 in Section 7. The installation package includes:

a.

b.

C.

d.

Rear-Input Option Assy PCB (1)
Rear-Input 72-conductor Cable Assy (1)
Phillips panhead self-locking #6-32 X .312 serews (9)

Metal blind-threaded #6 standoffs (5)

2.6.1.2 Complete the following steps:

a.

2-12

Loosen, but don't remove, the two rear corner-feet by unfastening the four
retaining serews {two per foot). Back the corner feet out approximately 5/8
inch. This permits removal of the top and bottom covers

Slide both the top and bottom covers toward the rear of the unit, then lift up

- gnd out to remove

Turning counterclockwise, remove the lock nuts from the front-panel BNC
connectors for INPUTs A and B (attached to the signal conditioner board) and
INPUT C

Remove the black rear-hole plug from J210 on the 1996. Remove INPUT C's
BNC connector with its cable from the front panel and install in J210 on the
rear panel of the 1996, Place the rear-hole piug for INPUT C on the front panel

Remove the five self-locking screws from the top of the signal conditioner

board. These screws fasten the signal conditioner PCB to the motherboard. Set
these screws aside



[
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Qn the 1995, disconnect the 2-conductor (black & white, twisted-pair) 10 MHz
internal frequency reference and ld4-conductor twisted-wire power cables
connecting the signal conditioner PCB and motherboard. This involves
unplugging P8 from J8 (10 MHz cable) and P& from J6 (power cable) on the
signal conditioner board. In addition, on the 1386, unplug P7 from J7 on the
signal conditioner board. This disconnects the other 2-conductor (black &
white, twisted-pair) 10 MHz internal frequency reference cable. P17/d17,
P18/J18 (1996), and P19/J19 can remain connected on the motherboard during
this procedure. Set the free ends of the three disconnected cable assemblies
safely aside for later reconnection.

Slide the signal conditioner board towards the rear of the instrument; pull the
board up and remove, setting it aside

Remove the two black rear-hole plugs from J201 and J202 and place them on
the front panel

Place the Option 01 assembly board into the unit, center slot towards the rear.
Connect P9A on the option board and J9 on the motherboard

Fasten the option board securely to the motherboard using the existing four
short standoffs and four self-locking screws

Tip the instrument on its side. Insert and securely fasten the five supplied long
metal standoffs to the motherboard using five self-locking screws, inserting
them from the bottom of the unit through the motherboard :

Connect the rear-input option ribbon cable to the option board using plug PiB
and socket J9B. Fold the cable halfway back towards the rear of the unit '

Reverse the signal conditioner board 180° (INPUT A and B connectors towards
the rear panel) and hold the board in one hand. Connect the other end of the
rear-input option eable to the bottom of the signal conditioner board using plug
P9 and socket J9A

Align INPUT A and B BNC connectors on the signal conditioner board with their
corresponding rear-panel holes, then slide the board so that these connectors
protrude through the holes

Orient the signal conditioner board so that its five holes align with the five
longer standoffs just fastened to the motherboard. Secure the signal
conditioner board to these standoffs using the original five self-locking screws,
inserting them through the top of the board

Secure the BNC connectors for all rear-mounted inputs using their lock nuts.
Reconnect the single black & white 10 MHz internal frequency reference (two
on the 1996) and power cable assemblies to the signal conditioner board as

before

Replace the top and bottom covers; firmly secure the two rear corner-feet,
completing the installation

2-13
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2.6.2 High-Stability Oven Oscillator Option 04E

2.6.2.1 Refer to Figure 9.8 for this procedure. The installation package includes:

a. Oscillator assembly (1) P/N 404386 for Option 04E
b.  #4 split lock washers (2) P/N 617127
c. #4 fiat washers (2) P/N 617102
d. M3 x 8 screws (2) P/N 611067
e, Cable tie (1) P/N 610777

REAR PANEL

P14/d14
CONNECTOR

Figure 2.8 - Option 04E Installation
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2.6.2.2 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 serews (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

a. Remove the currently fitted standard 10 MHz oscillator assembly by:
1. Removing the cable tie securing cables to P14/J14 and P13/J13
2. Extracting the two screws and washers attaching the cseillator

.- assembly to the rear panel via the two threaded standoffs
3. Disconnecting the 5-pin connector cable (P14) from the motherboard at

Jid, then lifting the oscillator assembly out of the chassis

d. Connect the 5-pin connector cable of the option oscillator assembly at Ji4 on
the motherboard

e.  Replace the cable tie securing cable to P13/J13

f. Secure the oscillator assembly to the reer, panel using the two M3 x 8 screws,
two flat washers, and two lock washers. The screws pass directly into the top
of the oscillator assembly

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

2.7 POWER CONNECTIONS
2.71 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, 50 to 60 Hz. The
present voltage range can be seen through the small window in the power input module on the

rear panel.

2.7.2 Line Voltage Selection

2.7.2.1 The line voltage setting is easily changed by repositioning the small voltage selector
eard in its slot. Refer to Figure 2.9 and use the following procedure:

a.

b.

2-16

Remove the power cord from the power input module

Fully slide the transparent fuse cover to the teft. This exposes the fuse and
voltage selector card

Pull the small lever marked FUSE PULL completely to the left. This ejects the
fuse from its holder, permitting access to the selector card

Remove the selector card, then reposition it in its slot so that the desired line
voltage designation is visible. (Using a small pair of needle-nose pliers can be
helpful in completing this step.)



e. Pull the lever completely back to the right, snapping it closed

£. Replace the fuse in it holder. Line voltage settings of 100 or 120V should have
a 1A Slow-Blow fuse installed; settings of 220 or 240V should have a .3 A Slow-
Blew fuse installed.

g. Slide the fuse cover completely to the right covering the voltage selector card
and fuse. The correct line voltage designation should be visible through the
window

h. Connect the power eord to the counter again

7 -

PLASTIC COVER —mwr— 7 U / ( | —T——w——FUSE

.- /// D 82 ) : [ J+—FusE ReLEASE LeveR
*' | /1N

VOLTAGE SELECTOR CARD

!

. [ e 3% -
oI =y
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05; [ i [:i % [ i___.......n...xl (.
100V 220V

. ey

C L
CHECK 118 o2 3snd CHECK 238 ot 3sns i
FUSE 120 T WIINI ; FUSE 240 git WOHHD %
R 1
B E ;
1158/120V 230/240V

Figure 2.9 - AC Line Voltage Selection

2.7.3 Power Cord and Grounding

9.7.3.1 The front panel and instrument case are grounded in accord with MIL-T-28800C
protecting the user from possible injury due to shorted cireuits.

NOTE

Both counters are designed to meet IEC Publication 348, "Safety
Requirements for Electronic Apparatus for Class 1 Instruments.”

2.7.3.2 A protective ground terminal, forming part of the rear-panel input socket, |
provided. Both counters are supplied with a detachable.3-core power cord. Only this con
should be used.
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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 1995/1996 must maintain the
third-wire ground(earth) intact as set forth in current regulations.

2.8 STORAGE AND TEMPERATURE

2.8.1 ~ 7Fhe 1995/1996 can be stored at temperatures ranging from ~40°C to +70°C at 75%
relative humidity without adverse effeets 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 1995/1986 is performing
correctly by checking most of the counter's circuitry. This procedure should be conducted when
the 1995/1996 is first put into service and after shipment to a new location.

2.9.1.2  Now perform the following procedure:

a. - Connect the 1995/1996 to a suitable AC power supply

b. Turn on the rear-panel power switeh. It should illuminate. Confirm that the
front-panel POWER (ON/STBY) button is out (L) and the STBY LED lit

c. Depress the front-panel POWER (ON/STBY) button to ON, supplying power to
the entire counter, Verify that the STBY LED turns off

d. Confirm that the instrument model number "1995" or "1996" is displayed for
about two seconds, and then the main display blanks

NQOTE:

Home-state conditions for the 1995/1998 are listed in Subsection 3.2.3. Refer as
required,

e. Provide a 30Q coaxial test lead fitted with BNC connecters. This lead should be
60 cm to 1 m long

f. Using the test lead, connect the 10 MHz REF-OUT connector (see Figure 3.2) on
the rear panel to Input A's connector

2-18
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NOTE:

After power-cn, the following home-state conditions exist: FREQ A, AUTO-TRIG A,
X1, 1 MQ, AC-coupling, Filter off, and COM A off. :

g,

h.

Verify that the main display shows 10.000000 = 1 count E6 Hz; that both the
GATE and Input A TRIG LEDs flash

Select Input B using key sequence <921> SHIFT STORE SF SHIFT SF. Verify that
the SF LED is lit

Using the same coaxial test lead, connect the 10 MHz REF-OUT connector 1o
input B's connector

Repeat step g for Input B
Toggle the SF key using key sequence SHIFT SF. The SF LED should turn off
Disconnect the test lead between the REF-0QUT and Input B connectors

If the counter is Model 1996, select FREQ C. Connect the test lead between
the REF-OUT and Input C connectors .

Verify that the main display shows 10.000000 + 1 count E6 Hz and that'the
GATE LED flashes i
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SECTION 3 LOCAL OPERATION

3.1 INTRODUCTION

3.1 This section contains information for operating the 18985/1899%6 as a bench
instrument. It provides General Operating Information, Front and Rear Panel Deseriptions, and
Operating Procedures.

3.2 GENERAL OPERATING INFORMATION

3.2 If the counter is being used for the first time or at a new location, ensure that 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 Turn on the rear power switch, placing the counter in the Standby mode. The front-
panel STBY LED should be lit if the red POWER-ON button is out (n). In Standby, power is
supplied to the instrument's frequency standard (timebase). This eliminates the need for
warmup each time the 1995/1596 is turned on.

3.2.2.2  Depress the POWER-ON/OFF button to its ON (=) position. Power should now be
supplied to the entire counter and the STBY LED should be off.

3.2.23 After powering-on, the 1995/1996 executes a programmed seif-test of the major
internal cireuitry. This check verifies normal operation of the counter's microcomputer,

counting eireuitry, timebase, and ROM memory circuitry. Should a failure occur during this
self-test, a numbered error is displayed.

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™:

a. AUTO-TRIG A enabled; AUTO~TRIG B disabled

b. Time Interval DELAY: 1 millisecond. (Verify using key sequence SHIFT
RECALL DELAY)

c. GATE Time: ten milliseconds. (Verify using key sequence SHIFT RECALL
GATE)

d. Math constants X, Y and Z: 0, 1 and 1, respectively. (The value for scale
constant Z should never be zero.)

e. FREQA
f. Slope A (positive); Slope B (negative)
g. Attenuation: X1 (Input A); X50 {Input B)

h. Input impedance: 1 M£2



i. Separate inputs {i.e., Common A LED is off)

j. Filter: off

K. Hysteresis: 25 mV p-p (lower value)

R Sample(n) value: 100

m. Input A and B trigger levels: Zero (relevant only if auto-trigger is not selected)

n.  Input Coupling: AC-coupled {Inputs A and B)
3.2.4 Main Display
3.2.4.1  Readings are displayed in engineering format with a 10-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. Keyboard entries are always right-justified. The largest displayed reading is
999.9999999 with a +9 exponent; the smallest number is 1.000000000 with a -9 exponent. The 1~
digit exponent range is -9 to +9,
3.9.4.2 The selected function and gate time determine the number of digits displayed.
Generally, the longer the gate time, the more digits displayed. The RESOLUTION (4t) keys are
used to either step the gate time up (to 100 seconds), increasing the number of digits displayed;
or down (to 200 nanoseconds), decreasing the number of digits displayed.
3.2.4.3 LED indicators for units in Hz (hertz) and S (seconds) are located at 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 S8TD, and
GATE) are situated immediately below the display (see Table 3.1
3.2.5 Keyboard Organization
3.2.5.1 The front panel of the 1995/1996 is arranged logically by function 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
indieated in parentheses:

a.  General Operating (gray)

b. FUNCTION (yellow)

e. INPUT C (1996 only-blue)

d. DATA ENTRY (brown)

e. INPUT A (blue)

f. Input Control {(gray)

g. INPUT B (blue)
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3.3 PANEL DESCRIPTIONS
. i 3.3.1 Front Panel Features

3.3.1.1 Refer to Table 3.1 and the front-panel figures. They show and describe front-pane!
T controls, indicators, and connectors.

NOTE:
1 In the following table, LEDs shown in the "Item" 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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RACALFOANA 1950 SERIES UNIVERSAL SYSTEMS COUNTER
Reference Item Funection/Description

@ STBY LED* In Standby. Rear-panel POWER switch is on,

front-panel POWER (ON/STBY) button is out, and
power is supplied only to the internal reference
standard (timebase)

®

' POWER (ON/STBY) Button

In ON position, power is supplied to the entire
counter and the STBY LED is off

®

Measurement Display:

A 7-segment LED digital display. Uses engineering
format with 10-digit mantissa, 1-digit exponent,
and floating decimal point. The display shows cne
of the following depending on operational state:
measurement resuits
numbers for data entry
numbers for recall from constant or
function stores

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 ten digits
¢. numeric entries not involving an exponent

Mantissa Display LEDs*

Display right-justified mantissa

Mantissa Sign LED*

Negative display number

Exponent Display LED*

One-digit exponent number

®EEE

Exponent Sign LED*

Negative exponent

34
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Table 3.1 - Front-Panel Controls, Indieators, and Connectors (Con't)

Reference Item | Function/Deseription

O/F LED* Readout overflows the tenth digit of the display

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 interface

SRQ LED* Counter has transmitted a service request over

¥
+

the GPIB interface

EXT ARM LED*

External arming is controlling the measurement
start and stop points

'EXT STD LED*

Counter is operating from an external frequency
standard reference

GATE LED*

Measurement gate is operating, starting or
stopping a measurement cycle i

Display Units LEDs:

-

Hgz LED*

NOTE: L
Neither LED lights when a phase angle, ratio,
totalize measurement, or a constant is displayed

Units in Hertz for a frequency measurement

S LED*

Units in Seconds for a time measurement

B G G ¢ ¢ ¢ 6 OEE

RESOLUTION Keys (41}

Step the measurement period {i.e., gate time and
also the resolution) either up (4) or down (). This
increases or decreases the number of digits
displayed. In Recall Special Funetion mode, the
lowest special function number is initially
displayed. Use the RESOLUTION (44} keys to
seroll (with wrap-around) through special function
numbers on display
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RACAL-DAMNA 1420 SERI&S UN%VEHSAL SYSTEMS COUNTER

,
Reference Item Punction/Desecription

0

RESET/CONTINUE, LOCAL
Key

This key provides the following:
RESET
Terminates the measurement in progress, clears
the main dispiay, and triggers a new measurement
NOTE:
In HOLD mode, pressing this key triggers a new
measurement cyele
CONTINUE
Returns the counter to the measurement mode,
triggers a new measurement cyecle, after the
display of recalled number or constant
LOCAL
Returns the counter to front-panel control from
remote control on the GPIB, provided loeal lock~
out has not been set

D)

HOLD Key/LED

Toggles counter in 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

Special Function 61 causes the HOLD key to
successively start and stop measurements for
manual Totalize

FUNCTION Keys (4 )

Select in suceession the counter’s measurement
function. The corresponding FUNCTION LED is
lit. Funection selection "wraps around” at both
ends
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Table 3.1 - Froat-Panel Controls, Indieators, and Connectors (Con't)

Reference

3

Item

Funection/Description

s )

D

.
i
i

FUNCTION LEDs:

Indicate selected funetion

EJFREQ C FETIRISE A |
LI FRED A Y EALL A §
T -EIPERIOD A LETIPOS WIDTH A i
puncrion[Ed T 1o A8 HEINEG WIDTH A |
FE3TGTAL A by B I PHASE Arel B |
' LERATIO A/ B LTouTy A l
FEIRATIO C/ B Ll sLew A !

®EEEO® O
efelelolelole

FREQ C* Input C Frequency (1996 only)

14B FREQ A* Input A Frequency

@ " PERIOD A* Input A Period

14D TI A—~B* Time Interval (Input A for start, Input.B for stop)

14E TOTAL A by B* Totalize {Input A events gated by Input B)

@ RATIO A/B* Ratio A/B (Ratio of Frequency A to Frequency B)

@ RATIO C/B* Ratio C/B (Ratio of Frequency C to Freguenecy B)

@ RISE A* Input A Rise Time (10% start, 30% stop trigger
points)

141 FALL A* Input A Fall Time (30% start, 10% stop trigger
points)

144 POS WIDTH A* Input A Positive Pulse-Width (50% trigger points)

&

NEG WIDTH A*

Input A Negative Puise-Width (50% trigger points)

14L PHASE A rel B¥ Phase difference {Input A relative to Input B)
@ DUTY A* Input A Duty Cycle
@ SLEW A* Input A Slew Rate (positive/negative, 20% to 80%

trigger points)




Table 3.1 - Front-Panel Controls, Indicators, and Conneectors (Con't)
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1950 SERIES UNIVERSAL SYSTEMS COUNTER

.

Reference 1

-- Item

Function/Description

@)

DATA ENTRY Keys/LEDs

NOTE:

Designators for shifted
key functions are under-
lined. Also, designator
"150" is not used

Unshifted Kevy functions:

Numeric Keys (0-9)

Permit data entry and user interface with the
1995/1996 other than input signal conditioning and
measurement functions

AT

DATA ENTRY
¥

z

C— @@
R 7 8 2

STORE RECALL [T (R-X1Y/x

C N =R OO
5 6
MEL:(}RY GaTE I s5F

A ———E1 LI
1 2 3

2 MEANIN} [T3 STDIn) [ OELAY
EE@—E] B L@
9 v A e

] SHIFT {m

25 | & Bee

Entry of numbers and constants for math, special
funetions, 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 number

15B

Deecimal Point () Key

Inserts decimal point during numeric entry

EE©

P ositive/Negative (+/-)
Sign Key

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

EXP Key

Changes data entry mode so that the next number
entered is the exponent
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Table 3.1 - Front-Panel Controls, indieators, and Connectors (Con't)

Reference

. Item

Function/Description

CE Key

Clears current display number and entry

i (&

Shifted Key Functions:

SHIFT Key/LED*

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

ey
w
[®!

SF Key/LED*

Enables all selected special functions (SHIFT
SF). Also stores (<NN)> SHIFT STORE SF) and
recalls (SIIIFT RECALL SF) special functions.
See Subsection 3.4.8 for details

&

DELAY Key/LED*

Enables a time-interval stop delay (SHIFT
DELAY) in TI A»B. Also, stores {(value) SHIFT
STORE DELAY) and recalls (SHIFT RECALL
DELAY) a time-interval stop delay. Enabling a
delay in a non- T1 function produces an error
message. Selecting a non-TI function when in
delay disables DELAY and turns off the LED

151 MEAN(n) Key/LED* Enables calculation and display of the mean
(average) of (n) samples. Pressing SHIFT
MEAN(n) deselects the STD(n) key if enabled..
Pressing RESET restarts the period of (n)
samples
15J3) - STD (n) Key/LED* Enables calculation and display of the standard

deviation of (n) samples. Pressing SHIFT STD(n)

deselects the MEAN(n) key if enabled. Pressing
RESET restarts the period of (n) samples

5]

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

Selection of Math computation mode

=
124
[

|

STORE Key

Stores constants for math functions, gate time,
time-interval delay, (n) samples, GPIB address
and special functions. Used with MEMORY key
to store complete measurement (i.e., machine)
setups

et
o
st

=

|

RECALL Key

Recalls constants for math functions, gate time,
time~-interval delay, (n) samples, GPIB address
and special functions and calibration. Used with
MEMORY key to recall complete measurement
(i.e., machine) setups

st
Iw

MEMORY Key

Store and recall complete measurement setups,
memory locations 0 to 8, and calibration
constants, locations 10 to 33 (see Table 3.18).
Use the key sequence SHIFT STORE/RECALL
MEMORY (N> Attempted store or recall of an
out~of-range number produces an error message




Tabie 3.1 - Front-Panel Controls, Indicators, and Connectors (Con't)
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RACAL~DAMNA 1980 SERIES URIVERSAL SYSTEMS COUNTER
1 J
Reference [ =~ Item FPunection/Description
@ X/Y/Z Keys Store and recall Math computation constants (X,

Y and Z)

ADDR Key Store and recall the counter's GPIB address.
Address procedure is shown on reér panel (see
Table 3.2) to the right of the GPIB connector
15K (n) Key Store and recall of (n) samples for statisties.
Range of (n) is 2 to 9989
155 GATE Key Store and recall gate time

INPUT.A and B Keys/
LEDs

AUTO-TRIG Keys/LEDs*

INPUT A
[3iaute LI} LEVEL

fam ]
OC— 208 MHr

Automatie trigger setting and tracking for Inputs
A and B

TRIG-LEVEL Keys/LEDs*

Manual trigger setting for Inputs A and B

GE ®

DC/AC Keys/LEDsg*

Toggle between DC/AC input coupling for Inputs
A and B. LED lit when DC-coupled
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Table 3.1 - Front-Panel Controls, Indieators, and Connectors (Con't)

s,

Reference ltem Function/Deseription
@ 7/ Keys/LEDs* Toggle between positive (/) and negative ()

trigger slopes of Inputs A and B. LED litin
positive slope

50001M2 Keys/LEDs*

Toggle between 508 and 1M{l input impedance
for Inputs A and B. LED lit in 502 mode

E &

ATTN {X1, X10, X50) Keys

Attenuation for Inputs A and B. The decimal
point shifts in the LEVEL A and B displays,
indicating attenuation range selected (X1=X.XX,
X10=XX.X, and X58=XXX.)

6 —

6

LEVEL A and B Displays

Indicate current trigger level {manual or auto-
trigger). LEVEL A and LEVEL B also show TRIG
(current trigger level), V MAX, V MIN, and Vpp

when selected using the DISPLAY key @

TRIG LEDs/Inputs
A and B

Flash to indicate input signal is triggering
measurement cireuits

17

& G

INPUT CONTROL
Keys/LEDs*

LEVEL } yKeys

Control Input A and B signals
NOTE:
LEVEL t } keys have no LED indicators:

i

: | :
DISPLAY '
’t [oITRIG -

v MAX
LEVEL by com A
‘ ‘ v MiN
< ¥ pyp
7] CHECK

£33 FHTER [ /HYST
G2 7 T
©® O ©
Step manually-set trigger levels either up (1) or
down (})in increments of 0.01, 0.1, or 1 volts for
the X1, X10, and X50 attenuation ranges,

respectively. Use key sequence T RIG-LEVEL
LEVELt§ TRIG-LEVEL

FILTER Key/LED

Toggles a low-pass input fiiter (100 kHz cutoff
frequency) for Inputs A and B. LED lights when
fiiter is on. Special Funections 28 and 29 permit
separate filter selection for Inputs A and B,
respectively




Table 3.1 - Front-Panel Controls, Indicators, and Connectors {Con't)
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Reference Item Funetion/Deseription

679

CHECK Kev/LED

Verifies the proper operation of front-panel LEDs and
executes internal self-tests. Pressing the CHECK key
| lights the CHECK LED immediately. However, the
CHECK key must be held down about 3 seconds for all
LEDs to light, all 8's to display, and the self-test
functions to be executed. Release of the CHECK key
extinguishes all LEDs and displays the word "TEST",
indieating the unit is under seif-test. When all self
testing is completed the unit displays 5 MHz. Toggle
the CHECK key to turn off the CHECK LED.
Momentarily pressing the CHECK key will simply
cause the counter to measure an internal 5 MHz test
waveform

Serolls through TRIG, V MAX, V MIN, and Vpp.

DISPLAY Key/LEDs:

TRIG *
V MAX *
vV MIN *
vpp *

Values are displayed in LEVEL A and LEVEL B

Current trigger level

Maximum peak voltage

Minimum peak voltage
Voltage peak-to-peak

COM A Key/ LED

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

HYST Kev/LED

Toggles the hysteresis level for Inputs A and B
between a low (25 mVpp) and high {100 mVpp) setting.
HYST LED lights in the higher setting

INPUT(s) A and B

BNC connectors for INPUT(s) A and B. INPUT A'is
used for all functions except Frequency C (1996
only). INPUT B is used with INPUT A for Time
Interval, Ratio A/B, Totalize, and Phase
measurements. INPUT B is used with INPUT C for
Ratio C/B. Special Function 21 internally exchenges
INPUTS A and B (providing, e.g., FREQ B, ete,
measurement capability)
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Table 3.1 - Front-Panel Controls, Indicators, and Connectors {Con't)

Reference

Item

Funection/Deseription

INPUT C (1996 only)

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

_In_the above table,

NOTE:

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.



3.3.2 Rear.Panel Features

3.3.2.1 Refer to Table 3.2 and figure at top. They indicate and briefly describe the rear-panel
controls and connectors. .

Table 3.2 - Rear-Panel Controls and Connectors

O

anEi=EN

(o

O

eee-bro-aan pomr A
® OF o Er=© O, 0
s Smema A e AW
T =
50 © OO OO ®
Reference Item Funetion/Deseription
@ Main Power Switeh Enables Standby if the front panel POWER

(ON/STBY) button is out (L). This supplies power
- to the internal frequency standard (timebase).
Also, switeches counter ON/OFF if front-panel
POWER (ON/STBY) button is in ()

NOTE:

Connectors ( i ) through
are BNCs

@ START-CAL LEVEL QOutput: analog signal equivalent of the Start
Connector trigger level {for calibration only)

@ STOP-CAL LEVEL Output: analog signal equivalent of the Stop

Connector trigger level {for calibration only)

@ INPUT D Connector Input: external arming/gating control signal

@ REF-OUT Connector Output: 10 MHz internal reference

@ REF-IN Connector Input: external reference frequency (1,5, or 10

MHz at 1V rms)
@ GATE OUT Connector Qutput: negative-going TTL-compatible signal

equivalent to the gate signal
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Table 3.2 - Rear-Panel Controls and Connectors {(Con’t)

-

| Reference Item Funetion/Deseription

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

(Option 01}

®
@ INPUT B Connector Rear-pane!l Input B

10 INPUT C Connector Rear-panel Input C
(Option 01)

NQOTE:
Front-panel INPUTS A, B,
and C are not connected
when Option 01 is installed.
Input is cnly via the rear-
panel connectors

-

@ GPIB Connector GPIB (IEEE~STD-488-1978) connector
12 Power Input Module:

AC Power Input Socket Standard connector for the AC powersupply
@ Line Voltage Selector Small printed cireuit card inserted in module to

select correct AC line voltage. The selected
voltage (100, 120, 220, or 240 VAC) is.visible
through the small window .

L

Line Fuse A glass cartridge Slow-Blow fuse. Line fuse
ratings for available line voltages are shown on
the upper-left of the rear-panel

& ®

3 OSC ADJ Adjustment of the internal reference frequency
standard

3.4 OPERATING PROCEDURES
3.4.1 Measurement Funetions
3.4.1.1 Tables 3.3-3.13 with figures deseribe the basie bench funetions of the 1995/1996.
NOTE:
Review as required Table 3.1, References 18 and 19, for use of nputs A, B,

and C, including Special Function 21 permitting interchange of Inputs A and
B. See also Subsection 3.4.8 and Table 3.14 for special functions.
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Table 3.3 ~ Frequency Measurement
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1. -

2.

10.

11.

12.

EEOE HEE® &

“Turn power on.
Select FREQ A or FREQ C (1996 only) using F UNCTION keys (13).

If FREQ A is selected, set the AC/DC coupling and input imped-

ance as required.

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Connect the measurement signal to INPUT A {(DC to 200 MHz) . or INPUT C
{40 MHz to 1.3 GHz) @

If a specific gate time is desired, enter it (in seconds,
format for small values) using Key sequence ( value) SHIFT

GATE

"Use the RESOLUTION 11 keys to seleet the required display resclution and

gate time if step 6 was not used.

using the exponential

@ STORE @

. Skip step 7 if step 6 is being used to enter the gate time.

If FREQ A is selected, either set the trigger level manually using key
sequence (value>+/~ (150) TRIG-LEVEL (A) (), o select AUTO-TRIG
(8) (58 - Check that Input A TRIG LED flashes. -

If a frequency below 100 kHz is to be measured in the presence of high
frequeney noise, select the FILTER .

Set the input hysteresis at low or high as required. The high setting may
be used to filter low-frequency noise.

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

the

Select the Hold mode@for single-shot measurements. Press

RESET @ while in Hold to trigger a new measwrement.




Table 3.4 - Period Measurement

N e
feciiea) {1em) Q&}D
\l_/j ‘\:,,j e\_J /> ,)

T
r ! i
T DATA EHY wRuta 1§ |
| : B I T I R LI T
_ oo I o ={H D Thpere
H ! i vavey
H 5 EGME 14 [ R 4;/ L o
i I - i (] e B W)
-y - — 1 D! — a0 - u 0 ¥ - ]
R4 - - PR e MEMORY S OATL - n».im rntes [ wysr ) oW
on e e 1 Bl A oo | e P
sigr B lD m\ 1 Fremzo s £ MEaMIAL 2 510in . H B!
R L mR= e i o (02 ==
. TN oin % DY rorat s 3 o1 1oy k= é[:}‘,y}, v A i
. o3 [=EIELRY - : el
POWER ‘El:] !ﬂj ig T Sameno e k: wa By ] Ej g 77 | ,,iuéé__;__._m_w_,, I
AACAL-DANA 1p90ISERIES UNIVERSAL SYSTEMS COUNTER R i
} i :

v

L

10.

11.

12.

DO

Y...} e e — ‘; a ___.-:_...
Turn power on.
Select PERIOD 4 using FUNCTION keys (13).
Set the AC/DC coupling and input impedance ., as required.

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

Conneet the measurement signal to INPUT A ,

If a specific gate time is desired, enter it {in seconds using the exﬁ_énential

format for small values) using key sequence{value)SHIFT @ STORE @
GATE . Skip step 7 if step 6 is being used to enter the gate time. -

Use the RESOLUTION t4 keys to select the required display resolution and
gate time if step 6 was not used.

Either set the trigger level manuaily using key sequence {value) +/- @ TRIG-
LEVEL (A) (ie8), or select AUTO-TRIG (A) . Check that Input A TRIG

LED flashes.

If a frequency below 100 kHz is to be measured in the presence of high
frequency noise, select the FILTER .

Set the input hysteresis @ at low or high as required. The high setting may
be used to filter low-frequency noise.
If external arming/gating is needed, connect the arming/gating signal and store

the 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.
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Table 3.5 - Time Interval Measurement
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1

2.

10.

1590 szﬁlks UNIVERSAL SYSTEMS COUNTER | 7
]

HEOOE L OEee %66000 » ®E

Turn power on.
Select T1 A-B using FUNCTION keys (i3).

Set AC/DC coupling , input impedance , and slope for Inputs
A/B as required. If the start and stop signals are from the same source, select

COMA@.

Select the X10 or X50 input attenuation if desired. Attenuation settingis
automatic in the Auto-Trigger mode.

Conneet the start signal to INPUT A. If a separate source for the stop
signal is used, connect the stop signal to INPUT B .

Either set the trigger levels A/B manually using key sequence{valued>+/-
(5 TRIG-LEVEL (is8), or select AUTO-TRIG A/B (54 . Check that Inputs
A and B TRIG LEDs flash.

Set the input hysteresis @ at low or high as required.

If internal delayed arming of the stop eircuit is required, enter the delay into

memory using key sequence (value) SHIFT @ STORE @ DELAY @

Enable the delay using key sequence SHIFT @ DELAY @

If external arming/gating is needed, connect the arming/gating signal and store

the 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.
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Table 3.6 - Total A by B Measurement
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1.

10.

11.

OO

Turn power on.

Seleect TOTAL A by B using FUNCTION keys @

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

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatie in the Auto-Trigger mode.

NOQOTE:

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.

Connect the signal to be totalized to INPUT A and the control:signal to

NpUT B (18).

Either set the trigger levels A/B manually using Key sequence {value>+/-
TRIG-LEVEL , or select AUTO-TRIG A/B . Check that Inputs
A and B TRIG LEDs (&) flash.

If a frequency below 100 kHz is to be measured in the presence of high-
frequency noise, select the filter .

Set the input hysteresis @ at low or high as required. The high setting may

be used to filter low-frequency noise.

If internal delayed arming of the stop circuit is required, enter the delay into
memory using key sequence(vaiue)S}ﬂFT @ STORE @ DELAY @ )
Enable the delay using key sequence SHIFT @ DELAY @ .

If external arming/gating is needed, connect the arming/gating signal and store

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

Seleet the Hold mode @ if necessary. Press the RESET @ while in Hoid to

trigger a new measurement.




Table 3.7 - Manual Totalize Measurement
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' Set the input hysteresis

i i ! T ! '
| ! I
@ @
(59
“Tarn power on. Select TOTAL ADbv B using the FUNCTION keys @

Set AC/DC coupling , input impedance , ang slope (80} for Input A
p

as reqguired.

Select the X10 or X50 input attenuation if desired. Attenuation settingis
automatie in the Aute-Trigger mode.

sequence

Enter Special Function 61 using key sequence 61 SHIFT @ STORE
and S¥ 156G Enable

SHIFT (F) SF @ ..

Connect the measurement signal to INPUT A .

special functions using Kkey

Either set trigger level A manually using key sequence {valued +/- @ TRIG~
LEVEL (%) , or select AUTO-TRIG A (89 . Check that Input A TRIG

LED flashes.

If a frequency below 100 kHz is to be measured in the presence of high-
frequency noise, select the filter .

at low or high as required. The high setting may
be used to filter low-frequency noise.

Operate the HOLD key @ Verify that the count stops. The displayed result
is cumulative over successive measurement eycles. 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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1.

2.

3.

10.

11.

C12.

Turn power on.

Select RATIO A/B or RATIO C/B (1996 only) using F UN CTION keys (13).

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

required.

Select the X10 or X50 input attenuation if desired. Atténuation setting is
automatiec in the Auto-Trigger mode.

Connect one signal to INPUT B and the other to INPUT A or INPUT
C . The lower frequency sighal should be connected to INPUT B.

If a specific gate time is desired, enter it (in seconds, using the exponentia

format for small values) using key sequence {value> SHIFT @ STORE @
GATE . Skip step 7 if step 6 is being used to enter the gate time.

Use the RESOLUTION % {keys to select the required display resolution.

If RATIO A/B is selected, either set trigger levels A/B manually using ke
sequence {value) *+/- @ TRIG-LEVEL , or select AUTO-TRIG A anc
B (16) . Check that Inputs A and B TRIG LEDs flash. For RATIO C/B, i
trigger level for only INPUT B may be specified.

If a frequency below 100 kHz is to be measured in the presence of high
frequency noise, select the filter .

Set the input hysteresis @ at low or high as required.

If external arming/gating is needed, connect the arming/gating signal and selec
the special function number. Enable special funetions. Refer to Subsectio
3.4.8 for special function numbers and procedures.

Select the Hold mode@for single-shot measurements. Press th

RESET @ while in Hold to trigger a new measurement.



Table 3.9 - Positive/Negative Pulse Width Measurements
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Turn power orn.

All other controls are set automatically.

Select either POS WIDTH A or NEG WIDTH A using F UNCTION keys (13).

Conneect measurement signal to INPUT A ,

NOTE:
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Table 3.10 - Rise A/Fall A Measurements
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Turn power on.

Select either RISE A or FALL A using FUNCTION keys (13).

Connect measurement signal to INPUT A .

NOTE:

All other controls are set automaticaily.




Table 3.11 - Phase A rel B Measurement
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1.

2.

oe® %b@@@@ 5

Select PHASE A rel B using F UNCTION keys @

Select AC/DC coupling , input impedance , and slopes as

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

Select the X10 or X50 input attenuation if desired. Attenuation setting is
automatic in the Auto-Trigger mode.

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

Either set the trigger levels A/B™ manuaily using key sequence {value) +/~
@ TRIG-LEVEL (169) , or select AUTO- TRIG A/B levels . Check that
Inputs A/B TRIG LEDs (&) flash.

Hold mode @ for single-shot measurements.
while in Hold to trigger a new measurement.

Select
RESET

the

Press the

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 {requency.

i

semEEE L
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Table 3.12 - Duty A Measurement
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b4 .
l 1,  Turn power on.

-
i

E# 2.  Select DUTY A using FUNCTION keys@.

3. Seleect the slope as required.

4, Connect the signal to INPUT A.

NOTE:

All other controls are set automatieally.

o
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Table 3.13 - Slew A Measurement
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Turn power on.
Select SLEW A using FUNCTION key(33).
Select the slope as reqguired.

Connect the signal to INPUT A .

NOTE:

All other controls are set automatically.
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i 3.4.2 Trigger Level Setting

' ; 3.4.2.1 Introduction
1 .
ind 3.4.2.1.1 Refer to Figure 3.1 {or this subsection. The 1995/1996 both provide manual ¢
lon | automatic (including single-shot} trigger setting for Inputs A and B. Manual trigger select
10 involves setting the levels in #5V, $50V, and 250V ranges, with corresponding resolutions of
ind mV, 100 mV, and 1V. These ranges correspond to attenuation settings of 1X, 10X, and 50X ¢
lis LEVEL A and B trigger displays of X.XX, XX.X, and XXX., respectively. Auto-Trigger leve
Ay the mean of the positive and negative-peak values of the input signal as automatics
' determined by the counter.
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Figure 3.1 - Trigger Level Setting

I

3.4.2.2 Manual Trigger Setting

- NOTE:

i An attenuation setting of X1 and a trigger level of 1.23 volts are used in
a the following deseription.

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

E”“‘ - s

a. For setting a +1.23, use <1.23> TRIG-LEVEL
b. For setting a ~1.23, use +/- (15¢) <1.23) TRIG-LEVEL

3.4.2.2.2 After entering a manusal trigger level, it is continuously displayed on the
LEVEL A/LEVEL B LED(s) @ . The 1995/1996 returns immediately to its
measurement mode after trigger setting. TRIG A/TRIG B LED(s) flash if the
counter is triggered from the input signal.

$ 3.4.2.2.3  Use key sequence TRIG-LEVEL LEVEL 14 (73) TRIG-LEVEL to
step the displayed trigger level up or down by 0.01 (X1), 0.1 (X10}, or 1. (X50) as
required. Verify the trigger level changes on the LEVEL A/LEVEL B LED(s) .

. _ 3.4.2.2.4 A manual trigger level that is out-of-range for the current attenuation
y setting produces an error message.
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NOTE:

INPUT A and B each have one trigger-level store. Using
the Auto-Trigger mode overwriles a manually stored

trigger setting. Also, pressing the AUFO-TRIG
key while manually setting the level enables the
Auto-Trigger  mode. Toggle the AUTO-TRIG

key off, then enter a manual trigger level.

3.4.2.9.5  Press the DISPLAY key to show V MAX,V MIN or Vpp of the input signel in
the LEVEL A/LEVEL B display.

3.4.2.3 Automatie Trigger Setting

3.4.2.3.1 Press the required AUTO-TRIG key to calculate and show the trigger level in

the LEVEL A/LEVEL B display: Automatic attenuation setting occurs in the Auto-Trigger
mode.

3.4.2.3.2 Press the DISPLAY key (170) to show V MAX, V MIN, or Vpp of the input signal in
the LEVEL A/LEVEL B display.

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 @ STORE

@andSF@

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

ec. Press the AUTO-TRIG key . The LED lights as the level is caleu-
lated and set, then turns off.

3.4.2.4.2 The stored level is retained as a manually set value untii 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 singleshot trigger settings, press the AUTO-TRIG key
again with Special Function 31 enabled.
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3.4.3 Gz;te Time and Resolution
3.4.3.1 Frequency Functions

3.4.3.1.1 Gate Time Mode - by specifying the counter’s gate time, the user can set the
resolution in the frequency, period, and ratio functions. Gate times from 200 ns to 100s may be
selected. To enter a gate time, use the key sequence (valued SHIFT STORE GATE
where (value) is either in decimal or exponential form. To recall a gate time for display, use
the key sequence SHIFT RECALL GATE. Use the RESOLUTIONY{keys to decadically step the
displayed gate time {and resolution) either up(%) towards 100 s or down () towards 200 ns. The
counter's gate time (and resolution) can be set to display from one to ten digits (with overflow).

EXAMPLE

Assume EREQ A is selected and a 1 ms gate time specified. Successively pressing the
RESOL UTION (4) key will select and display gate times (and resolutions} of 10 ms, 100 ms, 1s,
10s, and 100s. Successively pressing the RESOLUTION (y) key will select and display gate times
{and resolutions) of 100 us, 10 us, and 1 us. Pressing the RESOLUTION (§) key again after
displaying 1 us will not produce a gate time of 100 ns as this value is smaller than the 200 ns
lower gate-time limit. The 1 us will continue to display on the counter.

4
3.4.3.1.2 Resolution Mode - when no gate time is specified in f{requency, period, and ratio
functions, the counter's resolution can be selected using the RESOLUTION (4) keys. Now the
gate time is automatically set via the number of displayed digits of resolution. Except in some
Math computations, pressing the RESOLUTION (}4) keys will increment/decrement the display
by one digit per keyboard maneuver. Each digit displayed decadically increases/decreases the,
counter's resolution within the counter's gate time range. Gate times from 200 ns to 100 s may
he selected. There will be no step-up or-down when the RESOLUTION (4} keys are pressed in
Time Interval, Totalize, Rise/Fall Time, Positive/Negative Pulse Width, or Slew Rate funections.

EXAMPLE

A 9-digit resolution of a measurement is possible in a 1-second gate time; 10-digit resolution in
a 10-second gate time; and 10-digit resolution plus overflow in a 100-second gate time. If one
selects a gate time which sets a resolution exceeding the 10-digit display resolution, then an
overflow of the most significant digit(s) and tlighting of the O/F LED occurs. Two overflow
states are permitted in the 1995/1896. In an overflow condition, the user can reduce the gate

time to display any "dropped" digit(s). Digits that overflow are not lost, but remain stored in
the counter’s registers for output over the GPIB.

3.4.3.2 Time Functions

3.4.3.2.1 In Time Iaterval functions (T! A~B, Rise/Fall, and Puise Width, e.g.,), the input
signal is synchronized with the measurement gate. 7Thus, there is no gate time as such. The

input signal, therefere, determines the counter's resolution., On the 1995/1896, a single-shot
Time Interval resolution to 1 ns is possible.

3.4.4 Delay Mode

3.4.4.1 When Time Interval (TI), Totalize, or Positive/Negative Pulse Width is selected, an
intgzrnai delay from 200 ns to 100 s may be entered from the front panel. This permits the user
to increase the elapsed time between the start and stop trigger points by the gate time range.
Onece stored, the delay may be enabled/disabled as required. Use of the Delay mode prevents

premature triggering from spurious signals during measurement.
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3.4.4.2 The delay is stored using either an exponential or decimai format. Use one
of the following key sequences to store, for example, a 1 us delay:

a. 1 EXPONENT +/- 8 SHIFT STORE DELAY
b,  <.000001>SHIFT STORE DELAY
NOTE:

Once the delay is entered, the counter returns  to the
measurement mode.

3.4.4.3 Recall the delay to the main display Mfising key sequence SHIFT RECALL
DELAY.
3.4.4.4 " Enable .and disable a stored delay by successively using key sequence

SHIFT DELAY. The LED lights when the Delay mode is enabled.
3.45 Arming/Gating Selection

3.4.5.1 Refer to Tuble 3.14 us required. Exiernal arming, external gating, end
synchronous window auto-trigger (Syn. Wind. AT) modes are selectable via speecial
funetions far Inputs A, B, or D,

3.45.2 External Arming

3.4.5.2.1 Special Funetions 82.0 through 83.3 as applied to the external arming input
(A, B, or D) permit selection of positive or negative start edges in the 1995/1998.

3.45.3  External Gating

3.4.5.3.1 Special Funetions 85.0 through 88.3 as applied to external gating inputs (A,
B, or D) permit selection of positive or negative start/stop edges in the 1995/1996.

3.4.5.4 Synchronous Window Auto-Trigger
(Syn. Wind. AT)

3.4.5.4.1 Special Functions 91.0 through 94.3 as applied to the external arming input
(A, B, or D) permit selection of positive or negative start/stop edges in the counter.
Auto-trigger can establish the positive/negative signal peak measurements and trigger
level only during the time when the Syn. Wind. AT signal is present. The auto-trigger can
now be used for display of peak voltage values of a specific pulse(s) selected by the
operator using the Syn. Window AT signal

3.4.6 Math Function (R-X)Y/Z

3.4.8.1 The Math function apples to all counting and timing funetions of the
1995/1996 except phase measurement. This function permits measurement value R to be
offset, normalized, and/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#) at any time).
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3.4.6.2 Math Constant Storage

3.4.6.2.1 Constants X, Y, and/or Z must be stored before enabling the Math
function. Use key sequence {valued> 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 * 0.000000001E-9 to + 9999999998E3. Any number exceeding this
range will result in "Error 20" being displayed.

3.4.8.3 Math Constant Recall

3.4.6.3.1 Recall stored Math constants to the main display using key sequence SHIFT
RECALL X/Y/Z.

3.4.5.4 Math Funetion Enabling/Disabling

3.4.6.4.1 Enable and disable the Math function by successively using kKey sequence
SHIFT (R-X)Y/Z. The LED lights when the Math function is enabled.

3.4.7 Statistieal Functions/(n) Samples
3.4.7.1 The 1895/1996 Statistical funetions include the Mean, Standard Deviation,
and Low/High values for user-entered (n) samples. Mean and Standard Deviation are

enabled using single front-panel keys; Low/High values by special functions.

3.4.7.2 (n) Samples

3.4.7.2.1 The range of (n) samples is any positive integer from 2 to $999 (fractions

entered for n are truncated). Home state value for (n) samples is 100.

3.4.7.2.2 To store (n) samples, use the key sequence{n> SHIFT STORE (n) whered{n)is
a valid integer. To recall (n) samples for display, use the key sequence SHIFT RECALL
(n). Pushing RESET restarts the period of (n) samples.

3.4.7.3 High/Low Values

3.4.7.3.1 Use Special Function 51 and key sequences 51 SHIFT STORE SF and SHIFT
SF to calculate and display the High value of {n) samples. Use Special Funection 52 and
key sequences 52 SHIFT STORE SF and SHIFT SF to calculate and display the Low value
of (n) samples. If enabled, the MEAN(n) or STD(n) key is disabled during determinaticn of
High/Low values.

3.4.7.4 MEAN(R)/STIXn) Functions

3.4.7.4.1 Successively use key sequence SHIFT MEAN(n) or SHIFT STD(n) to enable
and disable the corresponding statistical funection. Pressing SHIFT MEAN(n)/SHIFT
STD(n) automatically deselects the opposite function if enabled. Updating of the main
display for either statistical function only occurs after (n) samples have Deen executed.
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3.4.8 Special Funetions

3.4.8.1 Table 3.14 lists the special functions available on the 1895/1996. All special
functions are designated by either a two or three-digit specia funetion number (NN or
NN.N). In the table, special functions are organized by mutually exclusive groups shown
by lined sections. Selecting a member of one of these groups automatically deselects all
other special functions in that group. Storing a cireled special function disables all
special functions in a group. Circled special functions may not be recalled.

3.4.8.2 Special Function Storage

3.4.8.2.1 Special function numbers must be entered into memory before special
functions can be enabled. Use the following key sequence to store, for example, special
funetion number 81: 81 SHIFT STORE SF.

3.4.872.2" The digits far a special function number are shown on the main display as
the numeric keys are pressed. Onece the number is stored, the counter automatically
returns to the measurement mode. Storing a special function number overwrites other

numbers within its group.
3.4.8.3 Special Function Reeall

3.4.8.3.1 Stored special functions are recalled to the main display using key sequence
SHIFT RECALL SF. The lowest special function number in memory will be shown first
on the display. Use the RESOLUTION keys (b to scroll through the current set of

special funetion numbers.

3.4.8.4 Special Funetion Enabling/Disabling

3.4.8.4.1 Enable and disable stored special functions by successively using Kkey
sequence SHIFT SF. The LED lights when special functions are enabled.

NQTE:

Storing a special function when special functions are enabled immediately
enables that special function.
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- Table 3.14 - Special Functions {SFs)

—— i SF Number Function
nayl =
. ] No special functions. Storing SF0 erases all current special functions. SFCr
— he recalled for display. SFO is present after power-up
. Default for SF 21. Normal Inputs A and B
— ¥ 21 Inputs A and B exchanged
@ Default for SFs 28, 29. Filter functions for both Inputs A and B
28 Filter key functions with Input A only
— 29 __ Filter key functions with Input B only
}
- Default for SF 31. Continuous Auto-Trigger mode
—] ' 31 Single-Shot Auto-Trigger mode
) Default for SF 41. Read rate of 300 ms
_.,__J 1 41 Maximum read rate
Default for SFS 51, 52. Normal statistics operation
51 Display highest value for {(n) samples
— 52 Display lowest value for (n) samples
) - Default for SF 61. Automatic start/stop totalize
N 61 Manual start/stop totalize
] 70 Keypad test for front-panel LEDs. No SF enabling
necessary; just store the SF to initiate the test
MOUs
p Default for SFs 80 -90. No external arming, external gate, or synchrc
— window auto-trigger (Syn. Wind. AT)
=
W 1
g
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Table 3.14 - Speecial Functions (Cont'd)

SF Number Function
External arming off
82.0 Ext. arming, (+) slope - Input A
82.1 } -Input B
82.2 - Input D, Zero-Crossing Trigger Level
82.3 ! -Input D, TTL~Crossing Trigger Level
(82.3 is the default for SFs 82.0 - 82.3)
83.0 Ext. arming, (-) slope -Input A
83.1 - Input B
83.2 l - Input D, Zero~Crossing Trigger Level
83.3 -~ - Input D, TTL-Crossing Trigger Level
: (83.3 is the default for SFs 83.0 - 83.3)
External gate off
; 85.0 Ext. gate, start (+) stop {*) - Input A
1 85.1 - Input B
: §5.2 * - Input D, Zero-Crossing Trigger Levels
‘ 85.3 Y - Input D, TTL-Crossing Trigger Levels
; {85.3 is the default for SFs 85.0 - 85.3)
86.0 Ext. gate, start (+) stop (-) -Input A
; 86.1 - Input B
E 86.2 l - Input D, Zero-Crossing Trigger Levels
. 86.3 - Input D, TTL-Crossing Trigger Levels
i (86.3 is the default for SFs 86.0 - 86.3) :
- 87.0 Ext. gate, start (-) stop (+) - Input A
87.1 - Input B
87.2 - Input D, Zero-Crossing Trigger Levels
; 87.3 - Input D, TTL-Crossing Trigger Levels
(87.3 is the default for SFs 87.0 - 87.3)
! 88.0 Ext. gate, start (~) stop () - Input A
! 88.1 - Input B
38.2 - Input D, Zero-Crossing Trigger Levels
88.3 - Input D, TTL-Crossing Trigger Levels
: (88.3 is the default for SFs 88.0 - 88.3)
3 Synehronous Window Auto-Trigger (Syn. Wind. AT) off
L 91.0 Syn. Wind. AT, start (+) stop (+) - Input A
i 91.1 - Input B
91.2 l - Input D, Zero-Crossing Trigger Levels
91.3 _ . -Input D, TTL-Crossing Trigger Levels
(91.3 is the default for SFs 91.0 - 91.3)
92.0 Syn. Wind. AT, start (+) stop (-) - Input A
92.1 - Input B
92.2 l - Input D, Zero-Crossing Trigger Levels
992.3 - Input D, TTL-Crossing Trigger Levels

{92.3 is the default far SFs 92.0 - 92.3)
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Table 3.14 - Special Functions {(Cont'd)

SF Number E} Function
93.0 ' Syn. Wind. AT, start (-} stop (+) - Input A
93.1 | ! - Input B
93.2 : 1 - Input D, Zero-Crossing Trigger 1
93.3 | ! - Input D, TTL-Crossing Trigger L
(93.3 is the default for 8Fs 93.0 - 93.3)
94.0 . Syn. Wind. AT, start (-} stop (9 - Input A
94.1 ~ Input B
94.2 - Input D, Zero-Crossing Trigger |
54.3 -~ Input D, TTL-Crossing Trigger L

: ¥
(94.3 is the default for SFs 94.0 - 94.3)

NOTE:

When the main funetion of the 1995/1996 is changed, Special Functions 80 - 94 are
reviewed. If setup conditions are appropriate for the new function, they are
retained; if they are not, they are cancelled. The setup conditions, however, are
reactivated when the original function is reselected because of the counter's one
level of keyboard memory. '

3.4.9 Error Codes

3.4.8.1 - Table 3.15 lists the error codes that fnay be displayed by the counter during local
operation either as "OP Error" or in the form "Error NN" where NN is a 2-digit code number.
Error codes will clear automatically after displaying for about 2-3 seconds. -

Tabie 3.15 - Error Codes

Displayed Codes

Error

OP Error
Error 260

24
25
34

40
41

42

50
51
50
61
62
63

Key invalid in present machine state or key out-of-sequence

Input number out-of-range

Phase measurement ratio out-of-range

Hardware ratioc measurement ratio produced divide by zero

Internal totalize error

Display under flow

Display over{low

Non-Vol Memory error during calibration

Non-Vol Memory error-data verification failure of machine setup
store

Non-VYol Memory error-attempted recall of nonexistent machine
setup store

Normalize funetion error (R-X)Y/Z

Statistical caleulation error

Internal self-test: RAM

Internal self-test: ROM

Internal self-test: Non-Vol Memory

Internal self-test: measurement amplifier failure

3-35



Table 3.15 - Error Codes Cont'd)

Displayed Codes

Error

84
70
71
72
73
74
75
786
78
79
80
81

“82
83
99

-

Internal self~test: measurement logic failure
Floating point addition error

Floating point multiplication error

Floating point division error

Floating point compare error

Floating point operation undefined

Floating point underflow

Floating point overflow

ASCI to {loating point conversion error
Floating point to ASCII conversion error
Double precision compare error

Double precision to ASCII error

Double precision to floating point conversion error
Integer division by zero

Internal software error
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Table 3.16 - Non—-Vol Memory Locations

Function/Description Location
Non-vol memory recall from 0-8 0-~$
Non-vol memory store from 0-9 0-9 (see Notes)

NOTE 1:

Storing a setup (memory locations 0-9) requires & nominal 2-second wait after

keyboard entry.
NOTE 2:

Calibration constants can only be viewed when the unit is in the Check mede. Also,
calibration “constants are only stored during the CAL Store step of the calibration

procedure (see Sectien 6).

Recall calibration constants:

DAC constants

Input A slope multiplier

Input A slope offset

Input B slope multiplier
Input B slope offset

Input path constants
Input A start, hyst. low, offset
Input A start, hyst. low, hysteresis
Input A start, hyst. high, offset
Input A start, hyst. high, hysteresis
Input A stop, hyst. low, offset
Input A stop, hyst. low, hysteresis
Input A stop, hyst. high, offset
Input A stop, hyst. high, hysteresis

Input B start, hyst. low, offset
Input B start, hyst. low, hysteresis
Input B start, hyst. high, offset
Input B start, hyst. high, hysteresis
Input B stop, hyst. low, offset
Input B stop, hyst. low, hysteresis
Input B stop, hyst. high, offset
Input B stop, hyst. high, hysteresis

Time Interval constants
A-start, B-stop; A-positive, B-negative
A-start, A-stop; A-negative, B-positive
B-start, A-stop; A-positive, B-negative
B-start, B-stop; A-negative, B-positive

10
11
12
13

14
15
is
17
18
19
20
21

22
23
24
25
26
27
28
29

30
31
32
33
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SECTION 4 SYSTEM OPRPERATION

4.1 GENERAL PURPOSE INTERFACE BUS (GPIB)
4.1.1 Introduction
4.1.1.1 This subsection provides operating information for the 1895/1996 using the GPIB

system interface. The IEEE-488-1878 interface permits remote control of all the counter’s
functions except POWER ON/OFF. Inputs and outputs are made via a standard 24-pin GPI8
connector {see Figure 4.1) on the rear panel. Pin location, signal line identification, and GPIB
operation comply with I[EEE-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. IEEE-STD-488-1978 subsets available
are listed in Table 4.1.

@]

Pin No. | Assignment Pin No. | Assignment

J 1 ' DIO1 13 DIO 5

2 : DIO 2 14 DIO 6

3 . DIO 3 15 DIO 7

4 . DIO 4 156 DIO 8

5 CEOI 17 REN

6 . DAV ' 18 GND, (6)

7 . NRFD 19 GND, ()

3 i NDAC 20 GND, (8)

9 CIFC 21 GND, (9)

10 . SRQ 22 GND, (10)

11 . ATN 23 GND, (11)

12 [ SHIELD 24 GND, (5 and 17)

Figure 4.1 -~ GPIB Connector (Rear Panel)



DATA

3 )

HANDSHAKE —— >

R = N N
INTERFACE ~ = ~< < \ y
- | |
CONTROLLER 1995/1596 X X
[
Pin Nomenclature Desecription

L1 DIO-1 Data In/Out Bit 1 (LSB)

2 DIO-2 Data In/Out Bit 2

Po3- DIO-3 Data In/Out Bit 3 Data lines are used to
4 DIO-4 Data In/Out Bit 4 transfer data from one

©13 DIO-5 Data In/Out Bit 5 instrument to another
14 DIO-6 Data In/Out Bit 6
15 DIO-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 eompiete communication

between instruments
5 EOI (End or ldentify)

P9 IF C (interface Clear) Interface lines are used to
10 SRQ (Service Request) provide an orderly flow of
11 ATN (Attention) information between units
17 REN {Remote Enable)

12 SHIELD
18 GND (6)
19 GND (T)
L 20 GND (8)
21 GND (9)
22 GND (10)
23 GND (11)
24 GND (5 and 17)
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Figure 4.2 - Interface Signal Pin Assignments




4.2 GPIS 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 characteristies:

Logic Levels: 1 = Low = <£.8V
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 voitage drop of 0.5
volts. See the IEEE-488 Electrical Specifications.
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“Table 4.1 ~ IEEE-488-1978 Standard Interface Subset Capability

i GPIB 1
Subset | Description Applicable Capability
SH1 } Source Handshake Complete Capability
AH1 | Acceptor Handshake Complete Capability
I
TS Tallker Complete Capability
(1) Basie Talker
| (2) Serial Poll
; {3) Talk Only Mode
| (4) Unaddress if MLA
TEO : Extended Talker None
L4 l 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) LLO - Local Lockout
_ (3) GTL - Go to Local
PPO | Parallel Poll No Capability
DC1 Device Clear Complete Capability
! (1) DCL - Device Clear
(2) SDC - Selected Device
Clear
DT1 Device Trigger Complete Capability
% GET - Group Execute Trigger
Co Controller No Capability
El

Open Collector Bus Drivers




4.2.2 “The signal iines 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 all 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 nomeneclature from their meaning in the low or
1 state (e.g., when NRFD is low, the device is Not Ready for Data).

a. DAV - signifies that valid information is available on the data lines
b. NRFD - signifies that the instrument is not ready to accept information

c. NDAC - signifies that information Is not accepted by the acceptor bus
device

4.2.2.3 Interface - these five interface lines coordinate the information flow on the
bus.

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

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

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

d. SRQ (Service Request) - signals the system controller that a peripheral
deviee 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) signalling bus peripherals to set the I/O bit assigned for paraliel poll

identification
4.2.3 - GPIB Handshake
4,2.3.1 The handshake sequence is the process by which each data byte Iis

transferred from the source to the aceeptor.



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

chart.
15T DATA TRANSFER CYCLE IND BDATA TRANSFERCYCLE
Ve % Y % Al
DAV -\ /P‘
NRFD . N
NDAC \"‘

Figure 4.3 —- Handshake Sequence

]
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AN SR a0

- H ;
A4
i SET
NAFD, NDAC
LOW

SET DAV HIGH

¥

ADD OR ALTER

:, DATA ON
‘ 010 LINES
Y
DELAY
SET
NBF D
. HIGH
¥ -
¥
K NO
e 1S DAV LOW
kd
I SET DAV LOW DATA IS VALID AND
P YES
CAN 8E ACCEPTED Y
SET
B - NRFD
ey Low
r
- Y
ACCERT
i DATABYTE
- |
Y.
: NDAC GOES HIGH WHEN cET
T
. ALL ACCEPTORS HAVE NDAC
ACCEPTEDIT HIGH
SET DAV HIGH
YES MORE SET
et BATA NDAC
H LOow
1 :
3 NO

} . Figure 4.4 ~ Handshake Flow Chart




4.3 GPIB ADDRESS ASSIGNMENT

4.3.1 The 199571996 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 "ealled up' by the
system controller or other resident bus device without interfering with it.

4.3.2 Table 4.2 provides the available numbers for programming the counter’s
GPIB address and determining the various talk/listen address codes used in programming
the controller.

4.3.3 To program the counter’s address, use key sequence (number> SHIFT STORE
ADDR where (number> is any number from 00 through 30. To recall the counter's
address, use key sequence SHIFT RECALL ADDR. To change the counter's address,
simply enter the new address. The new GPIB address will overwrite the old one. The
counter will automatieally return to its measurement mode.

4.3.4 To enable the Talk-Only mode, just enter 39 as the new address. This will
not affeet the counter's selected bus address (00 through 30), but will set the unit to
respond only as a talker (see Subseection 4.5.2 for details). To exit the Talk-Only mode,
just reenter the counter's selected bus address or a new bus address.

NOTE:

Printed instructions for address programming are found on the rear panel just to the right
of the GPIB connector.

4.3.5 . Observe in the table that the far right column lists the number addresses
that can be assigned to the counter. Once an address has been selected and stored, the
controller may then address the 1995/1996 as a talker/listener by transmitting the
appropriate ASCI 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 ASCIH character. For example, if an
address of 02 is assigned to the counter, the talk address is ASCI character B and the
listen address is ASCIH character . The only difference in the binary code in each case is
the state of data lines D6 and D7.

4.3.7 The counter is preset at GPIB address 03 when shipped.



Table 4.2 - 1995/1996 GPIB Address and Talk/Listen Codes
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Table 4.2 ~ 1995/1996 GPIB Address end Talk/Listen Codes (Cont'd)

ASCH DATA LINES
CHARACTERS
Oy Dg Bg | Dy | D3 D2 | By | pEciMAL
ADDR
ADDRESS ESS
TALK | LISTEN| TALK | LISTEN
16 | 8 4 2 |1
0 1 1 0 0 0 | 0
............... ;3 16
P 1 0 1 0 0 o | o
1 o 1 1 0 o Lo |1
......................................................................... 17
Q 1 0 1 0 o 1 0 1
2 0 1 1 o 0 1 0
............................. 18
R 1 0 1 0 0 1 0
B 3 0 1 1 o | o | 1 | 1
.......... RPUOUTUNS FUDERUUDE FUSUUUUIN SI! IR U AU BUDUR 19
S 1 ) 1 0 ) 1 1
4 0 1 1 0 1 R
......................................................................... 20
T 1 0 1 0 1 010
5 0 1 1 0 1 o | 1
.......................................................................... 21
U 1 0 1 0 1 0 |
6 0 1 1 0 1 1 2
.......................................................................... 22
v 1 0 1 0 1 1 0
7 0 1 1 0 1 1 1
.......... O e e I T R T RN RN R LI 23
W - 1 0 1 0 1 1 1
8 0 1 3 1 o 0o o
............................................................ I TRTRRS FRPRRE 24
X 1 0 1 1 o i 0| o
9 0 1 1 1 o | o | 1
.......................................................................... 25
% 1 0 1 1 0 g |1
: 0 1 1 1 0 1 9
hensnasans PN R IR ST LR L L ST R PR 26
z 1 0 3 1 0 1 0
; 0 1 1 1 o | 1
% .......... . M L L N A e O 27
o 1 0 1 1 Lo Tl
< 0 1 1 1 1 ol o
..................... T S T L R R IR A I B AR IR IS ) 28
\ 1 0 1 1 1 o | o
= 0 1 1 1 1 a1 1
.......................................................................... 29
] 1 0 1 1 1 0 1
> 0 1 1 1 1 1.1 0
.......................................................................... 30
A 1 0 1 1 1 1 0
NONE ILLEGAL ‘ L3
i
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4.4 INTERFACE MESSAGE REPERTOIRE and RESPONSE
4.4.1 " Introduction
4,4.1.1 The 1995/1996 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

hH. Secondary command group

This eounter includes only the primary commands in its interface repertoire.

4.4.1.2 The primary command group is further divided into four categories:
. - a. Listen address commands
b, Talk address commands
¢.  Addressed commands
d. Universal commands
4.4.2 Listen and Talk Address Commands
4.4.2.1 The counter is designed to include 31 listen and 31 talk addresses. (Table 4.2

lists these addresses.) The instrument responds to address messages as defined by the
programmed GPIB address entered from the counter's front panel.

4.4.2.2 Listen Addresses

4.4.2.2.1 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 Local mode, the counter reveris
to its Remote state, provided the REN message is true.

4.4.2.3 Talk Addresses

4.4.2.3.1 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.

4.4.2.4 Talk Addresses-Other Devices

4,4.2.4.1 If the counter was previously addressed to talk, then receives the talk
address of another bus device, the 1995/1996 ceases to be a talker.

4.4.3 Addressed and Universal Commands

4.4.3.1 Table 4.3 lists the Addressed and Universal commands fo which the

1995/1996 responds. These interface commands are recognized because they are sent
with the ATN message as true. The following paragraphs describe the counter's response

to each of these commands.
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’f‘able 4.3 - Addressed and Universal Commands

Hex Decimal Data Line Code
Message Meaning Code Equivalent 615, 4 |3 12]
::GTL Go To Local 01 1 6010 0 0 0
SDC Selected Device Clear 04 4 o060 1180
GET Group Execute Trigger 08 8 6 011,070 |
LLO Loeal Lock Out 11 17 0 11010 0
DCL Device Clear 14 20 0 1 0 1 0
SPE Serial Poll Enable 18 24 0|11 ;0 0
SPD Serial Poll Disable 19 25 o l1|1|oio]
UNL Unlisten ' 3F 63 NERENENE
UNT Untalk 5F 95 0 1|11 1 i
4.4.3.2 Go To Local (GTL)
4,4.3.2.1 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 retur
dependent message.

SRQ LED is always off.

If the counter is in a function having no equivalent in
GTL command, it will default to home st
hardware ratios B/A, A/C, B/C; totalize A or
4.4.3.3

4.4.3.3.1

Selected Device Clear (SDC)

Provided the counter is in remote and a listener,

ned to remote control by receipt o
The decimal and hex equivalents are both 01.

NOTE:

ate econditions.

The condition of the GPIB interface remains unchanged.
equivalents are both 04.
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local operation, upon receipt of a
These funetions include:
B by gate time; and totalize A or Bby D.

it reverts to home state.
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4.4.3.4 ~ Group Execute Trigger (GET)

4.4.3.4.1 Provided the counter is a listener and no measurement is in progress, it
executes a previously programmed measurement and, if the SRQ mask is set, issues an
SRQ command at completion. The GET command permits several bus devices to
simultaneously perform a number of different operations. (All bus members have been
previously programmed to perform a function on recelving the GET command or trigger
command.} The decimal and hex equivalents are both 08.

4.4.3.5 Local Lockout (LLO)

4.4.3.5.1 The counter responds to the LLO command regardless of its addressed
state. The LLO command disables the LOCAL key on the front panel. By issuing a GTL
command, the counter is returned to local control However, if the counter is returned
to, remote operation, the local lockout condition is still active. The only way to
deactivate the LLO condition is to turn off the eounter.

4.4.3.6 Device Clear (DCL})

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

4.4.3.7 Serial Poll Enable {SPE)

4.4.3.7.1 This command permits all bus members, including the counter, to set their
SRQ line to binary 1, informing the controller that attention is required. For the
1995/1996, bit 7 of the status byte is set. Each bus member, having been made a talker,
is then serially interrogated by the controller to determine which bus member(s)
requested._service and the purpose of each request. Bus members respond by transmitting
their respective status bytes to the controller. All members respond to:-the SPE
ecommand regardless of their addressed state. The funetion and format of the
1995/1996's SRQ status byte is described in Subsection 4.7. The decimal and hex
equivalents are 24 and 18, respectively,

4.4.3.8 Serial Poll Disable (SPD)

4.4.3.8.1 This command returns all bus members to normal operation after completion
of a serial poll. All bus members respond to the SPD command regardless of their
addressed state. If addressed to talk, a bus device will put its data output string on the
GPIB, provided such data is available in its output buffer. The decimal and hex

equivalents are 25 and 18, respectively.
4.4.3.9 Untalk (UNT)

4.4.3.9.1 This universal ecommand instruets all talkers, including the counter, to return
to their untalk or talker-idle state. All bus members are also removed from their talker
state whenever a talk address other than their own is received. In the Untalk state, the
front-panel ADDR LED is turned off. The decimal and hex equivalents are 9 and 5F,
respectively.
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4.4.3.10 Uniisten (UNL)

4.4.3.10.1 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 83 and 3F, respectively.

4.5 GPIB OPERATING MODES
4.5.1 Introduction
4.5.1.1 Before operating the counter on the GPIB, ensure that the instrument has

been assigned its correct bus address (see Subsection 4.2) and that the correct AC line
voltage has been selected (see Subsection 2.7.3). The last instruction is especially
important if the 1995/1996 is being used for the first time or at a new location.

v P

4.5.1.2 The 1995/1996 can be operated on the GPIB in either its Talk-Only or
Addressed mode.

4.5.2 Talk-Only Mode

4.5.2.1 To set the counter in this mode, enter counter address 99.

4.5.2.2 The Talk-Only mode may be used in systems not having a controller. Such a

system permits remote reading of counter measurement data, however, the instrument is
controlled from the front panel {see Section 3).

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

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

4.5.2.5 ‘Differences between the measurement rate and data transfer rate are
resolved as follows:

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

b. If data transfer trigger occurs during a measurement cycie and the
output buffer is empty, data transfer is delayed until the buffer is
updated. Data transferred will then correspond to the latest
measurement eycle

e. If a measurement cycle is completed before any byte from the

previous eycle has been transferred to the listener, the buffer will be
updated.
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4.5.2.8 Vieasurement rate in the 1995/1996 can be controlled in the following ways:

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

b. A time interval delay can be set using the range of 200 ns to 100 s

c. The counter can be operated in the Hold mode (single-shot

measurements). Readings are displayed indefinitely in Hold until the
RESET key is pressed, initiating & new measurem ent cyele

4.5.3 Addressed Mode

4,5,3.1 In the Addressed mode, all of the counter's functions {except POWER
ON/OFF) can be controlled using device-dependent commands (see Subsection 4.8.2).
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 has been addressed to talk. If the counter is addressed to talk
when its output buffer is empty, no data transfer will oceur and bus activity wiil cease.
Data transfer will start again after the output buffer is updated at the completion of the

next measurement cycie.

4.6 OUTP UT MESSAGE FORMAT (TALKER)
4.6.1 Introduction
4,6.1.1 Refer to Tables 4.4 to 4.7 for the [ollowing:

a. Table 4.4 - Message formats for the various 1995/1996 measurements
- and "one-time" (recall) outputs

b. Table 4.5 - Basic 23-byte output format
c. Table 4.5 - Alpha header output codes
d. Table 4.7 - High speed data output format

4,6.1.2 Measurement units should be assumed as hertz, seconds, degrees, or a ratio,
depending on commands previously sent to the counter.

NOTE:

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



~Table 4.4 - Measurement and "One-Time" Output Formats

QOutput

Format

Measurement Outputs (see NOTE 1)

Reading (with/without math, statisties)

Standard Deviation and Mean

Mean, High, and Low

"One-Time" (Recall) Outputs (see NOTE 2)

Data Recall (e.g., gate time, math constants,
T1 delay, and calibration constants)

A and B Trigger Levels

A and B Trigger Peaks
(V max., ¥ min)

Learn Mode

Error Message, Identification, or String

A single 23-byte cutput-see
Table 4.5

A double 23-byte output (i.e.,
two numeric {ields,
with/without headers, separated
by a comma, and terminated by
a CRLF)

A triple 23-byte output (i.e.,
three numeric fields,
with/without headers, separated
by commas, and terminated by
a CRLF)

A single 23-byte output-see
Table 4.5

A double 23-byte output (i.e.,
two numerie fields,
with/without headers, separated
by a comma, and terminated by
a CRLF)

A double 23-byte output {i.e.
two numerie {ields,
with/without headers, separated
by a comma, and terminated by
a CRLF)

A 200-byte ASCH-~-formatted
output sent and readable only
by the counter

Variable number of ASCIl bytes,
null, CR, and LF

NOTE 1:

The statistics and math outputs will be the result of the calculation with the alpha

header code of the function measurement.

For special output (801), the first

measurement will have the alpha header code of the normal measurement, and the
second and third readings will have the alpha codes from Table 4.6 (e.g., "H" header for

High).
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"One-Time" (recalled) data commands must be entered in outputs by themselves.
(Refer to Input Commands tabulated in Subsection 4.8 and identified with an
asterisk(*). When data is recalled, it will be placed in the puffer only once. The |
output buffer will then default to the previously entered measurement only after the
recalled data is read by the controller or the counter is programmed with a new
command. Recalled data will not generate an SRQ command.
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Table 4.5 - Basic 23-Byte Output Format

Byte No. Interpretation Permitted ASCIH Characters Notes
1 Space Spaces are
transmitted
2 Alpha header code
(See Table 4.6). If
turned off using the
HDO command, this
byte will be a space !
3 Space i
4 Measurement Sign + or -
5 _ _, Most significant digit 0tol Bytes 5 to 19
6 Digit _ 0 to8or. will always §
7 include 14 digits |
3 (i.e., the
§ mantissa} and
10 decimal point.
i1 The numeric
12 field {bytes 4 to
13 23) isin
14 scientific
15 notation. Zero's
16 are added as ;
17 necessary in the
18 less significant
19 | 1 digit positions.
20 Exponent indicator E
21 Exponent Sign + or
22 More significant digit 0 to8
23 | Less significant digit 0to$

CRor,

(LF)

Commas are
used {0 separate
multiple numeric
field outputs.
Used as a final
output termina-
tor. CRLF is
the final output
terminator in the
buffer. The EOI
is always given
with LF. No
EO1 is given if
high speed mode
is enabled
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Table 4.6 — Alpha Header Output Codes

Funection/Operation Header Funetion/Operation Header
Frequency C F Ratio B/A {software) R
Frequeney A F Ratio C/A (software} R
Period A S Ratio A/B (hardware) R
Time Interval A—B o) Ratio B/A (hardware) R
Time Interval A—>B Ratio C/B (hardware) R

with delay T Ratio C/A (hardware) R
Totalize A by B T Rise Time B R
Ratio A/B (software) R Fall Time B S
Ratio C/A (software) R Positive Pulse Width B S
Rise Time A S Positive Pulse Width B S
PallTime A 3 with delay S
Positive Pulse Width A S Negative Pulse Width B S
Positive Pulse Width A Negative Pulse Width B

with delay 5 with delay S
Negative Pulse Width A S Phase B rel A p
Negative Pulse Width A Duty Cycle B U

with delay S Slew Rate B S
Phase A relB p Display Mean M
Duty Cycle A U Display High H
Slew Rate A 5 Display Low L
Additional Funetions Recall A frigger level A
Frequency B F Recall B trigger level B
Period B S Recall Peaks-Vmax, A or B Vv
Time Interval B—A 3 Recall X (Offset) X
Time Interval B-+~A Recall Y (Normalize) Y

with delay S Recall Z (Scale) Z
Manual Totalize B (software) T Recall Calibration
Manual Totalize B (software) T Constants C
Totalize Bby A T Recall n value N

AbyD T Recall Gate Time G
BbyD T Recall Delay Time D
Y A by gate T Transmit Time Out 0
, NOTES:

1. Ingeneral, the following Header Codes precede the listed functions:

F-Frequency measurements

S-Time measurements {seconds); rise/fall times; pulse width

P~Phase measurements
R-Ratio measurements
U-Duty Cycle measurements
T-Totalize measurements
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Table 4.7 - High Speed Data (ASCII) Output

ASCIH Format Value Range
p#0.nnnnnnannnannnnE #ddCRLE 0.1 to 0.999999999599999
b# N .nnnnnnnnannnnanE# ddCRLF 1.0 to 9.99999959999999
b#NN.nnnnnannnnnnnnE # ddCRLE 10.0 to 99.9999999999999
b#NNN.annonnnnnnnnnE # ddCRLE 100.0 to 999.9999999589389

& L
. ®
® °
bENNNNNNNNNNNNNNNN.E#ddCRLF|1000000000000000.0 to 9999999999999999.9
b#N.nnnnnnnnnnnnnnnE#ddCRLF Any other number
where: b = blank space e = decimal point
| #=-or* E = exponent
? N = digit d = ten's exponent digit
\‘ n = the fractional part CR = carriage return
LF = line feed
NOTE:

No SRQ requests are generated when in the high-speed mode.

4.7.1.2

SERVICE REQUEST (SRQ) AND STATUS BYTE
m_t:roduction

An SRQ may be transmitted by the 1895/1986 whenever:

N An error occurs

b. A measurement is completed
C. A timeout oceurs

The seventh bit in the SRQ and status byte is set to a binary 1. One other

bit, indicating the status or type of service requested, is also set. If an SRQ is not
enabled, this other bit is still set - even if the seventh bit is not. Refer to Table 4.8
which shows the format for the counter's status byte. The front-panel SRQ LED lights
when the SRQ is asserted.
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Table 4.8 - Status Byte Format
1

Bit No. Bit Weight Function

1 {(LSB) 1 Unused

2% 2 1 = External frequency reference

in use; no SRQ issued

3 4 Unused

4 ** 8 1 = Timeout has occurred

5 16 1 = Reading ready; no SRQ issued for re-
called data; bit is cleared when
measturement is output or when buffer
is flushed

gH* . 32 1 = Error condition exists

i 64 1 = Service requested
8 . 128 Unused

Serial poll alone will not clear this bit
Serial poll alone will clear this bit

#*
*
il H

NOTE:

Controllers vary as to positional designation of status-byte bits. Bytes are indexed
in two ways: 1 through 8 with bit 1 having a weight of 1 and bit 8 having a weight
of 128 (as for the 1995/1996) or 0 through 7 with bit { having a weight of 1 and'bit
7 having a weight of 128. _J

4.7.1.3 The counter’s SRQ status byte can be conveniently masked to indicate the
type of information. This feature is achieved using the Service Request Mask command
(QMn) where the value of n is the loaded bit weight (i.e., binary value) - see Table 4.8 - In
the range of 0 to 235.

EXAMPLE:

¥ the user wants an SRQ message when (1) a timeout has occurred, and (2) an error
condition exists, the correct SRQ Mask command that would generate this would be
QM40 (8 + 32). Then by reading the SRQ status byte, bits 4 and 6 can be tested to
determine which one caused the SRQ message.

4.7.1.4 The Service Request Mask command QM0 will disable all SR@ messages,

4.8 INPUT COMMANDS (LISTENER)
4.8.1 Introduetion
4.8.1.1 The 1995/1996 responds to device-dependent commands in a "deferred”

manner. This means that the GPIB interface continues to accept commands until the
terminating character (LF) is received, then the entire string is executed. There is no
"immediate” mode in which commands are obeyed as they are received.

4.8.1.2 The counter clears all data in its output buffer upon receiving a device-
_dependent command. Recalled data and single measurements, therefore, should be read
immediately after the command is sent to program the counter.
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4.8.2 Device-Dependent Commands

4.8.2.1 When the counter is addressed to listen, it can be controlled {except POWER
ON/OFF) by device—dependent commands. These commands are tabulated below:
a. Table 4.10 - Counter Initialize Code g. Table 4.19 - Input Control Codes
b. Table 4.12-Measurement Function Codes h. Table 4.20 - Arming Codes
e. Table 4.15-Math Codes i. Table 4.21 - Learn Codes
d. Table 4.16-Memory Codes j. Table 4.22 - Measurement Mode Codes
e. Table 4.17-Statisties Codes k. Table 4.23 - Miscellaneous Codes
f. Table 4.18-Gate/Delay Codes 1. Table 4.24 - Calibration Codes
4.8.2.2 In general, device-dependent commands are executed sequentially beginning

with the first one sent, and ending with the last. However, to ensure expected results, it
is recommended that the following commands be sent in a separate string: IN (Initialize),
RE (Start New Measurement), SMn (Non-Vol Store to Memory, (-9), and TG1, TG2, TG3
. (Output Trigger/Peak Levels).

4.8.2.3 If more than one command is to be sent, no delimiters are required. If
necessary, commas, spaces, and semicolons may be included as delimiters in the
command strings for clarification without affecting counter operation. Alpha characters
in a command string may be upper or lower case. Each command string must be followed
by an end-of-string terminator group. Table 4.9 summarizes the valid terminator groups.

Table 4.9 - Valid Terminators

1 2 3
LF CRLF - CRLF
EQI True
NOTE:
Data output terminators are
CRLF
EOI True
in both standard and high-speed
data output modes

4.8.2.4 Table 4.10 provides the counter initialize code for the 1995/1996.

Table 4.10 - Counter Initialize Code

Funetion Code

Initializes eounter functions/settings IN
to home state

4.8.2.5 Some of the device-dependent commands in the following tables require
additional numerical input data. Such numerical input succeeds its command. "One-
time" {(recall) outputs are noted by an asterisk(*). Finally, home-state commands (at
power-on, after an IN command, or after a diagnostic IST command) are underlined.
Refer to Table 4.11 as required for the numerical input format.
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Table 4.11 - Numerical Input Format

Byte No. interpretation Permitted ASCI Characteristies
1 Mantissa +or -
2 Most significant digit 0ted
3 Digit '
4
5
6
7
8
9
&_ .10
11
3. 12
13-
! 14
15
16 ¥
2 17 Least significant digit y
_ j 18 Exponent indicator E
= 19 Exponent sign +or -
20 Digit Qto$
Q] 21 Digit 0to9
|
NOTE 1:

-

The valid syntax for the numerical input value tabulated above is:

[+ or -] <H digits) [.]<1 digits) [E [+ or -]<1 or 2 digitsy]
where 1{= H+ I<{=16. Characters inside the brackets are optional.

i 3 This format is valid for all numerical inputs including measurement funetions (e.g.,
3 FN10=FN1El). For enable/disable (i.e., toggie) commands {e.g., CK0/CK1 ecommand),
zero {(CKO0) will turn the command off; and any other valid numeric
input (CK+1, CK55.09e-7) will turn the ecommand o,

NOTE 2:
1 The use of a floating point decimal inereases the number of characters in the string from
3] 16 to 17.
n NOTE 3:
“l Leading zeros in the mantissa and/or the exponent are ignored.
NOTE 4:

Byte one may be omitted and a positive mantissa assumed.
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R NOTE 5:

Bytes 2 to 17 may have up to 16 significant digits and a decimal point. The decimal point
is not essential. After entry of 16 digits (without a decimal point), additional digits are
ignored and a GPIB programming error is generated. Non-significant zeros will still
increase the power-of-ten stored. Also, if fewer than 16 digits are required, unused
bytes may by omitted.

NOTE 6
Spaces or nuils are always ignored.
NOTET:

Bytes 18 to 21 (exponent group) may be omitted, Also, byte 19 may be omitted or
transmitted as a space {a positive exponent should be assumed in either case).

NOTE 8:

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

NOTE 9:
Units are implied; volts for trigger levels, seconds for zate/delay times.

4.8.2.6 Table 4.12 presents the measurement function codes for the 1995/19%96.
Functions FN1 through EN18 are front-panel selections. Funections FN19 through FN45
are selected either as front-panel special functions or are unavailable from the
keyboard. When the controller programs one of the functions (FN1-FN45), external
arming, external gating, and synchronized window auto-trigger (SWAT) are turned off if
invalid for the new function. If an invalid channel is programmed for a function, the
command is ignored and arming, gating, or SWAT default to the off condition. No error
is generated for this type of programming.

Table 4.12 -~ Messurement Funetion Codes

Funetion Code
Frequency C FN1
Frequency A FN2
Period A FN3
Time Interval A B FN4
Time Interval A B

with delay FNS
Totalize Aby B FN8
Totalize A by B

with delay FN7
Ratio A/B (software) FN8
Ratio C/B {software) FN9
Rise Time A FN10
Fall Time A FN11
Positive Pulse Width A FN12
Positive Pulse Width A

with delay FN13
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Table 4.12 - Measurement Function Codes (Cont'd)

Funetion Code
Negative Pulse Width A FN14
Negative Pulse Width A

with delay FN13
Phase A rel B FNis6
Duty Cyele A FN17
Slew Rate A FN18
Frequency B FN19
Period B FN2Z0O
Time Interval B—A FN21
Time Interval B—+A

with delay FN22
Manual Totalize A FN23
Manual Totalize B FN24
Totalize B by A . FN25

Bby A

with delay FN286

E A by D(TTL) FN27

B by D(TTL) FN28

A by gate time FN29

B by gate time FN30
Ratio B/A (software) FN31

C/A (software) FN32

A/B (hardware) FN33

B/A (hardware) FN34

C/A (hardware) FN35

Y  C/B (hardware) FN36

Rise Time B FN37

Fall Time B FN38

Positive Pulse Width B FN39
Positive Pulse Width B

with delay FN40
Negative Pulse Width B FN41
Negative Pulse Width B

with delay FN42
Phase B rel A FN43
Duty Cycle B FN44
Slew Rate B FN45

NOTE 1:

Either "FU" or "FN" can be used for the above measurement function codes.
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NQOTE 2:
All measurement function codes are mutually exelusive.
NOTE 3:

For FN23 and FN24 (Manual Totalize), refer to the Gate codes to start and stop a
measurement.

4.8.2.7 Table 4.13 provides the predefined (forced) setting by functions. The Phase
Angle, Duty Cyele, and Slew Rate settings are automatically selected, but can be
modified by the controller. In addition, for programming seleetion of Duty Cyele and
Slew Rate settings, use the following guidelines:

a. To change from positive Duty A(B) to negative Duty A(B), program
slope A(B) to minus using control code AS1

b. To change from positive Slew Rate A(B) to negative Slew Rate A(B),
program slope A(B) to minus using control code AS1

NOTE:

: The COMMON settings shown in the table for Phase Angle, Duty Cycle, and Slew Rate
[ cannot be modified by the controller.
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Table 4.13 - Predefined (Forced) Front-Panel Settings

Funetion Common | Slope A | Slope B DC (A and BY | Auto-Trig A | Auto-Trig

Rise Time A On + - + bBC Oon On
Rise Time B On + bC On On
Fall Time A On - DC On On
Fall Time B On - - DC On On
Pos. Pulse Width A Oon * - DC. On On
Pos. Pulse Width B On + DC Cn On
Neg. Pulse Width A On - + DC On On
Neg. Pulse Width B On + - oC On On
Phase A rel B off + + DC On

Phase Brel A Off + + DC On

Duty Cyecle A On + - DC Cn

Duty Cycle B On - + DC On
Slew Rate A On + + DC On

Slew Rate B on + + DC On
Man. Totalize A

{software) On Off
Man. Totalize B

(software) On. Off

Totalize A by Gate On Off
Totalize B by Gate On Off

Totalize Aby D On Off
Totalize Bby D On Cff

NOTE 1:

When Common mode is on and the function is controlled by Input A (e.g., Frequency A,
Ratio A/B), Input B autotrigger and attenuator commands are disregarded. Also in this
mode, Input B levels will be ignored if Input A (and therefore B) auto-trigger is on.
Similarly when the Common mode is on, and the function is controiled by Input B, Input A
auto-trigger and attenuator commands are disregarded. No error is generated for this
kind of inconsistent programming.

The auto-trigger must be turned off before entering a manual trigger level.

4.8.2.8

NOTE 2

function. External arming and gating are mutually exclusive commands.

Table 4.14 indicates the valid channels for external arming and gating by
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Table 4.14 - Valid Channels for External Arming/Gating

Function Valid Channels
Frequency C A, B, D-TTL, D-Zero Crossing
Frequency A, Period A B, D-TTL, D-Zero Crossing
Frequency B, Period B A, D-TTL, D-Zero Crossing
Time Interval A to B¥; B to AT D-TTL, D-Zero Crossing

Totalize A by Bf; B by A7

Totalize A by internal gate7; B by
internal gate ¥

Rise Time AT; Rise Time B~

Fall Time At; Fall Time B

Positive Pulse Width AT; Positive

Pulse Width B+

Negative Pulse Width A{; Negative

Pulse Width BT

Slew Rate AT, Slew Rate BY

Hardware Ratio A/B; Hardware Ratio B/A

Hardware Ratio C/B; Hardware Ratio C/A ¥

Software Ratio A/B; Software Ratio B/A None

Software Ratio C/B; Software Ratio C/A

Duty Cyele A; Duty Cycele B

Phase A rel B; Phase B rel A

Totalize A by D; Totalize B by D

Manual Totalize A; Manual Totalize B Y

NOTE 1:

The dagger {7) indicates a function for which external arming is valid; external gating is
invalid. :

NOTE 2:

Valid channels for Synchronous Window Auto-Trig(SWAT) are identical to those for
external arming/gating, except for Frequency C. SWAT is disallowed in ¥requency C.

NOTE 3:
If an invalid channel is programmed for a function, the eommand is ignored and arming,

gating, or SWAT default to the off condition. No error is generated for this type of
programming.
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Table 4.15 - Math Codes

Funetion Code
Disable Math MDO
Enable Math MD1
Store Offset (value) {X) MO {value’
(home state=0)
Reecall Offset RO *
Store Normalize (valued (Y) MN {valued
{home state=1)
H
Recall Normalize RN * |
T | Store Scale (value) (2) MS (value) !
(home state=1) l
Recall Scale RS * 1
j
NOTE:

The math constant range for offset X, normalize Y, and scale Z is: +0.000000001E-9 to

+9999999998ES.
Table 4.16 ~ Memory Codes
_ Funetion/Description ' Code
Non-vol memory recall from 0-9 RMO-9
Non-vol memory store from 0-8 SM0-9 (see Notes)

NOTE 1:

SM0-9 requires a 2-second wait after programming.

NOTE 2:

If the counter is in a function having no equivalent in local
operation, this function cannot be stored in non-vol memory. These
functions include: hardware ratios A/B, B/A, A/C, B/C; totalize A
or B by gate time; and totalize A or B by D.

Reeall calibration constants:
DAC constants

Input A slope multiplier RC10*
Input A slope offset RC11*
Input B slope multiplier RC12*
Input B slope offset ' RC13*

Input path constants
Input A start, hyst. low, offset RC14*
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- Table 4.16 - Memory Codes (Cont'd)

Function/Description Code
Input A start, hyst. low, hysteresis RC15*
Input A start, hyst. high, offset RC16*
Input A start, hyst. high, hysteresis RC1T*
Input A stop, hyst. low, offset RC18*
Input A stop, hyst. low, hysteresis RC19*
Input A stop, hyst. high, offset RC20*
Input A stop, hyst. high, hysteresis RC21*
Input B start, hyst. low. offset RC22*
Input B start, hyst. low, hysteresis RC23*
Input B start, hvst. high, offset RC24%*
- Input B start, hyst. high, hysteresis RC25%*
Input B stop, hyst. low, offset RC26*
Input B stop, hyst. low, hysteresis RC27*
Input B stop, hyst. high, offset RC28*
Input B stop, hyst. high, hysteresis RC29*
Time Interval constants
A-start, B-stop; A-positive, B-negative RC30*
A-start, A-stop; A-negative, B-positive RC31*
B-start; A-stop; A-positive, B-negative RC32%
B-start, B-stop; A-negative, B-positive RC33*
Table 4.17 - Statisties Codes
Funetion/Desecription Code
Store n value = 100 SYo
Store n value = 1000 SVi1
Store n value, where value = 2 to 9999 SV {value> ;
Recall n value RV * f
Disable standard deviation SDj |

Enable standard deviation
Disable mean

Enable mean

Special output disable
Special output enable

s - turns off mean

SAQ
SA1 ~turns off standard
deviation

son

801 -and enable
standard deviation
(SD1) will output
standard deviation

and mean; and enabie
mean (SA1) will output
mean, high, and low

:
|
;

!
|
|
l
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Table 4.18 - Gate/Delay Codes

Function/Deseription Code
Gate Open - used cnly to start software manual totalize GO
Gate Close - used only to stop software manual totalize GC
Gate Time Adjust - enters gate time (value) GA (valued

where (value>range = 200ns to 100 s;
home state value = 10 ms; and a value
of 0 = a single event reading

Recall Gate Time RG*

Delay Time Adjust - enters delay time value) DA {value>
where {valuedrange = 200 ns to 100 s;
heme state value = 1 ms

. - Recgll Delay Time RD*

4.8.2.9 To use software manual totalize (FN23 or FN24), enter the following 3
commands in order:

a. FN23<{CR LF> - sets up the manual totalize (A) function and turns on
the Hold LED

b. GO {CR LF) -opens the gate to start the readings. Data can be
read from the counter at this point

c. GCCCR LF> - closes the gate, turns on the Hold LED, and puts the
last reading in the buffer. The last reading can be
read from the counter

To restart the measurement at zero enter:

RE GO<{CR LF>

To continue the measurement count enter:

GO <{CR LF>

NOTE:

If a new funetion is entered, the single measurement mode will still be in effect.
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- Table 4.19 ~ Input Control Codes

Function/Description Code
Trigger Level A Set AT {value>
Trigger Level B Set - home state value is 0 BT (value)
Auto-Trig off (A and B} AUO
Auto-Trig on {A and B) AUl
Auto-Trig Input A off AU2
Auto-Trig Input A on AU3
Auto-Trig Input B off AU4
Auto-Trig Input B on AUS
Contifiudis Auto-Trig STO
Single Auto-Trig'- use AU1, 3, or 5
to start a single autotrigger process ST1
Coupling Input A to DC AAD
Coupling Input A to AC AAl
Coupling Input B to DC BAO
Coupling Input B to AC BA1
Slope Input A Positive ASO
Slope Input A Negative AS1
Slope Input B Positive BS0
Slope Input B Negative BS1
AttenuationInput A X1 AXO
Attenuation Input A X 10 AX1
Attenuation Input A X 50 AX2
Attenuation Input B X1 BX0
Attenuation Input B X 10 BX1
Attenuation Input B X 50 BX2
Impedance Input A to 1 Mohm AZD
Impedance Input A to 50 ohms AZ1
Impedance Input B to 1 Mohm BZ90
Impedance Input B to 50 ohms BZ1
Filter Input A off AF)
Filter Input A on AF1
Filter input B off BF(
Filter Input B on BF1
Hysteresis off SEQ
Hysteresis on SE1
Common off (Separate mode) CMO
Common on CM1
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Table 4.20 - Arming Codes

Function/Description Code

External Arming Disable - internal arming enabled is home XAD

state
External Arming Input A XAl
External Arming Input B XA?2
External Arming Input D - Zero Crossing XA3
External Arming Input D - TTL XA4
Arming Slope Positive XAS
Arming Slope Negative XAB
External Gate Disable - internal gate enabled is home state XG0o

{see code GA)

_External Gate Input A XG1
External Gate Input B XG2
External Gate Input D-Zero Crossing XG3
External Gate Input D-TTL XG4
Gate Siope Start-Negative; Stop-Negative XG5
Gate Slope Start-P ositive; Stop-Negative XG6
Gate Slope Start-Negative; Stop-Positive XGT
Gate Slope Start-P ositive; Stop-Positive XG8
Synehronous Window Auto-Trig (SWAT)

SWAT Disable XS0
SWAT Input A Xs1
SWAT Input B X582
SWAT Input D-Zero Crossing X83
SWAT Input D-TTL X54
SWAT Slope Start-Negative; Stop-Negative X85
SWAT Slope Start-Positive; Stop-Negative X56
SWAT Slope Start-Negative; Stop-Positive X587
SWAT Slope Start-P ositive; Stop-Positive X358

Tabie 4.21 - Learn Codes

Funection/Description

Code

Send Machine Setup - Learn
Receive Machine Setup - Learn

SL *

RL <total machine state string-
200 ASCI bytes); string is
readable only by the counter

Table 4.22 - Measurement Mode Codes

VU S

Function/Deseription Code
Continuous Reading Mode MMO
Single Reading Mode-use RE code to MM1
trigger a new measurement
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- Table 4.23 - Miscellaneous Codes

4-34

Function/Description Code
Check Off CK0 or CHD
Check On CK1 or CH1
Front Panel Display Disable (turns off DRO
front panel measurement display)
Front Panel Display Enable DR1
Turns Off Prefix Output Header HDO
Turns On Prefix Output Header HD1
(e.g., "F" for frequency)
High Speed Output Disable-defaults to previous HSO
autotrigger mode (single/continuous)
High Speed Output Enable-forces continuous HS1
measurement mode, turns off statisties,
takes single~shot auto-trigger, and no
SRQ is given. No data can be recalled at
this time
" Transmit Hardware Identification-that is, IDo *
"RD 1995" or "RD 1996"
Transmit Software Identification version ID1 *
that is, 2.1 or other number
Internal Self Test-output of {space
CR LF) means a successful test. IST
Dtherwise, outputs an error message.
Counter returns to power-up state on exit
Set SRQ Mask-where (value>=0 to 255; QM {value>
home state=255: and QM0 code
disables all SRQ commands
Start New Measurement-triggers new RE
reading in single measurement
mode
| Program Timeout, Gate Closed home state value TC{valued
is 500 seconds (see Note 2)
Program Timeout, Gate Open where the home state TO {value>
value is 500 seconds;
{value>=1 to 500 seconds(see
Note 2) -
Transmit Error Code~-outputs {space TE*
CR LF> if no errors exist
Output Trigger Levels A and B {see Note 3) TG1 *




Table 4.23 - Miscelaneous Codes {Cont'd)

Function/Description Code

Output Peak Levels A (Viaxs Vomin’ ~ TG2 *
auto-trigger A turned off {see Note 3)

Output Peak Levels B (Vyaws Vipin/ ~ TG3 *
auto-trigger B turned off Péee Note 3)

Transmit Timeout Value-total abort TV *

time is (TO +GA {value)+ TC)
or if delay active (TO + DA

(value) + TC), or if externally
gated (TO+ TC+ 1006 seconds)

NOTE 1:

Information for the following codes in the above table is not stored in non-vol memory:
DRO, DR1; HDO, HD1; HS0, HS1; QM (valued; TC <(value),TO (valued; TV.

NOTE 2:

Program Timeout, Gate Closed refers to the time that the counter will wait for the
measurement gate to close prior to issuing a timeout error. Program Timeout, Gate
Open refers to the time that the counter will wait, upon receipt of trigger, for the
measurement gate to open prior to issuing a timeout error.

NOTE 3:

For the TG1, TG2, and TG3 codes: if in single measurement mode {(or single autotrigger
mode), initiate the measurement (or trigger) first, then send the command to output
trigger levels. This ensures the output of trigger levels of measurement just taken.
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- Table 4.24 - Calibration Codes

Funetion/Description _ Code

NOTE 1:

Each of the eight commands listed below must be on a single line. See Section 5 of
this manual for the calibration procedure.

Step 1 CAL

Step 2 Set start and stop DACs to the CLHI
maximum positive voltage

: E
" 77 Set start and stop DACs to the CLLO

maximum negative voltage

Step 3 Start DAC positive voltage (+X.XXXX) CLTH <Vstart-high>
Stop DAC positive voltage (+ X.XXXX) CLPH <(Vstop-high>
Start DAC negative voltage (-X.XXXX) CLTL <Vstart-low>
Stop DAC negative voltage (~X.XXXX) CLPL <VStop-low>

NOTE 2:

At this point, "CAL" is shown on the main display. About five minutes later, "CAL
donE" is displayed when the calibration is finished. Calibration values may now be
stored to non-vol memory by holding the front-panel calibration button in and sending
the CLST command.

Step 4 Stores values to non-vol memory CLST

NOTE 3:

Upon successful completion of non-vol store, a "donE" message is displayed, a {space
CR LF> GPIB output is given, and the calibration button can be released. If at any
point, there is an error (e.g., syntax, calibration), the entire procedure must be
repeated starting with Step 1.
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4.9 " GPIB ERRORS

4.9.1 When an error occurs, an SRQ message will be generated and the SRQ LED
turned on. Should multiple errors occur, only the latest error is saved. An error will be
eleared and the SRQ LED turned off when the controller transmits a new command string
to the counter. To read the error message, send a TE {Transmit Error) command
immediately after the error oceurs.

4.9.2 Table 4.25 below lists the GPIB error messages and numbered codes. The
numbered error codes are in the form "Error NN" where NN is a 2-digit code.

Table 4.25 - GPIB Error Messages and Codes

Message/Code Number Error
ALPHA SYNTAX ERROR Alpha syntax error while parsing
NUMBER SYNTAX ERROR | Number syntax error while parsing
LEARN ERROR Error in machine setup string from
!llearnﬂ
INVALID RANGE Range error (e.g., FN code number,
gate time, delay value)
LEVEL OR ATTN INVALID Level out-of-range for the attenuator
setting
Error 23 Phase measurement ratio out-of-range
24 Hardware ratio measurement produced
divide by zero
25 Internal totalize error
- 26 Input buffer overflow
27 Gate did not open in specified time
28 Gate did not close in specified time
29 Frequency C not permitted on Model 1995
30 Error during calibration
31 Invalid syntax during calibration parsing
or commands out-of-order
32 Cannot store calibration values to Non-Vol
memory-values must be entered first
33 Error during calibration store to Non-Vol
memory
40 Non-Vol Memory error-the Non-Vol data did
not pass verification
41 Non-Vol Memory error during recall of memory
42 Non-Vol Memory-attemped recall of nonexistent
machine setup store
50 Normalize funetion error (R-X}Y/Z
51 Statistical calculation error
60 - Internal self-test: RAM
61 Internal self-test: ROM
62 Internal self-test: Non-Vol Memory
63 Internal self-test: measurement amplifier failure
64 Internal self-test: measurement logic failure

i
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- Table 4.25 ~ GPIB Error Messages and Codes (Cont'd)

Message/Code Number Error
Error 70 Floating point additicn error
71 Floating point multiplicaticn error
72 Floating point division error
73 Floating point compare error
74 Floating point operation undefined
75 Floating point underflow
76 Floating point overflow
78 ASCII to floating point conversion error
79 Floating point to ASCI conversion error
80 Double precision compare error
81 Double precision to ASCII conversion error
T TT 82 Double precision to floating point conversion error
83~ Integer divison by zero
89 Internal software error
NOTE:

If an error is found in a command string, the entire string is ignored. No new
programming of the counter will take place and the counter will continue taking
measurements as previously set up.
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SECTION 5 THEGRY OF OPERATION

3.1 INTRODUCTION

3.1.1 This section describes the general theory of operation for the
Universal Systems Counters Models 1895/1986.

5.1.2 The theory of operation provided is based on the simplified overall
bloek diagram shown in Figure 5.1. Key circuit blocks of the 1885/1996 are
described and supported in this seetion using simplified block and schematic
diagrams. These diagrams supplement the complete schematics found in Section 7
of this manual. As much as possible, the simplified schematic and block diagrams
provided here are annotated with the same reference designators found in the
complete schematies.  This should facilitate cross-referencing between this
section of the manual and the schematics.

"5.1.3 Integrated circuits (ICs) in the following eireuit descriptions are
designated by circuit references provided on the supporting simplified block ana
schematic diagrams. Note that each assembly of the 1995/1996 {see Parts List,
Section 8) provides a separate series of IC designations starting with Ul. These
designations are employed in the following key circuit descriptions. When an IC
package contains more than one circuit, suffix letters are used to distinguish them
(e.g., U40A}. 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., U40A-1).

5.2 FUNCTIONAL BLOCKS
5.2.1 The 1995/1996 counter is divided into 11 major functicnal bloeks.
Most of these blocks are located on the instrument's motherboard. The front
panetl block, signal conditioner bloek, measurement block, and channel C block are
incorporated on separate board(s) which plug into the motherboard. Figure 5.1
provides an overall simplified block diagram of the 1995/1996 counter. The
following is a list of these 11 functional blocks: '

1. Channel A/B block (See Subsection 5.3.2)

2. Channel C block {1996 only) {See Subsection 5.3.3.)

3. Measurement logic block (See Subsection 5.3.4)

4. Display/keyboard block {See Subsection 5.3.5)

5. Microprocessor block {See Subsection 5.3.6)

6. Power supply block (See Subsection 5.3.7)

7. External arming/gating block (See Subsection 5.3.8)
8. Internal gate timer block (See Subsection 5.3.9}
9. External reference multiplier block (See Subsection 5.3.10)

10. Channel D block {See Subsection 5.3.11}

11. GPIB block (See Subsection 5.3.12)



5.2.2 - Overall Functional Operation

For convenience, since channels A and B are identical, only
the former channel is described, unless otherwise indicated.

3.2.2.1 As one reads through the General Information and Theory of Operation
sections of this manual, it might prove helpful to refer to the Overall Block Diagram
found in Figure 5.1,

5.2.2.2 In general, input signals are conditioned and converted into digital
information in the signal conditioning section.

5,2.2.3 The measurement section is internally configured by the microprocessor
aecording to instructions entered via the keyboard or GPIB system. The signal to be
measured and the signal from the frequency reference are fed to the measurement logic
block. The measured result from here is passed to the microprocessor block. If
mathematical manipulation of the result Is required, this is performed by the
mieroprocessor before the final output is passed either to the display or GPIB block.

5.2.2.4 In the digital control section, circuit timing and control signals are
developed by microprocessor-based logie. This section also provides for keyboard
decoding and display logic.

5.2.2.5 The interface section functions as a bidirectional port for data and control
signals generated by the digital control section and the external system controller.

- 5.2.2.8 Overall operation of the 1995/1996 centers in two LSI chips. Cne chip,
the MCC2 {Multiple Counter and Control Chip #2), is a combination of ECL (emitter-
coupled Iogic) and TTL (transistor-transistor logic) eircuitry. This LSI ¢hip executes all
the high-speed logic steering, gating, and counting. The second LSI chip, the MCC1
(Multiple Counter and Control Chip #1), is a CMOS device that interfaces directly with
the CPU. It provides the required logic functions, counting registers for accumulating
raw input data, and control lines for the MCC2 chip.

5.2.2.7 Inputs for channel A are first routed through the signal-concitioning
eircuitry. This circuitry performs the user-selected coupling, impedance, and
attenuation operations.

5.2.2.8 After initial signal conditioning, the input measurement signal passes
through a protective limiter to two parallel high-input impedance buffer/amplifier
stages. These generate a differential output which is applied to a second (Schmity)
amplifier stage.

5.2.2.8 In the Schmitt amplifier stage, the measurement signal is buffered,
shaped, and level-shifted. The signal output from this stage is at an ECL level and called
the start signal. The start signal is then directed to the divide-by-two/multiplexing
circuitry.

5.2.2.10 The multiplexer either selects the divided start signal or the start/stop
signals directly. The required signal is then routed to the synehronization eircuitry.
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5.2.2.11 - The start signal's output from the synchronization circuitry is input to the
MCC2 chip. Between the MCC2 and MCCI chips, measurement pulses are accumulated
in the event and time count registers, counted, and stored as unprocessed measurement
data.

5.2.2.12 Stored raw data is then retrieved by the microprocessor, manipulated to
obtain the desired measurement mode, modified as necessary by special functions, then
routed to the 1995/1986's display and GPIB.

5.2.2.13 The 1995/1996 employs a special TEC (Timing Error Correction)
configuration which divides the time between the reference oscillator and start/stop
signals. This permits the instrument to accumulate measurement pulses to a much
greater resolution. In a typical measurement, the instrument's microprocessor reads the
time count and TEC registers, performs the necessary calculations, and displays the
result. Between measurements, the event, time, and TEC count registers are reset while
the-microprocessor computes the measurement result.

5.2.2.14 Arming and gating selection for the 1995/1996 are effected through the
instrument's arming/gating steering-logic circuitry. For the 1985/1936 user,
arming/gating selection is much more flexible than in conventional counters. This ease-
of-use results from the operator's ability to employ channel A/B inputs for selecting the
various arming/gating modes. This permits input voltages as low as 25 mV at 10 MHz
from the front panel. Conventional triggering levels of TTL (1.4V at 10 MHz) and zero-
crossing are possible using channel D's rear-panel input. '

3.2.2.15 Finally, gate-time setting for the 1995/1996 is not limited to selection by
a decade-divided timebase. Rather, the counter uses an internal gate timer to select the
desired gate time in a 200 ns to 100 s range. This provides resolutions of 1060 ns (gate
time <1 ms resolution) and .1% (gate time> 1 ms resolution).

-—
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5.3 - THEORY OF OPERATION BY BLOCK
5.3.1 Introduction

5.3.1.1 The 1995/1996 is civided into eleven major functicnal blocks. Functional
and circuit theory of operation by block are described in this subsection of the manual.
The figures used here are simplified schematic or block diagrams. For complete
schematics, refer to Section 7.

3.3.1.2 Table 5.1 presents a list of major signal lines used in the 1995/1086
counters along with a brief functional description. Signals used together are grouped
together., Included with the signal description are significant signal sources and
destinations.

Table 5.1 - Signal Lines and Functions

v -~

SIGNAL NAME SIGNAL DESCRIPTION

ARM Arming or gating signal applied to either arm or gate a
measurement
ARMSPSL Arm stop slope select for the arming and gating circuit
ARMSTSL Arm start slope select for the arming and gating circuit
AS Microprocessor address strobe
ATRST Auto-trigger reset line; initializes an auto-trigger
ATSTART+ START+ signal buffered and applied to the auto-trigger circuitry

ATSTOP+ STOP+ signal buffered and applied to the auto-trigger circuitry
BW/R Microprocessor R/W inverted buffer signal (USF)
CHANLD Input signal applied to channel D
CHCENA Enables channel C signal to be measured
DLYWND For future use
E Microprocessor's enable signal for 6800-type peripherals
E Inverted microprocessor's E signal
GATE Signal that is low when the measurement gate is open
INT/EXT Selects the external reference or internal reference
LDE Lower data enable signal generated by the microprocessor's LDS

and OR-ed with the BW/R signal (U25B)




Table 5.1 - Signal Lines and Funetions (Cont'd)

hSIGNAL NAME

SIGNAL DESCRIPTION

LDS

LTMS

LWE

MCC/GEND
MLRST

PRE

RAMENA

R/W

SELARM

SELCHD
SELSP
SPMUX
SPOUT
SPSL

SPSLV

SPSXL

START+

STOP+

STSL

Microprocesseor's lower data strobe

Selects the 200 ns to 1 ms output or greater than 1 ms to 100 s
output from the internai timer

Lower write enable signal generated by the microprocessor's lower
data strobe (LDS) and OR-ed with the Read/Write (R/W) signal
(U24C)

Selects the SPOUT or GATE END signal for ending a measurement

_ Main logic reset signal from the MCC? chip

Peripheral read enable signal generated by the microprocessor's
R/W signal and NANDed with E signals (U4C)

RAM enable signal, generated by the microprocesser's address

strobe (AS) and inverted address line A21 (A21) and OR-ed together
{(U5SC and U24A)

Microprocessor's Read/Write signal

Enables application of the ARM signal to the auto-trigger or
measurement block

Selects the CHANLD signal as the arm or gate signal

Selects the TTLSTOP signal as the arm or gate signal

Stop enable signal selection between SPOUT or GATE END signals
Stop enable output from MCC1 or SPEN signal

Selects the slope of the STOP+ signal

Indieates whether the stop measurement signal is above or below
the stop DAC trigger-level (TL STOP)

Indicates that the stop measurement signal has crossed the stop
DAC trigger-level (TL STOP)

Input signal applied to channel A or B for selection as the START
signal

Input signal applied to channel A or B for selection as the STOP
signal

Selects the slope of the START* signal




Table 5.1 - Signal Lines and Functions {Cont'd)

SIGNAL NAME SIGNAL DESCRIPTION
STSLV ndicates whether the start measurement signal is above or below
the start DAC trigger-level (TL START)
STSXL Indicates that the start measurement signal has crossed the start
DAC trigger-level (TL START)
TTLSTOP STOP+ signal converted to a TTL signal
TL START Start channel trigger level
TL STOP Stop channel trigger level
- T"UDE Upper data enable signal generated by the microprocessor's LDS
signal and OR-ed with the BW/R signal (U25C)
UDs Microprocessor's upper data strobe signal
UWE Upper write enable signal generated by the microprocessor's upper
data strobe (UDS) and OR-ed with READ/WRITE signal (R/W)
(U24D)
VMA+E Microprocessor's inverted enable signal (E) OR~-ed with the valid
memory address (VMA) signal (USE and U24B)
ZERO/TTL Selects the channel D trigger point
5.200FF Shuts down the ECL 5.2 volts
200MHZ Enables the divide-by-two eircuitry '
5.3.2 Channel A/B Block
5.3.2.1 Functional Description
3.3.2.1.1 Refer to the simplified block diagram in Figure 5.2 as required. Channels

A and B on the 1995/1996 are identical and only channel A is described here.

Measurement signals applied to Input A are first routed through the instrument's signal
conditioning eircuitry. This cireuitry performs selected compensation, coupling,
attenuation, and impedance.

5.3.2.1.2 " The measurement signal is then applied tc the input of the start/stop
amplifiers. The start/stop DACs (Digital-to-Analog Converters) provide a DC threshold
through which the input signal must s