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SAFETY

This product has been designed and tested according to International Safety Requirements. T0 ensure
safe operation and to keep the product safe, the information, cautions, and warnings in this manual,
must De heeded. Refer to Section | and the Safety Summary for general safeiy considerations
applicable to this product,

This apparatus has been designed and tested in accordance with IEC publication 348, safety
requirements for electronic measuring apparatus, and has been supplied in a safe condition. This
manual contains some information and warnings which have to be followed by the user to ensure safe
operation and to retain the apparatus in safe condition.

CERTIFICATION
Hewlett-Packard Company certifies that this product met its published specifications at the time of
shipment from the factory. Hewilett-Packard further cerfifies that its calibration measurements are
fraceabie to the United States National Bureau of Standards, to the extent aflowed by the Bureau's
calibration facllity, and to the calibration facilities of other International Standards Organization
members.

- WARBRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a
period of one year from date of shipment. During the warranty period, Hewlett-Packard Company
will, at its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP,
However, warranty service for products installed by HP and certain other products designated by
HP will be performed at Buyer’s facility at no charge within the HP service travel area. Outside HP
service travel areas, warranty service will be performed at Buyer's facility only upon HP's prior
agreement and Buyer shall pay HP's round trip travel expenses.

For products returned to HP for warranty service, Buyer shall prepay shipping charges to HP and
HP shall pay shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to HP from another country.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or
misuse, operation outside of the environmental specifications for the product, or improper site
preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OR MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY,

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are
provided at the back of this manual,
sCWa9s4
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Model 54200A/D - General Information

SECTION 1
GENERAL INFORMATION

WARNING l

Service information inciuded in this manual is for use of trained service
personnel. To avold electrical shock, do not perform any Sservice
procedures in the manual or do any servicing to the 54200A/0 unless
vou are qualified.

1-1. INTRODUCTION

This manual contains technical information concerning the instaliation, operation, programming,
maintenance, and servicing of the 54200A and 54200D Digitizing Oscilloscopes. When information
concerns both models the system will be referred to as the 54200A/D.

1-2. MANUAL ORGANIZATION

Section 1, General Information. This section contains a description of this manual and the
instrument.  This section also gives the specifications, general characteristics, operating
characteristics and recommended test equipment for the 54200A/D.

Section 2, Installation. This section explains how to prepare the 54200A/D for use.

Section 3, Front Panel Controls and Menus, This section familiarizes the user with the front panel
controls and menu structures of the 54200A/D.

Section 4, Front Panel Exercises. This section provides step-by-step exercises to familiarize the
user with making measurements from the front pane! of the 54200A/D.

Section 5, State Triggering with the 542000. This seclion discusses the operation of the state
triggering feature of the 54200D.

Section 6, Peripherals. This section provides information for making hardcopy prints of the
54200A/D display using a plotter or graphic printer,

Section 7, Remote Control Operation. This section discusses the remote operation of the
54200A/D over HP-IB, including compatibility, remote/iocal modes, local lockout, learn and

calibration strings, and notation and definitions. This section shouid be reviewed before writing
programs for this instrument.

i1
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Model 54200A/D - General information

Section 8, Programming the 54200A/D. This section provides programming instructions for the
instrument, including the instruction sef, syntax diagrams, and other detailed programming
reference information,

Section 8, Performance Tesis. This section describes both the self test capabilities of the 54200A/D
as well as the procedures for the full Performance Test.

Section 10, Adjustments. The 54200A/D requires several adjustments to restore specified
performance after some major repairs have been made. This section provides the necessary
adjustment procedures.

Section 11, Replaceable Parts. This seclion contains ordering information and a list of all
replaceable parts in the 54200A/D system.

Section 12, Service. This seclion containg disassembly and assembly procedures and
documentation and procedures for isolation and replacement of faulty circuit boards.

Service Group 12A, Power Supply. This section contains block diagrams and component level
_theory, troubleshooting and schematic information necessary to service the 54200A/D power

Lsupply.

Appendix A, Self Test Documentation. This section contains a brief overview of how the 542004A/D
self tests work and what portions of the 54200A/D circuitry they check.

1-3. INSTRUMENTS COVERED BY THIS MANUAL

Attached to the instrument is a serial number sticker. The serial number is in the form
0000A0000Q, It is in two parts; the first four digits and the letter are the serial prefix and the last
five digits are the suffix. The prefix is the same for all identical 54200A or 54200D instruments; the
prefix only changes when a change is made to the instrument. The suffix, however, is assigned
sequentially and is different for each instrument. The contents of this manual applies to
instruments with serial number prefix(es) listed under SERIAL NUMBERS on the title page. The
serial number is also displayed on the 54200A/D screen when the SYSTEM Peripherais menu is
selected.

An instrument manufactured after the priniing of this manual may have a serial number prefix not
listed on the title page. This unlisted serial prefix indicates the instrument is different from those
described in this manual. The manual for this newer instrument is accompanied by a yellow
Manual Changes supplement. The supplement contains "change information” that explains how to
adapt the manual to the newer instrument.

In addition to change information, the supplement may contain information for correcting errors in
the manual. To keep this manual as current and accurate as possible, Hewlett-Packard
recommends that you periodically request the latest Manual Changes supplement. The
supplement is identified by the manual print date and part number, both of which appear on the
manual title page. Complimentary copies of this supplement are available on request.

Shown on the title page is a microfiche part number. This number can be used to order 4 X 6 inch
microfilm transparencies of this manual. Each microfiche contains up to 96 photoduplicates of the ‘
manual pages. ; S

1-2
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Model 54200A/D - General Information

i-4. DESCRIPTION
The Hewlett-Packard Models 54200A and 524000 Digitizing Qscilloscopes are dedicated,
mulli-channel, simultaneous, waveform acquiring digital storage oscilloscopes with full HP-IB
programmability, digitized waveform data output, and resident parametric waveform
measurements.
The 54200A/D is primarily for simultaneous single-shol measurements, however it will serve
many general purpose oscilloscope needs. The single-shot digital storage bandwidth is 50 MHz
(200 megasamples/second) with infinite store time and waveform data output. It also provides
parametric information about the analog characteristics of waveforms.
The 54200D has all the features of the 54200A with the addition of parallel and serial logic trigger
gqualification capabitities. The 54200D includes 3 pods, each cortaining 8 bit + 1 parity bit + clock
organization.
Following is a list of key measurement features of the 54200A/D Digitizing Oscilloscope System:

¢ 200 megasamples/second sample rate, 50 MHz single-shot

bandwidth using post capture data interpolation.

e Capiure two channels simultaneously.

s 1 kbyte of acquisition memory per channel.

e 1 screen diameter of pre-trigger storage for display.

s All front panel controllable parameters can be programmed via HP-I1B.

¢ Pulse parameter measurement answers are provided.

e TTL and ECL preset capabilities.

s Auyto scaling.

e Digital logic trigger qualification (542000 only).

1-5. ACCESSORIES SUPPLIED

The following accessories are supplied with the 54200:

54200A/D: Two Model 10017A 10:1 divider probes.
One BNC to probe tip adapter.
One 2.3 meter {7.5 ff) power cord.
One Operating, Programming, and Service Manual.

54200D (only): Three Model 10271A 10-bit State Data Probes.

1-3
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Model 54200A/D - General Information

1-6. SPECIFICATIONS

instrument specifications are listed in table 1-1. These specifications are the performance

standards or limits against which the instrument is tested. Table 1-2 lists general
characteristics, not specifications but typical characteristics included as additional information

for the user.

Table 1-1. Specifications

MODELS 54200A and 54200D 12
VERTICAL {Channel 1 and 2)

Range: 40 mV to 40 V full-scale, continucusly calibrated with two
digit resolution.

Gain Accuracy: +2% of full-scale., 3
Analog fo Digital Conversion Accuracy (ADC): +1.6% of full-scale. ¢

Offset Accuracy:

Channel Range 0ffset Accuracy 2
40 mV to 390 mv +1% of offset =5 mV
400 mV to 40 V +1% of offset x50 mV

Dc Qffset Range/Resolution:

Channel Range Offset Range Offset Resolution
40 mV to 390 mV 2 vV approximatety 1.2 my
400 mV to 40 V 20 V approximately 12 mv

Voltage Measurement Accuracy (BG):
Single Cursor (X or 0): Gain Accuracy + ADC Accuracy + Offset Accuracy

Dual Cursor: Gain Accuracy + 2 * (ADC Accuracy)
(X to O measurements on the same waveform)

Bandwidth (-3 dB):

DC coupled: dc to 50 MHz
AC coupled: 3 Hz to 50 MHz

1-4
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Tabig 1-1. Specifications (continued )

Transition Time: 7 ns maximum (10% to 90%).
Input Coupling: ac or dc.
Input RC: 1 MQ $2%, shunted by approximately 14 pF.

Maximum Input Without Distortion: 5

Channel Range Input (dc + peak ac)
40 mv to 390 mV tZ2 Vv
400 mvV to 40 V +20 V

Maximum Safe Input Voltage: +40 V (dc + peak ac}.
TIME BASE (Horizontal)
Range: 50 ns to 10 sec full-scale (10 divisions), in a 1-2-5 sequence.
Time Measurement Accuracy: 22 ns or x0.2% of Time Range, whichever
(Singie and Dual Cursor) is greater. 9
DELAY (Time Offset)

PrejPost-Trigger Range:

Time Range Pre-Trigger Range Post-Trigger Range
50 ns to 5 us Up to 5 us Up to 1 ms
10 ps to 10 s Up to 1 screen diam. Up to 260 screen diam.

Pre/Post-Trigger Resolution: Adjustable in steps of 0.1 (coarse)
and 0.004 (fine) screen diameters.

Accuracy: %1 sample clock period.
TRIGGER (Analog)
Sources;: Channel 1, channel 2, or External trigger input.

Sensitivity: 1/8 of full-scale.

1-5
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Table 1-1. Specifications {continuad)

Level Range/Resolution:

Full-scale Range Trigger Range Trigger Resolution
40 mV¥ to 390 mV +2 V approximately 2.4 mv
400 mV to 40 V 20 V approximately 24 my
Level Accuracy: Trigger Range Level Accuracy
40 mvV to 390 mv 2% =5 mV
400 mV to 40 V 2% 50 mv

External Trigger Input:

Bandwidth
Rise Time

Input Coupling Same as channel 1 and 2.
Input RC

Input Range
Maximum Safe Input Voltage

MODEL 54200D (only) 12
STATE TRIGGER MODE

Clock Repetition Rate:

$ingle Phase: 25 MHz maximum with single clock and single edge

specified; 20 MHz maximum with any ORed combination of
¢clocks and edges.

Multiplexed: Master-slave clock timing; master clock must follow
slave clock by at least 10 ns and precede next slave
clock by 50 ns or more.

Clock Pulse Width: 220 ns at threshold.

Setup Time: =20 ns, the time data must be present prior to the
ciock transition

Hold Time: 0 seconds, the time data must be present after the
clock transition

1-6
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Table 1-1. Specifications (continued)

STATE PROBES (10271A)

input RC:  100ka £2% shunted by approximately 5 pF at the
probe body.

Minimum Input: 600 mV p-p.

Minimum Input Overdrive: 250 mV or 30% of input amplitude
whichever is greater.

Maximum Safe input: +40 V peak.
Threshold Range: -9.9 V to +9.9 V in 100 mV increments.
Threshold Accuracy: *2.5% +120 mV.

Dynamic Range: +10 V about threshold.

MNotes

1. Specifications apply after a 30 minute warm up period.
2. Single-shot reconstruction uncertainty = x1 ns.
{applies to Time Ranges of 50 ns through 2 us)

3. Specifications apply within £10°C of Auto-calibration temperature.

4, Can be improved by averaging.

5. Maximum peak ac input voltage without distortion is 20 Vp-p
for frequencies greater than 20 MHz.

6. Dual cursor specifications apply for measurements made on the
same or simultaneously acquired waveforms.

www.valuetronics.com
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Table 1-2. General Characteristics

One
is

pro
fol

5

REAR-PANEL BNC QUTPUTS

output BNC is located on the rear panel with TTL output levels.
=22 V into 50 ohms:; low is €0.4 V into 50 ohms. This output may be
grammed from the front panel or remotely (via HP-IB) to provide the

Towing output waveforms:

47200A/54200D

7
8
9

1
2
F
2

5

1.
2.
3.

4.
5.
6.

Constant Tow

Constant high

2.000 kHz probe compensation source

(If used without 500 termination, falling
edge must be used for compensation)

High on trigger

High on frame complete

High on acquisition set

4200D_only

54200C

. Pulse on state sequence true
. High on state sequence true
. Pulse on state master clock

POWER:

15 VAC: -22% to +10% (90 - 127 VAC}).
30 VAC: -22% to +10% (180 - 253 VAC}.
requency Range: 48 to 66 Hz.

75 VA Maximum.

OPERATING ENVIRONMENT:

Temperature: 0 to +55°C (32 to 131°F}).

Humidity: Up to 95% relative humidity at +40°C (non-condensing).

Altitude: To 4600 meters (15 000 feet}). :

Vibration: Vibrated in three planes for 15 minutes each with
0.38 mm (0.015 inch) excursions at 5 to 55 Hz.

¥-RAY EMISSION: Less than 0.05 mr/hr measudred with
Victorean Model 440RF/C.
WEIGHT:
54200A: net 11.4 kg (25 Tbs); shipping 15.9 kg (35 1bs}.

4200D: net 12.7 kg (28 1bs); shipping 21.8 kg (38 1bs).

1-8
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Tabie 1-2. General Characteristics (Continued}

DIMENSIONS:

MNOTES:

1. Dimensions are for general
information only. If dimensions
are required for building special
enclosures, contact your HP field
engineer,

2. Dimensions are in millimetres and
{inches).
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1-7. OPERATING CHARACTERISTICS

Table 1-3 lists the Operating Characteristics. This is a summary of the 54200A/D's operating
capabilities. Complete operating and programming instructions are contained in the 54200A/D
Operating and Programming manual.

Table 1-3. Operating Characteristics

MODELS 54200A and 542000
DIGITIZER

Digitizing Technique: REAL-TIME DIGITIZING; a1l data points are digitized
sequentially, at equal increments in time on each
acquisition.

Digitizing Rate: 100 samples/second to 200 megasamples/second
(determined by the time base range setting).

Resolution: 6 bits; 1 part in 64; effective resolution may be
increased by using data filtering/averaging.

Acquisition Record Length: 1001 samples (1000 intervals).
CHANNEL 1 and 2 INPUTS (Vertical)

Probe Factors: 1:1, 2:1, 5:;1, 10:1, 20:1, 50:1, or 100:1 probe
attenuation factors may be entered to scale the
probe tips.

Channel Isolation: 50 dB from dc¢ to 50 MHz.
TIMEBASE (Horizontal)

Expand Mode; X and 0 cursors can be used to window an area of
interest and expand it to full screen. Expansions of up to
20X can be obtained.

Reference Location: The reference point can be positioned at the
Teft edge, center, or right edge of the display.
The reference point is that point where the time
is offset from the trigger point by the delay time.

TRIGGER (Analog)
Level Range:

Track Mode: Maintains the same voltage range as the internal trigger
source selected (tracks either channel 1 or 2).

1-10
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Table 1-3. Operating Characteristics (Continued)

Adjust Mode: Vertical scaling of the trigger display channel may be
adjusted within specified ranges independent of the
internal channels {1 and 2) vertical scaling.

Internal Chl or Ch2 Range Trigger Channel Adjust Range
£390 mv 40 mv to 4.0 V
=400 mv 400 mV to 40 V

Edge: Positive or negative slope may be selected for any source.
DISPLAY

Data Display Formats: One, two or four waveforms can be displayed
at the same time. They can be real-time inputs
Chan 1, 2, or Trigger display) or stored waveforms
{from waveform memories ¢, 1, 2, or 3) in any
combination.

Display/Store Modes:

Normal: The display is repetitively updated with each new waveform
acquisition.

- Accumulate: ATT1 successive waveform acquisitions are displayed until
erased. Erasure modes are manual, siow (after 64
acquisitions) and fast (after 16 acquisitions).

Envelope: Provides a dispiay of the running maximum and minimum
voltage at each sampie point for a repetitive input
waveform,

Average: Provides a display of the average voltage at each sample
point for 4, 16, 64, or 256 user defined waveform
acquisitions. On each acquisition, 1/n times the new data
is added to {n-1)/n of the previous value at each time
coordinate. Operates in a continuous mode.

Reference Lines: Two horizontal reference lines may be defined and
displayed for each ¢graph. Reference Tines may be
positioned in terms of voltage or percent of waveform
amplitude. When making automatic measurements, these
Tines indicate the upper and lTower measurement
thresholds,

Graticules: Full grid or frame with tic marks.

www.valuetronics.com
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Table 1-3. Operating Characteristics (Continued)

Cursors:

Waveform M

SETUP AIDS

Auto-Scale:

Presets:

MEASUREMENT AIDS

Automatic Measurements: The following waveform measurements can be per-

formed automatically on real-time or stored
waveforms. The standard measurement thresholds
are the 10%, 50%, and 90% points of the wave-
form. In the User Defined mode; voltages, per-
centages, or ECL and TTL presets may be used to
define the upper and Tower thresholds. Measure-
ments are continuously updated with each new
acquisition.

Frequency Duty Cycle
Period Delay

(+) Pulse Width V¢amplitude)
{-) Pulse Width V ¢max i mum)
Rise Time V¢minimum)
Fall Time Virms)

Two cursors (X and Q) are provided for making voltage and time
measurements on displayed waveforms. Both absciute and dif-
ferential values are provided. Dual cursor measurements can be
made between two points on the same waveform or between two
points on different waveforms.

emories: Four memories are provided for waveform storage. Two
are non-volatile (0 and 1) and two are volatile (2 and
3). Labels may be assigned to each memory.

Pressing the Auto-Scale kKey causes the vertical and horizontal
ranges, offset and trigger Tevel to be set appropriately to
display the input signals. Period, + pulse, - pulse, rising
edge, or falling edge may be selected as the horizontal dis-
play criteria. Requires a duty cycle of >1%, frequency >50 Hz,
and amplitude >20 mV p-p. Vertical, horizontal, and trigger
auto scaling functions may be selectively enabled or disabled.

Scales the vertical range, offset and irigger Tevel to pre-
determined values for displaying ECL or TTL waveforms.

Alias Detectiomn: An alias detection feaiure detects Nyquist aliasing

{1ess than 2 data points/period} and advises the user
via a message on the CRT.

1-12
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Table 1-3. Operating Characteristics (Continued)

SETUP MEMORIES: Four front panel setups (0 through 3} may be saved in
non-volatile memory. Labels may be assigned to each
setup.

PROGRAMMABILITY

A1T instrument settings and operating modes including automatic waveform
measurements may be remotely programmed via HP-IB (IEEE-488). HP-IB
programming compiies with the recommendations of IEEE Std. 728-198Z,
"recommended Practice for Code and Format Conventions”.

HARDCOPY QUTPUT

The CRT display {including menus) can be transferred directly to HP-GL
compatible digital plotters and raster graphics printers. The
peripheral used must have listen-only mode.

MODEL 542000 (0n1y)

STATE TRIGGER MODES '

State Only: Triggers waveform acquisition immediately after the state
sequence specification has been fulfilled.

State Arms Analog: Arms the analoeg itrigger when the state sequence
specification has been fulfilled.

ASSIGNMENT
State Modes:

Normal: State patterns up to 27 channels wide may be defined as trigger
gualification. Up to four unique state patterns can be
gualified on in a user defined sequence.

Qualified: State sequence search does not begin until after the
"Qualify" clock has occurred. The slave clock is
defined as the "Qualify" clock.

Missing bit: Pre-defines the last state in the sequence specification
to detect a missing bit in a string of serial data and
triggers the acquisition.

Exira bit: Pre-defines the last state in the sequence specification
to detect an extra bit in a string of serial data and
triggers the acquisition.
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Table 1-3. Operating Characteristics (Continued)

1.

SEQUENCE

Resources: Four user-definable terms (a,b,c, and d} plus the absence of
of these terms, Any State or No State may be used in any
combination. A term is the AND combination of bit patterns
in each label. Fach term can be the combination of up to
gight user defined labels., Terms may be used as often as
desired.

Trigger: Up to four rescurce terms may be used in any sequence to
establish the state trigger specification. The last term in
the sequence may use up to four resource terms in an ORed or
ANDed format.

Occurrence; Occurrence of the Tast event in the sequence may be specified
up to n = 59999.

Restart: Gne to four resource terms may be used in an ORed condition for
a sequence restart condition.

State Trigger Modes use HP Model 10271A probes for state inputs.

1-14
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1-8. RECOMMENDED TEST EQUIPMENT

Table 1-4 lisls the equipment required to adjust and troubleshoot the 54200A/0. Gther
equipment may be substituted if it meels or exceeds the critical specifications given in table 1.4,

Table 1-4. Recommended Test Equipment

INSTRUMENT CRITICAL SPECIFICATIONS RECOMMENGED USE*
MODEL

Oscilloscope Bandwidth: 275 MHz HP 1725A T
Desktop Controller | HP Series 200 with HP 9826/36 AT

BASIC 2.0 Operating System

HF-IB Interface
Signature HP-1IB controllable, with DVM HP B5005B AT
Multimeter Range: -50 V to +50 V DC

Accuracy: £0.5%
Function Generator Frequency: 1 mHz to 50 MHz HP 8116A P,A
Pulse Generator Dual channel HP 8161A P

Repetition rate: 100 MHz

Transition time:

1.3 ns, variable

Amplitude: 5 volts

Basic timing accuracy: £3%
RF Voltmeter Accuracy: +3% at 50 MHz HP 3406A P
Time Mark Generator| Time marks: 2 ns to 0.5 s Tektronics P

TG501

Dc Power Supply Range: x100 mV to £ 5 V HP 6111A P

Accuracy: =0.1%
50 Ohm Termination Accuracy: £1% HP 10l100C P
Blocking capacitor { 0.18 ufF, 200V HP 10240B P
50 Sampling Tee HP 11063A P
54200A/0 Product No Substitute HP Part No. P,A,T

Support Kit 54200-69501

* P=Performance Testing, A=Adjustments, T=Troubleshooting

www.valuetronics.com
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SECTION 2
INSTALLATION

2-1. INTRODUCTION

This section contains the initial operation information for the Model 54200A/D. Included are power
and grounding requirements, operating environment requirements, cleaning methods and storage
and shipment requirements.

2-2. PREPARATION FOR USE

2.3. POWER REQUIREMENTS. The 54200A/D requires a power source of either 115 or 230 VAC
-22% to +10%; single phase, 48 to 66 Hz; 275 watlts maximum.

CAUTION

The instrument may be damaged if the Line Voltage Select Switch
is not properly set to match the input voitage.

2.4. LINE VOLTAGE SELECTION. Before turning ON the instrument verify that the Line Voltage
Select Switch on the rear panel matches the input line voltage. The 6 Amp fuse installed satisfies
both voltage settings of 115 and 230 VAC.

2.5, POWER CABLE. This instrument is equipped with a three.wire power cable. When
connected to an appropriate AC power outlet, this cable grounds the instrument cabinet. The type
of power cable plug shipped with the instrument depends on the country of destination. See figure
2.1 for option numbers of power cables and plug configurations available. Part numbers for each
cable option are listed in the replaceable parts section of this manual.

OPTEON 982 ELROPEFN | OPTION $12 TEMNARK | OPTION 586 SHITZERLAND | OPTION STH. 1.5, CANADA
CABLE® MP §120-1592 CONTINENT | CARLEw HP 0120-2957 CRALEN HP 8120-2296 CAELE® HP 81230-152)

& &

296V OPERATION 2zav OPERATION 250V CPERATIN 125V OPERAT [ON
OPTICN 82 AUSTRAILIA | OPTION 904 U. 5, /CANADA | OPT IO 902 UNTTED KINGDOM
CABLE® HP B128-85%8 HEM ZEFRLFND | CRBLEs HP B120-8598 CARLEs HP 8120-17E3

256V OFERATION 25y OPERATION 258V OPERST [dM

Figure 2-1. Power Cord Configurations

2-1
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2-6. OPERATING ENVIRONMENT

The operating environment is noted in table 1-2. Note should be made of the non-condensing
humidity limitation. Condensation within the instrument can cause poor operation or maifunction.
Protection should be provided against internat condensation.

The 542004/ will operate 1o all speciications, within the temperature and humidity range given in
table 1-2. However, reliability is enhanced by operating the instrument within the following ranges.

Recommended Temperature: 20 to 35°C (68 to 95°F)

Recommended Hurnidity: 20 to 80% non-condensing
High temperature/humidity combinations should be avoided.
2-7. CLEANING REQUIREMENTS

When cleaning the 54200A/D, CAUTICN must be exercised on which cleaning agents are used.
USE MILD SCAP AND WATER. If a harsh soap or solvent is used, the water-base paint finish

WILL BE damaged.
% CAUTION E

BFE CAREFUL when cleaning the kevboard. Waler can damage the
keyboard circuitry if it seeps under the keys.

2-8. STORAGE AND SHIPMENT

2-9. Environment

The instrument may be stored or shipped in environments within the following limits:

Temperature: . .. ...t in s -40°C to +75°C
Humidity: .. ... ... i Up 1o 90% at 65°C
Altitude: .. ....... .. ... Up to 15 300 metres (50 000 Feet)

The instrument should also be protected from temperature extremes which cause condensation
within the instrument. Condensation within the instrument may cause malfunction if the
instrument is operated under these conditions.

2-2
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2-10. Packaging

2-11. TAGGING FOR SERVICE. If the instrument is to be shipped to a Hewlett-Packard office for
service or repair, attach a tag showing owner (with address), complete instrument serial number,
and a descriplion of the service required.

2-12. ORIGINAL PACKAGEING. If the original packing material is not available or is unserviceable,
material identical to those used in factory packaging are available through Hewleti-Packard offices.
if the instrument is to be shipped to a Hewlett-Packard office for servicing, altach a tag showing
owner (with address), model number, complete instrument serial number, and a description of the
service required. Mark the container FRAGILE to ensure careful handling. In any correspondence,
refer to the instrument by model number and serial number.

2-13. OTHER PACKAGING. The following general instructions should be used for repacking with
commercially availabie materials.

a. Wrap instrument in heavy paper or plastic.

b. Use a strong shipping container. A double-wall carton made of 350 Ib. test material is
adeqguate.

¢. Use a layer of shock-absorbing material 70 to 100 mm (3 to 4 inch) thick around all sides of
the instrument to provide firm cushioning and prevent movement inside the container.
Protect control panel with cardboard,

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to ensure careful handling.

f. In any correspondence, refer to instrument by model number and full serial number.

2.3/(2-4 blank)
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SECTION 3
FRONT PANEL CONTROLS AND MENUS

3-1. INTRCDUCTION

This chapter will help familiarize the user with the front pane! operation of the 54200A/D Digitizing
Oscilloscape. Figure 3-1 is the front panel of the 54200A/D shown with numbered callouts for
groups of keys. The function of each key is described in the following paragraphs. Figure 3-2 is a
menu tree describing the row of six menu keys at the top of the 54200A/D keyboard. These menu
keys are described in detail later in this section.

3-2. KEYBOARD

The keyboard has 39 keys, 37 of which serve two or more functions. These secondary functions
are accessed by pressing the BLUE shift key #B. When the shift key is pressed and active,
"SHIFT" is displayed in the upper right corner of the display. For some functions the shift key will
stay active until pressed a second time. Other functions automatically turn off the shift key to
facilitate further user keyboard entries.

FIELD / CURSOR Arrow Keys 3

The field arrows move the blinking field cursor from field to field within the menus displayed on the
CRT. When waveform display cursor functions are selected, the arrow keys move the X and O
waveform cursors. The left and right arrows move the X and O cursors horizentally along the
waveform, and the up and down arrows move the X and O cursors from one graph to another if
maore than one graph is displayed.

NEXT[ ]/ PREV] |/ FINE Keys

The NEXT] ] and PREV[ | keys cycle through choices within the fieid that contains the blinking
cursor. In a numeric field, the NEXT[ ] key increments the selection while the PREV][ ] key
decrements the selsction. The shifted function of NEXT] ] and PREV[ ] provides a FINE increment
or decrement in numeric fields.

INSERT / DELETE / CLEAR ENTRY / DON'T CARE Keys

The INSERT key is used for adding selection fields in the TRIGGER-STATE menu on the 54200D
only, and is used for some self test and calibration routines on the 542004A/D.

The DELETE key removes the same selection fields from the TRIGGER-STATE menu on the
542000 only. When automatic measurements are displayed, the DELETE key removes the
measurement highlighted by the blinking field cursor.

The CLEAR ENTRY key returns the selected field o the default power up condition. It removes all
characters from a selected LABEL field and removes automatic measurements the same as the
DELETE key.

The DON'T CARE key enters a space in a LABEL field or is used for entering logic levels in the
TRIGGER-STATE menu (542000 only).

3-1
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Figure 3-1. Front Panel Controls

COPY, ERASE, SAVE, and RECALL Keys £J

The COPY and ERASE keys operate only on the waveform graphs. The COPY key copies the
contents and scale factors of graph 1, 2, 3, or 4 to a second graph (1, 2, 3, or 4). The ERASE key
removes all waveform information from the specified graph {1, 2, 3, or 4).

The SAVE and RECALL keys operate on waveform graphs in memory or on instrument setups in
memory. SAVE stores a wavetorm graph or instrument setup to a specified memory (0, 1, 2, or 3).
RECALL is used to recall a waveform previously stored in memory and display it on a specified
graph or fo return the instrument controls 1o a previously saved selting. Instrument setup
memories are all non-volatile. Waveform memories 0 and 1 are non-volatile and memories 2 and 3
are volatile,

Numeric Entry / Units Keys 3

Numeric entry keys 0 through 9, decimal point, and CHS (change sign) are used when entering
label names in LABEL fields or are used to enter numerical data in numeric fields. When entering
data in numeric fields, the desired number is first keyed in followed by the appropriate units factor
(sec, msec, usec, nsec, Volt, or mV). When the CHS key is pressed when entering a label, a minus
sign will be inserted. The CHS key may be used to toggle the sign (positive or negative) when
entering voltage offsel, trigger level, and delay time, or can loggle the sign on and off after the
numeric field has been entered.

3-2
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SYSTEM MENU ; TRIGGER MENU
SYSTEM——{Peripherats]—r-4P- 18 Address Mude:T{Addrassable]'{AnﬂOg]*—SOWCE“mm“;“"[ cran 1 ]
—{Talk Oniy] ﬁ[ Chan 2 ]
[Externall
~Hardcopy Device is:—i[Printer]
[Pictter] el evel XXX V E_gr Stope]
{- siope]
~Rear Panel BNC: mgwm[ Constant [
[ Constant —Range Track 1*
g:[ Probe Compensa {::[Adjusf XKV
[ High on ! ( .
[ High on fra AUt Scammt: EnabYed
- [ High on Acquis {pisabled]
[ Puise on State
--{ High on S$tate: ——Store Mode~ { normal ]
{ Puise on State wf Evetope |
{Average |-—p—[4 ]
L-Beeper is: L{On} LEIS 1
{orf] l:[ea ]
[256]
I—[calibration]—Execute Calibration—r—[0] A1 Gain/
f1] ¢chl Gagn/—[State}-{-—Trigger [Anatog Only]
{21 ¢h2 Gain/ Mode -—E[State onlyl
[3] Trig ¢hl [State Arms Anaiog]
[4] Trig Ch2
[5] Trig Ext Lpefine———[Assignment ]——State Mode- [Normal]
(6] pelay Cal [an1§fied]
{7] Pefault © [Missing Bit}
Ei[s pefault 6 [Extra Bit]
[o] befault O
—-Multiplexing (Normal Mode Only)
—Glock Assignments
L—[3elf Tests]—Execute Test [e] cPu/mMemor —-Pod Thresholids
E[l] Acquisiti -1 abets
[2] input F—Polarity
LBt Assighment
* BA2000 only
L!Sequence ]~ Sequence Terms
Restart Terms
Number Base
Resource Terms
 vailid for External Trigyer Source.
DISPLAY MENU TIMEBASE MENU
DISPLAY—-—Graticule Type———[Frame] TINEbase—— Made——r——[ Auto]
3——[arid ] : . [TrigTd]
: {singie]
—humber of Graphs-—p-— f1]
[z] : L——Range XXX xS
[4]

——Delay XXX Xs

r—-Reference Lines [ore] |
[ On] l——Auts Scale-———/[Disabled]

[pefine}= {Percent]—[: [Period]
~{¥o1ts] o mmmmmm [+ Pulse]
{EcL] [- Pulse]
{T1L] ‘ [Rise]
: e L IR R
~e-AGouml ate Mode {Disabied]
E:{Fast ok
[$Tou*x !
I Manual]** L Reference [Left]
-———[ Right}
* Accumulate Mode must be disabled before reference lines can be enabled or defm [Center]
** Heference fines must be off before accumulate mode can be enabled.
Figure 3-2
54200A /0 Menu Tree
3-3

www.valuetronics.com



Model 54200A/D - Front Panel

RUN/STOP /| RESUME Key &3

The RUN/STOP key is a toggle function that will either start or stop acquisition depending on the
previous condition. When RUN is selected the acquisition starts from scratch and no previous data
is displayed. When the shifted function RESUME is selected, acquisition resumes from the point
when acquisition was terminated in the average, envelope, or accumulate modes. If RESUME is
selected when the instrument is actively acquiring data {RUN selected), acquisition will stop.

AUTOSCALE, ECL, and TTL Keys &

These keys are used {0 scale the instrument controls. AUTOSCALE selectively searches for and
scales the vertical, trigger, and timebase sections together or each section may be scaled
independent of the others.

ECL and TTL keys are used to set Channel 1, Channel 2, and the trigger to range and offset values
appropriate for probing ECL and TTL logic levels.

CHANNEL 1/CHANNEL 2 TRIGGER
Range Offset Range Level
ECL 2.0V -1.0 v 2.0V -1.3 V¥
TTL 6.0V 2.5V 6.0V 1.4 v

LOCAL Key

LOCAL is the shifted function of the ECL key. When LOCAL is selected the 54200A/D returns to
the local mode if being remotely controlled by a computer.

HARDCOPY Key E}

HARDCOPY is the shifted function of the TTL key. When HARDCOPY is selected the entire screen
display is ocutput to a plotter or printer. The HP-IB address mode specified on the SYSTEM
"Peripherals” menu must be set to "Talk-Only” mode. The hardcopy device may be specified as
printer or plotter on the same menu. The printer or plotter connected to the 54200A/D must be in
the "Listen-Only" mode.

Alpha Characters & 8

The alpha characters (A through Z) are all shifted funclions and are used to define labsls on
graphs, setup memories, waveform memories, and state trigger lines (542000 only). Alpha
characters G through Z share keys with other shifted functions. The 54200 determines if the alpha
function should apply or if the other secondary function should apply depending on the selection
field being modified.
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3-3. CURSOR FUNCTIONS @8 8

The 54200A/D has an X and an O cursor that can be moved about on the waveform displays. All
waveform cursor functions are accessed in the SHIFT mode. Keys X, O, and X&O select the active
waveform cursor or cursors. Cursor functions such as movement, expansion, or jump to edge
operate only on the active cursor.

The cursor VALUES key is a toggle function which changes the left-hand side of the display from
graph labeling information to cursor measurement information and vice versa.  Cursor
measurement information displayed is:

Active cursor

Voltage at cursor X

Time at cursor X from trigger point

Voltage at cursor O

Time at cursor O from trigger point

Delta voltage between cursor X and cursor O
Delia time between cursor X and cursor O

The cursor EXPAND key expands to full screen the section of the waveform between the X and the
O cursors. The cursor NORMAL key returns the waveform to the original time scale factor. When
a waveform is expanded, a small arrow is displayed at the outside of the upper left edge of the
graph. An arrow pointing to the left indicates that data to the left of the cursors of the unexpanded
graph is not being displayed. An arrow pointing to the right indicates data to the right is not
displayed, and an arrow pointing both directions indicates data to the left and to the right is not
keing displayed.

If the X and O cursors are on different graphs and X&0O is made active, EXPAND will stretch both
graphs to the same scale factor. if the X and the O cursors are on different graphs and X is made
active, the section of the graph between the X cursor and the right-hand side of the graph will be
expanded. If X and C are on different graphs and O is made active, the section of the graph
between the O cursor and the left-hand side of the graph will be expanded.

The =EDGE key will jump the active cursor to next edge to the left of that cursor. The EDGE—
key will jump the active cursor to the next edge 1o the right of that cursor. The X cursor will jump
to the data point nearest to the crossing of the lower threshold and edge of the waveform. The O
cursor will jump to the data point nearest to the crossing of the upper threshoid and edge of the
waveform. The thresholds are defined in the STATUS "Measurement” menu.
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3-4. MEASUREMENT FUNCTIONS

Twelve automatic pulse parameter measurements may be made from the keyboard on any
specified graph. These measurements are:

FREQ - 1/period

PERIOD - time from first edge to next like edge
+WIDTH - +pulse width

“WIDTH - -pulse width

RISE - rise time

FALL - fall time

DUTY - duty cycle

DELAY - delay from first edge on one graph to first edge on another graph
Vampl - voltage amplitude {0 io 100%)

VY max - absolute maximum voltage

¥ min - absolute minimum voitage

Vms - rms voltage

All timing measurements except frequency and period are threshold dependent. Standard
thresholds may be used or user-defined thresholds may be specified in the STATUS
"Measurement” menu.

Up to 3 time measurements may be displayed on the upper left portion of the display and up to 3
voltage measurement may be displayed on the upper right portion of the display. These
measurements are updated each time the 54200A/D acquires new data.

3-5. KEY-DOWN POWER-UP RESET

Holding any key down during power-up will preset the 54200A/D to a predetermined condition.
Hold the key down long enough for the power-up tune to be completed.

3-6. MENU KEYS @)

The row of six keys at the top of the 54200A/D keyboard are menu keys that define the CRT
display. The menu keys are toggle keys--pressing a menu key causes the menu to be displayed;
pressing the menu key again clears the menu and restores the normal trace display for the current
operating state,

Menu keys SYSTEM, STATUS, and DISPLAY (and TRIG for 542C0D conly) have submenus. The last
selected submenu is displayed when the menu key is pressed. The field select cursor is restored
to the same location as the fast time the menu was accessed. When power is applied to the
54200A/D, the last menu to be displayed before power off is the first menu to be displayed at
power on and the field select cursor is placed at the beginning of the first field.

The menu maps for the six menu keys are shown in the following figures.

3-6
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3-7. SYSTEM Menu

The SYSTEM menu allows the user 1o execute automalic calibration, execute self-test utilities, and
configure peripherals. The SYSTEM menu has three submenus--Peripherals, Calibration, and Self
Tests as shown in the SYSTEM menu tree in figure 3-3.

SYSTEM—r—[Peripherals]——HP-1B Address Mode:—I:{Addressabie]———[0—31]
[Talk Only]

Hardcopy Device is:——l:[PMnter}

[Plotter]
—Rear Panel BNC:—p—[ Constant Low i
o | Constant High 1
——-[ Probe Compensation (2 kHz) ]
—[ High on Trigger ]
—[ High on Frame Complete |

——[ High on Acguisition Complete]
——[ Pulse on State Sequence Truelx
——[ High on State Sequence True ]*
—[ Pulse on State Masier Clock ]¥

B is: [on]
eeper is m[:[o??f]

—{Calibration]—Execute Calibration——[0] A1l Gain/Offset
—[1] Chl Gain/Offset
—[2] Ch2 Gain/Offset
—f[3] Trig Chl Gain/Offset
—[4] Trig Ch2 Gain/Offset
—[5] Trig Ext Gain/Offset
—[6] Delay Cal

171 Default Offset Cal
—I'8] Default Gain Cal
—{9] Default Delay Cal

—[Self Tests]—Execute Test [0] CPU/Memory
Ezzflj Acquisition/Trigger
] Input

* 542000 only

Figure 3-3. SYSTEM Menu Tree
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SYSTEM PERIPHERALS SUBMENU (Figure 3-4). This menu sets up the 54200A/D to
communicate with other instruments/controllers via HP-IB, controls the output of the rear panel
BNC connsctor, and selects beeper mode.

Acguired Frame 4

THLE OMLY

HP-IH Address Mode: |[SSRESCSETINR

{ Must Be in LISTEM OMLY Mode

Firmuare Fewigion: AzSl1

berial Mumber: Z4220RHESZ

Figure 3-4. SYSTEM Peripherals Submenu
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HP-IB Address Mode. To use the 54200A/D with a controller, set the HP-IB address mode to
Addressable with the NEXT[ [JPREV] ] key and select the desired address by using the numeric
keypad. To use with a printer or plotier, set the address mode to Talk Oniy with the
NEXT[ ]/PREV[ | key.

Hardcopy Device is. To use the 54200A/D with a printer or plotter, set the HP-IB address
mode to Talk Only with the NEXT | yPREV][ | key, set hardcopy device to Printer or Plotter as
desired, and then set the address on the printer or plotter to Listen Only. Press the
HARDCOPY key (SHIFT TTL) to ouiput the 54200A/D screen contents to the printer or plotter,

Rear Panel BNC. The output of the BNC on the rear panel can be programmed for six
possible conditions for the 54200A and nine conditions for the 54200D. All outputs are a TTL
fevel into 50 ohms, although the self-tests and calibration procedures will operate without the
50-ohum termination. Select the appropriate output by pressing the NEXT[ |[/PREV] | key. The
possible outputs are:

e Constant Low - The output is held at a logic 0. This is the default condition when a
key-down power-up reset is executed.

e Constant High - The output is held at a logic 1.

* Probe Compensation (2 kHz) - This output is a 2-kMz square wave used for probe
compensation. If the signal is used without a 50- ohm termination, the falling edge must
be used for compensation.

s High on Trigger - This output latches high when the 54200A/D receives a trigger.

e High on Frame Complete - This output goes high when the 54200A/D stops
acquiring data for one frame.

e High on Acquisition Complete - This output goes high when ihe desired number
of averages (4, 16, 64, or 256) has been attained.

» Puise on Sitate Sequence True (542000 only) - This selection gives pulse output
whenever the state seguence sequence is found.

e High on State Sequence True (54200D only) - The outpul goes high when state
sequence provides a trigger for the 54200D.

¢« Pulse on State Master Clock (54200D only) - A 20 ns pulse is output when the
specified state master clock ocours.

Beeper is. This selection turns the audible waming beeper on or off by pressing the
NEXT[ I/PREV[ ] key.

3-9
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SYSTEM CALIBRATION SUBMEMNU (Figure 3-5) This submenu allows the user 1o execute
automatic gain and offset calibration for Channel 1, Channel 2 and Trigger (Channg! 1, Channel 2,
and External), and Delay calibration. A rear-panel switch protects the calibration factors from
inadvertent changes. This switch must be set to the unprotected position before executing
automatic calibration. Error message "Cal RAM Write Prolected” will be displayed if calibration is
attermpted with the switch in the protected position.

System Specification o Status: FAcguiring Frame QESEZ.
TALE GHLY

Execute Calibration §

: Bl GainsOffset
+ Chl Gain/Offset
: Che Gainslffset
: Trig Chl GainsOffae

58

5 : Delay Cal
: Default Offset Cal
: Jefauit Gain Cal
: Default Delay Cal

LR 3 0 L8 b (a0 e 0
]
3
e
wr
]
ra
O
fat]
ol
E
o
-ty

Figure 3-5. SYSTEM Calibration Submenu.

Calibration O calibrates gain and offset for Channel 1, Channel 2, and all trigger paths. Individual
gain and offset calibration for a channel or trigger may be executed by choosing 1, 2, 3, 4, or 5.
Calibration 6 calibrates delay and calibration 7, 8, and 9 set default calibration factors. A normal
calibration would require calibrations 0 and 6 {0 be executed. Calibrations 7, 8, and 9 are used for
factory setup or wouid be used after a major repair to the instrument for initial setup procedures.

Calibration Q takes about one minute 1o execute. To iniliate this or any other calibration, move the
blinking field cursor to the Execute Calibration field and enter the appropriate number from the
numeric key pad. Follow the directions on screen and watch the status line at the end of the
calibration ta see if the instrument calibrated successfully.

Calibration 6 executes in about 20 seconds. Enier the number 6 from the numeric keypad and
follow the directions printed on screen.

Any calibration features that require connecting the rear panel BNC to a front panel BNC do not
require the signal be terminated with 50 ohms,

3-10
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SYSTEM SELF TESTS SUBMENU. (Figure 3-6). The self-test menu allows the user to verify that
more than 90% of the 54200A/D circuilry is functioning properly. Self test 0 checks out the
microprocessor board and takes about five seconds to execute. Self test 1 checks portions of the
acquisition system and the state trigger (54200D only) and executes in about ten seconds. Self
test 2 checks the rest of the acquisition system inciuding the analog signal path and takes about
15 seconds o execute,

To initiate any of the self tests, move the biinking field cursor to the Execute Test field and enter
the desired test number irom the numeric key pad. Follow the directions displayed on the screen
for each lest.

e Specificetione. o Ststus: Fooguiring
2

: HoguistionsTrigger

B CPU-Mamory
|
Z ¢ Input

Figure 3-6. SYSTEM Self Tests Submenu
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3-8. S§TATUS Menu

The STATUS menu consists of a tabular presentation of all of the instrument settings, threshold
definitions, and waveform and setup memory allocation. The STATUS menu has three
sub-menus--Configuration, Measurement, and Memory as shown in the STATUS menu tree in
figure 3-7.

STATUS——Configuration——Data Fil "ter‘—[:[(}ff}
[on]

-—Setup Label XXXXXXXXXX
—Channel Settings

—Timebase Settings

—Trigger Settings

—Measurement—[S‘tandard

User —~Graph 1 [Percent]_EUpper‘ [55-99]
Defined |—Graph 23 l Lower[01-45]
Graph 3 [TTL]

——Graph 4 t—:[ECL}

[Volts]——Upper xxx V
TLOWQY‘ XXX V

- +Width=AT from 4 —[Lower ] to | Lower
-—[Middle] to Middle
—[upper ] to | Upper

— -Width=AT from | -[Lower ] to } Lower
—[Middle] to T Middle
—[Upper ] to } Upper

‘Delay=AT fromI{‘]]—-{Lower ] toI{ J+—ILower]
{l] -[Midmeﬂ [ ]W{Mi{ﬁd“le]
“[Upper ] [Upper ]
L—Memo ry-—meeS @t Up Memories 0 Protect—t%‘{es]
11— No
mmzm.....
o Bl L] ADET XXX XXXXKXXX
——Waveform Memories 0 Protect—[Yes]
1—o —[[
2___
Bl e 3DET XXXXKXX XXX

Figure 3-7. STATUS Menu Tree

3-12
www.valuetronics.com



Model 54200A/D - Front Panel

STATUS CONFIGURATION SUBMENU {Figure 3-8). This submenu provides a display to view alil of
the channel, time, and trigger setups. The setups may be changed in this menu or may be
changed by going to the specific channel, time or trigger menu. In addition to setup information,
the configuration submenu contains a data filter, labels for setup, channel, and trigger, and an alias
test.

Status: Acguiring Frame B1156.
TELE oMLY
Setup Labe! EECEENNIN

Channel Timehase
Sampling @
Farge Mode '
Dffzet Fange
Lahel Delay
Coupling Feference

# FHefer to Stats Trigger Menus
for Assignmant and Seguence

Analog Source [HENE Autn Scals WEE
lLevel § SGtore Mode [
Fange Coupling
Label

Figure 3-8. STATUS Configuration Submenu

Data Filter. At time ranges of 5 us and slower, the data may be put through a digital fiiter to
improve the daia resolution to seven bits. The data filter field toggles either on or off. At time
ranges faster than 5 us, the data is always put through a digital reconstruction filter that provides
seven-bit resolution. Toggling the data filter control at these faster ranges has no effect. To look
at the raw data at time ranges faster than 5 us, go to the 5 us range, turn off the data filter, and
expand the graph using the cursor EXPAND key.

Setup Label. Each instrument setup may be labeled for future reference. This label is also shown
in the STATUS Memory submenu if the setup has been saved.

Channel and Trigger Channel Labeis. Each input channel may be labeled to provide a signal
recognition aid. These labels are shown in the graph labeling area when waveform graphics are
displayed.

Alias Test. The alias detection circuit warng to user when the digitizing rate is too slow to
reconstruct the input signal accurately. An aliased waveform can look like an untriggered display.
Without alias detection, much time can be wasted frying to trigger an oscilloscope that is already
triggering perfectly. Alias detection warns the user of the aliased condition so that the digitizing
rate may be increased.

3-13

www.valuetronics.com



Model 54200A/D - Front Panel

The sample rate may be increased by manually adjusting the time range o a shorter time window
or by performing a time Auto Scale. The time Aulo Scale will always select a digitizing rate fast
enough to aveid aliasing.

Alias detection is performed only on the trigger source. Alias detection compares the trigger
frequency io the digitizing frequency. Using the Nyquist criteria, if the trigger frequency exceeds
1/2 the digilizing frequency, the alias warning is displayed. The trigger frequency is determined
about the trigger level, thus it typically is the fundamental frequency and will not detect aliasing in
the ringing of a pulse. Alias detection works best on repetitive signals and does not always detect
aliasing in a single-shot burst. Alias detection is nat active at the 200 Megasample/second
digilizing ranges; the system is bandwidih limited to 50 MHz to reduce the risk of aliasing.

STATUS MEASUREMENT SUBMENU This submenu specifies the thresholds used in making
automatic measurements and for the edge-find cursor gperations. Standard predefined threshold
definitions may be selected, or user-defined thresholds may be specified in percentages, voltages,
or voltages preset for TTL or ECL logic levels.

Standard (Figure 3-9). In standard measurement mode all four graphs are set fo 10% for lower
threshoid, 50% for middle threshold, and 90% for upper thresheld. Pulse widths and delay are
measured from the middle (50%).

B _ . ____Status: FAeguiring Frase GE043
TRLE OMLY
Thresholds: Graph 1 Graph 2 Graph 3 Graph <
Upper o e I =1 15 SH
Middle st bt B 56 % 50 X
Loer 18 = 18 7 16 % 16 =
Definttions:  FHn Edge 7,1 MUST Cross Beth Upper and Lower
Freqg = 1~ Pericd
Period = a7, Firset I Middie to Mext Like Edge
+ Width = &T, Firgt T Middle to Mewt | Middle
= Width = o7, First § Middle to Maxt 1 Middle
Rise = aT, First T Lowsr to Upper
Fall = aT, Firgt | Upper to Lowsr
Duty = + hWitdth o Period
Delay = T, Firsgt T Middle to First T Middle
Yoampl = a¥, 1B X - B X% Using Histogram
Vomax = RAksolute Mawimum Yoltage
YWomin = Bhsolute Minimum Yaltage
W orms = Root Mean Square Voltage Owver 1 Period

Figure 3-9. STATUS Measurement Standard Mode Submenu
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User-Defined (Figure 3-10). Lower and upper thresholds may be defined for each individual graph
in percentage, voltage, or preset voltages for TTL and ECL logic levels. Middle thresholds are set
to the average of the upper and iower thresholds after the upper and lower thresholds have been
set. Lower percentage thresholds may be set from 1 to 45 percent, and upper percentage

thresholds may be set from 55

fo 99 percent.

The thresholds for making pulse width and delay measurements may be specified as lower, upper,
or middle threshold. Delay measuremenis may specily either rising or falling edge.

Thresholds:
Specify as
Hpper
Middle
Lowear

Hetinitionsz:
Friag
Fariod
+ Widih
- Width
Figa
Falt
Tuty
Delay
Woamp
Yooma
¥omin
Yorms

Acouiring Framse Q1326

TALK oiLY

f'.i

Ar Edge O7, 4% MUST Crosse Both Upper and Lower
= ] ~ Period
= 4T, First Like Edps
= s, First Upper
= T, First | [{EN=Z0E Lower
= 51, First T ﬁﬁwer to Upper

aT, First | Ugpser to Lowar
+ bidik » Pﬁrzmﬁ

aT, First Lgger 1
a¥, 188 % s Using
Bhzolute Masdimum Yoltage
fAbzolute Minimum Yoltage

Foot Mean Sguare Voltage Cwar 1 Period

istagrsam

i LI LI | - 0%

Figure 3-10,

STATUS Measurement User-Defined Mode Submenu
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STATUS MEMORY SUBMENU (Figure 3-11). This submenu provides a display o label instrument
setup memories and waveform storage memories and allows these memories 1o be protected from
being inadvertently overwritten. The waveform memories show the storage mode the instrument
was in when the data was pui into memory: normal, average, envelope, or no data. No data
indicates the memory is empty.

All four setup memories are saved (non-volatile) on power down and are saved when a key.down
power-up reset is execuied. Only the first two of four waveform memories (0 and 1) are saved on
power down and no waveform memories are saved on key-down power-up reset.

. Stmtus: Acquiring Frame BLI81.
TALE OMLY

Setup Memories (A1l are Non-wvolatile 2

¥ Protect Labal

e STHET

i

2t ]
3: [ ]

Mawveform PMamoriesz ¢ B and 1 are Non-volatile 7
% Store Mode
Eh Ernvelops
1: Average
21 Mo Data
3. Mo Data

Figure 3-11. STATUS Memory Submenu
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3-9. DISPLAY Menu.

The DISPLAY menu allows the user to define how the graph area is displayed. The DISPLAY menu
tree is shown in figure 3-12. An example DISPLAY menu is shown in figure 3-13,

DISPLAY——=Graticule Type—E[ Fr‘ame]
[Grid ]

—Number of Graphs——I[1]
—[2]
——[4]

—Reference Lines-—wpw{Off]
—{0n]

——{Define]* [Percent}—]:ss—% {Upper)
E[Vcﬂts] 01-45 (Lower)

[EcL]
[T7L]

—pccumlate Mode [Disabled]
[Fast]**
[STow]*x
[Manual]**

* Accumulate Mode must be disabled before reference lines can be enabled or defined.
*% Reference lines must be off before accumulate mode can be enabled.

Figure 3-12. DISPLAY Menu Tree

Graticule Type. Selecting frame graticule type remaoves all grid lines from the interior of the graph
area. A grid graticule type puts an 8x10 grid in the graphics area.

Number of Graphs. One, two, or four graphs can be selected to be displayed. The graphs may be
Channel 1, Channel 2, Trigger, or Memory 0 through 3 and may be in any order. The top graph is
always graph 1. The graph labels are to the left of the dispiayed waveform any time the cursor
values are not displayed.

Reference Lines. This function displays upper and lower thresholds used in automatic
measuremenis on each graph that contains waveform data. When off, the reference lines are
removed. When on, the reference lings are displayed. When in the define mode, the reference
lines are displayed and the reference threshoid vatues are displaved to the left of each graph when
the DISPLAY menu is selected. I the STATUS Measurement menu is in the user-defined mode,
the values may also be adjusted from this area. The accumulate mode must be disabled before
reference lines can be enabled or defined.
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LEE - Y Status: Hoguiring Frame BlZd4z.
THLE aMLy
Graticule Type Peference Lines [l '

Mumber of Graphs (SSEESNE

1

7L mVsdiy -3.14 ¥ 108 usediv B, e ¢

e JLTEPONU———— -

Figure 3-13. Example DISPLAY Menu

Accumulate Mods. The accumulate mode displays the present acquisition on screen along with all
previous acquisitions. The accumulate mode can be selected to erase automatically after 16
acquisitions (fast), after 84 acquisitions (slow), or manual erase. To manually erase an individual
graph, press the ERASE key and enter the appropriate graph number in the "Erase Graph [ ]" field.
To manually erase acquisitions on all graphs at once, press the RUN/STOP key twice. The
accumulate mode is enabled for all graphs displayed and is for display purposes only. Automatic
measurements and cursors operate on the last acquisition only. Reference lines must be off
before the accumulate mode can be enabled.
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3-10. TRIG Menu

The B4200A has a single menu for analog triggering. The 54200D has an additional stale trigger
menu. The TRIG menu tree is shown in figure 3-14.

TRIGger—[Analog]——Source { Chan 1 ]
[ Chan 2 ]
[External]

-l BV e X XXX V + Slope

T Sopel

[- Slope]
-——Range———————I::{Track 1%

[Adjust] xxx Vv
—AUL O Sca1e-—I::[Enab%ed]

[Disabled]
L—Store Mode [ Normal ]
[Envelope]
[Average ] [4 1]
[16 ]
[64 ]
[256]
—[State]—Trigger fAnalog Only]
Mode [state Only]

[State Arms Analog]

Define——[Assignment]—p~State Mode [Normal]
[Qualified]
[Missing Bit]
[Extra Bit]

-—Multiplexing (Normal Mode Only)

-—Clock Assignments

~——Pod Thresholds

——{_abels

—Polarity

—-Bit Assignment

—[Sequence ]——Sequence Terms
-R@start Terms
—Number Base
—Resource Terms

* Track not vaiid for External Trigger Source.

Figure 3-14. TRIG Menu Tree
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TRIG ANALOG SUBMENU. The TRIG Analog submenu provides selections for all standard analog
oscilloscope trigger parameters. An example TRIG analog submenu is shown in figure 3-15.

mmmmmmmmmmmmm Status: Acguiring Frams GEAZ1_
TELE anLY

Auto Scale |WNEEEEEE:IN

Srare Mode [EERICEIN

Coupling {ded [ 1:1

Trigger [WEGHCACERR

AEL m¥ediv 1.8 W 5.8 neediv B EE00 5

Figure 3-15. Example TRIG Analog Submenu

Source. This field selects either channel 1, channel 2, or the external trigger input as the trigger
source.

Level and Slope. The level field sets the voltage level at which the 54200A/D triggers. Level ¢an
be incremented or decremented by pressing the NEXT or PREV key. Level can be changed in fine
increments or decrements by pressing the FINE key {shift NEXT or shift PREV). A level may be
also entered using the numeric key pad followed by the appropriate units factor key, either Volt or
mV. The fieid adjacent o level determines whether the 54200A/D triggers on the puositive slope or
the negative stope of the trigger source.

Range. When triggering on either Channel 1 or Channel 2, the range may be selected as either
Track or Adjust. When Track is selected, the trigger fuil-scale range is set to the same value as the
full-scale range of channel 1 or channel 2, whichever was chosen as the trigger source,

-When Adjust is selected, the trigger full-scale range may be adjusted independent of the full-scale
range of channel 1 or channel 2 trigger source. This allows triggering on and viewing of an entire
puise, while the internal channe! is expanded 1o logok at the top of the pulse. When Adjust is
selected the range can be incremented or desremented by pressing the NEXT or PREV key. The
range can be changed in fine increments or decrements by pressing the FINE Key (shift NEXT or
shift PREV). The range may be also entered using the numeric key pad followed by the
appropriate units factor key, either Volt or mv.

When External trigger source is selected, the range acts the same as the channel ranges. 1t is the
full-scale voltage range displayed when Trig is selected as a graph source (trigger view). In this
mode the 54200A/D is essentially a three-channel oscilloscope, with the restriction that the
instrument must be triggered on the external trigger input.
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Auio Scale. Wnen the Auto Scale function is enabled and the front-panel AUTO SCALE key is
pressed, the 54200A/D searches for and sets up a trigger level. If Auto Scale is disabled, pressing
the front-panel AUTO SCALE key will not change any of parameters set on the TRIG Analog
submenu.

Store Mode. Store mode determines how the acquired data is processed before the data for Trig
{trigger view) is shown on a graph. Either normal, average, or envelope mode may be chosen.

Normal, Normal mode displays one voliage value for each time value of the present acquisition.

Average. Average mode displays the average voltage value of the present acquisition and
voltage values from previous acquisitions with each time value. Either 4, 16, 64, or 256
averages may be selected.

Envelope. Envelope mode displays only the minimum voltage for each time value and the
maximum voltage for each time value,

TRIG STATE SUBMENU (542000 only). In addition to analog edge triggering the 54200D can also
trigger on a state condition or arm the analog trigger after a state condition. Detailed state trigger
information is given in Section 5 of this manual. The state submenu is selected by moving the
blinking cursor to the trigger field and pressing the NEXT or PREV key. This only chooses the
state submenu and does not change the trigger from analog to state. :

Two selections, the assignment menu and the sequence menu, are available in the state trigger
submenu and are selected from the Define field.

State Trigger Assignment Menu (Figure 3-16 and 3-17). The Assignment functions assigns
information about the pod inputs and how they will be used.

Trigger Mode. This selection determines whether the instrument will trigger on the conditions
specified in the analog trigger submenu {Analog Only), or wiil trigger on the conditions set up in
the state trigger submenu (State Only), or whether the state conditions wili first be found and then

used to arm the analog trigger {State Arms Analog). This Trigger Mode field is also present in the
State Trigger Sequence menu.

Siate Mode. Four state modes are available:

Normal. State patterns up to 27 channels wide may be defined as trigger qualification. Up to
four unique state patterns can be gualified on, in a user-defined sequence.

Qualified. State sequence search does not begin until after the qualify clock has occurred. The
slave clock is defined as the qualify clock.

Missing Bit. This mode predefines the last state in the sequence specification to detect a
missing bit in a string of serial data and triggers the acquisition.

Extra Bit. This made predefines the last state in the sequence specification o detect an extra
bit in a string of serial data and triggers the acquisition.

with Missing Bit and Extra Bit, the J clock is used to define the reference time interval or cell for
which a missing or extra bit will be checked. The serial data is input as the L clock.

3-21
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Figure 3-16. Example State Trigger Assignment Menu (Qualified Mods)

Mo Trigger Found_o_____
THLE OMLY
__ Analog Only

Figure 3-17. Exarnple State Trigger Assignment Menu (Missing-bit Mode)
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Clocks. Three ORed clocks operate in a single-phase or two-phase demultiplexing mode. Clock
edges can be selecied as positive, negative, or both positive and negative for each clock. Difierent
edge selections may be made on the same clock if it is used in each phase of the muitiplexed
mode. The specified clock edge determines when the data on the state channels is clocked into
the instrument for trigger comparisons.

Pod Thresholds. The comparator thresholds for each of the pods may be set to a level suitable for
TTL., ECL, or may be user-defined in volts.

Multiplexing. The clocks may be mulliplexed in Normal mode for use with microprocessors that
mudtiplex their data and address lines.

Labels. Up to eight different five-character labels may be designated in Normal and Qualified mode
for any combination of input lines for ease in setling specificalions. Missing-bit mode and Extra-bit
mode only allow one label. To enter a label, use the alphabetic characters provided when the shift
key is active. To obtain more labels, move the blinking field cursor to the first label field, then
press INSERT. To remove a label, move the blinking field cursor to that iabel and press DELETE
{shift INSERT).

Pol. This field selects logic polarity. Selecting plus (+) indicates positive logic; voltages above the
threshold are logic 1 and voitages below the threshold are logic 0. Selecting minus {-) indicates
negative logic; voltages above the threshold are logic 0 and voltages below the threshold are logic
1.

Pod Assignment. This field assigns a particular state channel to a grouping defined by the label.
An asterisk {*) means the channel is aclive. A period () means the channel is not part of that

grouping.

State Trigger Sequence Menu {Figure 3-18). The Sequence function sets up a sequence of siate
terms that determines the state trigger condition.

Trigger Mode. This selection determines whether the instrument will trigger on the conditions
specified in ihe analog trigger submenu (Analeg Only}), or will trigger on the conditions set up in
the state trigger submenu (State Only), or whether the state conditions will first be found and then
used to arm the analog trigger (State Arms Analog). This Trigger Mode field is also present in the
State Trigger Assignment menu.

Resource Terms. These are defined at the bottom of the slale trigger sequence menu. Label> is a
carryover from the assignment menu. Base> determines whether the channels grouped under
label are expressed in hexadecimal, binary, actal, or decimal format. Four resource terms (a, b, ¢,
and d) may be defined by the user for use in sequence triggering.
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Trigger RO . Status: Acoguired Frame B4513_
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0

[

Figure 3-18. Example State Trigger Sequence Menu

Sequence. Four user-defined terms {a, b, ¢, and d), the not equal of those terms, any state, or no
state may be used in any combination to define a sequence of events on which to be triggered.

Initially, only one term is shown. To add mere terms, move the blinking field cursor to the
occurrences field and press INSERT. Up to three more terms may be added. To remove a term,
move the blinking cursor to that term and press the DELETE key.

Last Sequence Term. All four resource terms and their not equal terms may be used in any ORed
or ANDed configuration to specify the last sequence term. To do this, move the blinking field
cursor to the last sequence term (after occurrence specification) and change any state to the
desired resource term (either a, b, ¢, d, #a, #b, #¢, or #d). For more lerms, press INSERT while the
blinking field cursor is on the resource term. T¢ remove exira terms, move the cursor 1o the
undesired term and press the DELETE key.

Trigger Terms. This entry determines whether the last sequence term will OR or AND the rescurce
terms together.

Occurrences, Occurrences of the last event in the sequence may be specified from 1 to 59999
occurrences.

Restart. One to four resource terms may be used in an ORed condition for a sequence restart

condition. The sequence restart selection field appears when a resource term is inserted into the
sequence.
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3-11. CHAN Menu,

The CHAN menu provides selections to configure input channel parameters. The CHAN Menu tree
is shown in figure 3-19. An example CHAN menu is shown in figure 3-20.

[1]
CHA!‘{neT{ }mRange XKXX V
[2]

b JFFSRT XXXX W

—Autoscale {Enabled]
t{Di sabled]

—Store Mode [Normal]
E[Enve?ope}
[Average] [4 1]
[16 ]
[256]

—Coupling L_%gc%__l
c

Figure 3-19. CHAN Menu Tree

Channel. Channel 1 or channel 2 may be assigned to the menu by moving the blinking cursor to
the channel selection field and pressing the NEXT or PREV key.

Range. Range sets the full-scale voltage range shown on a graph for the selected channel. Range
can be incremented or decremented by pressing the NEXT or PREV key. The range can be
changed in fine increments or decrements by pressing the FINE key (shift NEXT or shift PREV). A
range may be also entered using the numeric key pad followed by the appropriate units factor key,
gither Volt or mv.

Offset. Offset is the dc voltage that is subtracted from the input signal. When displayed on the
54200A/D, the offset voltage is the voltage at the vertical center of the graph. Offset allows
expanding signals about a voliage of interest for increased resolution. Offset can be incremented
or decremented by pressing the NEXT or PREV key. Offset can be changed in fine increments or
decrements by pressing the FINE key {shift NEXT or shift PREV). Offset may be also entered using
the numeric key pad followed by the appropriate units factor key, either Volt or mV.

Auto Scale. When the Auto Scale function is enabled and the front-panel AUTO SCALE key is
pressed, the 54200A/D searches for and rescales the selected channel to display the signal within
the graph. If Auto Scale is disabled, pressing the front-panel AUTO SCALE key will not change
any of parameters set on the CHAN menu. The Auto Scale function for each channel may be
enabled or disabled independently.

3-25

www.valuetronics.com



Model 54200A/D - Front Pane!

Cha

nrel (R

Coupling

-1.85 v SELE nssdiv B e

Figure 3-20. Example CHAN Menu

Store Mode. Store mode determines how the acquired data is processed before the data is shown
on a graph. Either normal, average, or envelope mode may be chosen.

Normal. Normal mode displays one voltage value for each time value of the present acquisition.

Average. Average mode displays the average voltage value of the present acquisition and

voltage values from previous acquisitions with each time value,

averages may be selected.

Either 4, 16, 64, or 256

Envelope. Envelope mode displays only the minimum voltage for each time value and the
maximum voltage for each time value.

Coupling and probe atienuation factor. The input coupling for Channel 1 or Channel 2 may be
selected as either ac or dc. The probe attenuation factor should be entered for each channel to
match the probe that is connecled to that channel. This allows the 54200A/D to correct all scale
factors for the attenuation ratio of the probe. When this is used, all automatic measurements and
cursor value readouts are corrected to reflect the attenuation factor. When coupling and probe
attenuation factors are changed on the CHAN menu, these values are automalically changed on
the TRIG menu to match unless externally triggered.
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3-12. TIME Menu.

The TIME menu allows the user {o define all timebase related parameters. The TIME Menu tree is
shown in figure 3-21. An example TIME menu is shown in figure 3-22.

TIMEbase Mode [Auto]
F-—[Trig’d]
L——[Single]

——Range XXX Xs
3Rl ay XXX XS

—Auto Scale-——p——[Disabled]
——[Period]
b [+ PUT SE]
——[ - Pulse]
——[Rise]

L [Fral1]

L—Reference—r——[Left]
- [Right]
L [Center]

Figure 3-21. TIME Menu Tree

Mode. Auto, Triggered, or Single timebase modes may be selected.

Auto. Auto mode waits for a specified length of time (determined by the time range) for a trigger.
If a trigger does not occur within that time, the contents of the acquisition memory are displayed
with no trigger correlation.

Trig'd. Triggered mode waits until a trigger is received before the graph is updated. There is no
time limit in triggered mode; if a trigger does not occur, the screen is not updated. The status
line of the display will advise "Waiting for Trigger”,

Single. Single mode clears the graph and displays the acquisition when a single trigger is
received. A new acquisition is not made until the instrument is manually reset by pressing the
RUN/STOP key. When the trigger has occurred, the status iine of the display will advise
"Acquisition Complete”.

Range. Range sets the full-scale time from the left side of the graph to the right side of the graph.
Range can be varied from 10 seconds to 50 nanoseconds in a 1-2-5 sequence by pressing the
NEXT or PREV key. The range can also be entered by using the numeric key pad followed by the
appropriate units factor key (sec, msec, usec, or nsec). If the value entered in not in the 1.2-5
sequence, the 54200A/D will round the entry to the nearest valid time.

3-27
www.valuetronics.com



Model 54200A/D - Front Panel

TIMENASE e e Status: Acguiring Frame BEEEY_
THLK ONLY

Made Autn Scale (ETRCEINE

Fangs Referarce [HNESENNE

Delay Sampling @ SBE kHz

971 mWedie -2,14 v 2EE peodiv BLERE s
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Figure 3-22. Example TIME Menu

Delay. Delay allows the user to look at an acquisition window a specified amount of time before or
after the trigger event. In the 50-ns to 5-us time range, the pre-trigger range is up to 5 us and the
post-trigger range is up to 1 ms. In the 10-us to 10-s time range, the pre-trigger range is up to 1
screen diameter and the post-trigger range is up to 260 screen diameters,

Auto Scale. This selection changes the search criteria when the AUTO SCALE key on the front
panel is pressed. Timebase Auto Scale may be disabled or selected to auto scale on period,
positive pulse, negative pulse, rising edge, or falling edge. Auto Scale scales the timebase to
display the selected portion of the waveform. When the timebase Auto Scale is disabled, the
timebase is not rescaled when the front panel AUTO SCALE key is pressed; vertical and trigger
may be rescaled depending on their Auto Scale settings.

Reference. Reference places the trigger event plus delay at the Left, Center, or Right side of the
graph, depending on the selection. f delay is zero, a Left reference places the trigger event at the
left side of the graph; a Center reference places the trigger event at the center of the graph; and a
Right reference places the trigger event at the right side of the graph.

Sampling. Sampling is the digitizing rate used the by 54200A/D to acquire the waveform. The
digitizing rate depends upon the time range selected and can only be changed indirectly by
changing the time range. All time ranges from & us to 50 ns have a digitizing rate of 200
megasamples/second.
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3-13. THE GRAPH DISPLAY

The dispiay is in the graph mode any time the SYSTEM, STATUS, or TRIG State (542000 only)
menus are turned off. Refer to the example display shown in figure 3-23.

Line 1: The left side of line 1 shows which menu, if any, is being displayed. The right side of
line 1 shows instrument status messages such as "No Trigger Found" or "Acquired
Frame". Warning messages and error messages are also displayed on this portion of
line 1 and are accompanied by an audible beep when initiaily displayed.

Line 2 The right side of line 2 indicates HP-IB status and indicates when the SHIFT function
is active.

Lines 3-5: These three fines display the menu selections for DISPLAY, TRIG Analog, CHAN, and
TIME menus when active, or display the measurement answers when these menus
are turned off.

Line 6: Line 6 is always blank.

Line 7: This line displays the scale factors for the selected graph (either 1, 2, 3, or 4). The
scale factors displayed, from left to right, are:

Vertical sensitivity (volts/division),

Vertical offset {volts),

Time sensitivity (seconds/division),

Time from the trigger event to the left side of the graph {seconds).

I— Dig 18y w3t ATUS s Acauiring Frame aoEE3t_
TRLE OHLY

§-23—

ng

Figure 3-23. Graph Mode Display
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Lines 8-23: The right portion of these lines display the acquired waveforms. The DISPLAY menu
allows 1, 2, or 4 graphs to be displayed.

The portion of these lines to the left of the displayed graphs can display four different
sets of information: graph labels, curser values, reference line values, and
out-of-range arrows.

Graph Labels. The graph labels tell what source of information is being displayed on
each graph {Chan 1, Chan 2, Trig, Mem 0, Mem 1, Mem 2, Mem 3, or Off). The label
for a graph may be changed by pressing the NEXT or PREV key. if a user defined
line has been defined on the STATUS menu for a source, that iabel is displayed
directly below the graph label.

Cursor Yalues. Pressing SHIFT VALUES toggles between the graph labels and cursor
values. When cursor values is selected the following information is displayed:

Voltage at X cursor

Time from trigger to X cursor

Voltage at O cursor

Time from trigger to O cursor

Delta voltage from O cursor to X cursor
Delta time from O cursor to X cursor

Reference Line Values. Reference line values for graphs may be displayed and can
be changed by selecting the DISPLAY menu and selecting [Define] Reference Lines.
Each graph can be assigned two threshold levels for automatic measurements or for
visual reference. The levels may be specified in either volis or as a percent of the
waveform amplitude, or ECL or TTL preset values may be selecied,

Qut-of-range Arrows. Just oulside the left margin of each graph, a small arrow
appears whnenever the waveform is driven off-screen. Vertical arrows indicate that a
portion of the graph information is off-screen either above or below the graph and not
just at the edge of the graphics. A horizontal arrow indicates that the graph is
gxpanded. An arrow to the left indicates that information to the left is not being
displayed and an arrow to the right indicates that information to the right is not being
displayed.
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SECTION 4
FRONT PANEL EXERCISES

4-1. INTRODUCTION

This chapter will further familiarize the user with the front panel operation of the 54200A/D
Digitizing Oscilloscope by performing some actual measurements,

This exercise reguires a HP 54200A/D, two BNC cables, and a signal generator capable of
providing a 35 kHz square/sine wave of 5 volts amplitude and 2.5 volts offset, and a trigger output.
The swept frequency measurement requires a generator with a sweep frequency output, a 1-ko
resistor, and a 3300 pF capacitor. An HP Model 8116A option 001 provides all the required
generator functions and has a 509 output.

4-2. SETUP
1. Set up the generator to give a 35-kHz square wave with an amplitude of 5 volts and an offset of
2.5 volts. If a generator with a 50Q output is being used, set an amplitude of 2.5 volts and an

offset of 1.25 volts. This amplitude will double going into the HP 54200A/D 1 MG input,

2. Connect the signal output of the generator to the channel one ihput of the HP 54200A/D.
Connect the trigger output of the generator to the channel two input:

3. Preset the HP 54200A/D to known conditions by holding any key aown and powering up the
instrument. Hold the key down for about three seconds.

4, Get a waveform on screen by pressing the AUTO SCALE key.

4-3, LOOKING AT WAVEFORM EDGES

The instrument is currently triggered on a positive edge of the square wave. To look at this edge
in greater detail, move the trigger point from the feft edge of the screen to center screen. First,
press the TIME menu key; next, using the FIELD arrows, move the blinking selection cursor from
the mode selection field to the reference selection field. Press the NEXT key to change the
reference from left to center.

The reference field places the reference point (trigger plus delay) at the left edge of the screen; at
center screen; or at the right edge of the screen,

Since the delay equals zero right now, the reference point is the trigger point.
This is an example of how all the controls of the HP 54200A/D operate. The blinking selection

cursor is moved to the desired selection field and the NEXT/PREV keys are used {o roll through the
possible selections.
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Numeric selection figlds without brackets [ ] may be changed using the NEXT or PREV key (which
act as incrementjdecrement keys), or by entering the desired number from the numeric key pad
followed by the desired units {sec, Volt, msec, mV, usec, or nsec).

With a center reference, the time range can be changed to a faster value and still keep the
reference point at center screen. This makes it easy to look at rising or falling edges. Using the
arrow keys, move the blinking selection cursor to the range selection field. The time range is the
full-scale time from the left side of a graph to the right side of the graph. Varying this vaiue has
the same effect as the sweep speed control on analog oscilloscopes. Press the PREV key to
decrement the range value. Continue pressing the PREV Key until the positive edge can be seen
over one to two horizontal divisions.

4-3. RISE TIME MEASUREMENT

All automatic measurements are continuously updated and made on the data shown on screen,
To make a rise time measurement, there must be at least nine data points on the edge. Make the
rise time measurement by pressing SHIFT, RISE, 1. The 1 specifies that the measurement will be
made on graph 1. Measurements may be specified for up to four different graphs. The rise time
of the waveform should be showing on the dispfay in the upper left.

4-4, FALL TIME MEASUREMENT

To make a fall ime measurement the falling edge must be displayed on screen. This is done by
specifying a negative slope for the trigger. Select the trigger menu by pressing the TRIG menu
key. Move the blinking selection cursor to the selection field showing + Slope. Press the NEXT
key to select - SLOPE.

Notice the display is now showing the negative edge. Display the measurement results again by
turning off the TRIG menu. This is done by pressing the TRIG key again. Each of the menu keys
has a toggle function that switches between the measurement results, if any, and the desired
menu.

The rise time should not have an answer since the rising edge is not shown on screen. Make the
fall ttme measurement by pressing SHIFT, FALL, 1.

Measurements slow the update rate slightly since computation time is required. Measurements
can be turned off by moving the blinking selection cursor to the undesired measurement and
pressing CLEAR ENTRY or SHIFT DELETE. Remove both the rise time measurement and the fall
time measurement.

4-5, MEASURING FREQUENCY/PERIOD

To measure the frequency, at least one period must be displayed on screen. Press AUTO SCALE
to rescale the waveform. To measure the frequency, press SHIFT, FREQ, 1. To measure the
period, press SHIFT, PERIOD, 1. Remember that the 1 specifies that the measurernent will be
made on graph 1.
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4-6. CURSOR MEASUREMENTS

Cursors provide a manual method of making measurements. Cursor measurements are made by
first turning on the cursor values. To do this, make the shift function active by pressing SHIFT,
then press VALUES.

All cursor funchions arg performed while SHIFT is aclive. A message in the upper right of the
screen tells when SHIFT is on. To move a cursor, activate the desired cursor by pressing X, O, or
X&O. Next press the desired left, right, up, or down cursor arrow. The left and right arrows move
the cursors horizontally along the waveform. The up and down arrows move the cursors from one
graph to the graph above or below it.

The left side of the screen shows which cursor is active; the voltage values of the X and O cursaors,
the time from the trigger event to the X and O cursors, and AV and AT (where 4 is the value of X
minus the value of O}

Make a period measuremen! by activating the X cursor, then press «—EDGE or EDGE— until X is
on a positive edge of the waveform. Next, select the O cursor, move it to the top graph using a
vertical arrow; then press <—-EDGE or EDGE—+ to put O on the closest positive edge next to the X
cursor. AT gives the period measurement. This method gives a slight error since the X cursor
jumps to the lower threshold and the O cursor jumps to the upper threshold. To correct for this
error, move sither cursor to the corresponding place on the waveform as the other cursor.

4-7. EXPANDING GRAPHS

4-8. Expanding One Waveform

Graphs are expanded horizontally by positioning the X and O cursors about the area to be
eniarged, then press EXPAND. Expand about the rising edge of the waveshape by placing the X
cursor one division to the ieft of the rising edge; then place the O cursor one division to the right of

the rising edge; then press EXPAND.

The expansion is performed on the graph with the active cursor. If both cursors are on the same
graph, as in this case, it does not matter which cursor is active.

Notice the little arrow to the left of the graph advising that the graph is expanded horizontally.
Vertical arrows would indicate the waveform is off screen verticalily.

Automatic measurements may be performed on expanded waveshapes remembering that the
measurement will be made on the data shown on screen.

Press NORMAL fo return the waveshape to its unexpanded scale factor.

4.3
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4-9, Expanding Two Graphs to the Same Scale

What if two related graphs are displayed and examination both graphs is desired in finer detail
while maintaining the timing relationship between the graphs? This can be done by placing the X
cursor on one of the graphs, the O cursor on the other graph, making X&0 active, and pressing
EXPAND. This expands the time between X and O.

Using the down arrow, move the O cursor to the lower graph. Press X&O, then press EXPAND,
Both graphs should now be expanded to the same scale factor. Press NORMAL to return to the
unexpanded scale factor.

To remove the cursor values and return 1o the graph labels, press VALUES while the SHIFT key is
active,

4-10. LOOKING AT PULSES

4-11. Positive Pulse Width

To measure a positive pulse width using automatic measurements, first show a positive pulse on
screen. To do this, go to the TIME menu and select +Pulse for Auto Scale. Press AUTO SCALE,
then press SHIFT, +WIDTH, 1. As in all automatic measurements, the 1 specifies that the
measurement will be made on graph 1. The answer is shown in the measurement results area.

4-12. Negative Pulise Width

To measure a negative pulse widith, go to the TIME menu and select -Pulse for Auto Scale, then
press AUTO SCALE. This will display a negative pulse on screen. Next, press SHIFT, -WIDTH, 1.

4-13. DUTY CYCLE

Duty cycle can be measured by adjusting the time range to show two periods (100 us if a 35-kHz
signal is being used), then press SHIFT, DUTY, 1. Signals may be scaled manually, as in this
example, or using Auto Scale, as in previous examples. Return the TIME menu Auto Scale to
period and press AUTO SCALE.
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4-14. WAVEFORM STORAGE

Waveforms may be saved for later reference. To save a waveform first press SAVE, then change
the storage selection from setup to graph, select 1; next select memory 0. This saves the contents
of graph 1 in memory 0.

Simitarly, instrument setups may also be saved using the SAVE key. There are four Instrument
setup memaories and four waveform memories.

To racall the waveform, one of two methods may be used. The first method uses the NEXT/PREV
keys. Move the blinking selection cursor to the graph 1 label field. Roll through the selections
until memory 0 is showing. This displays the contents of memory 0 on graph 1.

The second method uses the RECALL key in the same manner as the SAVE key was used. Press
RECALL, then change setup to graph, select 2, and enter O for memory. The contents of memory
0 is now displayed on both graphs 1 and 2.

Automatic measurements and cursors can be used on stored waveforms.

Use the NEXT or PREV key in the channel label area to return graph 1 to channel 1 and graph 2 to
channel 2. Press the RUN- STOP key to start acquisitions again.

4-15, LOOKING AT THE RINGING ON TOP OF A PULSE

Offset may be used to increase the vertical resolution about the area of interest. Using the X
cursor, measure the value of the top baseline of the square wave (it should be around 5 volts). Go
to the channel 1 menu by pressing the CHAN menu key. Make sure that channel 1 is selected in
the upper left corner. Enter the value of the X cursor for offset using the numeric keys and the
appropriate scale factor (Voit or mV). Using the PREV key, change the channel 1 range o 400 mV.

Do not go beyond 400 mV, as the offset limit will be exceeded for the given range and the range
and offset will have to be re-entered fo get the waveform back on screen. Press AUTO SCALE to
return to a complete waveform. :

4-16. TROUBLESHOOTING LOGIC

Troubleshooting a class of logic problems can be accomplished by quickly probing a number of
different points and verifying whether a signal is there, whether the logic high is a legitimate value,
and whether the logic low is a legitimate value.

The HP 54200A/D accomplishes this easily with TTL/ECL presets and Vmax and Vmin
measurements.

The input signa! was previously chosen to simulate TTL levels. Press the TTL preset key. Next
press SHIFT, Vmax, 1; then SHIFT, Vmin, 1. Vmax shows the maximum value of the waveshape or
the TTL high. Vmin shows the minimum value of the waveshape or the TTL low. Some care must
be exercised ta include the effect of overshoot.

Because these measurements are continuously updated, probe from point-to-point while glancing
at the display to verify the fine is switching, and also verify the high and low levels.
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4-17. MEASURING WORST-CASE JITTER

Variations of signals can be measured using the envelope mode. Since the parameters of channel
1 will be changed a stable trigger point will have to be established. Go to the TRIG menu and
change the trigger source from channel 1 10 channel 2. Adjust the trigger level if necessary.
Change the signal source {0 a sine wave. Go to the CHAN menu and change the channel 1 Store
Mode from Normal to Envelope.

Change the signal generator offset from 2.5 volts to 1.5 voits in 100 mV increments. Watch the
channel 1 display as this is done. The maximum and minimum excursions of the waveshape are
shown. This is similar o making a voltage drift measurement,

Start the measurement over by pressing ERASE then enter 1 in Erase Graph field. Now go to the
DISPLAY menu and select manual for the accumulation mode. Change the offset from 1.5 volis to
2.5 volts in 100 mV increments. Notice that the accumulation mode retains all waveshapes for
display purposes. Manual accumulation erases the graph when the acquisition is restarted; fast
accumulation erases the graph after 16 acquisitions; slow accumulation erases the graph after 64
acquisitions.

Cursors operate on envelope waveforms but not accumulation waveforms. Auto-measurements
will operate on the maximum array of an envelope. Cursors and auto-measurements operate on
the last acquired frame when in the accumulate mode.

Disable the accumulation mode. Restart the acquisition by pressing ERASE then enter 1in the
Erase Graph field. Observe timing jitter by changing the frequency of the signal from 35 kHz to 30
kHz in 1 kHz increments. Go to the CHAN menu and change the channel 1 store mode from
envelope back to normal. Change the generator signal back to a square wave.

4-18. SINGLE-SHOT CAPTURE

To demonstrate a single-shot capture, first go to the TRIG menu and change the trigger source
from channel 2 to channel 1. Next, go to the TIME menu and change the mode from auto to
single and the reference from left to center. Changing the reference from left to center allows the
entire first pulse to be seen. Disconnect the channel 1 input and press RUN-STOP, the instrument
is now wailing for a trigger. Reconnect the input, and the instrument will capiure and display one
acquisition. ,

4-19. TRIGGERED MODE

Change the timebase mode to triggered and press RUN- STOP. Disconnect the channel 1 input
and notice that the last acquisition stays on screen. This is useful when probing, as the last
acquisition remains on screen when the probe is lifted. Reconnect the input and the display starts
updating again.

4.20. AUTO MODE

Change the timebase mode to auto and disconnect the the channel 1 input. This time the

instrument continues sweeping without a trigger to show where the voltage of the input is.
Reconnect the input.
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4-21. SWEPT FREQUENCY RESPONSE

Another typical measurement made with oscilloscopes is to measure the frequency response of a
test circuit. This measurement requires a signal generator with the capability of sweeping
frequencies; an HP 8116A with oplion 001 is used to describe the the measurement.

First set up the HP 8116A to sweep from 1 kHz to 500 kHz with a sine wave of amplitude 2.5 volits
and offset of 1.25 volts. This gives a S-voit signal with 2.5 volts of offset into the HP 54200A/D 1
megohm input. Choose an internal sweep {.SWP) mode for the HP 8116A. Set the start (STA)
frequency at 1 kHz, the stop (STP) frequency at 500 kHz, the sweep time (SWT) at 50 ms, the high
level (HIL) at 2.5 voits, the low level (LOL) at 0 volts, and select a sine wave.

Connect the signal output of the HP 8116A to the channel 1 input of the HP 54200A/D. Connect
the start of sweep oulput {rear panel of HF 8116A, X-OUT) 1o the channel 2 input of the HP
54200A/D. Press the TTL preset key. Select channel 2 as the trigger source. Change the time
range to 200 ms and adjust the time delay to get an entire sweep ramp of channel 2 on screen.

Thus far the vertical and horizontal controls have been set up the same as for any signal. Now set
up the controls that are unique for measuring a frequency response. Go to the STATUS
Configuration menu and turn off the data filler and disable the alias test. The alias test adds
appreciable time 1o the update rate at slow sweep speeds and channel 1 is intentionally aliased
anyway. Go to the CHAN menu and put channel 1 in the envelope mode.

The swept frequency response from 1 kHz to 500 kMz should be displayed. Because this is not
testing a circuit, there are only two parallel lines. To look at a more interesting response, connect

a simple low-pass filter using a 1-ko resistor and a 3300-pF capaciter. This gives a roll-off
characteristic around 48 kiz,
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SECTION 5
STATE TRIGGERING WITH THE 54200D

5-1. INTRODUCTION

State triggering in an oscHloscope is a new concept, that with some familiarization and practice,
can become a very powerful tool. Even though a primary function of a circuit may be analog,
nearly all state of the art designs include some kind of digital control. State triggering on the
digital control can be accomplished using the 27 parallel bits of state trigger, while the analog input
of the oscilloscope can probe analog or digital signals to be characterized. The 27 bits are for
state triggering only and cannot be viewed on the 542000 display.

Note
This section discusses the vatipus modes and triggering techniques in a
tutorial manner, therefore it is advantageous to operate the 542000 while
reading this section of the manual.
5-2. STATE TRIGGER MENUS
Two selections, the Assignment menu and the Sequence menu are available in the State Trigger

menus. Figure 5-1 is a menu tree showing the selections available from the State Trigger menus.
At the end of this section is a quick reference to the State Trigger menus.

Mode [state Only]

TRIGger[State] Triggerme;;[Ana1og only]
[state Arms Analog]

Define—r—[Assignment j——State Mode [Normal]
—E[Qua} ified]

[Missing Bit]
[Extra Bit]

—Multipiexing (Normal Mode Onty)
—-C10oCcK Assignments

~——Pod Thresholds

—-Labels

——Polarity

~—-Bit Assignment

—[ Sequence] Sequence Terms
Restart Terms
Number Base

Resource Terms

Figure 5-1. State Trigger Menu Tree
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5-3. STATE TRIGGER INPUTS

The 54200D uses three HP Model 10271A ten-channel probes to input 27 channels of state trigger
and three clocks. These inputs can be used in a mulliplex configuration when triggering on
microprocessor systems with multiplexed buses. To connect these probes {0 the system under
test perform the following:

1. Snap on the adapters for each of the general purpose probe pods.

2. Connact the line for each probe bit to monitor a node in the system under test. Leave
exira lines unconnected. Do not connect signals with different threshold levels (some
TTL and some ECL, for example) i the same probe pod.

3. Connect the ground probe from each pod to a ground point in the system under test.

5-4. STATE TRIGGER ASSIGNMENT MENU

The state trigger must monitor inputs from the digital system under test in exaclly the same
manner as the digital system interprets the outputs/inputs. Therefore, the clock assignments and
voliage thresholds utilized by the system must also be used by the 54200D state trigger. The type
of information is specified in the oscilloscope state trigger Assignment menu. The Assignment
menu is also used to group incoming channels and assign labels (names) to the groups. Assigning
labels to groups (such as address, data, and status channels) makes state triggering much easier
for the user to interpret.

To display the default state trigger Assignment menuy, set the 54200D power o off, then set the
power 1o on while holding down any front panel key {(key-down power-on). This presets the
542000 tc a known setup. Press the TRIG menu key. This is the menu for setting up the
oscillascope analog trigger (conventional oscilloscope triggering). The blinking cursor should be in
the Analog field. Press the NEXT or PREV key to display the trigger STATE menu. The display
should appear as shown in figure 5-2.

5-5. Trigger Mode Assignment

Move the blinking cursor to the Trigger Mode field and press the NEXT or PREV key to cycle
through the three trigger mode options. Trigger mode determines whether the instrument will
trigger on the conditions specified in the analog trigger submenu [Analog only], or will trigger on
the conditions set up in state trigger submenus [State only], or whether the state conditions will
first be found and then used to arm the analog trigger [State Arms Analog]. This trigger mode field
is also present in the State Trigger Sequence menu.

5-6. State Mode Assignment

Move the blinking cursor the the State Mode field and press the NEXT or PREV key to cycle
through four state modes that are available.

[Normal]. State patterns up to 27 channels wide may be defined as trigger qualification. Up to

four unique state patterns can be qualified on, in a user-defined sequence. This mode is identical
o that of state triggering in the HP 1630 and HP 1631 Logic Analyzers.

5-2
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[Qualified]. When in the qualified mode, multiplexing is automatically turned on. In addition, the
state sequence search does not begin until after the qualify clock has occurred. The slave clock is
defined as the qualify clock. Al other operation is identical to the [Normal] mode.

[Missing Bit]. This mode predefines the last state in the sequence to detect a missing bit in a
string of serial data and triggers the acquisition.

[Extra Bit]. This mode predefines the last state in the sequence specification to detect an extra bit
in a string of serial data and triggers the acquisition.

with Missing Bit and Extra Bit modes, the J clock is used to define the reference time interval or
cell for which a missing or extra bit wili be checked. The serial data is input as the L clock.

Figure 5-2. State Trigger Default Menu

5-7. Clock Assignments

The 542000 state trigger must recognize data (input patterns) on the same clock edge as the
system under test. Three ORed clocks are available in the state trigger Assignment menu. The
default clock assignment specifies to monitor input data on the positive edge of the J clock. Other
clock specifications may be made by moving the cursor to the ORed clock field on the Assignment
menu and using the NEXT or PREV key to select different clocks and edges.
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5-8. Muitiplex Assignment

Some digital systems may use multiplexing in which certain signal lines are used for different
information at different iimes. For example, data bits and address hits may be muitiplexed on the
same pins of the microprocessor. The osciloscope state trigger can demulliplex these lines. To
set the mulliplexing mode on, move the cursor o the Multiplexing field in the state trigger
Assignment menu and press the NEXT or PREVY key. The slave clock latches in information from
Pod 1 and Pod 2, while the master clock laiches in information from Pod 0. On the occurrence of
master clock, both sets of information are checked for pattern recognition and correct sequence
occurrence.  Therefore, the master clock must follow the slave clock. To select clock
assignments, move the cursor to the clock field and use the NEXT or PREV keys. Rising edge,
falling edge, either edge, or inactive (.} may be selected for the J, K, and L clocks.

5-9. Threshold Assignments

Input threshold levels can be selected for each pod. The threshold is selected by moving the
cursor into the field under an individual pod and selecting TTL, ECL, or absoluie voitages between
-89 Vand +9.9 V.

Note
All probe connections within a pod are assigned the same threshold level,

5-10. Label Assignments and Polarity

Move the cursor {o the Label field in the state trigger Assignment menu. A message will
momentarily appear on the display screen indicating a new label may be added. Press the INSERT
key and a new label field will be added. Labels are entered with numeric keys and/or the blue shift
key and the alphabetic characters. Labels are deleted by pressing the DELETE key (shift INSERT)
whan the blinking cursor is on the line of the label 1o be deleted.

Mote

When operating in the Missing Bit or Extra Bit state mades, only one label
field may be assigned.

Notice the Pol {polarity) field to the right of the Label field. By using the NEXT or PREV key, + or —
may be selected to indicate whether a vollage above the threshold voltage is to be defined as a 1
or a 0. A + in this field indicates voltages above the threshold are 1 and voitages below the
threshold are 0. Choosing ~ defines the opposite polarity.

The asterisk field to the right of the Pol field assigns which input probes will be active for each
label field. An "*" designates that input bit as active. A "." designates that input bit as inactive or
ignored, and is referred to as a "masked off" bit. To assign status to an input bit, press the NEXT
or PREV key while in the asterisk field.
Note
The bits assigned to ifabels need not be physically adjacent. For example, bit

2 in Pod O could be combined with bit § in Pod 2 for assignment of a single
fabel consisting of the two probe channels.

5-4
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To clarify what we have covered so far, let's consider a specific example. Assume that you want
to trigger when a ceriain word is written to a DAC. Assume also that this is an 8-bit DAC with a
5.bit address bus decoded to select the DAC chip select input, In the state trigger Assignment
menu, select the Trigger Mode to be [State Only], the State Mode to be [Normal], and Multiplexing
to be [Off]. One of the clock lines should be connected to an I/O write control line for the
microprocessor. In this example (figure 5-3), the rising edge of the J clock from Pod 2 has been
assigned as the state clock. Move the blinking cursor down to the first label field and change the
label to "ADDR". To assign the lower five bits of Pod 2 to manitor the 5-bit address bus, move the
cursor into the asterisk field and press the NEXT or PREV key until only the last five bits of Pod 2
have an ", while all other bits of Pod 0, 1, and 2 have a "." assigned. Placing a "." in the field is
called masking off, or ignoring, a bit. While the cursar is on the top Label line, press the INSERT
key to create a new Label assignment line. Label this line "DATA" and mask off all bits except the
last eight bits of Pod 1. The state trigger Assignment menu should now be completely set up to
define the inputs as shown in figure 5-4. The actual trigger conditions required are defined by the
state trigger Sequence menu. This menu is discussed in the next section.

POD 2 POD 1
J 542000
CLKk @ 1234567 CiK@ 12345867
RERRRER IERERRRR 5%
SN "Nt
e ¥
0e-D7
/ 8-BIT
DAC ANALOG OUT ¥
FROM i ¥ CHIP ENABLE
MICRC~PROC '\ Iy
AR-Ad
/ DECODING
CIRCUITRY
¥ LOW WRITE
AN
85420012
Figure 5-3. Example Normal Mode State Triggering Setup
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Figure 5-4. State Trigger Assignment Menu Setup
5-11. STATE TRIGGER SEQUENCE MENU

The state trigger sequence specification determines the conditions under which the state trigger
will cause the oscilloscope to trigger acquisition of data. With the state trigger Assignment menu
setup as specified in the preceding example, move the cursor to the Define Assignment field and
press the NEXT or PREV key to display the Define Sequence menu.

5-12. Trigger Mode Assignment

Move the blinking cursor to the Trigger Mode field. Press the NEXT or PREV key to cycle through
the three trigger mode selections and note the change in the sequence specification. In trigger
mode [State Only] the state condition specified will trigger the oscilloscope acquisition. In the
[State Arms Analog] mode, state conditions and sequences must first be satisfied, and then the
analog trigger (Channel 1, Channel 2, or External} wilt trigger the oscilioscope acquisition. In the
[Analog Only] mode, state conditions and sequences will "Do Nothing" as the sequence
specification states. In the Anaiog Only mode, triggering is totally dependent upon analog inputs
as in a conventional oscilloscope. The Trigger Mode field is also present in the state trigger
Assignment menu. Return the Trigger Mode to [State Only].

5-13. Resource Terms

There are four resource terms from which state patterns may be specified; a, b, ¢, and d. For each
label field specified in the Assignment menu, a corresponding column will be positioned next to the
resource terms. When defining the resource terms, each term is an ANDed function of each
column. For convenience, the user may specify the resource terms in any combination of the four
value bases, hexadecimal, binary, octal, and decimal. Move the cursor to the Base field under one
of the columns labeled "ADDR" or "DATA" and cycle through the four selections by pressing the
NEXT or PREV key.

5.6
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Note

An "X" specifies a "don't care” state, while a "$" specifies an undefined state.
*Don't cares” in one value base cannot always be translated te another base;
when this happens a "$" is displayed.

To make this sasier to understand, specify the base for each column to be [BIN] (binary). "ADDR"
should be 5 bits wide and "DATA" should be 8 bit wide as previously specified in the Assignment
menu. For our example, assume the DAC address is 11001 and that we desire to trigger the
oscilloscape on various inputs written to the DAC, while monitoring the DAC analog output with
the oscilloscope analog inputs. Move the cursor to the field to the right of the resource terms "a”
and specify the "ADDR" as 11001 by using the numeric key pad. Move the cursor to the "DATA"
field of resource term "a" and specify all 8 bits as 0’s.

MNote

If a "don't care” bit is inadvertently changed to a 1 or @ 0, change it back by
pressing the DON'T CARE key (shift CLEAR ENTRY).

Move the cursor to the "ADDR" column of the "b" resource term and specily the bits as 11001.
Move the cursor to the "DATA" column of the "b" resource terms and specify all 8 bits as 1’s.
Move the cursor to the "ADDR" field of resource term "¢ and specify the bits as 11001, but leave
the "DATA" field of resource term "¢" as don’t cares. Move the cursor to the "ADDR" column of
resource term "d" and specify the bits as 11001. Move the cwsor to the "DATA" column of
resource term "d" and specify the bits as 10000000. The resource definitions should now appear
as shown in figure 5-5.

Trigger

R Triguer Ter

Latml > HLEIP EHTE-E

Figure 5-5. Sequence Menu Resource Definitions
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5-14. State Sequence Specification

The Sequence Specification may consist of up to 4 sequence terms with the last term occurring up
59999 times. In addition, the last term may be an ORed or ANDed combination of up to 4
individual terms. Sequence Restart may be specified and can consist of up fo four ORed terms.

Move the blinking cursor into the sequence specification so that it is in the field labeled [any state].
This is the trigger term which is the lasl term in a possible of 4 sequence terms. The sequence
specification should presently be setup to trigger the acquisition after finding one occurrence of
[any state]. Stales are checked on the edge of the clock specified in the Assignment menu, or
when multiplexing, the master clock. In this example, a trigger will be generated on each positive
transition of the J clock input.

Press the NEXT key one time to display [a]. The oscilloscope will now irigger whenever state
pattern "a" is found. As we have defined resource term "a", this will occur each time the DAC is
written to with all zeros on the data bus. The DAC is written to any time 11001 is present on the
decoding circuitry input when the J clock goes high.

Press the NEXT key again to display {b]. The ossilloscope will now trigger each time all ones are
written to the DAC as defined by resource term "b".

Press the NEXT key again to display [c]. The oscilloscope will now trigger any time the DAC is
written to regardless of what is on the DATA bus, as defined by term "¢".

Press the NEXT key again to display [d]. The oscilloscope will now irigger whenever 10000000 is
written to the DAC as defined by term "d".

Press the NEXT key again to display [#a]. This is defined as anything other than term "a". It is not
the complement of "a”. With this specification, the oscilloscope will trigger anytime other than
when the DAC is written fo with all zeros.

Continue pressing the NEXT key to cycle through the remaining selections (zb, #c, and =d) until
term [a] is displayed again. Press the INSERT key once to display a second sequence term, then
press the NEXT key to display term [b] as the second term. The oscilloscope is now specified o
trigger whenever state pattern "a" or "b" occurs. In our example, the oscilloscope will trigger
whenever all zeros or all ones are written io the DAC.

Move the blinking cursor to the Trigger Term field where [or] is displayed. Press the NEXT or
PREV key to display [and]. The sequence terms now are an ANDed function of state patterns "a"
and "b". For our DAC example, the ANDed function of "a" and "b" can never occur.

Change the sequence terms to [#a] and [#b]. This is a valid condition for cur example, and is
equivalent to saying: trigger on any state other than "a" or "b". If anything other than all zeros or
all ones is written to the DAC, the oscilloscope will trigger.

Up to four ORed or ANDed terms may make up the sequence term by pressing the INSERT key

while the cursor is on one of the sequence terms. To delete ORed or ANDed terms, move the
cursor to the term to be deleted and press the DELETE key (shift INSERT).
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For our example, change the sequence term to be [a] only. Move the blinking cursor to the
Occurrences field. The last sequence term in the list may be specified to occur up o 59998 times
before generating a trigger. To change the number of occurrences, enter the desired value by
using the numeric key pad or by pressing the NEXT or PREV key to increment or decrement the
value. Specify the number of occurrences to be "4". The oscilloscope will now trigger every fourth
time the DAC is written to with all zeros on the data bus.

While the biinking cursor is in the Ococurrences field, press the INSERT key. The sequence
specification shouid say: find [a] then Count 4 Occurrences of [a]l. This is equivalent o finding 5
occurrences of "a" before iriggering the oscilloscope.

Press the INSERT key two more times. The sequence specification should now read: find [a], then
fa}, then [a] then Count 4 Occurrences of [a]. This is equivalent to finding 7 occurrences of "a"
before triggering the oscilloscope. We should now have 4 sequence terms specified, which is the
maximum allowed.

Change the second term {o [b] and the third term to [c]. The sequence specification should now
read: find [a], then [b], then [c] then Count 4 Occurrences of [a} as shown in figure 5-6. Each
sequence term must be found before the next seguence term will be searched for. If the sequence
of evenis does not occur as specified in the state trigger sequence specification, then the
oscilloscope will not trigger. The oscilloscope will now trigger only atter all zeros are written to the
DAC, followed by all ones written to the DAC, followed by anything written to the DAC, followed by
four more writes to the DAC with all zeros on the data bus.

Fimgd
then §
then

Trr

o, Oy T m

Figure 5-6. State Trigger Sequence Menu
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Maove the blinking cursor down to the Sequence Restart field. A sequence restart on [no state] is
equivalent to not having a restart condition. Cycle through all the possible restart conditions by
pressing the NEXT key. A sequence restart on [any state] means that for a sequence specification
to generate a trigger, each term in the specification must immediately follow the term before it
without a break. For example, with the presently displayed setup, slale pattern "b” must be the
very next state that is present on the next clock after the initial occurrence of "a”, and state pattern
"c" must be the very next state that is present on the next clock after the initial occurrence of "b",
and so on until the full sequence specification is satisfied.

If the sequence restart term is [no state], state pattern "b" must be the next state after the initial
occurrence of "a", but "b" doesn’t necessarily have to occur on the next clock cycle; it could occur
several clock cycles later.

it a restart condition is encountered, the sequence search starts over beginning with the first
sequence term.

Mote

When a restart condition is specified, the sequence specification takes
priority over the restart condition, and the oscilloscope is triggered if the
sequernce specification is satisfied.

The restart term can consist of up to four individual ORed terms. These terms can be entered by
pressing the INSERT key while the cursor is in the Sequence Restart field. To delete ORed terms,
prass the DELETE key.

Specify the restart term to restart on state pattern [d]. The state trigger specification should now
appear a shown in figure 5-7. Figure 5-8. shows a flow chart for trigger sequence.

Find G
then (N
then [
then

then Triggef'é&quiﬁitlmn

Sequence Hestart o

IRTH
L BTN

T

LT

Figure 5-7. State Trigger Sequence Menu
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Sequence Restart on [d]
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~ RESTART -
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Figure 5-8. State Sequence Triggering Flowchart
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5-15. USING QUALIFIED MODE FOR "ARMED DIGITAL DELAY"

As discussed in the previous section, specifying a trigger after N occurrences of [anystate] is
equivalent to triggering after N occurrences of the clock. For a set of singie shot events, this
technique allows you to delay by eventis io a specific event before triggering. For repeated events
it may be necessary to arm, or qualify, the start of the delay. This is accomplished by specifying
operation in the Qualified state mode, which is selected from the state trigger Assignment menu,
The following is a specific example showing how to use the Qualified mode to digitally delay the
trigger.

When working with disc drives, it is ofien necessary o monitor waveforms at any point on a track.
This can be accomplished by arming on the index pulse and then counting N number of clocgk
cycles.

Perform a key-down power up reset on the 54200D. This will preset the 542000 to a specific
default state. Press the TRIG menu key, then press the NEXT key to display the state trigger
Assignment menu. Assign the Trigger Mode as [Stale Only] and assign the State Mode as
[Qualified]. When in the Qualified mode, multiplexing is automatically turned on, Assign the Slave
Clock to be the rising edge of K clock and connect the K clock probe of Pod 1 to the index pulse
signal on the disc drive unit. Assign the Master Clock to be the rising edge of of the J clock and
connect the J clock probe of Pod 0 to the system phase lock loop ciock on the disc drive unit.
The Assignment menu should now appear as shown in figure 5-9.

Status: Mo Trigger Fourndo ..

TaLE GHLY

Trigger (HEEE

Trigoer Mode [B

Clock

Figure 5-9. Assignmem Menu for Digital Delay (Example 1)
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Move the blinking cursor to the Define field and press the NEXT key to display the state trigger
Sequence menu. Change the number of occurrences to 500. The Sequence menu should now
appear as shown in figure 5-10. The 54200D will now trigger after the 500th occurrence of a
system clock after the index pulse. Remember, [anystate] is the same as master clock
occurrences, which in this example are rising transitions of the J clock, which is connected to the
disc drive phase lock loop clock.

e . Status: Mo Trigos

Fraund o

Trigger Mods [

Claclk than

5

then Trigger Acouizition

Seguence Festart on [BlBEcli-ed-g

Figure 5-10. Sequence Menu for Digital Delay (Example 2)

Even though specifying a digital delay in this manner may at first be somewhat awkward, there are
advantages to having it as a part of the state trigger. In addition to qualifying on a slave clock and
counting master clocks [anystate], you can also specify within the sequence to find defined states.
For example, if the disc drive that you are testing has real time serial to parallel processing, it might
be advantageous to find a word identifying a particular sector on the track before counting system
clocks. Figure 5-11 and 5-12 show the state trigger Assignment and Sequence menus for an
example such as described above. The slave clock is connected to the index pulse, the master
clock to the system clock, and data inpuis of one of the pods are connected to the parallel bus
output of the disc drive unit. State "d" is defined as the sector identification for sector #4.

Acquisition is friggered only after finding the index pulse, then sector #4, and finally 200
occurrences of the system clock,

Besides providing a very versatile method of digital delay, the analog inputs of the oscilloscope are
free to probe analog signals such as the data being read from the disc (read data), and the
differentiated signal of read data. If the digital delay were part of the analog trigger section, the
analog inputs would always be connected to digital signals for triggering rather than monitoring the
critical analog signals that must be characterized.
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: Mo Trigger Founc
TALE OF

Figure 5-11. State Assignment Menu for Digital Delay {(Exampie 2)

s Mo Trigoger Foundeeee..

B o A

Figure 5-12. Sequence Menu for Digital Delay (Example 2}
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5.16. EXTRA BIT AND MISSING BIT MODES

Oscilloscopes have traditionally only been able to trigger on the "known". This is fine when the
waveforms under test are predictable. However, when troubleshooting unpredictable waveforms,
triggering at the proper time may be difficult or impossible to do with a conventional oscilloscope.
Two bit fault modes were implemented within the 27-bit parallel state triggering capability of the
54200D to enable the digitizing oscilloscope to trigger on the "unknown” or fault condition. When
the fault occurs, the HP54200D pre-trigger acquisition and built-in measurement capabilities allows
you to perform a thorough cause-and-effect analysis of the failure. Through the missing and extra
bit triggering modes, the HP54200D can catch intermittent and mysterious hardware failures that
might otherwise be overlooked. Bit-fault triggering has numerous applications, especially in
detecting faults during digital signal transmission and in disc drive measurements.

5-17. The Faults
A missing bit (signal dropout) is the absence of a signal transition within a given time window. This

window is referred to as the reference cell. An extra bit (glitch) is the occurrence of two or more
transitions within a time window. Figures 5-13 and 5-14 illustrate two examples of these cases.

Missing Bit Trigger
| —Cell—| | |«—Cell—=|,~ Point |

Reference Cell
{J Cik Input) ‘_J L
| | |
Serial Data
(L C1K Input) H [ H I—I H
|

I |

Figure 5-13. Missing Bit Timing Diagram

Extra Bit
j+—Cell—| | j+—Cel | |

Reference Cell
{J C1k Input) J L

|

Serial Data

(L C1k Input) H H } H H H H
| | to |

Trigger
Point

""" : Figure 5-14. Extra Bit Timing Diagram
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For the HP54200D to detect a fault, a reference signal and serial data (signal under test) must be
applied to the "J" and "L" clock inputs on the oscilloscope state pods. The pod inputs are logic
analyzer type triggering probes which are separate from the analog inputs. In the examples shown
in figure 5-13 and 5-14, the reference input is a simple repetitive clock with the serial data input
being a return-to-zero (RZ) signal. Depending upon the application, various combinations of edge
selections can be made defining reference cell boundaries and data transitions. For example, if in
the examples of figures 5-13 and 5-14, the serial data was non-return-to-zero (i.e., one transition
per reference cell}, then the serial data would be specified as both rising and falling edges.

5-18. Faulty Serial Data Transmission

Digital signal transmission is simply the transmission of a digital signal from one point to anocther.
The signal may be transmitted over a long transmission line, or simply from the input to output of a
logic gate buffer. By defining the input signal as the reference and the output signal as the serial
data, the HP54200D can easily detect and trigger on intermittent glitches or dropouts during signal
transmission. Two such examples are described in detail below.

5-19. Data Transmission Dropout

A microprocessor bus address line was intermittently dropping out at a point several gates away
from its source. Through the use of the bit-fault triggering modes of the 54200D, the faulty
component was quickly discavered. The intermittent part was an ECL to TTL translator. To detect
this failure, the ECL input was defined as the reference cell input with the cell boundaries specified
from rising to rising edge. The TTL output was specified as the serial data with data transitions
defined as each falling edge. The state trigger setup time specification for the 54200D is 20 ns.
When functioning normally, the output of the translator should follow the input with very little delay
{(<<20 ns), therefore the rising edge of the output could not be defined as the data transition. Data
transitions can not be within 20 ns of either cell boundary. In this example, the falling edge of the
output is not in violation of the setup specification.

Figure 5-15 is a hardcopy output of the input and output signals as acquired by the HP54200D.
The top graph shows the ECL input to the translator while the bottom graph shows the TTL
output. Between each rising edge of the input (reference cells), the output had one falling edge
(serial data), except for the cell shown between the X and O cursors. The TTL output was
intermittently dropping out for short durations. By operating in the missing bit mode, the
HP54200D detected the drop-out and triggered the oscilloscope on the very next cell boundary
{rising edge) of the reference input {top graph, center screen). Figure 5-16 shows the state trigger
assignment menu setup, while figure 5-17 shows the sequence specification menu. Triggering on
this fault requires only the connection of two state pod inputs and the specifying of edges and
trigger levels for these twa inputs.

5-20. Caitching the Glitch

The HP54200D can also easily detect and trigger on a glitch by operating in the extra bit mode.
Figure 5-18 shows an example of an ECL output intermitiently glitching high. Note that in the
reference cell between the X and O cursors, the output has two falling edges. The frigger point is
at center screen coincident with the second falling edge (extra bit) of the output signal. The setup
for this measurement was identical to that of the dropout exampie except that the state mode was
selected as exira bit rather than missing bit.

5-16
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Chamnel [ 11 Status: Acquisition Stopped
TALK ONLY
Range 2.0V Auto Scele [ Enagbled 1
Offset -1.000 V Store Mode [ Normal 1

Coupling [écd [10:1 3

Graph £ 21 1.50 V/div 2.50 V 1.00 ge/div -5.000 us

1+ [Chan 13 |
AD IN ECL ]

2: [Chan 2 1

AC OUT TTL | m — A
L | |

|

Figure 5-15. Missing Bit (Signal Dropout) Detection

e _mtatus: Mo Trigger
Trigger Mode [(REEE

Trigger (B8

Detine |REER

Figure 5-16. State Trigger Assignment Menu
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| Seguence,

find Jccurrences of
a Missing Bit

then Trigger Hoguisition

g: Mo Trigoer Foundeeo o

_TALe Of

Seguence Festart or no state
Figure 5-17. State Trigger Sequence Menu
Channel [ 1] Status: Acquisition Stopped
TALK DNLY
Range 2.0V Auto Scole [ Encbled 1
Offset —-1.000 V Storg Mode [ Normal ]
Coupling fded [10:1 3
Graph [ 21 500 mV/div o ~1.0C Vv 1.00 us/div -5.000 ps
1: {Chan 1 13
A3 IN ECL
F—

2: [Chan 2 1
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%
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-
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) l ...JmL
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Figure 5-18. Extra Bit (Glitch} Detection

5-18
www.valuetronics.com




Model 542000 - State Triggering

5-21, QUICK REFERENCE TO STATE TRIGGER MENUS

The 54200D can trigger on a state condition or arm the analog trigger after a state condition.
Select the TRIG State submenu by pressing the TRIG menu key, then move the blinking cursor to
the Trigger field and press the NEXT or PREV key until a Trigger State menu appears. This only
cheooses the state submenu and does not change the trigger from analog to state.

Two selections, the Assignment menu and the Sequence menu, are available in the State Trigger
submenu and are selected from the Define field.

5-22. State Trigger Assignment Menu

The Assignment function (figure 5-19 and 5-20) assigns information about the pod inputs and how
they will be used.

TRIGGER MODE. This selection determines whether the instrument will trigger on the conditions
specified in the analog trigger submenu (Analog Only}, or will trigger on the conditions set up in
the state trigger submenu (State Only), or whether the state conditions will first be found and then
used to arm the analog trigger (State Arms Analog). This Trigger Mode field is also present in the
State Trigger Seguence menu.

STATE MODES. Four state modes are avaiiable:

Normal Mode. The The normal mode provides state triggering with up to four unique state
patterns of up to 27 bits each that may be qualified on in a user-defined sequence. The last state
can be an ORed or ANDed combination of up to four state patterns and can be specified to occur
from one to 59 999 times before satisfying a complete state sequence, Up to four ORed sequence
terms allow restarting the complete sequence if the restart term occurs before the proper sequence
is completed. Upon satisfying a sequence specification, the 54200D can be defined to trigger
irmmediately, or frigger on the next valid analog trigger.

Qualified Mode. The qualified mode enables the user to perform digital delay triggering, which is
very usefu! for triggering on a serial bit string. State sequence search does not begin until after the
qualify clock has occurred. The slave clock is defined as the qualify clock. One application
involves triggering on the nth sector pulse on a disc after an index pulse by qualifying on the index
pulse, and define the sequence to trigger after the nth occurrence of any state.

Missing Bit Mode. This mode predefines the last state in the sequence specification to detect a
missing bit in a string of serial data and triggers the acquisition. A reference clock provided by the
user is compared with the input serial data. There must be one data bit transition in the serial data
within each reference clock cycle. If the data hit is missing, the 54200D detects it and triggers the
acquisition on the next reference clock edge. When in this mode, the last state in the sequence
specification can be defined to search for up to 59999 missing bits. The J clock is used to define
the reference time interval or cell for which a missing or extra bit will be checked. The serial data
is input as the L clock.

5-19
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Extra Bit Mode. This mode predefines the last state in the sequence specification to detect an
gxtra bit in a string of serial data and triggers the acquisition. A reference clock provided by the
user is compared with the input serial data. There must be one data bit transition in the serial data
within each reference clock cycle. if more than one data bit transition occurs within any reference
clock cycle, the 54200D triggers on the extra bit. When in this mode, the last siate in the
sequence specification can be defined to search for up to 59999 extra bits. As in the Missing Bit
mode, the J clock is used to define the reference time interval or cell for which a missing or extra
bit wilt be checked. The serial data is input as the L clock.

CLOCKS. Three ORed clocks operate in a single-phase or two-phase demuitiplexing mode. Clock
edges can be selected as positive, negative, or both positive and negative for each clock. Different
edge selecltions may be made on the same clock if it is used in each phase of the muitiplexed
mode. The specified clock edge determines when the data on the state channels is clocked into
the instrument for trigger comparisons.

POD THRESHOLDS. The comparator thresholds for each of the pods may be set to a level suitable
for TTL., ECL, or may be user-defined in volts.

MULTIPLEXING. The clocks may be multiplexed in Normal mode for use with microprocessors
that multiplex their data and address lines.

LABELS. Up to eight different five-character labels may be designated in Normal and Qualified
mode for any combination of input lines for ease in setting specifications. Missing-bit mode and
Extra-bit mode only allow one label. To enter a label, use the alphabetic characters provided when
the shift key is active. To obtain more labels, move the blinking field cursor to the first label field,
then press INSERT. To remove a label, move the blinking field cursor to that label and press
DELETE (shift INSERT).

POL. This field selects logic polarity. Selecting plus (+) indicates positive logic; voitages above the
threshold are logic 1 and voltages below the threshold are logic 0. Selecting minus (-) indicates
negative logic; voltages above the threshold are iogic O and voltages below the threshold are
logic 1.

POD ASSIGNMENT. This field assigns a particular state channei to a grouping defined by the
label. An asterisk (") means the channel is active. A period () means the channel is not part of
that grouping.

5-20
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[ < & - SR Y-

Trigper (B2

lefine [B Trigger Mo

Figure 5-19. Example State Trigger Assignment Menu (Qualified Mode)

Statuz: Mo Trigger Founde....o
TALK O
Trigger Mode |G

Figure 5-20. Example State Trigger Assignment Menu (Missing-bit Mode)
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5-23. State Trigger Sequence Menu

The Sequence function {figure 5-21) sels up a sequence of state terms that determines the state
trigger condition.

TRIGGER MODE. This selection determines whether the instrument will trigger on the conditions
specified in the analog trigger submenu {Analog Only), or will irigger on the conditions set up in
the state frigger submenu (State Only), or whether the state conditions will first be found and then
used to arm the analog trigger (Stale Arms Analog). This Trigger Mode field is also present in the
State Trigger Assignment menu.

RESOURCE TERMS. These are defined at the bottom of the state trigger sequence menu, Label>
is a carryover from the assignment menu. Base> determines whether the channels grouped under
label are expressed in hexadecimal, binary, octal, or decimal format. Four resource terms (a, b, ¢,
and d) may be defined by the user for use in sequence triggering.

SEQUENCE. Four user-defined terms (a, b, ¢, and d)}, the not equal of those terms, any state, or
no state may be used in any combination to define a sequence of events on which to be triggered.

Initially, only one term is shown. To add more terms, move the blinking field cursor to the
occurrences field and press INSERT. Up to three more terms may be added. To remove a term,
move the bltinking cursor to that term and press the DELETE key.

LIS 1
)

Figure 5-21. Example State Trigger Sequence Menu
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LAST SEQUENCE TERM. All four resource terms and their not equal terms may be used in any
ORed or ANDed configuration to specify the last sequence term. To do this, move the blinking
field cursor to the last sequence term (afier occurrence specification) and change any state to the
desired resource term (either a, b, ¢, d, #a, #b, #¢, or #d). For more terms, press INSERT while the
blinking field cursor is on the resource term. To remove exira terms, move the cursor to the
undesired term and press the DELETE key.

TRIGGER TERMS. This entry determines whether the last sequence term will OR or AND the
resource terms together.

OCCURRENCES. OQccurrences of the iast event in the sequence may be specified from 1 1o 59989
occurrences.

RESTART. One to four resource terms may be used in an ORed condition for a sequence restart
condition. The sequence restart selection field appears when a resource term is inserted into the
sequence.

5-23/(5-24 blank)
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SECTION 6
PERIPHERALS

6-1. INTRODUCTION

The 54200A/D has the capability of making a hardcopy dump to various HP-IB graphics printers
and plotters without the use of a controller. This section will show you how to use the 54200A/D
with a graphics printer or piotter.

6-2. SETTING UP THE 54200A/D

When a controller is not connected to the 54200A/D and you want to dump to a graphics printer or
plotter, press the front panel SYSTEM menu key. if the Peripherals submenu is not displayed,
press the NEXT/PREV key until the Peripherals submenu appears (Figure 6-1). Move the blinking
field cursor to the HP-IB Address Mode field and press NEXT/PREV key if Talk Only is not
displayed to set address mode 1o Talk Only.

It a hardeopy dump is desired using a controller, refer to the SYSTEM programming commands
PLOT and PRINT in Section 8.

Systen Specificatinn o ________FBtatus: Poguired Freme BO481_

THLE OHLY

HF-IE FRddress Mode. [

Hardoopy Device is: [ ¢ Must Be in LISTEM CGHLY Mode
Fear Fanel BMNC:

Beeper is:

Firmware Fevision: AZS11

3

Serigl Mumbher: Z2435ABAESZ

Figure 6-1. SYSTEM Peripherals Submenu
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6-3. GRAPHICS PRINTERS

The 54200A/D will interface directly with graphics printers that use the Hewlett-Packard Raster
Graphics Standard and the HP-IB.

Connect the graphics printer to the HP-IB connecior on the rear panel of the 54200A/0 using an
HP-IB interface cable. Before the graphics printer is energized, locate the HP-IB configuration
switch on the printer and set the LISTEN ALWAYS (or LISTEN ONLY) switch 1o the True (1)
position (refer to the printer manual). I is important that this switch is set before the power is
applied to the printer because most printers only read these switch settings when power is first
furned on.

After the printer has been connected to the 54200A/D and the printer configuration switch has
been set to LISTEN ALWAYS, press the 54200A/D front panel SYSTEM menu key. Display the
Peripherals submenu and move the blinking field cursor to the Hardcopy Device Is field. If Printer
is not displayed in this field, press the NEXT/PREV key to display Printer.

The hardcopy function will dump exactly what is displayed on the 54200A/D display. Set up the
display exactly as it is to be printed, then press the HARDCOPY (shift TTL) key to print the display.
The status line of the display will read "WAIT Hardcopy in Progress”. To abort the hardcopy, press
the CLEAR ENTRY key. If the printer is not connected or not working property, the status line of
the display will report "WARNING Transmission Aborted” then will display "No Hardcopy Device”.

6-4. PLOTTERS

The 54200A/D will interface directly with a plotter that uses the Hewlett-Packard Graphics
Language (HP-GL} and an HP-IB interface.

Connect the plotter to the HP-IB connector on the rear pane!l of the 54200A/D using an HP-IB
interface cable. Before the plotter is energized, locate the HP-IB configuration switch on the
plotter and set the LISTEN ALWAYS {(or LISTEN ONLY) switch to the True (1) position {refer to the
plotter manual). 1t is important that this switch is set before the power is applied to the plotter
because most plotiers only read these switch settings when power is first turned on.

After the plotter has been connected to the 54200A/D and the plotter configuration switch has
been set fo LISTEN ALWAYS, press the 54200A/D front panel SYSTEM menu key. Display the
Peripherals submenu and move the blinking field cursor to the Hardcopy Device Is field. If Plotter
is not displayed in this field, press the NEXT/PREV key to display Plotter.

The hardcopy function will dump exactly what is displayed on the 54200A/D display. Set up the
display exactly as it is to be plotted, then press the HARDCOPY (shift TTL) key to plot the display.
The status line of the display will read "WAIT Hardcopy in Progress”. To abort the hardcopy, press
the CLEAR ENTRY key. If the ploiter is not connected or not working properly, the status line of
the display will report "WARNING Transmission Aborted” then will display "No Hardcopy Device".

6-2
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SECTION 7
REMOTE CONTROL

7-1. REMOTE OPERATION, HEWLETT-PACKARD INTERFACE BUS

The 54200A/D can be operated through the Hewlett-Packard Interface Bus (HP-IB). Menu
functions {except protect status on memorigs), remote only functions, and most front panel
functions (excep! the LINE switch and cursor functions), are programmable through the HP-1B.
Bus compatibility, programming, and data format are described in the following paragraphs.

The notation used in this section to describe bus communications is defined at the end of this
section in the Notation Conventions and Definitions paragraph.

In this manual, the 54200A/D program codes are listed in ASCII code. Table 7-1, Commonly Used
Code Conversions, includes a listing of ASCIl characters and some commonly used equivalent
codes.

For more information about HP-IB, refer to IEEE Std 488-1978 (or the identical ANSI Standard

MC1.1), "I[EEE Standard Digital interface for Programmable iInstrumentation” and IEEE Std
728-1982 "|[EEE Recommended Practice for Code and Format Conventions”.

7-2. HP-IB COMPATIBILITY

The 54200A/D complete bus compatibility as defined in IEEE Std 488-1978 is presented in Table
7-2.

The programming capability of the instrument is further described by the twelve HP-IB meta

messages in the left hand column of table 7-2. Foremoest among these is the Data message. Data
messages contain the program codes that set the instrument maode of operation,

7-3. HP-IB STATUS DISPLAY

The status of the 54200A/D on the HP-IB is annunciated on the CRT by an HP-IB status message.
This message describes the 54200A/D remote/local status, address status, and whether or not the
instrument is requesting service via the SRQ bus control line.

7-1
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Table 7-1. Commonly Used Code Conversions

HP-1B ABCIE ; Decimal Binary Octal Hexa- HP-1B ASCIH | Decimal Binary Octal Hexa-
decimai decimai

Addressed NUL [¢] 00 000 000 000 (6] Talk TO @ 64 01 000 000 100 40
Command GTL SOH 1 00 000 001 oot 03] Address T1 A 68 01 000 001 161 41
Group STX 2 00 000 010 coe 02 Group T2 B 66 01 000 910 102 42
(ACG: ETX 3 Qg 000 011 003 03 ;f\lTAG; T3 C a7 01 000 911 103 43

ote 2
sDC EQT 4 00 000 106 004 04 T4 D 68 01 060 100 104 44
PRC ENG 5 00 000 101 005 05 T5 £ 69 61 060 101 105 45
ACK <] 00 000 110 [810:5] 06 T8 F 70 01 000 110 106 46
BEL 7 00 000 111 007 o7 T7 G 71 81 000 111 107 47
GET 83 8 00 001 000 010 08 T8 H 72 1 001 000 110 48
TCT HT g Q0 Qg1 001 01t 09 T9 | 73 C1 001 001 111 49
LF iy 00 001 010 12 0A T10 Jd 74 G¢1 061 010 112 4A
VT 1 00 001 o1 413 0B 111 K 75 a1 001 o1 113 48
FF 12 00 001 100 014 oC Ti2 L 76 01 00t 100 114 ac
CR 13 00 001 101 G135 oD T3 M 77 01 001 101 115 40
30 14 00 001 110 [ERES] OE 14 N 78 G1 001 110 116 4F
51 15 00 001 111 c17 OF s ] 79 g1 00t 119 117 4F
Universal DLE 16 00 010 000 G20 10 T16 P 80 C1 010 000 120 50
Command LLO DCH 17 00 010 00t 021 11 ™7 Q 81 Gt 010 001 121 51
Group 2C2 18 00 010 010 Gz2 12 T8 R 82 Gt 010 010 122 52
UGG BC3 19 00 010 011 G23 13 T19 S 83 G1 010 011 123 83
bCOL DC4 20 00 010 160 024 14 T20 T 84 Gt 010 100 124 54
FPPU NAK 21 00 010 101 G625 15 T21 U BS a1 010 1N 125 55
SYN 22 06 010 110 [6%4] 16 T22 \ 86 C1 910 110 126 58
ETB 23 00 010 111 cz7 17 T23 W 87 ¢l 010 11 127 57
SPE CAN 24 00 011 060 C30 18 T4 X 88 01 011 000 130 58
SPD EM 25 00 011 001 031 19 T25 Y 89 o1 011 001 131 59
SUB 26 00 011 010 632 14 T26 z 90 01 011 010 132 5A
ESC 27 00 011 o011 033 1B 27 | a1 01 011 011 133 58
FS 28 00 011 160 034 1C T28 N 82 01 011 100 134 5C
(e 28 00 011 11 C35 1D T29 i 93 01 611 11 135 50
RS 30 06 011 110 G386 1 T30 A 94 01 011 110 136 5E
us 31 a0 011 11 037 1F UNT — 95 01 611 111 137 5F
Listen 1.0 5P 32 00 100 Q00 040 20 Secondary 50 ' 86 01 100 000 140 60
Address L1 ! 33 00 100 o004 041 21 Command i a a7 01 100 O01 141 67
Group L2 " 34 00 100 010 042 22 Group 52 B 98 01 100 010 142 62
LAG: L3 # 35 00 100 011 043 23 180G 53 c 99 01 100 oM 143 63

Note 1 Nole 2
1.4 $ 38 00 100 100 044 24 54 d 100 01 100 100 144 54
L5 % 37 ¢ 100 10t 045 235 35 @ 101 01 100 101 145 68
L6 & 38 00 100 110 046 26 56 f 102 01 100 110 146 66
L7 ' je) 06 100 111 047 27 s7 d 103 o1 100 111 147 87
L8 [ 40 Qg 101 000 050 28 58 h 104 01 107 000 150 68
L9 P 41 a0 101 001 051 29 S8 i 105 01 101 001 151 il
L10 b 42 o0 101 010 052 RA 310 i 106 01 1071 010 152 8A
L1 + 43 00 101 011 053 28 511 K 107 a1 101 o 153 68
112 44 00 101 100 054 2C 812 i 108 01 161 100 154 8C
L13 - 45 G0 101 101 055 20 513 m 109 01 101 1 185 5D
L4 . 46 80 101 110 056 2E S14 n o 01 101 110 156 6E
115 / 47 Co 101 111 057 2F 515 ol 111 a1 101 111 187 6F
L1686 a 48 GO 110 000 060 30 8186 ol 112 01 110 000 160 70
L7 1 49 o 110 001 061 31 S17 4 113 G1 110 001 161 71
118 2 50 cC 110 010 o062 32 818 r 114 G1 110 16 162 72
L1g 3 51 GO 110 011 Q63 33 318 s 115 o1 110 011 163 73
L20 4 52 GO 110 100 064 34 520 1 116 g1 110 100 164 74
L21 5 53 00 110 101 085 a5 a821 u 117 ¢t 110 161 165 75
L22 8 54 00 110 110 066 36 822 v 18 01 110 110 166 76
L23 7 55 080 110 111 067 37 523 w 118 01 110 111 167 77
L24 8 56 o0 111 000 Q70 38 524 x 120 a1 111 Q00 170 78
125 9 57 00 111 001 071 39 525 y 121 Gt 111 01 171 79
.26 : 58 co 111 C10 72 3A 826 2z 122 Gt 111 Q10 172 7A
L27 ) 59 co 111 o011 073 3B 327 i 123 g1 111 011 173 78
L28 < 60 00 111 100 074 3¢ 528 ! 124 Gt 111 100 174 7C
4] = 61 GO 111 101 075 30 529 | 125 ot 111 101 175 70
L30 > 62 00 111 110 76 3E 530 -~ 126 01 111 110 176 7E
UNL ? 63 Go 111 i Or7 3F 331 DEL 127 01 111 111 177 7F

NOTES: 1. L<n>=#MLA assigned to device number <n>,
2. T<n>= MTA assigned to device number <n>,
3. Meaning defined by Primary Command Group code.
7-2
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Table 7-2. HP-IB Message Reference Table

www.valuetronics.com

HP-IB APPLICABLE INSTRUMENT RESPONSE RELATED INTERFACE
META COMMANDS FUNCTIONS
MESSAGE AND CONTROL
LINES
Data Yes Most front panel, menu, DAB MLA L3
and remote functions. £E01 UNL T8
Also all dnstrument EOS MTA
settings may be read UNT
via the HP-IB. 0TA
Trigger Yes Responds as 1if the GET D71
DiGitize system command MLA
were issued.
Clear Yes Responds by: DCL DC1
* Terminating bus SBC
communication
* Clearing serial poll
bits
* Clearing input and out-
put buffers
* Clearing error, msg
and Key queues
Remote Yes Enabled to remote mode REN RL1
when the REN bus control MLA
Tine is true. However, it
remains in local until it
is addressed to 1isten the
first time.
Local Yes Returns from remote to GTL RL1
Tocal when it receives the| MLA
Local message or the LOCAL
key is pressed. Setiings
remain unchanged after the
remote-to-tocal
Transition.
Local Yes When in remote, and 1ocal LLO RL1
Lockout Tockout is in effect, the
front panel s disabled.
Only the system controliler
can return the instrument
to local,
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Table 7-2. HP-IB Message Reference Table {Continued)

HP-1B APPLICABLE INSTRUMENT RESPONSE RELATED INTERFACE
META COMMANDS FUNCTICNS
MESSAGE AND CONTROL

LINES

Clear Yes Returns to local and local| REN RL1
Lockout Tockout is cleared when

Set/ the REN bus control Tine

Local goes false.

Pass/ No The controller subset is TCT co

Take not implemented.

Control

Require Yes Sets the SRQ 1ine true SRQ SR1
Service when one of the service

request conditions occur,
if it has been enabled to
send the RQS message for
that condition.

" Status Yes Responds to a Serial Poll SPE 15

Byte Enable {SPE) bus command SPD
by sending an 8-bit byte STB
when it is addressed to
tatk. Bit 6 (RQS bit) is
true if the 54200A/D has
set the SRQ bus control
Tine true. The byte is
cleared after it is read
by the HP-IB controller if
the RQS bit was set.

Status Yes Responds to a paralilel PPE PPC PP1

Bit poll. PPD PPU

Abori Yes Is unaddressed to 1isten iFC 15
or talk. L3

1. Commands, Control lines and Interface functions are defined in IEEE
Std 488-1978. Knowledge of these might not be necessary 1f your
controller manual described programming in terms of the twelve HP-IB
Messages shown in the left column.

2. The 54200A/D Digitizing Osciltloscope complete bus capability as
defined in IEEE Std 488-1978 is: SH1, AM1, T5, TEO, L3, LEOQ, SRI1,
RL1, PPI, DC1, DT1, CO, EIl

7-4
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7-4. REMOTE MODE
7-5. Remote Capability

The 54200A/D communicaies on the bus in both remote and local modes. In remote, all front
panel controts but the LINE switch and the LOCAL and SHIFT keys are disabled. When Local
Lockout is in effect, the LOCAL key is also disabled.

The 54200A/D can be addressed to listen or talk while in remote mode. When addressed to listen,
the instrument automaticaily siops talking and responds to DATA messages. When addressed to
talk, the instrument stops listening and sends either a Data message (if available) or the Status
Byte. Whether addressed or not, the 54200A/D responds to the Local, Local Lockout, Clear
Lockout/Set Local, Trigger, Status bit, and Abort Messages and, in addition, the instrument may
issue the Require Service message.

7-6. Local-to-remote Mode Changes

The 54200A/D switches to remote upon receipt of the Remote message. The Remote message
has two parts:

# Remote Enable (REN) bus control line true
s Device listen address (MLA - MY LISTEN ADDRESS) received once while REN true

All instrument seftings remain unchanged with the local-to-remote transition. However, the
remote-to-focal transition does disable the front panel with the exceptions mentioned above. The
HP-1B status display will show "Remote” to indicate remote mode.

If the instrument is set to talk-only mode, the local-to-remote transition is inhibited.

7-7. LOCAL MODE
7-8. Local Capability

in local, the 542C0A/D front panel controls are operational. Although it will not respond to input
Data messages in local rmode, if addressed 1o talk, the instrument can send Data messages and
the Status Byte. Whether addressed or not, the instrument responds to the Remote, Local, Local
Lockout, Clear Lockout/Set Local, Trigger, Status bit, and Abort messages. it also can issue the
Require Service message in local mode.

7-9. Remote-io-Local Mode Changes
The instrument always switches to local from remote whenever it receives the Local message
(GTL) or the Clear Lockout/Set Local message. (The Clear Lockout/Set Local message sets the

Remote Enable control line (REN) false.) If it is not in Local Lockout mode, the instrument also
switches to local when the front panel LOCAL key is pressed.

7-8
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The instrurment settings remain unchanged during remote-to-local transitions except:

e Any data transfers are aborted,
& Screen is turned on.
e DEBug command mode (if on) is turned off.

The "Remaote” indication on the HP-IB stalus display will disappear as the remote-to-local change
is made.

7-10. LOCAL LOCKOUT

When program control is interrupted, which can happen by returning the instrument to local via the
front panel LOCAL key, data or setlings could be changed. This would leave the instrument in an
unknown state. To prevent this, a local lockout may be used. Local lockout allows return-to-iocal
only under program control.

Note

Return-to-local can aiso be accomplished by turning the instrument off, then
on again with the LINE switch. Mowever, this technigue has two potential
disadvantages:

e It defeats the purpose of local fockout (that is, the system controller may
lose control of the instrument).
® Other HP-IB conditions resef to default states at power-on.

SAQ can be asserted to signal cycling the instrument powsr,

7-11. ADDRESSING

The 54200A/D interprets the byte on the eight bus data lines as an address or a bus command if
the bus is in the command mode (Attention control line (ATN) true). In addressable mode, the
instrument may be addressed to listen or to talk.

Once addressed to listen, the instrument remains configured to listen until it receives an Abort
message (IFC), its own talk address (MTA), or a universal unlisten command (UNL) from the
controller. Once addressed to talk, the instrument remains configured to talk until it receives an
Abort message (IFC), another instrument talk address (OTA), its own listen address (MLA), or a
universal untalk command (UNT). The HP-iB status display indicates on the CRT when the
instrument is addressed fo talk ("Talk") or addressed to listen (“Listen"),

The 54200A/D is shipped from the factory in the addressable mode, with its talk address set to "Q"
(ie, TO). Refer to Table 7-1 for equivalent address codes. The instrument can also be configured in
the talk-only mode. This mode enables limited bus operation without an HP-IB system controller.
The instrument address and addressing mode may be displayed or changed from the front panel.
Complete instructions for these procedures are given in the Systems Peripherals Submenu
paragraph in Section 3 of this manual,

7-6
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7-12. Taik-only Mode
If the instrument is set to talk-only mode, it is always configured as a {alker and does not respond
to any of the bus messages. This mode must be seiected if the 54200A/D is to drive a printer or a

plotter without the aid of an HP-IB controfler. Refer to Section 6 of this manual for more
information on use of the 54200A/D with g printer or plotter.

7-13. HP-1B TURN-ON DEFAULT CONDITIONS

Several HP-IB paramelers are reset at power-on. However, both the instrument address and
addressing mode are preserved in non-volatile memory.

HP-1B parameter default conditions are:
¢ HP-1B local mode
# | ocal-lockout cleared
e Unaddressed (if in normal addressing mode)

e Status byte register cleared

7-14, DATA MESSAGES

The 54200A/D communicates on the HP-IB primarily with Data messages. The instrument

interprets a byte on the eight bus data lines as a Data message when the bus is in the data mode
{Altention controt line (ATN) false).

The instrument can both receive and send Data messages. Input Data messages include the
instrument program commands ({device-dependent commands) used to program front panel
functions, menu functions, and all remote functions. Output Data messages include instrument
status information, the settings of specific functions, measurement results and the Learn String
and waveforms.

Of special consideration is the Learn String which can be sent and received by the instrument. It
is a binary data string that contains a condensed coding of the entire instrument state. The Learn

String is described later in this section and in the descriptions of the "SETup” and "SETup?”,
programming commands in section 8 of this manual.

7-7
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7-15. RECEIVING THE DATA MESSAGE

The 54200A/D responds to Data messages when it is in the remote mode (REN control line trueg)
and is addressed to listen.

7-16. Input Data Message Format

Input Data messages contain a string of device dependent commands {program commands) and
an End-of-String (EOS) message. The program codes within a Dala message are executed after
the EOS message is received. The following format rules must be observed for all input Data
messages:

¢ A linefeed {<LF>) or an ECIl are used as the End-of-String (ECS) message. Each Data
message must be terminated by a <LF> or by asserting the EQI bus signal line with the last
byte in the message.

# The carriage return character («<CR>) is not required before <LF>. Preceding <LF>, <CR>
is treated as "no operalion” and may be repealed as many times as permitted by the
maximum string length limitation.

+ When several program commands are sent in a Data message, a semicolon (preferred), or
space must be used to separate each program command from each other.

¢« Multiple arguments for a command must be separated by commas.
¢ The maximum length of a Data message is 256 characters (including: semicolons,
commas, <SP>, <CR>, and <LF>), except those messages that include binary data biocks.
Binary data blocks must begin within the first 256 bytes of the data message.
Errors in Data messages syntax are trapped and can be reported via the HP-1B. For details about
detecting and reporting format errors refer to the "STAtus?" and "ERRor?" programming
commands in section 8 of this manual.
7-17. Program QOrder Considerations
Commands are interpreted and setups are changed in the 54200A/D as they are received and
found to be syntactically correct. Commands preceding an error in multi-command messages are

executed up to the point where the error is detected. This provides consistent operation whether
cemmand are sent one per message or several per message.

7-8
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7-18. Program Command Format

Program commands consist of a header followed by a parameter field. Headers may be of a Long
or Short (abbreviated) form. This allows the programmer to use full words or abbreviations for
program cormmands. Command arguments can be words, or numbers in most cases. This allows
one programmer to generate readable code, and aliows another programmer to generate code that
is more efficient in the use of space in his computer.

Program Code Parameters may be of four types:

Strings - Any collection of ASCH characters excluding quotation marks {decimal 34)
surrounded by quotation marks.

Blocks - A block of data in formats as defined by IEEE Std 728-1982.

#4 - This format is a binary block with the format: <#><A><length
word><DAB...DAB>. The length word is a 15 bit binary integer representing the
number of DABs. DABs are the data byies themselves. <#> and <A> are ASCII
bytes.

#Y - This format is an ASCI representation of a binary number with the format:
<#><Y><DAB..DAB>. All bytes are ASCII.

#0O - This format is an ASCIl representation of an octal number with the format:
<#><QO><DAB..DAB>. All bytes are ASCIL

#HH - This format is an ASCIi representation of a hexadecimal number with- the
format: <#><H><DAB...DAB>. All bytes are ASCIl.

Numeric - Any integer {(NR1 format), decimal (NR2 format), or exponential value (NR3
format). The character <E> or <e> may be used to delimit the mantissa of
exponential parameters. Spaces are not allowed between the <+>, <>, <E>,
<.>, or between digits. Refer to figure 8-2 in Section 8 for syntax diagrams of
NR1, NR2, and NR3 numeric representations.

Alpha - Some commands require or allow alpha arguments such as "ON" or "OFF".
These arguments are ASCII strings that start with an alpha character and are
followed by printable character except a <SP>, <>, <,», <#>, <">, o1 <_>.

The general rules of program command format are:
» The 54200A/D sends and receives Data messages in standard 7-bit ASCII code.
e The instrument responds equally to upper and lower case characters.

¢ Parameter fields containing multiple parameters require a comma (,) to delimit individual
parameters.

Errors in Data messages syntax are trapped and can be reported via the HP-IB. For details about
detecting and reporting format errors refer to the "STAtus?" and "ERRor?” programming
commands in Section § of this manual,
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7-19. SENDING THE DATA MESSAGE.

The 54200A/D can send Data messages in local or remote mode, when it is addressed to talk, or in
the talk-only mode.

Note
Before the instrument is addressed fo talk, the desired output data must be
specified with the appropriate input Data message.
7-20. Output Data Message Format
Cutput Data messages include the settings of individual functions, instrument status information
and binary Learn String data. Refer to the "LONGform”, "HEADer", and "ARGument” programming
commands in Section 8 of this manual for more information on output format selection.
Mote
Exponenitial values are sent by the 54200A/D with the ASCH character "E"
(upper case) as the separator between the mantissa and the exponerik.
7-21. LEARN MODE
If the 54200A/D receives a "SETup?" (Setting query) programming command and is then
addressed to talk, it sends the Learn String. The Learn String consists of 990, 8-bit bytes preceded
by a <#> <A> <length word> containing information about configuration. This binary data can be
stored in the controller memory for future use.
This binary data block can be returned to the 54200A/0 by preceding the data blocks with the
"SETup" command. Refer to the "SETup" programming command in Section 8 of this manuat for
more detailed information.

7-22. RECEIVING THE CLEAR MESSAGE

The 54200A/D responds to the Clear message <DCL> and Selected Device Clear message <SDC»
by:

1. Clearing all serial pol status bits.

2, Clearing the input and output buffers.
3. Clearing the error, msg, and key aueues.

7-23. RECEIVING THE TRIGGER MESSAGE.

The 84200A/D responds to the Trigger message {<GET> bus command)} in the same way that it
responds to a DiGitize system command.

7-10
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7-24. RECEIVING THE REMOTE MESSAGE

The Remote message has two parts. First, the remote enable bus control line (REN) is held true,
then the device listen address <MLA> is sent by the controller. The 54200A/D is enabled to go into
remote when REN goes frue but it does not actually switch into remote until addressed to listen
the first lime. No instrument settings are changed by the transition from focal to remote. When
actually in remote mode, the instrument displays "Remote" in the HP-IB status display to indicate
remote mode.

7-25. RECEIVING THE LOCAL MESSAGE

The Local message returns the 54200A/D to front panel control. The local message (GTL bus
command) addresses the instrument to listen and then switches it from remote to local mode. The
remote indicator ("Remote") in the HP-IB status display will turn off when the Local message is
received. No instrument settings are changed by the remote-to-local transition.

Although the Local massage returns front panel control, it does not clear local lockout. Unless the
instrument receives the Clear Lockout/Set Local message, if local lockout is in effect, it will return
to local lockout mode the next time it goes to remote,

7-26. RECEIVING THE LOCAL LOCKOUT MESSAGE

The Local Lockout message (LL.O bus command} disables the 54200A/D front panel LOCAL key.
Local lockout is accepted when the instrument is in either remote or local mode. Afterwards,
whenever the instrument is in remote mode, lockout is in effect. While the instrument is in local
lockout, the remote-to-local transition can only be made from the system controller by sending the
Clear Lockout/Set Local message or the Local message.

7-27. RECEIVING THE CLEAR LOCKOUT/SET LOCAL MESSAGE

The Clear Lockout/Set Local message (REN control line false) returns the Measurement System
from remote to local mode and clears the local lockout condition. No instrument settings are
changed by this message. It is accepted while the instrument is in either remote or tocal mode. {f
the instrument is in remote mode, the remote indicator ("Remote") in the HP-IB status display is
blanked when the Clear Lockout/Set Local message is received.

7-28. RECEIVING THE PASS CONTROL MESSAGE

The 54200A/D does net implement the controller subset, therefore, it does not respond to the Pass
Control message.

7-29. SENDING THE REQUIRE SERVICE MESSAGE

The 54200A/D sends the Require Service message (by setling the SRQ bus control line and bit 6 of
the status byte true) when a previously programmed condition occurs. The instrument can send
the Require Service message in either locat or remote mode. The Require Service message is
cleared when a serial poll is executed by the system controller. During serial poll, the SRQ control
line is reset immediately before the instrument places the Status Byte message on the bus. Table
7-3 includes the conditions that can be selected to cause the Require Service message. If no
conditions are selected, the Require Service message is disabled.

7-11
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The 54200A/D indicales having sent the Reguire Service message by displaying "SRQ" in the
HP-18 status display. This indicaior is turned off during the serial poll when the SRQ contro! line is
reset.

H the 54200A/D is set to talk-only mode, it cannot send the Require Service message.

7-30. SENDING THE STATUS BYTE MESSAGE

The Status Byte message consisis of one 8-bit byte in which the bits are set according to the
conditions described by Table 7-3. The 54200A/D sends the Status Byle message when it is
addressed to talk and it receives the Serial Poll Enable {(SPE) bus command from the HP-1B system
controiler,

if the instrument is set to talk-only mode, it does not respond to the SPE or SPD (Serial Poll
Disable) commands and cannot send the Status Byte.

Bits in the status byie are set depending on the instrument state. If a condition occurs that causes
one of the bits in the status byte to be set and if its corresponding bit in the RQS mask is set, the
Require Service message will be sent,

if the RQS bit is set, indicating that the instrument sent the Require Service message, and a serial
poil is executed, all bits in the status byte will be cleared. If the RQS bit is clear and a seriai poll is
executed, the status byte wili be left unchanged.

if a condition that caused one of the bits in the stalus byte to be set is removed and if the
corresponding bit in the RQS mask is clear, the corresponding bit in the status byte will be cleared.

To supplement the information in the Status Byte, the "ERRor" "KEY", "MS8G", and "RDY" queries
can be used to determine what specific error occurred.

7-31. THE STATUS WORD

The instrument status word is a 16-bit integer containing information about the instrument
conditions that set the ready bit in the status byte and/or generate a Require Service message.
See Tables 7-3 and 7-4 for a description of the bits in the Status Word. The upper 8 bits of the
Status Word are known collectively as the ready byte, while the lower 8 bits correspond to the
status byte sent during a seriai poill.

A companion 16 bit word, the request mask, is used to specify both those conditions in the ready
byte that set the ready bit in the status byte, and those conditions in the status byte that generate a
Require Service message. The bils in the request mask have the same meanings as those in the
instrument status word. The ready bit in the status byte is set when all of the conditions
corresponding to bits in the ready mask are true at the same time. This bit is actually set on the
transition of the last condition to become true,

The "REQuest” programming command is used to specify the request mask while the "STATus"
programming command can be used to read the instrument status word. For more information
refer to these two commands in Section 8 of this manual.
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7-32. SENDING THE STATUS BIT MESSAGE

The 54200A/D responds 1o a Parallel Poll Enable (PPE) bus command; and send the Status Bit

message.

7-33. RECEIVING THE ABORT MESSAGE

The Abort message (IFC control line true) halts all bus activity. When the 54200A/0D receives the
Abort message, it becomes unaddressed and stops talking or listening. The Require Service
message and the Status Byte are unaffected by the Abort message.

7-34. NOTATION CONVENTIONS AND DEFINITIONS

The following conventions are used in this manual in descriptions of remote (HP-IB) operation:

< >

{}

[]

IXIN

Angular brackets enclose descriptive words or characters that are used to symbolize
a program code parameter or an HP-IB command, For example, <A> represenis the
ASCII character ‘A’

"is defined as". For example, <A> = <B> indicales thal <A> can be replaced by <B>
in any statement containinng <A>.

When several items are enclosed by braces, cne, and only one of these elements
must be selected.

"or": Indicates a choice of exactly one element from a list. For example, <A>|<B>
indicates <A> or <B> but not both.

An ellipsis (trailing dots) is used {o indicale that the preceding element may be
repeated one or more times,

Square brackets indicate that the enclosed items are optional.

An exclamation mark used in this form indicates a parameter may be repeated from
X up to N times.

The following definitions are used:

d

n o

<LF>

<CR>

<SP>

il

il

A single ASCIl numeric character, 0-9

A single ASCII non-zero, numeric character, 1-9

li

ASCIi linefeed (decimal 10)

= ASCH carriage return (decimal 13)

= ASCI space (decimal 32)
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Table 7-3. The Lower Byte of the Status Word
(The Status Byte)

BIT MASK STATUS BIT CONDITION
WEIGHT

7 128 MSG = High indicates that a message was displayed on the
status Tine of the display. A MSG query is used to
determine the message code.

6 64 RQS = Requesting service - High indicates that this
instrument requested service.

5 32 ERR = Eryror - High indicates an error occurred. An ERR
query is used to determine error code.

4 16 RDY = Ready - High indicates the instrument is ready. This
is based on the ready mask. A RDY query is used to
determine condition.

3 8 LCL = Local switch or power cyclie - High indicates that the
instrument has been switched to 10cal from the front
panel power was cycled off then on again.

2 4 FPS = Front panel service request - High indicates a front
panel Key has been pressed. A KEY query is used to
determine the Key code.

1 2 PWR = Not used, always 0.

0 1 RQC = Request control - Not used, always 0.

Notes: 1. To set the RQS bit and SRQ bus control Tine true, the condition
must be enabled in the RQS mask.
2. If no condition is enabled, the 54200A/D can not set the SRQ
bus control Tine nor the RQS bit true. However, bits 2-5 and 7
of the status byte are seil to indicate which conditions have
occurred,
7-14
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Table 7-4. The Upper Byte of the Status Word
{The Ready Byte)

BIT MASK REABY BIT CONDITION
WEIGHT
15 32768 | Not used, always 0.
14 16384 Cal = High indicates that self calibration has completed
execution.
13 8192 Test = High indicates that the requested self test has

completed execution.

12 4096 Hard = Hardcopy compiete - High indicates that the last byte
of printer or plotter dump has been sent and received

11 2048 Data = Data available - High indicates that something is
in the buffer waiting to be read.

10 1024 Acq = Acquisition complete - High indicates that all

waveforms are acquired.

9 512 Trig = Triggered - High indicates that the instrument is
receiving triggers,

8 256 Parse = Parse complete - High indicates that the last

command has compieted parsing.

Note: The Ready bit (bit 4} of the Status Byte (Table 7-3) is set if all
of the ready conditions specified in the RQS mask are true.

7-15/(7-16 biank)
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SECTION 8
PROGRAMMING THE 54200A/D

8-1. INTRODUCTION

This section provides instructions to allow you to program the 54200A/D. The 54200A/D is a fully
HP-IB bus programmable instrument. Menu functions {(except protect status on memories),
remote-only functions, and front panel functions (except the line swiich and cursor movements)
are programmable through the HP-IB.

8-2. COMMAND STRUCTURE

The 54200A/D programming commands are divided into three types: system commands,
subsystemn selectors, and subsystem commands. A programming command iree is shown in
figure 8-1, and a programming command cross-reference is shown in table 8.1,

System commands control general oscilloscope functions and may be issued at any time. They do
not change the subsystem selection.

Subsystem selectors are commands that swiich from one subsysiem to another and are valid at
any time with one important exception: certain subsystem selector commands also look like
subsystem command parameters. For example the keywords CHANNEL, GRAPH, and TRIGGER
are used bolh as subsystemn selectors and as command parameters. Care must be taken to follow
the correct rules of syntax and punctuation to avoid creating errors or unwanted results in the
program.

The nine subsystems are:

Acquire

Channel

Display

Graph

Measure

State (542000 only)
Timebase

Trigger

Waveform

Subsystem commands are legal only when the subsystem has been previously selected and
control a particular portion of the oscilloscope, for exampie the timebase. Only one subsystem
may be selected at a time, and any command which is not a system command or a subsystem
selector is assumed to be a command for the selected subsystem.
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54200A/D

SYSTEM COMMANDS
)

I
ARGument

AliToscale
BEEPer
BNG
CALibrate
COPY
DERug
DiGHIze
o8y

EQI
ERASe
Eftfor
HEADer
HELP

D

KEY
LONGform
MENU
MSG
NODE
OPTions
PLOT
PRINt

REGall

RESet | AST
RESUNe
REVision
RUN

SAVE
SERial
SETup
STAtus
STOP

TEST | T8Y

*542000 Only

READy | RDY

REQuest | RQS

SUBSYSTEM SELECTO

RS WiTH COMMANDS

[

i i

ACQulre CHANnel<N> DiSPlay
COMPiete COUPHRg ACCumulate
COUNE ECL COLumn
FlLTer LABel FGRMat
POINts OFFSet GRATiocule
TYPE PROBe INVerse
RANGe LINE
SCALe BEFerence
STORe ROLL
TTL BOW
SCHeent
SHOW
STRing
TEXT
VAL ues

SOURce
EXPand
LOWer
MiDdie
NORMal
UNITs
Ubper
WINDow

MEASure

CURSor
DEFine
BELay
BUTycycle
FALE
EREQuency
REQDe
NWIDth
OVERshoot
PERiod
PREShoot
PTiMe
PYOLY
PWIDLh
RESULts
RISE
SCRATch
SENdvalid
S0URce
TPOint
TVOLY
VALid
VAMP
VBASe
VMIN
VMAX
YPQint
VPR

YRMS
VTihe
vTOP

| I I
STALe"

Tikebase TB1Gger
ALLocale ALIAStest COUPling
ASSkgnment  DELay ECL
BASE fSODE LABel
GLOGK RANGe LEVel
COUME REFerence  BMODe
DATA SCALe PROBe
DE{ ete RANGe
FIND SCALe
IMSert $L.0Pe
L ABel S0URce
MASTer 5F0Re
MODe TRAGK
ML Tiplex T¥L
OF
PATtern
BODO
eomMm
POO2
POLartty
AEFerensce
RESTart
SEQuence
SLAVe
TERMs

1
WAVelorm

COUNt
COUPling
DATA
FORMat
LABel
POINis
PREamble
SOURce
TYPE

VALid
XIMCrement
XORigin
XREFerence
¥iNGrement
YORigin
YREFerence

8-2

Figure 8-1. Programming Command Tree
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Tabie 8-1. Alphabetical Command Cross-Reference

COMMAND

WHERE USED

COMMAND

WHERE USED

COMMAND

WHERE USED

ACCumulate
ACQuire
AlLlAStest
Ab.Locate
ARGument
ASSignment
AlTescale

BASE
BEEPer
BNG

CALibrate
CHANRet
CLOCk
COLumn
GOMPlele
GOPY
COUNt
COUNt
COUNt
COUPling
COURPling
COUPling
CURSer

DATA
DATA
DEBug
DEFing
DELay
PELay
DELete
DiGitize
BISPlay
Dsp
DUTyeycte

ECE
ECL
ESH
ERASe
ERRor
EXPand

FALL
FilTer
FIND
FORMai
FORMa
FREQuency

GRAPH
GRATicule

HEADer
HELP

28]
NSert
NVerse

KEY

Display subsystem
Subsystem selector
Timebase subsystem
State subsystem
Systers command
State subsystem
System command

State subsystem
System command
System command

System commend
Subsystem selector
State subsystam
Display subsystem
Acquire subsystem
System command
Btate subsystem
Acquire subsystem
Waveform subsystem
Channel subsystem
Trigger subsystem
Waveform subsystem
Weasure subsystem

State subsystem
Waveform subsystem
System command
Measure subsystem
Measure subsystem
Timebassa subsystem
State subsystem
System command
Subsystem selector
System command
Measure subsystem

Channel subsystem
Trigger subsystem
System command
System command
System command
Graph subsystem

Measure subsystem
Acquire subsystem
State subsystern
Display subsystem
Waveform subsystem
Measure sUbsystem

Subsystem selector
Display subsystem

System command
System command

System commanct
State subsystam

Display subsystem

System command

LABel
LABe!
LABel
LARe!
LEVel
LiIKE
LONGorm
1.0Wer

RMASTFer
BAEASure
BEE ML)
MiDdle
MOBE
MODE
MODE
MODE
MSG
MULTiplex

NODE
NORMal
NWIDth

oF

OFFSet
OFtions
OVERshoot

PATiern
PERiod
PLOT
PODO
FOD1
POD2
POINis
POINis
POLarity
PREamble
PHEShoat
PRINT
PAOBe
PROBe
PTiMe
PYOLt
PwWiDih

RANGe
RANGe
RANGe
READy | RDY
RECal
REFerence
REFerence
AEFerence
REQuest | RQS
RESTart
RESULIs
RESUMe
RESet | RST
REVisien
RISE

ROLL

ROW

AUN

Channel subsystem
State subsystem
Trigger subsystem
Waveforim subsystem
Trigger subsystem
Display subeystem
System command
Graph subsystem

State subsystem
Subsystam selector
System command
Graph subsystem
Timebase subgystem
Measure subsystem
State subsystem
Trigger subsystem
System comimand
State subsystem

System commnand
Graph subsystam
Ieasure subsystem

State subsystem
Channel subsystem
System command
Measure subsystem

State subsystem
Measure subsystem
System command
State subsystem
State subsystem
State subsystern
Acquire subsystem
Waveform subsystem
State subsystem
Wavetorm subsystem
Measure subsystem
System command
Channel subsystem
Trigger subsystem
Measure subsysiem
Maasure subsystem
Measure subsystem

Channel subsystem
Timebase subsystem
Trigger subsystem
System command
System command
Display subsystem
Btate subsystem
Timebase subsysten
System commang
State subsystem
Measure subsystem
System command
System command
System command
Measure subsystiem
Cisplay subsystem
{splay subsystem
System command

SAVE
SCALe
SCALe
SCALe
SCRATch
SCHeen
SENdvalid
SEQuence
SERal
SETup
SHOW
SLAVe
SLOPe
SOURce
S0URce
S0URce
S0OURce
STATe
STAtus
STOR
STORe
STORe
$TRing

TERMs
TEST § TST
TEXT
Tidebase
TPOint
TRACK
TRIGger
TTL

TTL
TVOLL
FTYPE
TYPE

UNITs
UPPer

VALid
VALid
VALues
VAP
VEASe
YMAX
VIVIN
VPOint
ypp
VAMS
VTiMe
VTOPp

WAVelorm
WiNGow

XINGrement
XOREgin
XHEFerence

YHMCrement
YORigin
YREFerence

System cominand
Channal subsystem
Timebase subsystem
Trigger subsystem
Measure subsystem
Digplay subsystem
Measure subsystem
State subsystem
System command
System commmand
Display subsystem
State subsystem
Trigger subsystem
Graph subsystem
Measure subsystem
Trigger subsystem
Wavetorm subsystam
Subsystem Selector
System command
System command
Channsl subsystem
Trigger subsystem
Disptay subsystem

State subsystem
System command
Digplay subsystem
Subsystem selector
Measura subsystem
Trigger subsystem
Subsystem salector
Channel subsystem
Trigger subsystem
Measure subsystem
Acquire subsystem
Wavetorm subsystem

Graph subsystem
Graph subsystem

Measure subsystem
Wavetorm subsystem
Display subsystem
Measure subeystem
Measure subsystem
Measure subsystem
fvieasure subsystem
Measure subsystem
Measure subgystemn
Measure subsystem
Maasure subsystem
Measure subsystem

Subsystem selector
Graph subsystem

Waveform subsystem
Waveform subsystem
Wavaform subsystem

Waveform subsystem
Waveform subsystem
Waveform subsystem

www.valuetronics.com
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§-3. COMMAND ABBREVIATIONS

Every command and every alpha parameter has at least two forms, a short form and a long form,
although in some cases these are identical. The longform throughout this manuai is shown with
leading upper case letters and trailing lower case letters. The shortform is only the upper case
letters. The short form is abtained by truncating the longform using the following rule:

If the longform has more than 4 characters,
then if the 4th character is a vowel or the same as the 3rd character,
then truncate to 3 characters,
glse truncate {o 4 characters.

Example - LONGFORM abbreviales to LONG and is shown as LONGform
REFERENCE abbreviates to REF and is shown as REFerence
STATE abbreviates to STAT and is shown as STATe

In the case where two or more short forms would be identical, all but one is changed slightly to
differentiate between the commands. For example RESET is abbrevialed to RES, RESUME is
abbreviated to RESUM, and RESTART is abbreviated to REST. In the command descriptions that
follow, each command is given in both long and short forms.

Some commands also have industry standard forms, such as RQS for REQUEST and RDY for
READY. These are also valid forms in the 54200A/D instruction set.

The commands may be executed using either long or short form. When a query is executed and
the HEADer command is set ON, the answer returned to the controller will be returned in the long
form format if the LONGform command has been set ON and will be returned in short form format
if the LONGform command has been set OFF. If the HEADer command is set OFF, neither long
nor short form format will be returned to the controlier.

8-4, ALPHA AND NUMERIC ARGUMENTS

Most of the programming commands that require parameters can use either alpha or numeric
arguments as their parameters. For these commands, the syntax of the command gives the
relationship between the numeric and alpha arguments.

For example if the syntax of a command is:

SCReen {{ OFF | 0 ]
[ON | 1]}
executing SCREEN OFF is the same as SCREEN 0 and

executing SCREEN ON is the same as SCREEN 1

The commands may be executed using either aipha or numeric arguments. When a query is
executed, the answer returned to the controller will be returned in alpha format if the ARGument
command has been set to ALPHa and will be returned in numeric format if the ARGument
command has been set to NUMeric.

8-4
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8-5. NOTATION CONVENTIONS AND DEFINITIONS
The following conventions are used in this manual in descriptions of remote (HP-IB) operation:
< > Angular brackets enclose descriptive words or characters that are used to symbolize
a program code parameter or an HP-IB command. For example, <A> represents the

ASCIH character ‘A’.

i "is defined as". For example, <A> = <B> indicates that <A> can be replaced by <B>
in any statement containing <A>.

{} When several items are enclosed by braces, one, and only one of these eiements
must be selected.

"or": Indicates a choice of exactly one element from a list. For example, <A>|<B>
indicates <A> or <B> but not both.

An ellipsis (trailing dots) is used to indicate that the preceding element may be
repeated one or more times.

[1 Square brackets indicale that the enclosed items are optional parameters.,
IXIN  An exclamation mark used in this form indicates a parameter may be repeated from

X times up to N times.

The folowing definitions are used:

d = A single ASCIl numeric character, 0-9
n = A single ASCIli non-zero, numeric character, 1-9
<LF> = ASCIl linefeed {decimal 10)

<CR> 1= ASCH carriage return {(decimal 13)

<SP> 1= ASCII space (decimal 32)

8-6. SYNTAX DIAGRAMS

At the beginning of the system command section and each subsystem command section are
syntax diagrams showing the proper syntax for each command. All characters contained in a
circle or oblong are literals, and must be entered exactly as shown. Words and phrases contained
in rectangles are names of items used with the command and are described in the accompanying
text of each command. The syntax diagrams show only the alpha argument for each command.
Refer to the command text for numeric arguments. Each line can only be entered from one
direction as indicated by the arrow on the entry line. Any combination of commands and
arguments that can be generated by following the lines in the proper direction is syntactically
correct. An argument is optional if there is a path around it. Alpha arguments must be separated
with a space; numeric arguments and queries (?) do not require a space.

8.5
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8-7. PROGRAMMING AIDS

The system DEBug command helps those who are unfamiliar with the command syntax to find
programming errors. When DEBug ON is issued, each command is shown on the 54200A/D
display as the command is received over the HP-1B. The commands are defined as either inputs
or outputs and appear within the < > symbols with imbedded carriage returns (CR) and line feeds
(LF). The form in which commands are displayed on the 54200A/D is dependent on the current
status of the system LONGform, HEADer, and ARGument commands. Spelling and syntax errors
can be quickly focated and corrected by stepping through a program. if an error occurs, the error
is highlighted with an inverse video cursor on the 54200A/D display. An error message is then
displayed, followed by message text, on the status line of the 54200A/D.

The system HELP? command returns the entire command set of the 54200A/D organized by
subsystern. Refer to the System Command portion of this section for detailed information on this
aid.

8-8. PROGRAMMING EXAMPLES

All programming examples used in this section are given in HP Series 200 Deskiop Computer
enhanced BASIC programming language. For all examples, the 54200A/D inferface select/address
code is set to 707.

The following diagram shows how the commands are sent {o the 54200A/D:

Interface Command

Select Code Header
CUTPUT 7 Q7; "AUTOSCALE FULL"
Controller 54200A/D Command
Output HP-1IB Address Argument
Statement

8-9. DATA QUTPUT (QUERY) FORMAT TO CONTROLLER

If a query command (command followed by "?") is sent to the 54200A/D, a response message is
generated and sent back to the controller the next time the 54200A/D is addressed to talk.

The command header will be returned if MEADer command has been set ON and will not be
returned if set OFF.

The command argument will be returned as an alpha argument if ARGument command has been
set to ALPha and will be returned as a numeric argument if set to NUMeric.

Headers and alpha arguments will be refurned in the longform if LONGform command has been
set ON and will be returned in the shoriform if set OFF.
8-6

www.valuetronics.com



Model 54200A/D - Programming

8-10. INPUT DATA FORMAT FROM CONTROLLER

Input Data messages contain a string of device dependent commands {program commands) and
an End-of-String (EOS) message. The program codes within a Data message are executed after
the EOS message is received. The foliowing format rules must be cobserved for all input Data
messages:

¢ A lineteed (<LF>} or an EOl are used as the End-of-String (EOS) message. message.
Each Data message must be terminated by a <L.F> or by asserting the EOI bus signal line
with the last byte in the message.

® The carriage return character {<CR>} is not required before <LF>, Preceding <LF>, <CR>
is treated as "no operation" and may be repeated as many times as permitted by the
maximum string tength limitation.

* When several program commands are sent in a Data message, a semicolon (preferred), or
space must be used to separate each program command from each other.

» Multiple arguments for a command must be separated by commas.

e The maximum length of a Data message is 256 characters (including: semicolons,
commas, <SP>, <CR>, and <LF>}, except those messages that contain binary data blocks.
Binary data blocks must begin within the first 256 bytes of the data message.

8-11. Program Order Considerations

Commands are interpreted and setups are changed in the 54200A/D as they are received and
found to be syntactically correct. Commands preceding an error in multi-command messages are
executed up to the point where the error is detected. This provides consistent operation whether
command are sent one per message or several per message.

8-12. Program Command Format

Program commands consist of a header followed by a parameter field. Headers may be of a Long
or Short (abbreviated) form. This allows the programmer to use full words or abbreviations for
program commands. Command arguments can be words, or numbers in most cases. This allows
one programmer 1o generate readable code, and allows another pragrammer to generate code that
is more efficient in the use of space in his computer,

8-7
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Program Code Parameters may be of four types:

Strings - Any collection of ASCIil characters excluding quotation marks (decimal 34)
surrounded by quotation marks,

Blocks - A block of data in formats as defined by IEEE Std 728-1982.

#A - This format is a binary block with the format <#><A><length
word><DAB...DAB>. The length word is a 16 bit binary integer represeniing the
number of DABs. DABs are the data bytes themselves. <#> and <A> are ASCI
bytes.

#Y ~ This format is an ASCI representation of a binary number with the format:
<#><Y><DAB.,.DAB>. All bytes are ASCIL.

#O - This format is an ASCII representation of an octal number with the format:
<#><0><DAB...DAB>. All bytes are ASCIL.

#H - This formatl is an ASCIl representation of a hexadecimal number with the
format: <#><H><DAB...DAB>. Al bytes are ASCII.

Numeric -  Any integer (NR1 format), decimal (NRZ format), or exponential value {NR3
format). The character <E> or <e> may be used to delimit the mantissa of
exponential parameters. Spaces are not allowed between the <+>, <>, <E>,
<>, or between digits. Refer to figure 8-2 for syntax diagrams of NR1, NR2,
and NR3 numeric representations.

Alpha - Some commands require or allow alpha arguments such as "ON" or "OFF",
These arguments are ASCH sfrings that start with an alpha character and are
foliowed by printable character except a <SP>, <>, <>, <#>, <">, Or < >,

8-13. General Program Command Format Rules
_The general rules of program command format are:
® The 54200A/D sends and receives Data messages in standard 7-bit ASCI code.

¢ The instrument responds equally to upper and lower ¢ase characters.

® The instrument responds equally to longform and shortform command headers and alpha
arguments,

¢ The instrument responds equally to alpha and numeric arguments.

¢ Parameter fields containing multiple parameters require a comma () 1o dslimit individual
parameters.

» Alpha enumerated arguments must be separated from the command header with a space;
numeric enumerated arguments and queries (7) do not require a space.

Errors in Data messages syntax are trapped and can be reported via the HP-1B. For details about
detecting and reporting format errors refer to the system "STAtus?” and "ERRor?" programming
commands.

8-8
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Integer Format NH1

DIGEIT

Decimal Format NR2

@ o L)
Sl Uy PN )

Exponential Format NR3

85420811

Figure 8-2. Numeric Formats NR1, NR2, and NR3 used in Command Arguments

8-9/(8-10 blank)
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SYSTEM COMMANDS

System commands provide general utility functions useful in many subsystems, or special
functions which are simple to specify. Note the hierarchical structure of the system and
subsystern commands that was shown in Programming Command Tree, Figure 8-1.

SUBSYSTEM SELECTORS

The nine subsystem selectors are commands which allow access to subsystem functions. Ali have
a query form which provides a means to interrogate all settings in that subsystem. Subsystem
selectors are:

SYSTEM COMMANDS:

ACQuire
CHANNne1<N>
BIsPlay
GRAPh<MN>
MEASure
STATe
TIMebase
TRIGger
WAVeform

These commands are detailed in the corresponding subsystem.

ARGument MSG
AlUToscale NODE

BEEPer GPTions

BNC PLOT
CALibrate PRINT

COPY RERDyY | RDY
DEBug RECall
Digitize REQuest | RQS
nsp RESet | RST
E01 RESUMe
ERASe REVision
ERRor RUN

HEADer SAVE

HELP SERial

1D SETup

KEY STAtus
LONGTform 5T0P

MENL TEST | TST

www.valuetronics.com
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SYSTEM COMMANDS

—Cﬁ——{ ACQUIRE SUBSYSTEM COMMANDS

.

1
H
A CHANNEL SUBSYSTEM COMMANDS |
“—{ DISPLAY SUBSYSTEM COMMANDS }
" GRAPH SUBSYSTEM COMMANDS |
M MEASURE SUBSYSTEM COMMANDS |
M STATE SUBSYSTEM COMMANDS |
N TIMEBASE SUBSYSTLM COMMANDS |
~—{ TRIGGER SUBSYSTEM COMMANDS |
N—{ WAVEFORM SUBSYSTEM COMMANDS |
< ALPHa
(20
FULL
R @D
\m%mwiuii'pMMwa
\W@w/
> (tw
:
\-«-@-WJ 85420010
System Command Syntax Diagram
8-12
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SYSTEM COMMANDS

CALibrate

i

D
o CO—(D O]
-‘-"d
]

~— DEBug ) (o) /
{(oFF
D 4

N CHANme | D'
\ — 7 ==

{2
N E LS
——(DSP) ~—{"STRING” }— -

. {07 ¥

N {.ON )
i
“ p— A

—{ ERASe } 1

85428010

System Command Syntax Diagram (Cont)
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SYSTEM COMMANDS

M vENU MENU # } =

—(_NoDE ) 1 - J

(PO .

—CFEN 1
READyZ)

REQuast ] SRU ENABLE GODE} f : 4

Pl
RQs { 7 ;

RESet

RST

—{ RESums }
—{REVision?}

k. RO
{_RUN }

~—{ SERial "STRING” |
J

- BETup )—TDATA BLOCK}—~

~—{ STATus? } 1
(" sTOP ) o

TEST
T8T

b

LS. SOV, S

o

25420012

System Command Syntax Diagram (Cont)
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SYSTEM COMMANDS

ARGument

Command sets output mode (instrument response to a query) for commands that have both alpha
and numerical arguments. If set to alpha, the arguments are returned in alpha format and follow
the same abbreviation rules as commands. If set o numeric, the arguments are returned in
numerical format. This does not affect input data messages to the 54200A/D -- argumenis may be
input in elther alpha or numerical form regardiess of how the ARGument command is set. Query
returns current argument mode.

Command Syntax: ARGument {[ALPha | 1]
[NUMeric | 0 1

Example: OUTPUT 707;"ARGUMENT NUMERIC"

Query Syntax: ARGument ?
Returned Format : [ARGument]<argument><crilf>
Example: OUTPUT 707;"ARGUMENT?"

ENTER 707;Argument$
PRINT Argument$

AUToscale

Command which performs autoscale per CHANnel, TiMebase, and TRIiGger subsystem
specifications if SELECTIVE is specified. If FULL is specified or no argument is specified, a full
autoscale (period and all inputs) is performed. Autoscale rearranges graph sources such that
signals found (chant or chan2) are presented on the first graphs {1, and 2 if two inputs have
signals). Any sources not autoscaled or autoscaled with no input signals are displayed on
subsequent graphs. The remaining graphs are turned off uniess they contain memory waveforms.
Active sources are displayed in normal mode (i.e., not expanded) and will be displayed on no more
than one graph after autoscale.

Command Syntax: AUToscale [ FULL | 0 ]
[ SELective | 1 ]

Example: OUTPUT 707;"AUTOSCALE SELECTIVE"
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SYSTEM COMMANDS

BEEPer

Commands sets beeper mode. If no argument is passed, a beep is sounded and the beeper is
turned on. Query returns the current beeper mode.

Command Syntax: BEEPer [ OFF | O ]
[ ov [ 1 ]

Example: OUTPUT 707;"BEEP OFF"

Juery Syntax: BEEPer 7?7
Returned Format : [BEEPer]<argument><crif>
Example: OUTPUT 707;"BEEPER 2"

ENTER 707;Beep$
PRINT Beep$

BNC

Command sets the output mode of the rear-panel BNC. Query returns the current mode of
rear-panel BNC.

Command Syntax: BNC {[ LOW |
[ HIGH l
[ PROBe |
[ TRIGger |
[ FRAMe |
{ COUNt |
[ PULSE_SEQ |
[ HIGH.SEQ |
[ |

CLOCK

(34200D only)
(54200D only)
} (542000 only)

O~ U WM — O

Example: OUTPUT 707;"BNC PROBE"

Guery Syntax: BNC 7
Returned Format: [BNC ]<argument><crif>
Example: OQUTPUT 707;"BNC ?"

ENTER 707;Bnc$
PRINT Bnc$

8-16
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SYSTEM COMMANDS

CAlibrate

If GAIN or DEl.ay is specified, 542000/D performs a self cal,

If LABel is specified, 54200A/D

accepts a quoted siring up to 64 characters in length that may be used to indicate when the cal
was performed, when the next cal should be done, etc. The rear-panel cal switch must be set the
unprotected position for all of these, otherwise an error is generated.

Note

GAIN requires all front panel inputs to 54200A/D be disconnected before
being executed or an erroneous cal wilt be performed. DElLay reguires
rear-panel BNC be connected fo INPUT 1 or an erroneous cal will be

performed.

Command Syntax:

Example:

Query Syntax:

CALibrate {[

CALibrate [ LABel

GATN | 0 ]
[ DELay | 1
[ LABel <string> |

17

2 <string> 1}

OUTPUT 707;"CAL LABEL ""CAL PERFORMED XX/XX/XX"""

If the LABel argument is specified, 54200A/D returns the current cal label:

Returned Format :

Example:

[CALibrate ]< 64 character quoied string><crlf>

DIM Cal$[80]

QUTPUT 707;"CALIBRATE LAB ?"
ENTER 707;Cal$
PRINT Cal$

f no argument is sent, then 54200A/D outputs calibration data:

Returned Format :

[CALibrate ]
<NRI>, 117 1<NR1><crlf>
<NRI>,!171<NR1><crlf>
<NRI>, !171<NR1><crlf>
<NR1>, 1171<NRI><crif>
<NR1>, 1171<NRI><crlf>
<NR1>, 1111<NRI><crlf>
<NR1>, 111I<NRI><crlf>
<NR1>, 1051<NRI><crlf>
<NR1>, 1051<NR1><crlf>
<NR1>,1051<NRI><crlf>
<NRI><crl1f>
<NR1><crif>
<NR1><crif>
<NR3><¢rif>
<NR1><cri1f>
<NR1><crif>

www.valuetronics.com

{Chan 1 gain)
{Chan 2 gain)
(Trig 1 gain)
(Trig 2 gain)
{Trig Ext gain)
{Chan 1 offset)
{Chan 2 offset)
{Trig 1 offset)
{Trig 2 offset)
{Trig Ext offset)
{| offset)

{| max)
(tspunous)
(Delay cal)
(Trig 1 adjust)
(Trig 2 adjust)
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SYSTEM COMMANDS

CALibrate (cont)

Example: OUTPUT 707;"HEADER ON;LONGFORM ON"
DIM Cal$[800]
QUTPUT 707;"CAL 2"
ENTER 707 USING "-K";Cal$
PRINT USING "K";Cal$

A sample of the print output of this program sequence would look like:

CHLIEBRATE

@B, 99, 51, 47, 5E, 19 , 19@, 97, 58, 198, 7@, 2

289, 1@z, 52 gz, Sz, Sz, Zog, 183, =&, o8%, 73,

z 11%, &8 117, &3, £E, 231, 117, £3, Z2%, &7,
e 119, 8% 119, &4, = £5, =229, 113, £4, 2 a8,

&35, 119, &% 1iv, B4, & £5, ZI@, 1iF, &4, Zi&, a7,

255, 548, 2% 255, 24 258, Z1&

1, 1B%, 1, 5 Ve 98, 23

@, 14, @, 13

g, 13, &, 19

255, £54, 25 @, 14

33

TS

&

Z2H, EBE~a2

Iy}

[

8-18
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SYSTEM COMMANDS

COPY

Command which copies data from first graph specified to second graph specified.

Command Syntax: COPY <copy specification>
<copy specification>::= [GRAPh]<graph #>, [GRAPh]<graph #>
<graph #> ::= {1 | 2 ]3] 4}

Example: OQUTPUT 707;"COPY GRAPH 1,GRAPH 2"

DEBug

The systern DEBug command helps those who are unfamiliar with the command syntax to find
programming errors. When DEBug ON is issued, each command is shown on the 54200A/D
display as the command is received over the HP-IB. The commands are defined as either inputs
or outputs and appear within the < > symbols with imbedded carriage returns (CR) and line feeds
(LF). The form in which commands are displayed on the 54200A/D is dependent on the current
status of the system LONGform, HEADer, and ARGument commands. Spelling and syntax errors
can be quickly located and corrected by stepping through a program. If an error occurs, the error
is highlighted with an inverse video cursor on the 54200A/D display. An error message is then
displayed, followed by message text, on the status line of the 54200A/D.

Query returns the current debug mode.

Command Syntax: DEBug {[ ON | 1 ]
[ OFF | 0 13

Example: QUTPUT 707;"DEB ON"

Query Syntax: DEBug ?
Returned Format : [DEBug]<argument><crlf>
Example: OUTPUT 707;"DEBUG?"

ENTER 707 ;Debug$
PRINT Debugs$
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DiGitize

Upon receipt of the DIGitize command, all graphs are turned off and acquisition is stopped.
DIGitize automatically assigns channels to their default graphs for convenience of measurements
foliowing acquisition. The DIGitize command then causes 54200A/D fo start running, as if the
RUN command had been sent.

When each requested source completes its acquisition, it is "turned off" (no longer acquired).

When all are acquired, acquisition is stopped as though the STOP command had been issued and
the message "Acquisition Complete” is displayed in the status line.

Note

This command does not have a finife number of arguments, therefore the

#w

{ast argument cannot be punctuated with a*)".

If no argument is included with DiGitize, then the current graph sources determine what is
acquired. If no active sources are assigned o any graphs, the default is made as follows:

e If one graph is displayed, channel 1 is assigned to graph 1.

» if two graphs are displayed, channel 1 is assigned to graph 1 and channel 2 is assigned to
graph 2. '

if four graphs are displayed, channel 1 is assigned to graph 1, channel 2 is assigned to
graph 2, and trigger view is assigned to graph 3.

All other graphs are set to off.

@

@

Command Syntax : DIGitize [<acquire spec>[,<acquire spec>]!0IN! ]

<acquire spec> ::= {[ TRIGger | 0 ]
[ CHANnell 1§ 1
[ CHANnel2 | 2 1}

Example: OQUTPUT 707;"DIGITIZE TRIGGER,CHANNELI1"
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DSP
Command places string up to 32 characters long in the message area of the 54200A/D display.
Priority is higher than normal advisories, lower than errors. The null string (") clears the DSP
message. Query returns advisory string currently in status line.
command Syntax: DSP <quoted string>

Example : OUTPUT 707;"DSP ""Set offset, then press CONTINUE""®
Query Syntax: DSP 7

Returned Format: [DSP]<string><crilf>

Exampie: DIM Dsp$[40]

OQUTPUT 707;"DSP?"

ENTER 707;Display$
PRINT Dsp$

ECI

Command sets EQ! mode for data outputs. If on, then EQI is asserted with the last data byte sent.
Command does not affect response to EO! on input data messages. Query returns the current
status of EOL

Command Syntax: EOI {{ON | 1 ]
[ OFF | 0 1}

Example: OUTPUT 707;"EOT OFF"

Query Syntax: EOI ?
Returned Format : [EOI]<argument><crif>
Example: OUTPUT 707;"EOTI?"

ENTER 707;E0i$
PRINT Eoi$

ERASe
Command erases specifed graph. If the graph contains a memory waveform, the graph is turned
off. If the graph contains an active source (channel or trigger) then the waveform display is erased
and the acquisition count for that waveform is set to "0" (no data acquired yet).
Command Syntax: ERASe [GRAPh] {1 ] 2 {3 | 4}

Example: OUTPUT 707;"ERASE GRAPH 1"
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ERRor

Query which responds with the error code for the first error condition since ERRor?, device clear,
RES8et, instrument power-on, or RQS«<mask spec>. if STRing is specified, a quoted string up o 32
characters long is returned. If NUMber is specified or no argument is sent, only the error number
is returned. All errors will halt parsing. Refer {o system MSG query for other types of messages.

Query Syntax: ERRor [ NUMber | 0 ]
[ STRing | 1 172

Returned Format : [ERRor]{<NR1><crlf> | <string><crlf>]
Example: OUTPUT 707;"ERROR STRING ?"

ENTER 707;String$

PRINT String$

Device Dependent Error Messages (Primarily from local operation):

ERROR NO. ERROR STRING

3 Register Write Protected
4 Not Allowed In This Menu
5 Graphics Must Be On

8 Use [NEXT] [PREV] Keys

9 Numeric Entry Regquired

10 Use Hex Keys

11 Use Alphanumeric Keys

13 Requires Correction First

15 DON’T CARE Not Allowed

16 Use 0 or 1

17 Use O, I, or DON’T CARE

18 Use 0 thru 7

19 Use O thru 7 or DON'T CARE

20 Use 0 thru 3

21 Use 0 thru 3 or DON’T CARE

22 Value is Too lLarge

23 CHS Not Allowed

24 Use CHS Key

25 VYalue Not Allowed

30 Maximum INSERT’s Used

31 Use O thru 9

39 Turn Lines Off First

40 Disable Accumulate First

43 Must Be in Talk Only

49 Value Out of Range

54 FAILED Test <N> / FAILED Cal <N>

58 No Hardcopy Device

70 Cal RAM Write Protected

89 Local Lockout In Effect

90 Key Not Allowed in Remote
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ERRor (cont)

Standardized HP-IB Error Messages:

ERROR NO. ERROR STRING
-100 In Controller Command
-110 Invalid Header
-119 Command Header Expected
-120 In Numeric Argument
-121 Numeric Data Expected
-123 Numeric Overflow
-125 Invalid Representation
-129 Missing Argument
-130 In Non-numeric Argument
-131 Character Data Expected
-132 String Data Expected
-133 Block Data Expected
~134 String Too Long
-135 Block Length
-136 Block Checksum
-137 Invalid Argument
-139 Missing Argument
~142 Too Many Arguments
-143 Missing Argument Delimiter
-150 Query Expected
-151 Query Not Permitted
-200 Execution Not Possible
-211 Settings Conflict
-212 Number Out of Range
-231 Input Buffer Overflow
-233 Qutput Buffer Empty
-300 Hardware Failure
-302 System Fault
-311 RAM Failure
-312 RAM Data Loss
-313 CAL Factor Loss
~321 ROM Checksum
-322 Firmware Incompatible
-330 Power-up Failed
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HEADer

Command sets command header echo mode for query responses; query responses will only return
the command header when HEADer is set ON. Query form of this command returns the current
echo mode.

Command Syntax: HEADer {[ ON | 1 ]
FOFF | 0 1}

Example: OUTPUT 707;"HEADER ON"

Query Syntax: HEADer ?
Returned Format : [HEADer]<argument><crlf>
Example: OUTPUT 707;"HEADER 2"

ENTER 707 ;Headers$
PRINT Header$

HELP

Query which returns all commands in tabular form organized by subsystem. The command
arguments are not output. "7" optional for this query.

Query Syntax: HELP {?]
Returned Format: [HELP]<string with imbedded <crlf’s> >

Example: OUTPUT 707;"EOI ON"
DIM Help${2000]
QUTPUT 707; "HELP?"
ENTER 707 USING "-K"; Help$
PRINT USING "K"; Help$

iD
Query which returns modei identification string, HP54200A or HP54200D.
Query Syntax: ID ?

Returned Format: [ID ]"HP54200A"<crlf> or
[ID 1"HP54200D"<crlf>

Example: OQUTPUT 707:;"1ID 2"
ENTER 707;1d$
PRINT 1d$
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KEY

Query which returns the code of the first key pressed in the key buffer. A key queue of length 10
is held. if more than 10 keys have been pressed, the most recent key is the last in the buffer.

Query Syntax: KEY ?
Returned Format: [KEYl<key code><crlf>

Example: OQUTPUT 707;"KEY?"
ENTER 707;Key$

PRINT Key$
CODE KEY CODE KEY CODE KEY
1 NEXT[ I/FINE 34 CHS 67 B
2 PREV] [/FINE 36 Mot assigned 68 o}
3 <= FIELD 35 Not assigned 8% ¥
4 —= FIELD 37 sec/Voit 0 E
5 } FELD as msec/mV 71 F
6 { FIELD 39 usec 72 G
7 <+— CURSCR 44 nsec 73 H
8 — CURSCR 41 Not assigned 74 !
9 4 cumsoRr 42 Not assigned 75 J
10 } CURSOR 43 . 78 K
11 SYSTEM MENU 44 BAVE 77 L
12 STATUS MENU 45 RECALL 78 M
13 DISPLAY MENU 46 COPY 79 N
14 TRIG MENU 47 ERASE 8¢ o
15 CHAN MENU 48 Not assigned 81 P
16 TIME MENU 49 0 82 Q
17 RUN/STOP 50 H 83 R
18 RESUME 51 2 84 S
19 AUTO S8CALE 52 3 85 T
20 ECL 53 4 86 U
21 HARDCOPY 54 5 87 v
22 TTL 55 <] 88 W
23 CLEAR ENTRY 56 7 89 X
24 INSERT 57 8 90 Y
25 DELETE 58 9 91 Z
28 LOCAL 59 Not assigned 92 RISE MEASUREMENT
27 CURSOR VALUES 80 <“—EDGE 93 FALL MEASUREMENT
28 ODON'T CARE 61 EDGE w-t 94 DUTY MEASUREMENT
29 CURSOR X 62 FREQ MEASUREMENT 95 DELAY MEASUREMENT
30 CURSOR O 63 PERIOD MEASUREMENT a6 Vampt MEASUREMENT
31 CURSGH X&0 64 +WIDTH MEASUREMENT g7 Vmax MEASUREMENT
32 CURSOR NORM 65 -WIDTH MEASUREMENT 98 Vmin MEASUREMENT
a3 CURSOR EXPAND 66 A 88 Vrms MEASUREMENT
100 BLUE SHIFT KEY
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LONGform

Command sets longform mode for instrument responses to queries. If OFF then command
headers and alpha arguments are sent from 54200A/D in the abbreviated form, else the whole
word is output. This does not affect input data messages to the 54200A/D -- headers and
arguments may be input to the 54200A/D in either long or short form regardiess of how the
LONGform command is set. Query returns the LONGform status,

Command Syntax: LONGform {{ ON | 1 ]
[OFF | 0 I}

Example: QUTPUT 707;"LONG 1"

Query Syntax: LONGform 7
Returned Format : [LONGform]<argument><cyif>

Example: OUTPUT 707;"LONGFORM?"
ENTER 707;Long$
PRINT Long$

MENU

Command displays the desired menu. Menus 41 and 42 are available for the 54200D only. The
54200A treats 41 or 42 as parameter errors. Query returns the current menu selected.

Command Syntax: MENU {[ 0 ] (None/measurement answers)
[ 10 ] (Systemn Peripherals)
[ 11 ] (System Calibration)
[ 12 ] (System Self Tests)
[ 20 ] (Status Configuration)
[ 21 ] (Status Measurements)
[ 22 ] (Status Memory)
[ 30 ] (Display)
[ 40 ] (Trigger Analog)
[ 41 ] (Trigger State Assignment)
[ 42 ] (Trigger State Sequence)
[ 50} (Channe! 1)
[ 51 ] (Channel 2)
[ 60 ] (Timebase)
[ 70 1}  (Text-see Display subsystem TEXT command)

Example: OUTPUT 707;"MENU 40"

Query Syntax: MENU ?
Returned Format: [MENU J<NRI><crlf>

Example: OUTPUT 707;"MENU 2"
ENTER 707;Menu$
PRINT Menu$
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MSG

GQuery which responds with the message code for the first advisory since MSG query, device clear,
RESet, instrument power-on, or RQS<mask spec>. If STRing is specified, a quoted string up to 32
characters long is returned. [f NUMber is specified or no argument is sent, only the message
number is returned. Text, Status, Warning, and Wait messages but not ERRor messages are
returned. Refer to system ERRor query for error messages. The MSG query clears the advisory
bit in the status byte (if set and no SRQ is pending).

Query Syntax: MSG [ NUMber | 0 ]
[ STRing | 1 17

Returned Format : [MSG][<NRI><crl1f> | <string><crlf> ]
Example: OUTPUT 707;"MSG NUMBER?"

ENTER 707;Message

PRINT Message

Device Dependent Message Codes:

MSG NO. MESSAGE STRING
1 Power-Up Complete
6 Expansion Limit Reached
7 No Waveform Exists
12 Press STOP Key First
14 End of Waveform
26 INSERT to Add Sequence Term
27 INSERT to Add OR’d Pattern
28 INSERT to Add New Label
29 One "*" Required For Each Label
32 Fach Label Must Have a Name
33 A11 Names Must Be Unique
34 At Least 1 Clock Edge Required
35 Delay Rounded
36 Enter 55 to 99 %
37 Enter 1 to 45 %
38 DELETE to Remove Field
41 INSERT to Add AND’d Pattern
42 Only One Label Allowed
44 Signal Aliased
45 Command Ignored
46 Coupied Function Changed
47 Offset/Trig Will Change
48 INSERT-Proceed Else CLEAR ENTRY
50 Enter Cal 0 thru 9
51 Enter Test 0 thru 2
52 No Edge Found
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MSG (cont)

MSG NO. MESSAGE STRING
55 Hardcopy in Progress
56 Acquired Frame <N> (See Note)
57 Hardcopy Device Down
59 No Ext Trig Auto
60 Hardcopy Aborted
61 < Not defined >
62 < Not defined >
63 Waiting to Send Data
64 Waiting to Receive Data
65 < Not defined >
66 Executing Autoscale
67 Exceeds Graph Scale
68 Enter Address © thru 30
69 Default Complete
71 < Not defined >
72 Armed by State Trigger
73 Trigger On State Only
74 Enter Graph 1 thru 4
75 Enter Memory 0 thru 3
76 Auto Scale Disabled
77 0ffset/Trig Rounded
78 Threshold Limited
79 Enter Value and Units
80 Signal Not Found
81 < Not defined >
82 Acquisition Stopped
83 Acquisition Complete
84 No Trigger Found
85 Waiting for Trigger
87 SHIFT Selects Alphabet
88 < Not defined >

Note

Frame number returned may not agree with count
dispiayed when message was generated.

Standardized HP-IB Warning Messages:

MSG NO. MESSAGE STRING
-122 Number Rounded
-230 Transmission Aborted
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NODE

Command that resets 54200A/D parser fo SYSiem node. If query, 54200A/D returns currently
selected node (system or subsystem).

Command Syntax: NODE
Example: OUTPUT 707;"NODE"

Query Syntax: HNODE ?

Returned format: [NODEJ{[ SYStem |

[ CHANnel |
TRIGger |
TIMebase |
DISPlay |
GRAPh |
ACQuire |
WAVeform |
MEASure |
STATe |

Ll Tena T Ve T Ve P
WO~ BWMN O

i<erlf>

Example: OUTPUT 707;"NODE 2"
ENTER 707;Node$
PRINT Node$

OPTions
Query which returns what options are installed in 54200A/D. There currently are no options.
Query Syntax: OPTions 7

Returned Format : [OPTions J{NONE | 0 }<crif>

Example: OUTPUT 707;"OPTIONS?"

ENTER 707;0ption$
PRINT OPtion$
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PLOT

Command sets hardcopy device to plotter and does hardcopy dump of 54200A/D display in a
format acceptabie to an HPGL plotter as soon as the 54200A/D is next addressed to talk.

Command Syntax: PLOT

Example:

21 CLERR v&vy P Clear inmterface buffers.

22d OUTFUT Va7 "PLOT" P Starts plotter bhuffering.

el SEHD FiUMT UHL I Clears bus, =st ATH Tine at controllse Lruas,
244 SEHD ViLISTEH 3 P Tells plotter ay address 5 to listen.

258 SEMI FTy3TRLK T PoSets S4288R-0 1o talk mode.

258 SEMT YyLATH P Setz ATH line at cantroller to false

ere I =20 data can be transferred.

289 HATT S8 D Hait 58 seconds for transfer ta finish

=g | Mot et I¥ programming, wse the SEQ capabilities
EEE ! cf the S5428BA-0 to determing if the transfer
3w ! g complets,  Attenpting to pragram the

GEe ! S4ZAEARSD while making a hardoopy dump Wil
38 ! CEUSE EFPOrE.

Y5 !

PRINt

Command sets hardcopy device o printer and does hardcopy dump of 54200A/D display in a
format acceptable io a printer compatible with the HP RASTER GRAPHICS STANDARD as soon as
the printer is next addressed to talk.

Command Syntax: PRINt

Exampie:

=18 CLERR 7a7 P Dlear interface buftfers.

2z QUTFUT FAF; "FRINT" § Startz print buiffsring.

23R SEHD T UHT LKL P Clesars bus, szt ATH lime at controeller true,
=48 SEHD ’;LI“TEH i I Tells printer at address 1 to listen,

258 SEND FrTALE 7 I Zets S42ZO0ACD to talk mode.

e SEHD ?:fﬁTH I Sets HBTH Yirne at controller to false

2re I 5o data can be rtransferred.

ZE8 MAIT 25 I Wait 2% =zecohds for transfer to finish

208 ! Hotes If programnming, uss the SRE capabilities
eyl ! of the S420EA-0 to determing {1 the transfer
218 ) iz complete. Attenpting to program the

320 ! S54288AC0 while mzking & hardcopy dump will
238 ! CARUSE EFFOrS.

2408 !
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READy | RDY
Query which returns an integer equivalent to the 54200A/D ready register (ready byte of the status
word). The ready register is dynamic and indicates the current status of the instrument. The ready
register is defined as follows:
Query Syntax: { READy | RDY } ?

Returned Format: [READyJ<NRI1><crif>

Example: OUTPUT 707;"READY?"

ENTER 707;Ready$
PRINT Ready$

The Ready Hegister

BIT MASK READY BIT CONDITION
WEIGHT
7 128 Not used, always 0.
6 64 Cal = High indicates that self calibration has completed
execution.
5 32 Test = High indicates that the requested self test has

completed execution.

4 16 Hard = Hardcopy complete - High indicates that the last byte
of printer or plotter dump has been sent and received
3 8 Data = Data available - High indicates that something is
in the buffer waiting to be read.
2 4 Acq = Acquisition compiete - High indicates that all
waveforms are acquired.
1 2 Trig = Triggered - High indicates that the instrument is
receiving triggers. Can only be set while runnings
if stopped, reflects status previous to stopping.
0 1 Parse = Parse complete - High indicates that the last

command has been completely parsed,
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RECall

Command displays a waveform from 54200A/D memory on the specified graph or, restores the
specified instrument setup. Refer {o the SAVE command to save waveforms or setups.

Command Syntax: RECall {[GRAPh<graph#>, [MEMory]<memory#>]
[ [SETup, ][MEMory]<memory#> 1}

<graph#> = {11234}
<memory#> 1:= { O [ 1 | 21 33
Examples: OUTPUT 707;"RECALL GRAPH 1,2" is equivalent to
QUTPUT 707;"RECALL GRAPH 1,MEMORY 2"
QUTPUT 707;"RECALL SETUP,MEMORY 0" is equivalent to
QUTPUT 707;"RECALL SETUP Q" and

QUTPUT 707;"RECALL 0"

REQuest | RQS

THe REQuest command sends an SRQ enable code which is an integer representing the binary
weighted values of the condition bits in the ready mask and the RQS mask.

The ready mask determines what ready conditions cause the ready bit in the status byte {0 be set.
The RQS mask determines what conditions will cause an SRQ 10 be issued.

Setting the SRQ enable code clears any pending SRQ, as well as all errors, messages and keys
awaiting query.

Bits 0, 1, 6 are don’t cares and are always set to zero.

Query returns the current SRQ eﬁable code.

Command Syntax: { REQuest | RQS }<SRQ enabie code>
Example: OUTPUT 707;"RQS 56"

Query Syntax: { REQuest | RQS } ?
Returned Format: [REQuest]<SRQ enable code><crlf>
Example: OUTPUT 707;"REQUEST ?"

ENTER 707:Request$
PRINT Request$
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REQuest | RQS (cont)
The ready mask is defined as follows:

The Ready Byte

BIT MASK READY BIT CONDITION
WEIGHT
15 32768 Not used, always 0.
14 16384 Cal = High indicates that self calibration has completed
execution.
i3 8192 Test = High indicates that the requested self test has

completed execution.

12 40986 Hard = Hardcopy complete - High indicates that the last byte
of printer or plotter dump has been sent and recejved
11 2048 | Data = [Data available - High +indicates that Something is
in the buffer waiting to be read.
10 1024 | Acg = Acquisition compliete - High indicates that ail
waveforms are acgquired.
9 512 Trig = Triggered - High indicates that the instrument is
receiving triggers. Can only be set while running;
if stopped, reflects status previous to stopping.
8 256 Parse = Parse complete - High indicates that the last

command has been completely parsed.
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REQuest | RAS {cont)

The RQS mask is defined as follows:

The Status Byte

BIT MASK STATUS BIT CONDITION
WEIGHT

7 128 MSG = High indicates that a message was displayed on the
status Tine of the display. A MSG query is used to
determine the message code.

6 64 ROS = Not used, always 0.

5 32 ERR = Error - High indicates an error occurred. An ERRor
query 1is used to determine error code.

4 16 RDY = Ready - High indicates the instrument is ready. This
is based on the ready mask. A RDY query is used to
determine condition.

3 8 LCL = Local switch or poWwer cycle - High indicates that the
instrument has been switched to local from the front
panel or that the power was cycled off then on again.

2 4 FPS = Front panel service request - High indicates a front
panel key has been pressed. A KEY query 1s used to
determine the key code.

1 2 PHR = Not used, always 0.

0 1 RQC = Not used, always 0.

Notes: 1. To set the RQS bit and SRQ bus control Tine true, the condition
must be enabled in the RQS mask.
2. If no condition is enabled, the 54200A/D can noi set the SRQ
bus control Tine nor the RQS bit true. However, bits 2-5 and 7
of the status byte are set to indicate which conditions have
occurred.
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RESet | RST

The 54200A/D has three distinct and non-overtapping levels of reset capabilities; two are HP-IB bus
commands and one is a 54200A/D system command.

1. IFC (HP.IB bus command)
e Per IEEE-488, resets only the device interface functions (T, TE, L,LE, and C) as defined.

2. DCL or 8DC (HP-IB hus commands)
Resets the parser state so that no subsystem is enabled.
Clears device status word {system STAtus command), and KEY, MSG, and ERRor queues.
Clears all IEEE-488 input and output buffers.
DOES NOT affect any device variables handled by system RESet command, in particular:
wAVeform FORMat
LONGform
ECI
HEADer
ARGument
RQS

@

9 & @

3. RESet (RST) 54200A/D systemn command.
» Resets parser state so that no subsystem is enabled.
e Clears device status word {system STAtus command), and KEY, M8G, and ERRor queues.
» Basically the same as key-down power up, except no system tests are performed or
corresponding failure default actions.
e Changes these command variables:
WAVeform FORMat = WORD

EQ! = ON
LONGform = OFF
HEADer = OFF

ARGument = NUMeric
RQS = 32512 (Ready bits alt true except bit 15, status bits ali false)
Sets GRAPh, TRIGger, and WAVeform SOURce parameters to CHANnel 1
Sets MEASure SOURce parameter to GRAPHT
Command Syntax: RESet | RST
Example: OUTPUT 707;"RST"

When RESet system command has been executed, the condition of the 54200A/D is as follows:

CONDITION SETTING

TIMEBASE:
Sweep mode Auto
Time Range 10 us
Reference Center
Delay 0.0 s
Autoscale Period
Alias delect On
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RESet | RST (cont)

CONDITION SETTING
CHANNELS:
Range 5.0V
Offset 0.0V
Store mode Normal
Labels non
Coupling pe
Probe Attenuation 1:1
Autoscale Enabled
TRIGGER:
Mode Analog only
Range Track (5.0 V)
Source Channel 1
Level 0.0V
Stope Positive
Store mode Normal
Label Blank
Autoscale Enabled
DISPLAY:
Graticule Frame
# of graphs 2
Graph sources
1 Channel 1
2 Channel 2
Reference 1ines Off
Accumulate mode Disabled
MEASUREMENTS Standard
OTHER:
Running True
HP-IB address/mode Not changed
Hardcopy device Printer
Rear BNC Constant Tow
Beeper On
Setup Labels Blank
Stored:
Setups Unprotected
Waveforms Cleared
Data filter On
STATE:
Al settings See menus next page
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s: Mo Teiggsr Foundo__
- LY

Multiplexing (B

Labgi ?q}

Trigger State Assignment Menu after RESet

Trigger Mod

M

i Trigger Ter

Trigger State Sequence Menu after RESet
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RESUMe

Command causing 54200A/D to resume running. This differs from the RUN command in that
averaging or enveloping continue with the data already obtained.

Command Syntax: RESUMe
ExampTle: QUTPUT 707;"RESUME"

REVision
Query which returns the revision date of 54200A/D firmware,
Query Syntax: REVision ?

Returned Format : [REVision]<date code><crif>

<date code>::=<NR1> (YYWW : where YY is years since 1960
and WW is week of that year)

Example: OUTPUT 707;"REVISION?"
ENTER 707;Rev$
PRINT Rev$

‘RUN

Command causing 54200A/D to start running. Same as pressing the 54200A/D front-panel RUN
key. Waveforms are initialized to count of 0 {no data) and when terminal count is satisfied the
ACQ bit is set in the ready byte {see READy command). Differs from the DiGitize command in that
acquisition is not halted when terminal count is satisfied. RUN does not disturb graph source
selection or expansion, so is very useful for specialized measurements.

Command Syntax: RUN
Example: OUTPUT 707;"RUN"
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SAVE

Command saves the waveform or setup in the specified memory. If the memory is protected, an
error is generated and SAVE is not executed. Protection can be cleared via the RESet command,
but cannot be set via HP-IB. Refer to RECall command to recall waveforms and setups.

Command Syntax: SAVE {[GRAPh<graph#>, [MEMory]<memory#>]
[ [SETup,] [MEMoryl<memory#> 1}

<graph#> ={ 1121314}
<memory#> ::= {0 | 1] 2] 3}
Examples: OUTPUT 707;"SAVL GRAPH 1,2" is equivalent to
QUTPUT 707;"SAVE GRAPH 1,MEMORY 2" and
CUTPUT 707;"SAVE SETUP,MEMORY 0" is equivalent to
OUTPUT 707;"SAVE SETUP o" and

QUTPUT 707;"SAVE 0"

SERial

Command programs the serial number of the 54200A/D. Any string is accepted up to 10
characters. If less than 10 characters, it is padded with spaces to length 10. A checksum is made
and the value is stored in non-volatile RAM. The rear-panel cal switch must be set to the not
protected position, otherwise SERial 5 a query-only command. Query returns 54200A/D serial
number,

Command Syntax: SERial <string>

Example: OUTPUT 707;"SERIAL ""2511A01219"""

Query Syntax: SERial ?
Returned Format : [SERial]<serial number code><crif>
Example: OUTPUT 707;"SERIAL?"

ENTER 707;Serial$
PRINT Serial$
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SETup

Command sets up 54200A/D according to learn string. Query returns 54200A/D learn string.
Block length is 984 bytes. Block format #A is discussed in paragraph 8-12 at the front of this
section.

Query Syntax: SETup 7
Returned Format: [SETup] <block type A>
Example: DIM Learn$[1000]

QUTPUT 707;"HEADER OFF;SETUP?"
ENTER 707 USING "-K";Learn$

Command Syntax: SETup <#A>,<number of bytes in learn string>
<learn string>

Example: OUTPUT 707 USING "#,K";"SETUP ",lLearn$

STAtus

The instrument status word is a 16-bit binary word which is returned as an integer, and contains
information about the instrument conditions that set the ready bit in the status byte and/or
generate a Require Service message. The upper 8 bits of the status word are known collectively
as the ready byte, while the lower 8 bits correspond to the status byte sent during a serial poll.
The STAtus query is used to read the status word representing the current status of the 54200A/D.
Unlike the response to a serial poll, the conditions are dynamic, not latched. Therefore the status
response reflects current status.

A companion 16 bit word, the request mask, is used to specify both those conditions in the ready
byte that set the ready bit in the status byte, and those conditions in the status byte that generate a
Require Service message. The bits in the request mask have the same meanings as those in the
instrument status word. The ready bit in the status byte is set when all of the conditions
corresponding to bits in the ready mask are true at the same time. This bit is actually set on the
transition of the last condition to become true. The REQuest system command is used to specify
the request mask.

Query Syntax: STAtus ?
Returned Format: [STAtus]<NRI>
Example: OUTPUT 707;"STATUS?"

ENTER 707;Status$
PRINT Status$
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STAtus (cont)

The ready byte of the 16-bit status word is defined as follows:

The Upper Byte of the Status Word
{The Ready Byte)

BIT MASK READY BIT CONDITION
WETGHT
15 32768 Not used, always 0.
i4 16384 Cal = High indicates that self calibration has completed
execution.
13 8192 Test = High indicates that the requested self test has

completed execution.

12 4096 Hard = Hardcopy complete - High indicates that the last byte
of printer or plotter dump has been sent and received
11 2048 | Data = Data available ~ High indicates that something is
in the buffer waiting to be read.
10 1024 Acq = Acquisition complete - High indicates that all
waveforms are acguired.
9 512 | Trig = Triggered - High indicates that the instrument is
receiving triggers. Can only be set while running;
if stopped, reflects status previous to stopping.
8 256 Parse = Parse complete - High indicates that the Tlast

command has been completely parsed.
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STAtus (cont)

The status byte of the 16-bit status word is defined as follows:

The Lower Byte of the Status Word
(The Status Byte)

BIT MASK STATUS BIT CONDITION
WEIGHT

7 128 MSG = High indicates that a message was dispiayed on the
status Tine of the display. A MSG query is used to
determine the message code.

6 64 RQS Requesting service - High dindicates that this
instrument requested service.

5 32 ERR Error - High indicates an error occurred. An ERRor
query is used to determine error code,

4 16 RDY Ready - High indicates the instrument is ready. This
is based on the ready mask. A RDY query is used to
determine condition.

3 8 LCL Local switch or power cycle - High indicates that the
instrument has been switched to Tocal from the front
panel or that the power was cycled off then on again.

2 4 FPS = Front panel service reqguest - High indicates a front
panel key has been pressed. A KEY query is used to
determine the Key code.

1 2 PWR Not used, always 0.

0 1 RQC = Not used, always 0.
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STOP
Command which causes 54200A/D 1o stop running.
Command Syntax: STOP

| Exampte: OUTPUT 707;"STOP"

TEST | TST

Command which executes the specified self test. Failures are reported as errors and may be
queried with ERRor?.

Note
Inputs must be propetly configured before the TEST command is issued:

TEST (0 - No special configuration required.

TEST 1 - All input signals must be disconnected.
TEST 2 - Connect rear panel BNC to INPUT 1 BNC.
TEST 3 - Connect rear panel BNC to INPUT 2 BNC.
TEST 4 - Connect rear pane! BNC to EXT TRIG BNC.

Command Syntax: {TEST | TST} <test number>

<test number> ::= 0 (Self test 0: CPU/Memory)
1 (Self test 1: Acquisition/Trigger)
2 (Self test 2: Channel 1 Input)
3 (Self test 2: Channel 2 input)
L

Self test 2: External Trigger Input)

Example: OUTPUT 707;"TEST 4"
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ACCQuire

The acquire subsystem allows the store mode for channel 1, channel 2, and trigger to be set the
same with two commands, TYPE and COUNt. The POINts and COMPlete commands are included
to provide compatibility between HP 54200A/D programs and HP 54100A/D programs. The TYPE
and COUNt functions may be selectively programmed by using the STORe command of the
channel and trigger subsystems.

The ACQuire command selects acquire subsystem as the destination for the commands that
follow.

The ACQuire query responds with the setlings of the acquire subsystem. Store mode and
completion criteria for all active sources are set to be the same as those in effect for channel 1.

Command Syntax: ACQuire

Example: OUTPUT 707;"ACQUIRL"

Query Syntax: ACQuire 7
Returned Format: [ ACQuire <crif> ]

[ TYPE I<argument><crif>

[ POINts I<NRI><crlf>

[ COUNt J<NRI><crif>

[ COMPlete ]<NRI><crif>

[ FILTer J<argument><crif>

Example: DIM Acquire$[70]
QUTPUT 707;"ACQUIRE?"
ENTER 707 USING "-K";Acquire$
PRINT USING "K";Acquire$
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ACQuire Commands:

COMPlete
COUNL
FilTer
POINts
TYPE

—{ ACQuire }
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COMPlete

Command does nothing, must be a valid integer. Query returns the completion criteria, 100%.

Command Syntax: COMPlete <NRI>

Example: OUTPUT 707;"COMPLETE 100"

Query Syntax: COMPlete ?
Returned Format: [COMPlete] <NRI><crif>
Exampie: OUTPUT 707;"COMPLETE?"

ENTER 707;Complete$
PRINT Complete$

COUNt

If store mode is type average, command signifies both the terminal count and the number of
averages (sample weighting factor). For the other store modes, command determines the terminal
count, that is, the number of frames which were acquired. For normal store mode the count
parameter must be 1. For average mode, the COUNt must be exactly 4, 16, 64, or 256. For

envelope, COUNt parameter can be 10 1o 10,000.

All active sources are set the same.

Query returns the count factor as described above. Channel 2 and trigger type and count are set
the same as channel 1 so that the response is consistent for all sources.

Command Syntax: COUNt <NR1>
Example: OUTPUT 707;"COUNT 1"

Query Syntax: COUNt 7
Returned Format: [COUNt]<NRI><crlf>
Example: OUTPUT 707;"COUNT?"

ENTER 707:Count$
PRINT Count$
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FiLTer

Command sets the data filter mode. The data filter is a 3-point smoothing, low-pass function that
is run on the waveform data to generate 7-bit data when the time range is 5 us or longer. On
faster time ranges, where a data interpolator is used, 7-bit data is produced without a data filter.
The FILTer query returns the data filter mode.

A slight speed enhancement is obtained by turning the filter off when acquiring averaged
waveforms. The only benefit of the filter on this type of waveform is the low-pass characteristic of
the filter, since averaging produces greater than 7-bit resolution.

The filter should be turned off when the absolute magnitude of individual data points is important
to the measurement, such as when performing a Vmax measurement and there are fewer than
three samples on the waveform peak.

The filter should also be turned off when measuring a deliberately aliased signal, such as in swept
frequency response measurements.

Command Syntax: FILTer {[ ON | 1 ]
[ OFF | O 1}

Example: OUTPUT 707;"FILTER ON"

Guery Syntax: FlIlLTer ?
Returned Format: [FILTer]<argument><crif>
Example: OUTPUT 707;"FILTER?"

ENTER 707;Filter$
PRINT Filter$
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POINts

Command does nothing, but must be a valid integer. Query returns the number of data poinis
acguired, 1001.

Command Syntax: POINts <NRI>

Example: OUTPUT 707;"POINTS 1001"

Query Syntax: POINts 7
Returned Format: [POINts] <NRI><crlf>
Example: OUTPUT 707;"POINTS?"

ENTER 707;Points$
PRINT Points$

TYPE

Command sets the data type for all active sources and makes the count setting of channel 2 and
trigger the same as channel 1.

Query responds with the data type of channel 1 and makes channe! 2 and trigger the same type
and count so that the response is consistent for all sources.

Command Syntax: TYPE {[ NORMal | 1]
[ AVErage | 2 ]
[ ENVelope | 3 ]}

Example: OQUTPUT 707;"ACQUIRE; TYPE NORMAL™

Query Syntax: TYPE ?
Returned Format: [TYPE ]<argument><crif>
Example: OUTPUT 707;"TYPE?"

ENTER 707;Type$
PRINT Type$
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MNoies
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CHANNEL SUBSYSTEM

CHANnel

The channel subsystem controls all "Y axis" functions, including selecting the type of data to be
acquired. Channel 1 and Channel 2 are independently programmable for all functions.

The CHANnRel command selects channel 1 or channel 2 as the destination for the commands that
foliow.

The CHANnel query responds with all of the settings for the specified channel.

Command Syntax: CHANnel {1 | 2 )
Example: OUTPUT 707;"CHANNEL 1"

Query Syntax: CHANnel {1 ] 2 }?

Returned Format: [CHANnel]<NRI><crlf>
[PROBe J<NR3><cr1f>
[RANGe ]<NR3><crif>
[OFFSet]<NR3><crlf>
[COUPTing]<argument><crif>
[LABel]< 10 chars quoted ><crif>
[STORe]<argument>,<NRl><crif>
[SCALel<argument><cr]f>

Example: DIM Chan$[150]
QUTPUT 707;"CHANNEL 17"
ENTER 707 USING *-K";Chan$
PRINT USING "K";Chan$
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CHANnel Commands:

COUPling
ECL

1L
LABe
OFFSet
PROBe
RANGe
SCALe
STORe

Channel commands can be sent to either channel 1 or channel 2 and they are order dependent as
follows: Range limits are determined by the current probe attenuation factor. The value limits for
offset are determined by the current range selection. So to completely specify channel settings,
program PROBe, then RANGe, and then OFFSet.

s B a0y
wee CHANDE | ) {1 ) 7 ) ) -
J
T L AC D
COUF1in { ACT) 4
——EcL) -
ITL 4
—{ OFFSet OFF SET..ARG
(2
M PROBe PROBE...ARG
20
N RANGe RANGE_ARG
M SCALe DISabled
.'
—{ 5TORe NORMall COUNT
' AVETage '
ENVelope
(,

BH420001

CHANnel Subsystem Syntax Diagram
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COUPling

Command selects the input coupling for the selected channel. Query responds with the selected
coupling.

Command Syntax: COUPling {{ DC | 1 ]
[ AC | 21}

Example: OUTPUT 707;"COUPLING DC"

Query Syntax: COUPling ?
Returned Format: {COUPTingl<argument><crif>
Example: OUTPUT 707;"COUPLING?"

ENTER 707;Coupling$
PRINT Coupling$

ECL

Command presets the selected channel for ECL as follows:

COUPTing = DC
OFFSet = -1.00V
RANGe = 2.0V
SCALe = DISabled

The SCALe (autoscale) function is disabled so that a selective autoscale may be performed, thus
preserving the channel settings.

Command Syntax: ECL
Example: OUTPUT 707;"ECL"

TTL

Command presets the selected channel for TTL as follows:

COUPling = DC
OFFSet = 2.50V
RANGe = 6.0V
SCALe = DISabled

The SCALe (autoscale) function is disabled so that a selective autoscale may be performed, thus
preserving the channe! settings.

Command Syntax: TIL
Example: OUTPUT 707;"TTL"
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LABel

Command sets the user label for selected channel. Query responds with the user label for
selected channel.

Command Syntax: LABel <10 character string>

EXamp]e: OUTPUT 707;“{_ABEL HUTEST e

Query Syntax: LABel ?
Returned Format:: [ LABel]< 10 characters quoted ><crif>
Example: OUTPUT 707;"LABEL?"

ENTER 707;Label$
PRINT Label$

OFFSet

Command sets channel offset. Offset is 2 V for 40 mV to 390 mV channel range and +20 V for
400 mV to 40 V channel range.

Query responds with the channel offset setting.
Command Syntax: OFFSet <NR3>
Example: OUTPUT 707;"OFFSET 400E-3"

Query Syntax: OFFSet ?
Returned Format: [OFFSet]<NR3><crlf>
Example: OUTPUT 707;"OFFSET?"

ENTER 707;0ffset$
PRINT Offset$
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PRCBe

Command sets channel probe factor. Must be 1, 2, 5, 10, 20, 50 or 100. Query responds with

channel probe factor.

Command Syntax: PROBe <NRI>

Example: OUTPUT 707;"PROBE 10"

fQuery Syntax: PROBe ?

Returned Format: [PROBe]<NR3><crlf>

Example: OUTPUT 707;"PROBE?"
ENTER 707;Probe$
PRINT Probe$
RANGe

Command sets channel range. Query responds with current range setting. The allowable range
settings (with 2-digit resolution) are based on the PROBe setting and are as follows:

PROBE FACTOR

VALID RANGE SETTING

1:1 40 mV to
2:1 80 mV to
5:1 200 mV¥ to
10:1 400 mV to
20:1 800 mV to
50:1 2 Vto?2
100:1 4 V to 4
Command Syntax: RANGe <NR3>
Example: OQUTPUT 707;"RANGE 5.5EQ"
Query Syntax: RANGe 7
Returned Format: [RANGe]<NR3><crlf>

QUTPUT 707;"RANGE?"
ENTER 707;Range$
PRINT Range$

Example:

www.valuetronics.com
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SCAlLe
Command sets autoscale mode for channel. Query responds with current autoscale mode.

Command Query: SCALe {[ DISabled | 0 ]
[ ENABled | 1 13

Example: OUTPUT 707;"SCALE ENABLED"

Query Syntax: SCAle ?
Returned Format: [SCALel<argument><crlf>

Example: OUTPUT 707;"SCALE?"
FNTER 707;Scale$
PRINT Scale$

STORe

Command sets the store mode. If average mode is selected, count determines both the terminal
count and the number of averages (sample weighting factor). For the other store modes, count
determines the terminal count, that is, the number of frames which must be acquired until the
waveform is considered ready for analysis.

For normal store mode the count parameter is optional; if sent it must be 1. For average mode,
the count must be exactly 4, 16, 64, or 256. For envelope, count can be 10 to 10,000.

The STORe function may also be programmed using the ACQuire subsystem TYPE and COUNt
commands.

Query responds with the current store mode for the addressed channel.
Command Syntax: STORe < type >,< count >
< type > ::= {[ NORMal

| 1
AVErage | 2
ENVelope} 3

]
]
13
< count > ::= <NRI>
Query Syntax: STORe ?
Returned Format: [STORe]<argument>,<NR1><crlf>
Example: OUTPUT 707;"STORE?"
ENTER 707;Store$
PRINT Store$

8-56

www.valuetronics.com



Model 54200A/D - Programming

DISPLAY SUBSYSTEM

DISPlay

The display subsystem provides access to 54200A/D funclions which control how waveforms are
presented on the CRT. It contains commands o select whether the cursor values display is on,
Also, a group of commands is provided that allow users to write text messages to screen.

The text display is available when the taxt menu is on and allows up fo 4 lines of text to be
displayed in the user definable text area. Five lines of text can be held in memory, the fifth line is
not displayed unless the display is rolled up or down,

Text is volatile, it is set to " " at power on. However, once written, the user may display it with
"TEXT ON" or display the previous menu by sending "TEXT OFF". The system command "MENU
70" is equivalent to "TEXT ON".

The DISPlay command selects display subsystem as the destination for the commands that follow.
The DISFlay query responds with the settings of the display subsystem.
Command Syntax: DISPlay

Example: OUTPUT 707;"DISPLAY"

Query Syntax: DISPlay ?

Returned Format: [ DISPlay ]<crlif>

[ FORMat J<NR1><crif>

[ GRATicule J<argument><crif>
[ ROW I<NRl><crif>

[ COLumn ]<NRI><crlf>

[ SCReen ]<argument><crlf>
[ TEXT ]<argument><cr]f>

[ INVerse ]<argument><crif>

[ REFerence ]<argument><crif>
[ ACCumulate l<argumeni><crif>
[ VALues J<argument><crlf>

[ SHOW ] GRAPh<NR1><cri1f>

Example: DIM Display$[160]
QUTPUT 707;"DISPLAY?"
ENTER 707 USING "-K";Display$
PRINT USING "K";Display$
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DISPLAY SUBSYSTEM

RiSPlay Commands:

ACCumulate
CoL

ROW
FORMat
GRATicule
ThVerse
LINE

ROLL
REFerence
S5CReen
SHOHW
STRing
TEXT
YALues

ACCumulate
Command sets the accumulate mode. If enabled, waveform data is displayed accumulated as it is
acguired. If fast is selected, data is erased every 16 frames. Slow erases every 64 frames. Manual
doesn’t erase (use system ERASe command).
Query returns the current accumulate mode selection.
Command Syntax: ACCumulate {[ DISabled| 0
[ FAST Pl
[ SLOW I 2
[ 3

]
]
]
MANual ]

}
Example: OQUTPUT 707;"ACCUMULATE DISABLED"

Query Syntax: ACCumulate ?
Returned Format: [ ACCumulate ]J<argument><crilf>
Example: OUTPUT 707;"ACCUMULATE?"

ENTER 707 ;Accum$
PRINT Accum$
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COLumn

Command sels the specified column as the target for LINE or STRing commands. This does not
affect the current BOW command specification. Query returns the current column number.

Command Syntax: COLumn < column number >
< column number > ::= 0..63

Example: OUTPUT 707;"COLUMN 42"

Guery Syntax: COLumn ?
Returned Format: [ COLumpn J<NR1><crlf>
Example: OQUTPUT 707;"COLUMN?"

ENTER 707;Column$
PRINT Column$

ROW

Command sets the specified row as the target for LINE or STRing command. This does not affect
the current COLumn command specification. Query returns the current row number,

Command Syntax: ROW { 1 | 2 | 3 | 4 }
Example: OUTPUT 707;"ROW 3"

Query Syntax: ROW 7
Returned Format: [ ROW J<NRI><crlf>
Example: OUTPUT 707;"ROW?"

ENTER 707 ;Row$
PRINT Row$
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FOHMat

Command sets the number of graphs displayed; number must be 1, 2, or 4. Query returns the
number of graphs displayed.

Command Syntax: FORMat {1 | 2 | 4 }
Example: OUTPUT 707;"FORMAT 2"

GQuery Syntax: FORMat ?
Returned Format: [FORMat]<NRI><crif>
Example: OUTPUT 707;"FORMAT?"

ENTER 707;Format$
PRINT Format$

GRATicule
Command sets the graticule type on the display graph. Query returns the graticule type displayed.

Command Syntax: GRATicule {[ GRID | 1]
[ FRAMe | 2 1}

Example: OUTPUT 707;"GRATICULE GRID"

Query Syntax: GRATicule ?
Returned Format: [GRATicule]<argument><crif>
Example: OUTPUT 707;"GRATICULE?"

ENTER 707;Grat$
PRINT Grat$

iNVerse

Command sets inverse video display on or off. After INVerse ON is received, all subsequent text is
displayed in inverse until INVerse OFF is received.

Command Syntax: INVerse {[ OFF | 0 ]
[OoN |11}

Example: OUTPUT 707;"INVERSE OFF"
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LINE

Command displays the string starting at the current row and column specification. If the column
timit (63) is reached, the text is wrapped to the next line irrespective of word boundaries. At the
end of the string, the remainder of the current row is set to " " and row is initialized to the next row
and column is set to 0. If column limit is reached on row 4, the display is rolled up and the new
line 4 is set to " " before the write operation continues. Refer to the STRing command for similar
application,

Command Syntax: LINE < any quoted string >

Example: OUTPUT 707;"LINE ""Enter text on this Tipe"""

REFerence

Command sets the reference lines display mode. In define mode, when disptay menu is on, the
graph levels are displayed by the graphs. Query returns the reference lines mode.

Command Syntax: REFerence {[ OFF | 01
[ ON [ 1]
[ DEFine | 2 1}

Example: OUTPUT 707;"REFERENCE OFF"

Query Syntax: REFerence ?
Returned Format: [REFerence]l<argument><crlf>

Example: OUTPUT 707;"REFERENCE?"
ENTER 707;Ref$
PRINT Ref$

ROLL.
Causes the text lines to roll up or down. Current row and column text pointers are unaffected.

Command Syntax: ROLL {[ UP | 1 ]
[ DOWN | 0 1}

Example: OUTPUT 707;"ROLL DOWN®

8-62

www.valuetronics.com



Model 54200A/D - Programming

DISPLAY SUBSYSTEM

SCReen

Command controls the 54200A/D display. ON turns normal display on, which has no effect if the
display is already on; the last 54200A/D menu is restored. OFF turns everything except line 1 and
2 of the display off, resulting in faster operation when running since in this mode waveform data is
not written to graph displays. Accumulated displays are not generated with screen off. This
command cancels system command DEBug display.

Query returns the current screen status.

Command Syntax: SCReen {[ ON | 1 ]
[ OFF | 0 1}

Example: OUTPUT 707;"SCREEN ON"

Query Syntax: SCReen ?
Returned Format: [SCReen]<argument><crlf>
Example: OQUTPUT 707;"SCREEN?"

ENTER 707;Screen$
PRINT Screen$

SHOW

Command selects which graphs scale factors are shown in the scale line; value must be 1, 2, 3, or
4. if higher than maximum graph currently displayed then value is rounded to that graph number
with no error.

Query returns graph number shown on current scale-factor line of display.

Command Syntax: SHOW [GRAPh] {1 ] 2 | 3] 4}
ExampTe: OUTPUT 707;"SHOW GRAPH 4"

Query Syntax: SHOW ?
Returned Format: [SHOW] GRAPh <NR1><crif>
Example: OUTPUT 707;"SHOW?"

ENTER 707;Show$
PRINT Show$
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STRing

Command displays the string starting at the current row and column specification. if the column
limit {63) is reached, the text is wrapped fo the next line irrespective of word boundaries. At the
end of the string, the row and column is set to the next available number. if column limit is
reached on row 4, the display is rolled up and the new line 4 is set to " " before the write operation
continues. Refer to the LINE command for similar appliation.

Command Syntax: STRing < any quoted string >

Example: OUTPUT 707;"STRING ""Press INSERT to continue"""

TEXT

TEXT OFF command sets menu previously displayed before text was turned on (no effect if text

isn't on), TEXT ON saves current menu and puts on text menu. TEXT BLANK clears text memory,

sets COLumn=1 and ROW=1, but doesn't affect what menu is displayed.

Query returns text on/off status.

Command Syntax: TEXT {[ OFF | 0 ]
[ ON | 1]
[ BLANK | 2 1}

Example: OUTPUT 707;"TEXT ON®

Query Syntax: TEXT ?
Returned Format: [ TEXT l<argument><crlf>

Example: OQUTPUT 707;"TEXT ON"
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Vilues

Command controls the display of the cursor values readout. If off, the labels for the graphs are
displayed.

Query returns the values mode.

Command Syntax: VAlues {{ OFF | 0 ]
[ON |11}

Example: OUTPUT 707;"VALUES ON"

Query Syntax: VAlues ?
Returned Format: [ VALues ]<argument><crlf>
Example: OUTPUT 707;"VALUES?"

ENTER 707;Values$
PRINT Values$
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GRAPH

The graph subsystem allows the user to define the graph source and to define graph specific
measurement criteria when measurement mode is user defined. X-axis windowing can also be
done using the graph subsystem.

The GRAPh command selects the graph thai is the destination for the graph commands that
fallow.

The GRAPh query responds with all of the settings for the specified graph.

Command Syntax: GRAPh {1 {2 | 3| 4}
Example: OUTPUT 707;"GRAPH 1"

Query Syntax: GRAPh {1 | 2 | 31| 4} ?

Returned Format: [GRAPh<NRI><crlf> ]
[SOURce]<source spec><crif>
[UNITs]<argument><crif>
[UPPer]{<NR1>{<NR3>}<crif>
[LOWer]{<NR1>{<NR3>}<crif>

Example: DIM Graph$[70]
OUTPUT 707;"GRAPH 22"
ENTER 707 USING "-K";Graph$
PRINT USING "K";Graph$
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GRAPh Commands:

SO0URce
UNITs
UPPer
LOWer
MiDdle
WINDow
EXPand
NORMal

- «>

OFF

\ P A

~—( UPPer )ﬂgﬁ—/

M Lower LOWER. ARG

M—(WINDow 2 ) o
M EXPand_»{ START
“—{ NORMai > -4

85428647

GRAPh Subsystem Syntax Diagram
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SOURce

Command selects the data source for the currently addressed graph. Query returns the data
source displayed on the addressed graph.

Command Syntax: SOURce {[ TRIGger | 0 ]
[ CHANnell | 1 ]
[ CHANnelZz | 2 ]
[ OFF ]
[ MEMory {0[1]2]3} 1}

Example: OUTPUT 707;"SOURCE CHANNEL1"

Query Syntax: SOURce 7

Returned Format : [SOURcej{[ CHANnell
{ CHANnelZ2
[ TRIGger
[ OFF
[ MEMoryQ
[ MEMoryl
[ MEMory2
[ MEMory3:

[IOUORA  SUNUONE BUUUSSE 3 IUOUUO 3 TOUUON: - SUOU | WUt § S

Example: OUTPUT 707;"SOURCE?"
ENTER 707 ;Source$
PRINT Source$
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UNITs

“‘Command sets the measurement threshold units when user defined measurement mode is
selected. Each units selection has its own settings for upper, middle, and lower.

Query returns the units selection in the user-defined mode for the addressed graph.
Note

If the 84200A/D is currently in standard measurement mode, the query will
still return the user-defined UNITs selection.

Command Syntax: UNITs {[ PERCent | O ]
[ VOLTs | 1]
[ TTL {2 ]
[ ECL P31}

Example: OUTPUT 707;"UNITS PERCENT"
Query Syntax: UNITs ?

Returned Format: [UNITs I<argument><crif>

Example: QUTPUT 707;"UNITS?"

ENTER 7073;Units$
PRINT Units$

UPPer

Command sets upper measurement threshold if UNITs has been set to VOLTs or PERCent. The
upper limit is preset for ECL and TTL. If UNITs has been set to PERCent, the allowable upper limit
is from 55% to 99%.

Query returns the value of the upper measurement threshold.

Command Syntax: UPPer <upper Timit>

Example: OQUTPUT 707;"UPPER 85" (assuming UNITs has been set to PERCent)

Query Syntax: UPPer 7

Returned Format: [UPPer ] {[ <NRI> ] {if percent)
[ <NR3> ] (if volts)
[ <NR2> ]} <crlf> {f TTL or ECL)

Example: OUTPUT 707;"UPPER?"
ENTER 707;Upper$
PRINT Uppers
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MiDdle

Query which returns the value of the middie measurement threshold.

Query Syntax: MIDdle ?

Returned Format: [MIDdle] {[ <NRI> ] (if percent)
[ <NR3> ] (if volis)
[ <NRZ> 1} <crlf> (if TTL or ECL)

Example: OUTPUT 707;"MIDDLE?"
ENTER 707;Middle$
PRINT Middle$

LOWer

Command sets lower measurement threshold if UNITs has been set to VOLTs or PERCent. The
lower limit is preset for ECL and TTL. #f UNITs has been set 1o PERCent, the allowable lower limit
is from 1% to 45%.

Quiery returns the value of the lower measurement threshold.

Command Syntax: LOWer <Jower limit>

Example: OUTPUT 707;"LOWER 25" (assuming UNITs has been set to PERCent)

Query Syntax: |[OWer 7

Returned Format: [LOWer 1 {[ <NR1> ] (it percent)
[ <NR3> ] (if volts)
[ <NR2> ]} <crif> (if TTL or ECL)

Exampie: OUTPUT 707;"LOWER?"
ENTER 707;Lower$
PRINT Lower$
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WIiINDow

Query which returns a pair of (X,Y) coordinates describing the time and voltage limits of the graph
display. Effectively these are P1 and P2 coordinates as used in plofter or HP Series 200 Controller
window commands.

Query Syntax: WINDow 7
Returned Format: [WINDow]<NR3>,<NR3>,<NR3>,<NR3><crif>

where the first NR3 pair is the Pi (time,volis) and
the second NR3 pair is the P2 {time,volis).

Example: DIM Window$[50] P
QUTPUT 707;"WINDOW?"
ENTER 707;Window$
PRINT Window$ :

Pl

EXPand

The graph expand function uses time rather than cursor [ocation as the expansion criteria. The
command sets the time at the starting point of the graph and at the stopping point of the graph.
The graph must contain valid data or an error is generated.

The start time must be greater than or equal to the time of the first point of the waveform. The
stop time must be less than or equal 10 the time of the last point. Minimum time (Stop — Starl)
must be 254 sample intervals, i.e., the minimum number of points displayed must be 255,

The WINDow command is useful to determine the min and max values for start and stop times
respectively.

Command Syntax: EXPand <start time>,<stop time>

Example: OUTPUT 707;"EXPAND 50E-9,125E-9"

NORMai
Command sets graph to show entire waveform, unexpanded.
Command Syntax: NORMal

Example: OUTPUT 707;"NORMAL"
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ME ASure

The measure subsystem provides access to the front panel measurement functions and also
provides some special functions particularly useful in systems applications.

The MEASure command selects the measure subsystem for the commands that follow.

The MEASure query responds with the settings of the measure subsystem.

Command Syntax: MEASure
Example: QUTPUT 707;"MEASURE"™

Query Syntax: MEASure ?

Returned Format: [ MEASure <crif> |

[ SOURce ] <source spec><crlf>

[ MODE ]<argument><crif>

[ SENDvalid J<argument><crlf>

[ DEFine]}{DELay | 0 },<meas spec><crlf>
[ DEFine]{NWIDth | 1 },<meas spec><crif>
[ DEFine]{PWIDth [ 2 },<meas spec><crlf>
[ | 31,

DEFine] (ENVelope <meas spec><crlf>

Example: DIM Measure$[180]
QUTPUT 707;"MEASURE?"
ENTER 707 USING "-K";Measure$
PRINT USING "K";Measure$
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MEASure Commands:

MODE

SENDvalid

SO0URce $etting the Measurement
VALid Environment
DEFine

SCRatch

RESULts Getting Answers

FREQuency |
PERiod
PHIDth
NWIDth
RISE

FALL
DUTycycle
VAMP

VPP > Defined Measurements
YMAX

YMIN

YRMS
VTGP
VBASe
OVERshoot
PREShoot
DELay

PTIMe
V¥TIMe
PYOLL
TVOLt > Fundamental Measurements
TPOint
VPQint
CURSor
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~—{( MEASuTe ) ra
v
SOURce {17 /
AT A
SETTING THE (vALid? )
MEASUREMENT
ENVIRONMENT

DEL ey DELAY_SPEC] e

- M—(SCRateh %

¥

"
..
(LoWer )

85428609

O
..
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MEASure Subsystern Syntax Diagram
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~{ RESULts?) -
£y a0y

—{ FREQuancy } { 1 } { 7 3}

ol PERi0d o] i/

PWEBTR ) D)
el RIBE ] H
FALL

G g

X

(T
(FREEREaD—

—-{  DELay } A
- GRAPH EDGE 1}—-—{_, )| GRAPH_EDGE 2

PVOLL VGLTAGE ) {SLOPE & 0CCURENCE}—— 2 »—
TVOL L
PTine TIME {7 A
FUNDAMENTAL
MEASUREMENTS ™) YTIMe
TPOInt POINT 2 {7 ) 5
VPGint
e GURSor } { % } {7 ¥ ~

.'

|

6

B5420009

MEASure Subsystem Syntax Diagrarm (Cont)
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SETTING THE MEASUREMENT ENVIRONMENT

54200A/D provides two basic modes for measurements, standard and user defined, In standard
mode, reference levels are preset and measurement definiions are fixed. In user defined mode,
reference levels may be individually selected for each graph and certain measurement definitions
may be customized to betler suit your application.

Graph reference thresholds are set in the graph subsystem.

All measurements are based upon the time voltage windows defined by the four graphs;
measurements always reference graphs, not channels or memories directly. By expanding a
graph, you can select a region of the waveform data {0 measure.

For graphs containing waveforms that are actively being acquired, the measurement occurs when
the waveform is completely acquired, that is, the count parameter has been satisfied.

MODE

Command sets the measurement mode (definitions and thresholds), User mode definitions are set
by the MEASure DEFine command. USER mode thresholds are set by the GRAPh subsystem
UNITs, UPPer, and LOWer commands.

Query returns the current measurement made.

Command Syntax: MODE {[ STANdard | 0 ]
[ USER 11}

Example: OUTPUT 707;"MODE STANDARD"

Query Syntax: MODE ?
Returned Format: [MODE]<argument><crlf>
Example: OUTPUT 707;"MODE?"

ENTER 707;Mode$
PRINT Mode$
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SENDvalid

If command SENDvalid is ON, an optional parameter is sent by the 54200A/D with measurement
RESULts queries that qualifies the resuit. This parameter indicates why an invalid result occurred
or that the measurement result is good data. The optional validity parameter returned with the
RESULLts guery is:

<validity> ::= {[ GOOD_DATA !
[ NO_WAVEFORM |
[ SCALING? | -
[ THRESHOLD? | -
[ CLIPPED [ -
[ NOT..FOUND I -

Y QI P e OO
PRY RS PUY S -

)

The SENDvalid query returns the current SENDvalid selection, ON or OFF.

Command Syntax: SENDvalid {[ ON | 1 ]
[ OFF | 0 I}

Example: OUTPUT 707;"SENDVALID ON"

Query Syntax: SENDvalid ?
Returned Format: [SENDvalidj<argqument><crif>

Example: OUTPUT 707;"SENDVALID?"
ENTER 707;Send$
PRINT Send$

SOURce

Command selects the graph to be addressed for the measurements that follow. This graph will be
the default for measurement commands as well as the one used for the VALId query.

Query returns the currently addressed graph.
Command Syntax: SOURce [GRAPh}{ 1 | 2 | 3 | 4 }
Example: OQUTPUT 707;"SOURCE GRAPH 1"

Query Syntax: SOURce ?
Returned Format:: [SOURce] GRAPh<NRI><crl1f>
Example: OUTPUT 707;"SOURCE?"
ENTER 707;Source$
PRINT Source$

8-78

www.valuetronics.com



Model 54200A/D - Programming

MEASURE SUBSYSTEM

VALId

Query which returns the valid status for the currently addressed graph. The VALid arguments are
the same as defined by SENDvalid.

Query Syntax: VALid ?

Returned Format: [VALid] {] GOOD_DATA | 1]
[ NO_WAVEFORM | 0 ]
[ SCALING? | -1 1]
[ THRESHOLD? | -2 1}
[ CLIPPED | -3 1
[ NOT_FOUND | -6 1} <crif>

Example: OUTPUT 707;"VALID?"
ENTER 707;Valid$
PRINT Valid$

DEFine

When the measurement MODE command has been set to USER mode, definitions for customizing
measurements can be set using the DEFine command.

The DEFine query returns the currently defined user definitions.

Command Syntax: DEFine {[ DELay

[
[ PWIDth
[
[ } ,<mzasurement specification>
The PWIDth measurement is made from the first rising threshold defined by the measurement

specification to the next falling threshold. The NWIDth measurement is made from the first falling
threshold defined by the measurement specification to the next rising threshoid. For both width

measurements,
<measurement specification> ::= {{ MIDdle | 0 ]
[ UPPer | 1]
[ LOWer | 2 ]}

Example: OUTPUT 707;"DEFINE PWIDTH,MIDDLE"
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DEFine {cont)
For DELay, both edge polarity and threshold level is definable,
<measurement specification> ::= <polarity>,<level>,<polarity>,<level>

<polarity> :

{[ POSitive | 0 ]
]

[ NEGative | 1 ]}

<level> ::

i

{{ MIDdle | O ]
[ UPPer | 1]
[ LOWer | 2 1}

Example: QUTPUT 707;"DEFINE DELAY,POSITIVE,UPPER,POSITIVE,UPPER"
DEFine ENVelope allows the selection of the minimum waveform or the maximum waveform for
the basic measurement commands VTIMe, VPQint, TVOLE, and PVOLEL. For ENVelope,

<measurement specification> ::= {[ MINimum | 0 ]
11

[ MAXimum | }

Example: OUTPUT 707;"DEFINE ENVELOPE,MAXIMUM"

Query Syntax: DEFine {[ DElay ]
[ PWIDth ]
[ NWIDth ]
[ ENVelope ]} ?
Returned Format: [DEFine] {[ DELay 1 0]
[ NWIDth | 1]
[ PWIDth | 2 ]
[ ENVelope | 3 ]} ,<meas spec><crif>

Example: DIM Define$[60]
OUTPUT 707;"DEFINE DELAY?"
ENTER 707;Define$
PRINT Define$

SCRatch
Command clears the voltage and time measurement lists from the dispiay.
Command Syntax: SCRatch

Example: OUTPUT 707;"SCRATCH"
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EXECUTING MEASUREMENTS
The two modes of execution of measurements in the 5342004/D are immediate and gueued.

e immediate mode is performed when a measurement is specified as a query. The
measurement is performed as the command is parsed and the results are entered into the
output buffer.

e In queued mode, the measurement is added to the display list. The gueued
measurements are performed as a part of the normal acquisition cycle and results are displayed
on screen. The results may be read over HP-IB by using the RESULIs query.

In addition to the defined measurement functions on the front panel, two other groups of
fundamental measuremeants exisl. The cursor values may be read over HP-IB and a set of general
purpose time, voltage, and point measurements are provided.

Note

The measurement will not be completed until the the parameter set up by the
COUNt command in the ACQuire subsystem or the STORe command in the
CHANnel or TRIGger subsystem has been satisfied. If the store mode is
average, 4 to 256 acguisitions must be made before the measurement Is
complete (default is 4). If the store mode is envelope, 10 to 10000
acquisitions must be made before the measurement is complete (default is
100). '

RESULis
RESULIs is a query which causes the 54200A/D to output the list of aclive measurements.
Query Syntax: RESULts ?
Returned Format: [RESULEts ]<# of measurements><crif>
[<Time measurement 1ist>]
[<Vo1t measurement 1ist>]

<# of measurements> ::= integer from 0 to 6

<Time measurement list> and <Voli measurement list> :1:=

[<measurement name> ]<value>[,<validity>]<crif>
[<measurement name> }<value>[,<validity>]<crlf>
[<measurement name> J<value>[,<validity>]<crif>
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RESULts (cont)

Number of answers returned in Time measurement list can be from 0 1o 3.
Number of answers returned in Volt measurement list can be from 0 to 3.

validity parameter only returned if SENDvalid command is set ON.

<validity> ::= {[ GOOD_DATA |
[ NO_WAVEFORM |
[ SCALING? [ -
[ THRESHOLD? | -
[ CLIPPED |-
[ NOT_FOUND | -

W RS — O
lrwmrwad hevererest bverevessl el bl Sreeeresd

Example: DIM Results$[200]
OUTPUT 707;"RESULTS?"
ENTER 707 USING "-K";Results$
PRINT Results$

Defined Measurements
The following measurements are defined for 54200A/D:

<measurement name> ::= FREGQuency
PERiod
PWIDth
NWIDth
RISE
FALL
BUTycycle
VAMP
VPP
VMAX
VMIN
YRMS
yToP
VBASe
OVERshoot
PREShoot
DELay
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Defined Measurements (cont)
with the exception of DELay, all follow the syntax:
Command/Query Syntax: <measurement name>[<graph number>][7]
DELay is specified with:
Command/Query Syntax: DElLay [<graph of first edge>,<graph of second edge>][?]
If no graph is specified, the default graph is measured.
If the command form is specified, the measurement is added to the appropriate measurement list
(time or voit) on the 54200A/D display and the answers are returned to the controller using the
RESULLts query. If more than 3 measurements are specified for either the time or voit list, only the
last 3 are retained {performed) and any others are discarded.
Example: OUTPUT 707;"FREQUENCY 17 or
QUTPUT 707;"DELAY 1,2"
if the query form is specified, the measurement is performed immediately and not displayed on the
54200A/D. The resuits are placed in the output buffer of the 54200A/D with the following format
for non-delay measurements:
Returned Format: [<meas name><graph number>,]<value>[,<validity>]<crif>
Example: DIM Rise[30]
QUTPUT 707;"RISE?"
ENTER 707;Rise$
PRINT Rise$

and with the following format for delay measurements:

Returnad Format:
[<meas name><graph number>,<graph number>, J<value>[,<validity>]<crif>
Example: DIM Delay$[30]
QUTPUT 707;"DELAY 1,2 ?"
ENTER 707;Delay$
PRINT Delay$
Mote

When any of these defined measurements are performed on envelope type
waveforms, the minimum wave data is always used.
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Fundamentzal Measurements

The following measurements are basic voltage, time, and point queries that can be used to create
custom measurements not handled by the defined measurements. All queries reference the
current measurement source waveform,.

PTiMe
VTIMe
PVOLL
TVOLt
TPOInt
VPdint

PTiMe
I point of time is requested, the nearest point preceding the requested time is returned.
Query Syntax: PTIMe <time> 7
Returned Format: [PTIMe]<NRIl><crlf>
Example: DIM Ptime$[25]
QUTPUT 707;"PTIME 500E-6 2"

ENTER 707;Ptime$
PRINT Ptime$

VTiMe
Query returns the interpolated voltage at the specified time.
Note
if the waveform is type envelope and user mode is selected for
measurements, the user definition of min/max s used to sefect which
waveform to measure.
Query Syntax: ViIMe <time> ?
Returned Format: [VTIMe ]<NR3><crlf>
Example: DIM Vtime$[25]
QUTPUT 707;"VTIME 2E-3 ?"

ENTER 707:Viime$
PRINT Viime$
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PVOLt

When point of voltage is requested, the waveform is searched from the first displayed point until an
interval is found that contains the requested voltage.

The sign of <slope & occurrence> selects rising (+) or falling {-) edge. The magnitude of this
parameter selects the occurrence count. For example, if <slope & occurrences>= -2, the waveform
is searchad for the second occurrence of the specified voltage on a negative slope. The nearest
point preceding this interval is returned.

Note

If the waveform is type envelope and user mode Is selected for
measurements, the user definition of min/max is used to select which
waveform fo measure.

Query Syntax: PVOLt <voltage>,<slope & occurrence > ?
Returned Format: [PVOLt ]<NRI><crif>
Exampie: DIM Pvolt$§[25]
QUTPUT 707;"PVOLT 200E-3,-3 ?°

ENTER 707:Pvo1t$
PRINT Pvolt$

TVOLY
When time of voltage is requested, the waveform is searched from the first displayed point until an
interval is found that contains the reguested voilage. Then a linear interpolation is done fo
estimate the time the voltage was traversed.
The sign of <slope & occurrence> selects rising (+) or falling (-) edge. The magnitude of this
parameter selects the occurrence count. For example, if <slope & occurrence>= -2, the waveform
is searched for the second occurrence of the specified voltage on a negative slope.

MNote

If the waveform is type envelope and user mode is selected for
measurements, the user definition of min/max is used to sefect which
waveform to measure.

Query Syntax: TVOLt <voltage>,<slope & occurrence > 7
Returned Format: [TVOLt J<NR3><crlf>
Example: DIM Tvolt$[25]
QUTPUT 707;"TVOLT 5.5,+2 ?"
ENTER 707;Tvolt$
PRINT Tvolt$
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TPOint

Query returns the time of the specified point (1 to 1001).

Query Syntax: TPOint <point number> ?
Returned Format: [TPOint 1<NR3><crif>

Example: DIM Tpoint$[25]
QUTPUT 707;"TPOINT 267 2"
ENTER 707;Tpoint$
PRINT Tpoint$

VPOint
Query returns the voltage of the specified point (1 to 1001).
Mote
If the waveform is type envelope and user mode is selected for
measurements, the user definition of min/max is used to select which
waveform to measure.
Query Syntax: VPOint <point number> ?
Returned Format: [VPOint ]<NR3><crif>
Example: DIM Vpoint$[25]
QUTPUT 707;"VPOINT 426 ?"

ENTER 707;Vpoint$
PRINT Vpoint$
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Cursor Yalues

Although the cursors are not programmable via the HP-IB, the cursor values may be read.

CURSor

if a query with X or O argument is execuled, the 54200A/D returns an x,y pair representing the
time and voltage at the point of the specified cursor.

if a query with the DELTa argument is executed, the 54200A/D returns an x,y palr representing the
A time and A voltage between the points of the X and the O cursors.

The optional validity parameter is only returned if the SENDvalid command has been set to ON.

Query Syntax: CURSor ([ DELTa | O ]
[ X | 1]
[0 | 2 1} 7?
Returned Format: [CURSor J<argument>,<Time>,<Voltage>[,<validity>]<crif>
<Time> and <Voltage> are number type NR3

<validity> ::= {[ GOOD_DATA |
[ NO_WAVEFORM |
[ SCALING? |-
[ THRESHOLD? | -
[ CLIPPED |-
[ NOT_FOUND | -

WDy
| P | SN SEN ) W S S—")

Example: DIM Cursor$[25]
OUTPUT 707;"CURSOR DELTA ?°
ENTER 707;Delta$
PRINT Delta$
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Notes
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STATe

The state subsystem is available only on the 54200D and provides a means to program the state
trigger function. The two major groupings of the state trigger commands are assignment and
sequence.

e Assignment consists of defining the mode of state operation, and specifying
the probe thresholds, labels and patterns.

¢ Sequence is the aclual specification of the events that are needed before a
state trigger is generated.

The STATe command selects the slate subsysiem as the destination for the commands that follow,
The STATe query responds with all of the settings for the state subsystem,

Command Syntax: STATe
Example: OUTPUT 707;"STATE"

Query Syntax: STATe ?

Returned Format: [STATe <crif> ]
[ASSignment <crif>]
[MODE1<argument><crif>
[MULTiplex]<argumeni><crif> {(normal mode only)
< ¢lock specification >
[PODO ]<NR2><crif>
[POD1 ]<NR2><crlf>
[PODZ J<NR2><crlf> (normal and qualified modes only)
{< Tabel specification >}!11!18!  (maximum is 1 for bit fault modes)
[SEQuence <crlf>]
[FIND ] <sequence find Tist><crif>
[COUNt ]<NR1><crif>
[OF ]<sequence trigger Tist><crif>
[TERMs J<argument><crlf>
[RESTart J<seguence restart Tist><crif>

<clock specification> ::=
For normal mode, multiplexing off.
[CLOCk ] <argument>,<argument>,<argument><crilf>

For normal mode, multiplexing on or for gualified mode:

[MASTer] <argument>,<argument>,<argument><crlf>
[SLAVe ] <argument>,<argument>,<argument><crilf>

For missing or extra bit modes:

[DATA ] <argument><crif>
[REFerence ] <argument><crlf>
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STATe (cont)

Note

The following label commands apply to all defined labels. When used
individually they refer to the currently addressed label.

<label specification> ::=

[LABel 1}<5 chars quoted><crif>

[POLarity ]<argument><crif>

[AlLLocate ]<NR1>,<NR1>,<NRl><crlif>

[BASE ]<argument><crif>

[PATtern 1 A, <pattern expression><cr]f>

[PATtern ] B, <pattern expression><crif>

{PATtern ] €, <pattern expression><crif>

[PATtern ] D, <pattern expression><crif> (normal and qualified modes only)

[ #H<hexadecimal expression> ]
[ <decimal expression> ]
[ #0<octal expression> ]
[ #¥<binary expression> ]

<pattern expression> ::= {

}

{ 0]1]2]3|4{5]6]7(8!9}albi
cld|elf|AIB|CIDIEIF|XIS }11171

( 0]1121314]5]6]7|819|X|$ }!1t9]
{ 0]1]213|4]5(6|718[X|$ }!119!
{ 0]1]X )!1127!

<hexadecimal expression> :

<decimal expression>

[H

<pctal expression>

<binary expression>

Mote

“§" valid for query only. An "X" specifies a dont care state, while a "§"
specifies an undefined state. "Don't cares” in one value base cannot always
be transiated to another base.

Example: DIM State${500]
QUTPUT 707;"STATE?"
ENTER 707 USING "-K";State$
PRINT USING "K";State$
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STATe Commands:

Assignment Commands

ASSignment
MoDE
HULTipiex
CLOCK
MASTer
SLAVe
DATA
REFerence
pPoBo

POD1

PODZ
LABel
iNSert
DELete
POLarity
Allocate
BASE
PATtern

Sequence Commands

SEQuence
FIND
COUNE

OF

TERMs
RESTart

—{ 8TATe }

—{MULT iplex {ON ) .
5 (OFF)
f#5420008 “ ;}

STATe Subsystem Syntax Diagram {(Assignment)
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STATe Subsystemn Syntax Diagram (ASSignment cont)
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STATe Subsystem Symntax Diagram (SEQuence)
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Assignment Commands

ASSignment

Command enables state assignment queries to be returned intact.

Query returns the current assignment setlings.

Command Syntax: ASSignment

Example: OUTPUT 707;"ASSIGNMENT"

Query Syntax: ASSignment ?

Returned Format: [STATe <crif> ]
[ASSignment <crif>]
[MODE]<argument><crilf>
[MULTiplex]<argument><crif>
< clock specification >
[PODO J<NR2Z><crif>
[PODI ]<NR2><crif>
[POD2 1<NRZ><crlif>

{< label specification >}1118!

(normal mode only)

{normal and qualified modes only)
{maximum is 1 for bit faull modes)

Example: DIM Assign$[200]
QUTPUT 707;"ASSIGNMENT?"
ENTER 707 USING "-K";Assign$
PRINT USING "K";Assign$
MODE

Command sets the state trigger mode. Query returns the current mode selection.

Command Syntax: MODE {[ NORMal | 0
[ QUALified | 1
{ MIiSsing | 2
[ EXTRa | 3

Example: OUTPUT 707;"MODE QUALIFIED®

Query Syntax: MODE 7

Returned Format: [MODE ]<argument><crlf>
QUTPUT 707;"MODE?"

ENTER 707;Mode$

PRINT Mode$

Example:
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MULTiplex

Command defines muitiplexing of clocks when stale is in normal mode; other modes have
predefined multiplexing. Query returns the multiplexing mode in effect when in normal mode.

Command Syntax: MULTiplex {[ ON | 1 ]
[ OFF | ¢ 1}

Example: OQUTPUT 707;"MULTIPLEX ON"

GQuery Syntax: MULTiplex 7
Returned Format: [MULTiplex ]<argument><crlf>
Example: OUTPUT 707;"MULTIPLEX?"

ENTER 707;Mult$
PRINT Muit$

CLOCKk

Command sets the clock polarities for the master clock used in the normal mode with multiplexing
off. Query returns the master clock settings used in normal with muliplexing off.

Command Syntax: CLOCk <J clock spec>,<K clock spec>,<L clock spec>
< any clock spec >::= {[ NEGative | O
POSitive | 1
BOTH | 2
DiSabled | 3
Example: OUTPUT 707;"CLOCK POSITIVE,NEGATIVE,POSITIVE"

Query Syntax: CLOCk
Returned Format: [CLOCk]<J clock spec>,<K clock spec>,<L clock spec><crif>
Example: DIM Clock$[50]
OUTPUT 707;"CLOCK?"

ENTER 707;CTockS$
PRINT Clock$
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MASTer

Command sets the clock polarities for the master clock used in normal mode with multiplexing on
or in qualified mode. Query returns the master clock settings used in normal mode with
multiplexing off and qualified modes.

Command Syntax: MASTer <J clock spec>,<K clock spec>,<L clock spec>

< any clock spec >::= {[ NEGative | 0 ]
[ POSitive | 1 ]
{ BOTH | 2]
[ DISabled | 3 ]

Example: OUTPUT 707;"MASTER NEGATIVE,NEGATIVE,NEGATIVE"
Query Syntax: MASTer ?
Returned Format: [MASTer]<Jd clock spec>,<K clock spec>,<L clock spec><crlf>
Example: DIM Master$[50]
QUTPUT 707;"MASTER?"

ENTER 707;Master$
PRINT Master$

SLAVe

Command sets the clock polarities for the slave clock used in normal multipiex mode or qualified
mode. Query returns the slave clock settings used in normal muitipiex and gualified modes.

Command Syntax: SLAVe <J clock spec>,<K clock spec>,<L clock spec>

< any clock spec >::= {[ NEGative |

[ POSitive |

[ BOTH |

[ DISabled |

Exampte: OQUTPUT 707;"SLAVE POSITIVE,POSITIVE,POSITIVE"
Query Syntax: SLAVe ?

Returned Format: [SLAVel]<d clock spec>,<K clock spec>,<L clock spec><crif>

Example: DIM Slave$[50]
QUTPUT 707;"SLAVE?"

ENTER 707:STave$
PRINT STave$
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DATA

Command sets the clock polarity for the serial data clock in extra or missing bit modes. Query
returns the serial data clock setting used in extra or missing bit modes.

Command Syntax: DATA <L clock spec>

< L clock spec >::= {[ NEGative | 0 ]
[ POSitive | 1]
[ BOTH | 2]
[ DISabled | 3 1}

Example: OUTPUT 707;"DATA BOTH"

Query Syntax: DATA ?
Returned Format: [DATA I<L clock spec><crif>
Example: OUTPUT 707;"DATA?"

ENTER 707;Data$
PRINT Data$

REFerence

Command sets the clock polarity for the reference cell clock used in exira or missing bit modes.
Query returns the reference cell clock setting used in extra or missing bit modes.

Command Syntax: REFerence <J clock spec>

< J clock spec >::= {[ NEGative | 0 ]
[ POSitive | 1]
[ BOTH | 2]
[ DISabled | 3 1}

Exampie: OUTPUT 707;"REFERENCE POSITIVE®

Query Syntax: REFerence ?
Returned Format: [REFerence 1<d clock spec><crlf>
Example: OUTPUT 707;"REFERENCE?"

ENTER 707;Ref$
PRINT Ref$
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POD

Command sets the threshold for the specified pod. TTL and ECL are presels. <NRB2> has the
range -9.9 to 9.9 volts. Query returns the settings for the specified pod. ECL and TTL are

returned as voltage values.

Command Syntax: { PODO | POD1 | POD2 } {[ TTL ]
[ ECL ]
[ <NRZ> ]}

Example: OUTPUT 707;"PODO TTL"

Query Syntax: { PODO | PODL1 | POD2 } ?
Returned Format: [ PODO | POD1 | POD2 ]<NRZ><crlf>
Example: OUTPUT 707;"POD2?"

ENTER 707;Pod2$
PRINT Pod2$

LABel

The label command addresses a particular labe! up to five characters long as the destination for
the label commands that follow. A valid label name cannot be all spaces (" "), i the label does
not exist, then a new label is added fo the list, unless the list is full. If all labels had been
previously deleted, the dummy first label is replaced with the new label entered.

Label names are sensitive to leading spaces. If the label name is less than 5 characters, spaces
are appended to pad to 5 characters. Thus "A" becomes "A ", and "A " is unigue from " A"

When a new label is declared, its polarity is defaulted to positive, and all bits are allocated.

In normal and qualified modes, up to 8 labels may be used. In the bit fault modes, only one label
is permitted. There is a unigue label list held for each of the two cases.

Query returns the currently addressed label.
Command Syntax: LABEL <string>
Exampie: OQUTPUT 707;"LABEL ""DATA"""
Query Syntax: LABel ?
Returned Format: [LABel ]<string><crif>
Example: OUTPUT 707;"LABEL?"

EMTER 707:Label$
PRINT Label$
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Al lLocate

This command sets the allocation for the label, that is it determines which pins are used on the
pods or that label. The <NR1> values are interpreted as mask values much like the RQS mask.

Query returns the allocation of the addressed label.

Command Syntax: AlLlocate {[<pod2 NR1>,<podl NR1>,<pod0 NRI>] (three pods in normal
or qualified mode)

[<podl NRI1> 1} (only one pod in
missing or exira bit mode).

Example: OUTPUT 707;"ALLOCATE 511,2,4"
This allocation would be shown on the 54200D display as:

jabel [+] [FrwEmwrrr XL %]

Query Syntax: Allocate 7

Returned Format: [AlLocate ][{<pod2 NR1>,<podl NR1>,<pod0 NR1> ]
<podl NRI1> I erlf>

Example: OUTPUT 707;"ALLOCATE?"
ENTER 707;A170cate$
PRINT Allocate$

POLarity

Command sets the polarity of the addressed label. Query returns the polarity of the addressed
label.

Command Syntax: POLarity {[ POSitive | 1 ]
[ NEGative | 0 1}

Example: OUTPUT 707;"POLARITY POSITIVE"

Query Syntax: PQOlarity 7
Returned Format: [POLarity ]<argument><crlf>
Example: OUTPUT 707"POLARITY?"

ENTER 707;Polarity$
PRINT Polarity$
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BASE

Command Selects the base in which the pattern resource terms are dispiayed for the addressed
label and sets the base for query responses. Binary is the most useful in many cases since any
paltern of don't cares is expressible without "$".

CQuery returns the selected display base.

Command Syntax: BASE {[ BiNary !
[ OCTai i
[ DECimal |
[ HEXadecimal |

Example: QUTPUT 707;"HEXADECIMAL"

Query Syntax: BASE ?
Returned Format: [BASE I<argument><crlf>
Example: OUTPUT 707;"BASE?"

ENTER 707;Base$
PRINT Base$

DElLete

Command which deletes either all labels or the label specified. If all labels are deleted, a
temporary place holding label is written to the first label location since front panel operation
requires at least one label to be displayed. However, this label is replaced when a new label is
defined with the LABel command or the INSert command. The place holder is considered a valid
label if any of its atfributes are changed or after reset or power cycle, and it is used for triggering.

Command Syntax: DELete {[ ALL ]
[<5 characters quoted>]}

Example: OUTPUT 707;"DELETE ""DATA """

INSert
Command allows a new label to be added to the list direclly following the currently addressed
label. Similar in action to the label command except the fabel name must be unique, that is, the
insert command cannot be used to merely address a label. Refer to the LABel command for more
details.
Command Syntax: INSert <5 characters quoted>

Example: OUTPUT 707"INSERT" Clk """
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PATtern

Command defines the selected resource term for the addressed label. Pattern D is not allowed for
missing or exira bit modes.

Query returns the specified pattern expression for the addressed label.
Command Syntax: PATtern <which pattern>,<pattern expression>

<which pattern> ::= { A[B|C|D }

<pattern expression> ::= { [ #H<hexadecimal expression> ]
[ <decimal expression> ]
[ #0<octal expression> ]
[ #Y<binary expression> 13
<hexadecimal expression> ::= { 0|112|3]4|5|6{7]|8]|%}a|b|
cldie|f]A|B|CIDIE|IFIX|$ 311171
<decimal expression> = { 0[1i2|3|415|6]7]8|9{X|$ }1119!
<octal expression> = { 0]1(2]|3/415]|6]7|8|X]$ 1119
<binary expression> = { 01X 111271t
Note
"s* valid for query only. An "X" specifies a don't care state, while a "§"
specifies an undefined state. "Dom't cares” in ong value base cannot always
be translated to another bass.
Example: OUTPUT 707;"PATTERN A,#Y01110001"
Query Syntax: PATtern <which pattern> ?
Returned Format: [PATtern ] <which pattern>,<pattern expression><crlf>
Example: DIM Pattern$[50]
QUTPUT 707;"PATTERN?"
ENTER 707;Pattern$
PRINT Pattern$
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Sequence Commands

StQuence

Command enables sequence queries 1o be returned intact.
Query returns the current sequence settings.

Command Syntax: SEQuence

Exampie: OUTPUT 707;"SEQUENCE"

Query Syntax: SEQuence ?

Returned Format: [SEQuence <crlf> ]
[FIND ] <sequence find Tist><crlif>
[COUNt J<NRI><crlf>
[OF ]<sequence trigger list><crif>
[TERMs }<argument><crif>
[RESTart ]J<sequence restart list><crif>

Example: DIM Seq$[200]
OUTPUT 707;"SEQUENCE?"
ENTER 707;Seq$
PRINT Seq$
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FIND

Command defines the sequence terms that must be found before the trigger term. There can be
0, 1, 2, or 3 sequence terms. "FIND NOTHing" specifies the 0 term case. Terms "D" and "NOTD"
are not permitted in missing bit and exira bit modes.

Query returns the sequence term list,

Command Syntax: FIND < sequence find 1ist >

< sequence find Tist >::= {] NOTHing | 0 ]
[ <list item [,<Tist item>[,<list item>]]])

<list item>::= {[ ANYState | 1 ]
[ A 2]
[ B 3]
[ C | 4]
[D 5]
[ NOTA 6 ]
[ NOTB 171
[ NOTC 8 ]
[ NOTD 9 13

Example: OUTPUT 707;"FIND ANYSTATE"

Query Syntax: FIND
Returned Format: [FIND ]<sequence find Tist><crif>
Example: OUTPUT 707;"FIND"

ENTER 707;Find$
PRINT Find$

COUNt

Command programs the trigger term occurrence count. Range is 1..59999.
Query returns the occurrence count.

Command Syntax: COUNt < NRI1 >
Example: OUTPUT 707;"COUNT 154"
Query Syntax: COUNt ?
Returned Format: [COUNt ]<NRI><crlf>
Example: OUTPUT 707;"COUNT?"
ENTER 707;Count$
PRINT Count$
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OF

Command defines the trigger term. 1 to 4 terms may be used in the compound expression. Only
one term may be specified if using "ANYState” list item. The "TERMs" command defines whether
the terms "or" or "and". This command is not valid for missing bit and extra bit modes.

Query returns the compound trigger term.

Command Syntax: OF < sequence trigger 1ist >

<sequence trigger list> ::=
<tist ditem>[,<list item>[,<Tist item>[,<Vist item>]]]

<1ist item>::= {[ ANYState | 1 ]
[ A | 2]
[ B | 3]
[ C | 4]
[ D | 5]
[ NOTA | 6]
[ NOTB | 7]
[ NOTC | 8 ]
[ NOTD 913

Query Syntax: OF ?
Returned Format: [ OF ] <sequence trigger Tist ><erlf>

Exampie: DIM 0f$[50]
OUTPUT 707;"0F?"
ENTER 707;0f$
PRINT Of$

TERMs

Command defines whether to "or" or "and” the trigger terms.
Query returns the "and” or "or" mode for the trigger terms.

Command Syntax: TERMs {[ OR | 0 ]
[ AND |11}

Example: OQUTPUT 707;"TERMS AND"

Query Syntax: TERMs ?
Returned Format: [ TERMs J<argument><crlf>
Example: OUTPUT 707;"TERMS?"

ENTER 707;Terms$
PRINT Terms$
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RESTart

Defines the restart expression. 1 to 4 terms may be used in a compound expression. Only one
term may be specified if using "NOSTate™or "ANYState" list items. The "D" and "NOTD" terms are
not permitied in missing bit or extra bit modes.

Query returns the restart expression.

Command Syntax: RESTart <sequence restart Tist>

<sequence restart list>::=
<Tist item>[,<list item>[,<list item>[,<1list item>]]]

<list item>::= {[ ANYState

1
2
3
4
5
6
7
8
9
1

<
PV SUUNTY SV WS VT S DT VIR TR | S

i
|
f
|
|
|
|
|
|
|

Example: OQUTPUT 707;"RESTART B,NOTC"

Query Syntax: RESTart ?
Returned Format: [RESTart ]<sequence restart list><crlf>
Example: DIM Restart$[50]
OUTPUT 707;"RESTART?"

ENTER 707;Restart$
PRINT Restart$
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TiMebase
The timebase group controls all "X axis" oscillscope functions.
The TiMebase command selects timebase as the destination for the commands that foliow.

The TiMebase query responds with all of the settings for the timebase.

Command Syntax: TIMebase

Example: OQUTPUT 707;"TIMEBASE"

Query Syntax: TIMebase 7
Returned Format : [ TIMebase]<crlf>

[ MODE3<argument><crlf>

[ RANGe]<NR3><crlf>

[ DELay]<NR3><cr1f>

[ REFerence]<argument><crif>
[ ALTAStest]<argument><crlf>
[ SCALe]<argument><crlf>

Example: DIM Time$[130]
QUTPUT 707;"TIMEBASE?"
ENTER 707 USING "-K":;Time$
PRINT USING "K";Time$
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TiMebase Commands:

MODE
RANGe
DElay
REFerence
ALIAStest
SCALe
RATE

Timebase commands are order dependent in that delay limits are determined by the current range
setting.

- TIMebase } { 7 ) J -

MODE

. TRIGgered '
SINGle

H

~{ RANGe RANGE._ARG

(20

~-(POS.puTse )]

~{REference j—" LEFT oo

|

~{ ALTAStegt Jw

ol

85420003

TiMebase Subsystem Syntax Diagram
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MODE

Command sets the timebase sweep mode
Query returns the current sweep mode.

Command Syntax: MODE {[ AUTO 1 0]
[ TRIGgered | 1 ]
[ SINGle Ay

Exampie: OUTPUT 707;"AUTO"

Query Syntax: MODE ?
Returned Format: [MODE]<argument><crif>
Example: OUTPUT 707;"MODE?"

ENTER 707;Mode$
PRINT Mode$

RANGe

Command sets timebase range (s/div * 10 div). Range is from 50 ns to 10 s in a 1-2-5 sequence.
if a range is entered that is not in this sequence, the number will be rounded up fo the next larger
range.

Query returns the current range setting.

Command Syntax: RANGe <NR3>
Example: QUTPUT 707;"RANGE 50E-3"

Query Syntax: RANGe ?
Returned Format:: [RANGe]<NR3><crlf>
Example: OUTPUT 707;"RANGE?"

ENTER 707;Range$
PRINT Range$
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DELay

Command sets time to current reference point from trigger. Delay range is defined as follows.

Time Range Pre-Trigger Delay Range Post-Trigger Delay Range
50 ns to 5 us Up to 5 us Up to 1 ms
i0 us to 10 s Up to 1 screen diam. Up to 260 screen diam.

Query returns current delay setting.
Command Syntax: DELay <NR3>
Example: OUTPUT 707;"DELAY 50£-6"

Query Syntax: DElay 7
Returned Format: [DELay]<NR3><crif>
Example: QUTPUT 707;"DELAY?"

ENTER 707;DeTay$
PRINT Delay$

REFerence

Command sets the reference point for delay such thal delay specifies the time of point 1 (LEFT),
point 501 (CENTer), or point 1001 (RIGHY).

Query returns the current delay reference point.
Command Syntax: REFerence {[ LEFT |

0 ]
[ CENTer | 1 ]
2 ]

[ RIGHt | )

Example: OUTPUT 707;"REFERENCE CENTER"

Query Syntax: REFerence ?
Returned Format: [REFerence]<argument><crlf>
Example: OUTPUT 707;"REFERENCE?"

ENTER 707;Ref$
PRINT Ref$
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ALIASGtest

Command sets alias test mode. If on, then a irigger is used to count the number of trigger
crossings over the acquisition window to determine whether the fundamental of the trigger signal
would generate an alias.

Query returns the currently selected alias test mode.

Command Syntax: ALIAStest {[ DISabled { 0 ]
[ ENABled | 1 1}

Example: OUTPUT 707;"ALIASTEST ENABLED"

Query Syntax: ALIAStest ?
Returned Format: [ALIAStest]<argument><crif>
Example: OUTPUT 707;"ALIASTEST?"

ENTER 707;A11as$
PRINT Alias$

SCAlLe

Command sets autoscale mode for timebase.
Query returns the current autoscale mode.

Command Syntax: SCALe {[ DiSabled | 0 ]
[ PERiod | 1]
[ POS_pulse | 2 ]
[ NEG.pulse | 3 ]
[ RISE | 4 1
[ FALL | 5 1}

Example: OUTPUT 707;"SCALE PERIOD"

Query Syntax: SCAle ?
Returned Format: [SCAlLel<argument><crif>
Example: OQUTPUT 707;"SCALE?"

ENTER 707;Scale$
PRINT Scale$
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RATE

Command sets time range in terms of sample rate. Sample period is range/1000, rate is 1/period.
The rate is displayed on the 54200A/D time menu in the "Sampling @" field.

Query returns the current sample rate.
Command Syntax: RATE <NR3>
Example: OUTPUT 707;"RATE 10E7"

Query Syntax: RATE ?
Returned Format: [RATE ]<NR3><c¢crif>
Example: OUTPUT 707;"RATE?"

ENTER 707;Rate$
PRINT Rate$
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TRIiGger

The trigger group controls all analog trigger functions, including selecting the type of dala to be
acquired for trigger view,

The TRIGger command selects trigger subsystem as the destination for the trigger commands that
follow. Included are the analog trigger and the overall selection of trigger mode {analog, armed,
state-only}.

The TRIGger query responds with all of the settings for the analog trigger.

Command Syntax: TRIGger
Example: OQUTPUT 707;"TRIGGER"

Query Syntax: TRIGger ?

Returned Format: [TRIGger<crlf>]
[MODE]<argument><crif>
[SOURce][CHANnel<NRI>| EXTernall<crif>
[PROBe]<NR1><crlf>
[RANGe]<NR3><crlf>
[SLOPel<argument><cr]f>
[LEVel]<NR3><crlf>
[COUPTing]<argument><crif>
[LABe1]< 10 chars quoted ><crlf>
[STORe]<argument>,<NR1><crif>
[SCALe]<argument><crlf>

Example: DIM Trig$[200]
QUTPUT 707;"TRIGGER?"
ENTER 707 USING "-K";Trig$
PRINT USING "K";Trig$
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TRIGger Subsystem Syntax Diagram
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TRiGger Commands:

MODE
S0URce
PROBe
RANGe
LEVel
TRACK
SLOPe
COUPTing
SCAlLe
5TORe
ECL
TTL
L.ABel

Trigger commands are order dependent as follows: Range limits are determined by the current
probe attenuation factor for external trigger source. The value limits for level are determined by the
current range selection. So to completely specify trigger settings, program PROBe (if external
souwrce), then RANGe, and then LEVel.

Separate level and range settings are held for each trigger source.

MODE
Command sets the trigger mode. Query returns the current trigger mode.
Command Syntax: MODE {[ ANALog | 0 ]

[ STATe | 1 ]

[ ARMed | 2 1}

Example: OUTPUT 707;"MODE ANALOG"

Query Syntax: MODE ?
Returned Format:: [ MODE]<argument><crlf>
Example: OUTPUT 707;"MODE?"

ENTER 707;Mode$
PRINT Mode$
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SOURce

Command sets the specified rigger source.
Queery returns the selected trigger source.

Command Syntax: SOURce {[ EXTernal 1| 0 ]

0
[ CHANnel 1 | 1 ]
[ CHANnel 2 | 2 1)

Example: OUTPUT 707;"SOURCE CHANNEL 1"

Query Syntax: SOURce ?
Returned Format: [ SOURcel[ CHANnel<NR1>| EXTernal]<crif>
Example: OQUTPUT 707;"SOURCE?"

ENTER 707;Source’
PRINT Source$

PROBe
Command sets trigger probe factor, valid only for external. Must be 1, 2, 5, 10, 20, 50 or 100.
Query returns the irigger prohe factor, Valid for any source.
Command Syntax: PROBe <NR1>
Example: OUTPUT 707;"PROBE 10"

Query Syntax: PROBe ?
Returned Format: [ PROBe]<NR3I><cyrif>
Example: OUTPUT 707;"PROBE?"

ENTER 707;Probe$
PRINT Probe$
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RANGe

Command sets trigger range. If internal source, then adjust mode is automatically selected. f
external source, the allowable range seitings (with 2-digit resclution) are based on the PROBe
setting and are as follows:

PROBE FACLTOR YALLID RANGE SETTING
1:1 40 mV to 40 ¥
2:1 80 m¥ to 80V
5:1 200 m¥ to 200 V
10:1 400 mV¥ to 400V
20:1 800 mV to 800V
50:1 2 V to 2000 V
100:1 4 V to 4000V

Query reponds with current range setting.
Command Syntax: RANGe <NR3>

Example: OQUTPUT 707;"RANGE 5.5E0"
Query Syntax: RANGe ?

Returned Format: [RANGe]<NR3><crif>

Example: OUTPUT 707;"RANGE?"

ENTER 707;Range$
PRINT Range$

LEVel

Command sets trigger level. Trigger level is £2 V for 40 mV to 390 mV range and +20 V for 400
mV to 40 V range.

Query returns the trigger level,
Command Syntax: LEVel <NR3>
Example: OUTPUT 707;"LEVEL 350E-3"
Query Sytnax: LEVel ?
Returned Format: [ LEVel]<NR3><crlf>
Example: OUTPUT 707;"LEVEL?"

ENTER 707;Level$
PRINT Level$
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TRIGGER SUBSYSTEM

TRACK

Command which sets range to track mode if internal source selected. Not valid for external
source.

Command Syntax: TRACk
Example: OUTPUT 707;"TRACK"

5L.0OPe
Command sets trigger slope. Query returns the selected slope.

Command Syntax: SLOPe {[ POSitive | 1 ]
[ NEGative | 0 1}

Example: OQUTPUT 707;"SLOPE NEGATIVE"

Query Syntax: SLOPe ?
Returned Format: [ SLOPel<argument><cylf>
Example: OUTPUT 707;"SLOPE?"

ENTER 707;S1ope$
PRINT Slope$

COUPling

Command selects the input coupling for trigger, valid only for external.
Query returns the selected coupling. Valid for any source,

Command Syntax: COUPling {[ AC | 2 ]
[DC 11 D)

Exampte: OUTPUT 707;"COUPLING DC"

Query Syntax: COUPling ?
Returned Format:: [ COUPling]<argument><crlf>
Example: OUTPUT 707;"COUPLING?"

ENTER 707;Coupling$
PRINT Coupling$
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TRIGGER SUBSYSTEM

SCAlLe

Command sets autoscale mode for trigger.
Query returns current auioscale mode.

Command Syntax: SCALe {[ DISabled | ¢ }
1]

[ ENABTed | 1 D)

Example: OQUTPUT 707;"SCALE ENABLED"

Query Syntax: SCAle ?
Returned Format: [ SCALe]<argument><crlf>
Example: OUTPUT 707;"SCALE?"

ENTER 707;Scale$
PRINT Scale$

STORe

Command sets the store mode. If average mode is selected, count determines both the terminal
count and the number of averages (sample weighting factor). For the other store modes, count
determines the terminal count, that is, the number of frames which must be acquired until the
waveform is considered ready for analysis.

For normal store mode the count parameter is optional, if sent it must be 1. For average mode,
the count must be exaclly 4, 16, 64, or 256. For envelope, count can be 10 to 10,000.

Query returns the current store mode for trigger.
Command Syntax: STORe < type > < count >
< type > ::= {[ NORMal |

1}
[ AVErage | 2 ]
3]

[ ENVelope | }

Example: OUTPUT 707;"STORE ENVELOPE, 500"

Query Syntax: STORe 7?7
Returned Format: [ STORe]<argument>,<NRI1><crlf>
Example: OUTPUT 707;"STORE?"

ENTER 707;Store$
PRINT Store$
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TRIGGER SUBSYSTEM

ECL
Command presets the trigger for ECL as follows:
COUPling = DC
OFFSet =-1.00V
RANGe = 2.0V
SCALe = DISabled

The SCALe (autoscale) function is disabled so that a selective autoscale may be performed, thus
preserving the trigger settings.

Command Syntax: ECL
Example: OQUTPUT 707;"ECL"

TTL
Command presets the trigger for TTL as follows:
COUPTing = DC
OFFSet = 2.50V
RANGe = 6.0V
SCALe = DISabled

The SCALe (autoscale) function is disabled so that a selective autoscale may be performed, thus
preserving the trigger settings.

Command Syntax: TTL
Example: OQUTPUT 707;"TTL"

LABel
Command sets the user label for trigger view. Query returns the user label for trigger view.
Command Syntax: LABel < 10 characters quoted >

Example: OUTPUT 707;"LABEL ""Data 1"""

Query Syntax: LABel ?
Returned Format:: [ LABel]< 10 chars quoted ><crlf>
Example: OUTPUT 707;"LABEL?"
ENTER 707;Label$
PRINT Label$
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WAVEFORM SUBSYSTEM

WAVeform

The waveform subsystem provides access to waveform data. This includes active data from the
channels and trigger as well as static data from the waveform memories.

For the active sources, the following commands are QUERY ONLY with the exceptlion of FORMat.
For memory waveforms {addressed directly or via a graph;), values may be set or queried using
DATA and PREamble or the individual preamble function commands.

Selecting a graph as the waveform source has the benefit that a portion of the whole waveform
may be read if the graph is expanded, that is, with a graph you can window the waveform and just
read the data of interest.

The WAVeform command addresses the waveform subsystem as the destination of the following
commands.

The WAVeform query responds with the current wave source and the validity and preamble
function settings for that source.

Command Syntax: WAVeform
Example: OUTPUT 707;"WAVEFORM"
Query Syntax: WAVeform ?

Returned Format: [ WAVeform <crlf> ]
SOURce ]<source spec><crif>
VALid J<argumenti><crlf>
FORMat J<argument><crif>

TYPE ]<argument><cr]f{>

POINts ]<NRl><crlf>

COUNt ]<NR1><crlf>

XINCrement J<NR3><crlf>
XORigin J<NR3><crif>
XREFerence J<NRI><crif>
YINCrement J<NR3><crif>
YORigin ]<NR3><crlf>
YREFerence J<NRI1><crlf>
COUPTing J<argument><crlf>
LABel ]<10 chars quoted><crif>

] Y] ey ey g s R T TR sy pusy g LT

Example: DIM Wave$[250]
QUTPUT 707;"WAVEFORM?"
ENTER 707 USING "-K";Wave$
PRINT USING "K";Wave$
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WAVEFORM SUBSYSTEM

WAVeform Commands:

SOURce
COUPTing
COUNE

DATA
FORMat
LABel
POINts
PREamble
TYPE

YALd
AINCrement
XORigin
AREFerence
YINCrement
YORigin
YREFerence

—{WAVeform >

S0URce

:

WAVeform Subsystern Syntax Diagram
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WAVEFORM SUBSYSTEM

| 1

~—( COUNt COUNT_ARG
N DATA DATA BLOCK

M- FORMat BYTE
WORD
N LABe! "STRING”

—( POINLs POINTS_ARG
\——{PREMIG)T{PREAMBLE ﬁz,ecrq7—/
2 )

L
N~{__TYPE NORMal } A

—GiEr
. £NVelope -

~—{ vALid? ) /
M—(XINCr ement, XINC_ARG
NM(XoRigin YOR_ARG

Nl XREF 7 ance XREF_ARG

M{YINCT emen YINC_ARG

—(YORigin > YOR..ARG
-

‘»—(YRFZFerez%ce}t YREF_ARG |j——’~—-“*’

~—(CowPing) €D, /
'm'
(2D

B5420004

WAVeform Subsystem Syntax Diagram (Cont)
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SOURce
Command sets the waveform source for the WAVeform commands that follow,

SOURce TRIGger — Sets irigger view {analog irigger) as the waveform addressed. Read
only.

SOURce CHANnel{1 |2} — Sets channel 1 or channel 2 as the waveform addressed. Read
only.

SOURce GRAPK{1]2(|3!4} — Sets the waveform displayed on graph 1, 2, 3, or 4 as the
addressed waveform. Only data on display is accessible with DATA guery. PREambie
query relurns points and x-origin adjusted for current expansion. Data can be written io
graphs if the source is a . memary, otherwise read only.

SOURce MEMory{0|1|213} — Sets memory 0, 1, 2, or 3 as the waveform addressed.
Only memory waveforms are read/write.

Query returns the currently selected source.

Command Syntax: SOURce {[ TRIGger | 0]
[ CHANnell | 1]
[ CHANnel2 | 2 ]
[ GRAPh{1] [3 143y ]
[ MEMory{0|1]2{3} 1}

Example: OQUTPUT 707;"SOURCE CHANNEL1™

Query Syntaxs SOURce 7

Returned Format : [SOURce]{[ CHANnell
[ CHANnel?
[ TRIGger
[ GRAPH1
[ GRAPh2
[ GRAPh3
[ GRAPh4
[ MEMory0
[ MEMoryl
[ MEMory?

[ MEMory3

[ e J S TP SPRUE ) IR  URUY.. 3 VIO | SIS 3 NN § B

e

Example: QUTPUT 707;"SOURCE?"
ENTER 707;Source$
PRINT Source$
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WAVEFORM SUBSYSTEM

COUPIing

Command sets the coupling field in the waveform preamble.
Query returns the coupling for the waveform.

Command Syntax: COUPling {{ DC | 1]
[AC | 2 1}

Example: OUTPUT 707;"COUPLING AC"

Query Syntax: COUPling
Returned Format: [ COUPling]<argument><crlf>
Example: OUTPUT 707;"COUPLING?"

ENTER 707;Coup$
PRINT Coup$

COUNt
Command sets the count parameter in the memory waveform preamble. If waveform is type
average, count signifies both the terminal count and the number of averages (sample weighting
factor). For the other store modes, count determines the terminal count, that is, the number of
frames which were acquired.
The count parameter must be in the range 0 to 10000. To be meaningful, this value should be set
as follows: For normal store mode the count parameter should be 1. For average mode, the count
should be exactly 4, 16, 64, or 256. For envelope, count can be 1 to 10,000. If count is set to O,
the waveform will be considered invalid.
Query returns the count factor for the addressed waveform. 0 is returned for invalid waveforms.
Command Syntax: COUNt <NR1>

Example: OUTPUT 707;"COUNT 16"
Query Syntax: COUNt ?

Returned Format: [ COUNt]<NRI><crlf>

Example: OUTPUT 707;"COUNT?"

ENTER 707;Count$
PRINT Count$
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WAVEFORM SUBSYSTEM

DATA

54200A/D accepts a waveform data block if the waveform addressed is memory {or a graph
displaying memory). Block length must match the defined store mode, format, and points settings.
These parameters are set up by the PREamble command.

Query returns the addressed waveforms data points if it is a valid waveform. If running, and the
waveform is being acquired, transmission occurs after the specified count has been reached.
Invalid waveforms are sent as all O's.
Command Syntax: DATA < Block type A >
Query Syntax: DATA 7

Returned Format : [ DATA] #Abb< binary wave data >

where bb is a word (binary integer) giving the number of data bytes in <binary wave data>.
Wave data is sent as either bytes or words based upon the current format specification.

The following example shows both the command and query form of DATA, and the steps required
to enter preamble data required before loading waveform data into a memory.

1858 |

126@ | Sen wup scope to accept waveform oand preanbls data
187V ASSIGH BFazt To 7Y FUORMAT OFF

1988 QUTFUY 7873 "HERIDER OFF 3EOL OH

1898 OUTFUY 7Y "ACRUIRE; TYFE HORMAL®

1358 |

1218 P Aorgquire data

192d  OQUTRUT P73 "DIGITIZE CHAMMEL 17

1928 !

a4 1 Set up wavefarm source

19568 GUTPUT VA7 "WRAVEFOEM; S0URCE CHAMHEL 13 FORMAT WORD"
13ge |

197 U Input wavsfors preantbls to controllep
1986 LIM Pre$[l15g]

1926 QUTFUT FEF; "HWRVEFORM PRESMELETY

28EE EMTER Fe7Y USIHG "-K"jFre¥

2ata |

2828 Imput wavedfaorm data 1o conterolier

2838 OUTFUT ?Pavs “DRTAT!

S840 EHTER FBTF USIHG "#,28,W"jHeader$, Butes
FRSE D Header$d = #A

ZBEA | Butsz = ZEHD

2BV Mords=Butess2

SRR HLLQCHTE IHTEGER Mawibaords)

Z@983  EMTER BFastilavixl

=1aa 8

2118 f Dutput waveform preamble and data 1o memory 3
2128 QUTPUT 7a7; "SOURCE MEMORYZ®

2128 OUTRUT 787 UEIHG "4,K";"PRERMELE ",Pre%
2148 QUTRUT 7a7 USIHG "4%,7da,W*; "IARTA #A",EButes
21858 QUTFUT BFastiMauis)

2188 1

2178 Display memorw 3 on graph 2

£128  OUTPUT 7av:"RECALL GRAPH 2, ®MEMORY ¢
21l9a |
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WAVEFORM SUBSYSTEM

FORMat

Command sets the data transmission mode for waveform data points. Dala is transferred either as
signed 8-bit (BYTE) or 16-bit (WORD), the sign bit is always positive (0). May be sent regardless of
what type waveform is addressed.

Query returns the format specification in effect.

Command Syntax: FORMat {{ BYTE | 1 ]
[ WORR | 2 ]}

ExampTe: OUTPUT 707;"FORMAT WORD"

Query Syntax: FORMat ?
Returned Format: [ FORMat]<argument><crlf>
Example: OUTPUT 707;"FORMAT?"

ENTER 707 ;Format$
PRINT Format$
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WAVEFORM SUBSYSTEM

LABel

Command sets the label field for the addressed waveform. Labels for the volatile waveforms are
defaulted to * " at power-on or reset,

Query returns the label for the addressed waveform.
Command Syntax: LABel <10 characters quoted>

Example: OUTPUT 707;"LABEL ""Waveform 1"""

Query Syntax: LABel ?
Returned Format: [ LABel] <10 characters guoted><crif>
Example: OUTPUT 707;"LABEL?"

ENTER 707:Label$
PRINT Label$

POINts

Command sets the number of points for a memory waveform. Must be in the range from 51 to
1001,

Query returns the number of data points in the addressed waveform. Value is 1001 for active
sources, for graphs and memaories may be 51 to 1001,

Command Syntax: POINts<NR1>
Example: OUTPUT 707;"POINTS 1001"

Query Syntax: POINts ?
Returned Format: [ POINts] <NR1><crif>
Example: OUTPUT 707;"POINTS?"

ENTER 707;Points$
PRINT Points$
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WAVEFORM SUBSYSTEM

PREamble

Command sets the preamble for the addressed waveform if it is a memory or a graph displaying a
memory. All items must be sent in exactly the prescribed order, delimited by commas.

Query returns the preambie block for the selected waveform.

In the examples given below, the PREamble query is shown first to show how the preamble can be
stored in the controller. The PREamble command is then given to show how to re-enter the
waveform preamble into a 54200A/D memory. Refer to the DATA command for more information.

Query Syntax: PREamble 7

Returned Format: [PREamble]
<format Parameter>,
<type Parameter>,
<points NR1>,
<count NR1>,
<xincrement NR3>,
<xorigin NR3>,
<xreference NR1>,
<yincrement NR3>,
<yorigin NR3>,
<yreference NR1>,
<coupling Parameter>,
<label 10 chars quoted><crlf>

Example: DIM Pre$[150]
QUTPUT 707;"HEADER OFF"
QUTPUT 707 ;"PREAMBLE?"
ENTER 707;Pre$
PRINT Pre$

Command Syntax: PREamble <preamble block>

<preamble block> ::= <format>,
<type>,
<points>,
<count>,
<xincrement>,
<xorigin>,
<xreference>,
<yincrement>,
<yorigin>,
<yreference>,
<coupling>,
<label><crif>

Example: OUTPUT 707 USING "#,K";"PREAMBLE ",Pre$

8-129

www.valuetronics.com



Model 54200A/D - Programming

WAVEFORM SUBSYSTEM

TYPE

Command sets the data type for memory waveforms.,
Query returns the data type of the selected waveform.

Command Syntax: TYPE {[ NORMal | 11
[ AVErage | 2 ]
3]

[ ENVelope | )

Example: OUTPUT 767;"TYPE NORMAL"

Query Sytnax: TYPE ?
Returned Format: [TYPE ]J<argument><crlf>
Example: OUTPUT 707;"TYPE?"

ENTER 707;Type$
PRINT Type$

VALid
This command has no effect, but the parameter must be in range 0,1, or -3.
Query returns validity of data for the addressed waveform or graph. To be valid, count must be
non-zerc and equal to the terminal count specified in ACQuire, CHANnel or TRiGger subsystems.
WAVefarm TYPE must be 1, 2, or 3.
Command Syntax: VALid {[ GOOD.data | 1 ]

[ NO.data | O ]

[ CLIPped [-3 J}<erlf>

Example: OUTPUT 707;"VALID GOOD_DATA"

Query Syntax: VALid ?

Returned Format: [VALid] {[ GOOD_data | 1 ]
[ NO_data | 0]
[ CLIPped |-3 ]j<crif>
Example: OUTPUT 707;"VALID?"
ENTER 707;Valid$
PRINT Valid$
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WAVEFORM SUBSYSTEM

XiNCrement

Command sets the time range and time per sample for memory waveform only.
NR3 is equal to time range + 1000.

Query returns the x increment (time per sample) for any addressed waveform.
Command Syntax: XINCrement <NR3>
Fxample: OUTPUT 707;"XINCREMENT 200E-6"

Query Syntax: XINCrement ?
Returned Format: [ XINCrement]<NR3><crif>

Example: DIM Xinc$[30]
QUTPUT 707;"XINCREMENT?"
ENTER 707;Xinc$
PRINT Xinc$

XORigin
Command sets the time of the first data point for memory waveforms only.
Qumyramﬂsmeﬂmeofmeﬁmtdmapdnﬂxoﬁ@Mofmwsaededwmmmwn
Command Syntax: XORigin <NR3>

Example: OUTPUT 707;"XORIGIN OEQ"

Query Syntax: XORigin ?
Returned Format: [ XORigin]<NR3><crif>
Example: OUTPUT 707;"XORIGIN?"

ENTER 707;Xor$
PRINT Xor$
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AREFerence

Command sets the point at which time x origin exists for memory
waveforms only. Must be 1.

Query returns the point number at which x origin exists for any
selected waveform. Always 1.

Command Syntax: XREFerence 1
Example: OUTPUT 707;"XREFERENCE 1"

Query Syntax: REFerence ?
Returned Format: [ XREFerence]<NRI><crlf>
Example: OUTPUT 707;"XREFERENCE?

ENTER 707 ;Xref$
PRINT Xref$

YiNGrement

Command sets the volts per g level and y axis range for the memory waveform only. This value is
interpreted with the current format selection.

Query returns the y increment (volts per g level) for any addressed waveform. This value is scaled
for the data format specification currently set.

Command Syntax: YINCrement <NR3>
Example: OUTPUT 707;"YINCREMENT 201.6E-6"

GQuery Syntax: YINCrement ?
Returned Format: [ YINCrement]<NR3><crlf>
Example: DIM Yinc$[307]
OQUTPUT 707;"YINCREMENT?"

ENTER 707;Yinc$
PRINT Yinc$
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WAVEFORM SUBSYSTEM

YORigin

Command sets the voltage at the midpoint of the voltage range, the same as offset for memory
waveforms only.

Query returns the y origin of the selected waveform, the voltage at "center screen” for any selected
waveform.

Command Syntax: YORigin <NR3>
Example: OUTPUT 707;"YORIGIN 2.3EQ"

Query Syntax: YORigin ?
Returned Format: [ YORIgin]<NR3><crlf>
Example: OUTPUT 707;"YORIGIN?"

ENTER 707;Yorg$
PRINT Yorg$

YREFerence

Command has no effect but must be 62 (BYTE) or 15872 (WORD) depending upon FORMat
selection.

Query returns the y reference value. This value is used to normalize ¢ level values (the way
waveforms are sent) prior to conversion to volts.

Command Syntax: YREFerence <NR1>

Example: QUTPUT 707;"YREFERENCE 15872

Query Syntax: YREFerence 7
Returned Format: [ YREFerence]<NRI><crif>
Exampie: OUTPUT 707;"YREFERENCE?"

ENTER 707;Yref$
PRINT Yref$
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SECTION 9
PERFORMANCE TESTS

9-1. INTRODUCTION

This section describes the 542004 and 54200D Self Tests and Performance Test Procedures. The
Self Tests, resident in ROM, are a series of tests that confirm proper function of the mainframe
hardware and firmware. While the Self Tests provide the user with a confidence level of greater
than 90%, it does not verify the critical specifications given in table 1-1 of Section 1. The
Performance Tests test for complete instrument compliance to these critical specifications.

9-2. EQUIPMENT REQUIRED

The only equipment required for the Self Test is a standard BNC cable, 1 meter in length. The
equipment required to perform the Performance Tests is listed in table 8-1. Other equipment may
be substituted if it meets or exceeds the critical specifications listed in table 9-1.

9-3. TEST RECORD

Results of performance tests may be tabulated on the Performance Test Record (table 9-2) at the
end of this section. The Test Record lists all of the tested specifications and their acceptable
limits. The results recorded at incoming inspection can be used for comparison in periodic
maintenance and troubleshooting and after repairs or adjustments.

9-4. CALIBRATION INTERVAL

There is no recommended calibration interval. Adjustment needs are defined by the pass/fail
status of resident self-tests and calibration routines. A failure of 2 SYSTEM menu self-test should
be followed by resident SYSTEM menu calibration routines 0 and 6. The self-tests should then be
re-selected to check whether the self-calibration routines corrected the error. Repeated failure of a
self-test, or failure of a self-calibration routine may dictate the need of a particular hardware
adjustment.

Always end the adjustment session with SYSTEM menu calibration routines 0 and 6, and then
perform the SYSTEM menu self-tests to assure proper operation of the 54200A/D. Persistent
failure of one of the self-tests is an indication of a faulty board.

Note

Allow instrument to warm up for at least 30 minutes prior to beginning
performance tests.

9-1
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9-5. RECOMMENDED TEST EQUIPMENT

Table 8-1 lists the equipment required to performance test the 54200A/D. Other equipment may

be substituted if it meels or exceeds the critical specifications given in table 9-1,

Table 8-1. Recommended Test Equipment

INSTRUMENT

CRITICAL SPECIFICATIONS

RECOMMENDED
MODEL

Function Generator

Pulse Generator

RF VYolimeter
Time Mark Generator

Dc Power Supply

50Q Termination
Blocking Capacitor

Product Support Kit

500 Sampling Tee

Adapter

Adapter

Adapter

BNC Tee (Qty 2)

BNC Cable (Qty 2)

BNC Cable (Qty 4)

Freguency: 1 mHz to 50 MHz

Dual channel

Repetition rate: 100 MHz

Transition time: 1.3 ns,
variable

Amplitude: 5 volts

Basic timing accuracy: 3%

Accuracy: +3% at 50 MHz

Time marks: Z ns to 0.5 s

Range: =100 mV to + 5 V
Accuracy: #0.1%

Accuracy: 1%
0.18 uF, 200V

No substitute

GR874-to-BNC (m)

GR874-to-BNC(T)

BNC(f)-to-Dual Banana

1 male, 2 female

g-inch

48-1inch

HP Model 8116A

HP Model 8161A
opt. 020

HP Model 3406A
Tektronics TG501

HP Model 6111A

HP Model 10100C
HP Model 10240B

HP Part No.
54200-69501

HP Model 11063A

HP Part No.
1250-0849

HP Part No.
1250-0850

HP Part No.
1251-2277

HP Part No.
1250-0781

HP Model 10B502A

HP Model 10503A
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9-6. SELF TEST FUNCTION VERIFICATION

The Self Tests, resident in ROM, are a series of tests that confirm proper function of the mainframe
hardware and firmware. While the Seif Tests provide the user with a confidence level of greater
than 90%, it does not verify the critical specifications given in table 1.1 of Section 1. Perform The
Performance Tests test for complete instrument compliance to these crilical specifications.

To execute the self tests, press the SYSTEM menu key and press the NEXT/PREV key until the
Self Tests menu displayed is as shown below Press any arrow key to move the blinking cursor to
the Execute Test field. Enter either 0, 1, or 2 and follow the instructions displayed on screen. An
audible beep will be heard when each self test has been completed.

istem Dpecification om0t

]

tus: Focguired Frame G844
TALE oMLY

Exeruts Test §

g CPU-Memory
1 ¢ FcouistionsTrigaer
2+ Input

SYSTEM Self Tests Menu
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Performance Tesis

9-7. DC OFFSET ACCURACY TEST

Specification:

Channel Range Offset Accuracy
40 mV to 390 my +1% of offsetl +5 mvy
400 mV to 40 V +1% of offset =50 mV
Equipment Required:
IO T o o HP Model 6111A
BNC{i)-to-Dual Banana Adapter ... .. ... . . . i e HP Part No. 12512277
Procedure:

1.

2.

10.

1.

12.

13.

14,

15.

9-4

Set DC Supply output to 1.00 V.
Configure STATUS Configuration menu as shown in figure 9-1.
Connect a BNC{f)-to-Dual Banana adapler to the DC Supply.
Connect a BNC cable from the plug to the Channel 1 input of the 54200A/D.
The display should appear similar to figure 9-2.
Select the VMIN and VMAX measurements on the 54200A/D. The limits are 0.99 V and 1.0 V.
Adjust the output of the DC Supply to -1.00 V.
Set 54200A/D Channel 1 offset to -1.00 V.
The limits of VMIN and VMAX are -0.99 V and -1.01 V.
Set 54200A/D Channel 1 voltage range to 400 mV.
The limits of VMIN and VMAX are -0.94 V and -1.06 V.
Adjust the output of the DC Supply to +1.00 V.
Set 54200A/D Channel offset to +1.00 v,
Limits of VMIN and VMAX are 0.94 V and 1.06 V.

Repeat steps 4 through 14 substituting Channel 2 for Channel 1.
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Performance Tesis
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Performance Tests

9-8. VOLTAGE MEASUREMENT ACCURACY TEST
Spedcification:

Gain Accéracy + ADC Accuracy + Offset Accuracy

Channel Range Offset Accuracy
= +2% Of + {(£1.6% of + (40 mV to 390 mv +1% of offset £5 mV )
full scale) full scale) (400 mV to 40 V +1% of offset +50 mV)
Equipment Required:
DO BUPDIY o i e e e e HP Model 6111A
BNC(f)-to-Dual Banana Adapter ... .. e HP Part No. 1251-2277

Praocedure:

1. Set DC Supply output level to +100 mv.

2. Configure STATUS Configuration menu as shown in figure 9-3.
3. Connect a BNC(f)-to-Dual Banana Plug to the DC Supply.

4. Connect a BNC cable from the plug 1o the Channel 1 input of the 54200A/D through a 50 ohm
terminator.

5. The display should appear similar to figure 9-4.

8. Select the VMIN and VMAX measurements on the 54200A/D. The limits are 85 mV and 115
mv.

7. Adjust the output of the DC supply o -100 mV.

8. Limits of VMIN and VMAX are -85 mV and -115 mV.
9. Adijust the output of the DC Supply o -5.00V.

10. Set 54200A/D Channel 1 voliage range to 20 V.
11. Limits of VMAX and VMIN are -4.23 V and -5.77 V.
12. Adjust the output of the DC Supply to +5.00 V.

13. Limits of VMAX and VMIN are 4.23 V and 5.77 V.

14, Repeat steps 4 through 13 substituting Channel 2 for Channel 1.
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9-9. BANDWIDTH (-3dB) TEST

Specification:

DC coupted dc to 50 MHz
AC coupled 10 Hz to 50 MHz
Equipment Required:
Function Generalor . .. .. .. e s HP Model 8116A
RE VORmMater . e it e e e e e e e HP Model 3406A
B0 SampPling TBE . ... i e e e e e HP Model 11063A
B0 TermMUNal 0N . e e e e e HP Model 10100C
GRE74-10-BNC(mM) Adapler . ... . i i e e HP Part No. 1250-0849
GR874-10-BNCH Adapter ... . e e HP Part No. 1250-0850
Equipment Setup:
8116A
Sinewave Amplitude: 2V
Frequency: 200 KkHz
OFFSET: oV

Procedure:

1. Configure STATUS Configuration menu as shown in figure 9-5.
2. Configure the system shown in figure 9-6.

3. Record the reading of the RF Volimeter.

4. Select the VRMS measurement on the 54200A/D. Record this number and multiply it by 0.707
to find the specification limit.

5. Change the frequency of the Function Generator to 50 MHz.

6. Adjust the amplitude of the Function Generator so that the RF Voltmeter has the same reading
as the number recorded in step 3.

7. Change the Timebase Range of the 54200A/D 1o 200 ns.

8. Select the VRMS measurement. it should be greater than or equal to the number recorded in
step 4.

9. Repeat for Channel 2 and the External Trigger Channel, specifying that channel as the trigger
source each time.

9-8
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9-10. TRANSITION TIME TEST
Specification: €7 ns (10% to 90%)
Equipment Required:

PUISE GENBIalOr . . . . i e e it e HP Model 8161A
BOG Terminalion . . s e ettt e e e e, HP Maodel 10100C

Equipment Selup!

8161A

PER: 200ns
WID: 100 ns
LEE: 1.3 ns
TRE: 1.3 ns
HIL: 11V
LOL: -1 ¥

Procedure:
1. Configure STATUS Configuration menu as shown in figure 9-7.
2. The STATUS Measurement menu should be in standard mode.

3. Connect a BNC cable from the puise generator to Channel 1 of the 54200A/D, through a 50
ohm terminator.

4. The waveform should appear as shown in figure 9-8.

5, Setect the RISE measurement an the 54200A/D. it should be £7 ns.

[+))

. Repeat the measurement for Channei 2 and the External Trigger channel, changing the trigger
source to the corresponding channel each time.

~J

. Change the Trigger slope to (-).

8. Re-connect the BNC cable from the pulse generator to Channel 1 of the B4200A/D, through a
50 ohm terminator.

9. Specify Channel 1 as the trigger source.
10. Select the FALL measurement on the 54200A/D. It should be £7 ns.

11. Repeat the measurement for Channel 2 and the External Trigger channel, changing the trigger
source to the corresponding channel each time.

9-10
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8-11. TIME MEASUREMENT ACCURACY TEST

(SINGLE AND DUAL CURSORS)

Specification: 2 ns or 0.2 % of time range, whichever is greater.

Equipment Required:

Time Mark Generalor . . e e e e Tekironics TG 501
SO0 TermminNalion . ..o ittt i i e e e e e e s HP Model 10100C
Procedure:

1.

2.

Set the output of the Time Mark Generator to 100 ns.
Configure STATUS Configuration menu as shown in figure 9-9.

Connect a BNC cable from the output of the Time Mark Generator to the Channel 1 input of the
54200A/D through a 50 chm terminator.

Position the X cursor at the peak voltage of the first marker.
Position the O cursor at the peak voltage of the second marker.
The display should appear similar to figure 9-10.

Read the AT reading on the display. The limits of AT are 88 ns and 102 ns.
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g-12. TRIGGER (ANALOG) LEVEL ACCURACY TEST

Specification:

TRIGGER RANGE LEVEL ACCURACY
40 mV to 390 mV £2% 25 my
400 mV to 40 V 2% =50 mv

Equipment Required:

FUNCHON GENeralOr . i i e e e e e e e HPF Model 8116A
B0 Terminalion ... . . e e e e e e HP Model 1G100C

Equipment Setup:

8116A
Freguency (triangie}: 100 kHz
Offset: .0V
AmpTlitude: 3.0V

Procedure:

1. Configure STATUS Configuration menu as shown in figure 9-11.

2. Connect a BNC cable from the Function Generator to Channel 1 through a 50 Ohm terminator.
3. Display the Trigger Chanhei. The waveform should appear similar to figure 9-12.

4, Move the X cursor to the position where Tx is equal to O.

5. Limits of Vx are 877 mV and 923 mV.

(2]

. Change 54200A/D trigger slope 1o (-) and trigger level to -900 mV.
7. Move the X cursor o the position where Tx = C.

8. Limits of Vx are -877 mV and -923 mV.

9. Change 54200A/D Channel 1 voltage range o 400 mv.

10. Move the X cursor to the position where Tx is equal to 0. Limits of Vx are -832 mV and -968
mv.

11. Change 54200A/D trigger slope to (+) and trigger level to 900 mV.

12. Move the X cursor to the position where Tx = Qv. Limits of Vx are 832 mV and 968 mV.
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9-13. TRIGGER SENSITIVITY TEST
Specification: 1/8 of full scale
Equipment Required:

Function Generalor . ... .. e e e e e HMP Model 81164
B0 Terminalion ... e e e e e HP Model 10100C

Eguipment Setup:

8116A
Freguency (sinewave): 1 kHz
AmpTitude: 5.0V
Offset: 0.00 Vv

Procedure:
1. Configure STATUS Configuration menu as shown in figure 3-13,

2. Connect a BNC cable from the output of the Function Generator to the EXT TRIG input of the
54200A/D, through a 50 ohm terminator.

3. Display the TRIG channel. The triggered waveform should appear similar to figure 9-14.
4, Move the X cursor to the Tx = 0.0 s position.

5. Note the value of Vx.

6. Change the trigger slope {o [-slope] and note the value of Vx.

7. The difference in the Vx value { Vx[+slope] minus Vx[-slope] } should be between 250 mV and
500 mV.
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9-14. SETUP TIME TEST (54200D Only)

Specifications: 220 ns; The time data must be present prior to the clock transition,

Equipment Required:

Pulse GENEralOr . .. e e HP Model 8161A
Prduct Support Kit ... e e e HP Part No. 54200-69501
500 Termination (Qy 3) ... . e HP Model 10100C
BNC Tee (Y B) . i e e e HP Part No. 1250-0781
BNC Cable, 9-inch (Qty 2) . . .o e e e e HP Model 10502A
BNC Cable, 48-inch {Qly 3) . . .. i e e HP Model 105G3A
Equipment Setup: 8161A

Ext Slope: Pos

Period (PER): 200 ns

A Output B Output

Width (WID): 100 ns 50 ns

Leading Edge (LEE): 1.3 ns 1.3 ns

Trailing kEdge (TRE}: 1.3 ns 1.3 ns

High Level (HIL}: +4 ¥ +4 V

Low Level (LOL): oV VY

Detay (DEL): 75 ns 0.00 ns

Procedure:

1. Configure the STATUS Configuration menu as shown in figure 2-15.

2. Configure the STATUS Measurement menu as shown in figure 9-16.

3. In the SYSTEM Peripherals menu select Rear Panel BNC: [Pulse On State Sequence True].
4, Configure the TRIGGER State / Define [Assignment] menu as shown in figure 9-17.

5. Configure the TRIGGER State / Define [Sequence] menu as shown in figure 9-18.

6. Connect POD 0 {o ihe State Board Test fixture, HP Part No 54200-83801 (part of Product
Support Kit}.

7. Connect a BNC tee to the BNC labeled "CLOCK" on the State Board Test fixture.

8. Connect a BNC cable from the "B output of the pulse generator to the "CLOCK" BNC tee, and
a short BNC cable from the "CLOCK" BNC tee to the Channel 2 input of the 54200D through a

500 termination.

9. Connect a BNC tee to the BNC labeled "DATA" on the State Board Test fixture.

10. Connect a BNC cable from the "A" output of the pulse generator io the "DATA" BNC tee, and
a short BNC cable from the "DATA" BNC tee to the Channel 1 input of the 54200D through a

500 termination.
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1.

12.

13.

14.

15.

16.

17.

18.

19.

Connect a BNC cable from the rear panel BNC of the 542000 to the front panel EXT TRIG
input of the 542000 through a 500 termination.

Configure the display as shown in figure 9-19. Observe the waveforms displayed on the 3
charnels. They should appear similar to those shown in figure 9-18. i not, repeat steps 1
through 11.

While observing the pulses displayed on the EXT TRIG channel, increment the pulse generator
output "A" delay in 1 ns steps until the pulses on the "STATE TRIG" display disappear.

Now decrement the delay in 1 ns steps until the pulses reappear on that channel.

Select the DELAY measurement on the 54200D and set to "Delay 1 to 2". The DELAY
measurement should read 20 ns.

Change the output "A" delay of the pulse generator to 75 ns.

Repeat steps 12 through 15 for POD 1, with the following change: in step 5, reconfigure the
menu in figure 9-18 with "Occurrences of [ b ]".

Change the output "A" delay of the pulse generator to 75 ns.

Repeat steps 12 through 15 for POD 2, with the following change: in step 5, reconfigure the
menu in figure 9-18 with "Occurrences of [ ¢ ]".
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Figure 9-15. STATUS Configuration Menu
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9-15. HOLD TIME TEST (54200D Only)
Specifications: 0 seconds; The lime data must be present after the clock transition.

Equipment Required:

Pulse Generalor ... . .. e e HP Model 8161A
Product Support Kit . ... . e HP Part No. 54200-69501
500 Termination (Qly 3) ... o e HP Modeal 10100C
BNC Tee (Y 2) .. . e HP Part No. 1250-0781
BNC Cable, 9-inch (Qly &) . . .. . e e HP Model 105024
BNC Cable, 48-inch (Qly 3) . . i i e HP Modei 10503A
Eguipment Setup: 8161A

Ext Slope: Pos

Period (PER): 200 ns

A Output B  Output

Width (WID): 100 ns 50 ns

Leading Edge (LEE}: 1.3 ns 1.3 ns

Trailing Edge (TRE): 1.3 ns 1.3 ns

High Level (HIL): +4 Vv +4 Vv

Low Level (LOL): gV o v

Delay (BEL): 105 ns 0.00 ns

Procedure:

1. Configure the STATUS Configuration menu as shown in figure 9-15.

2. Configure the STATUS Measurement menu as shown in figure 9-20.

3. In the SYSTEM Peripherals menu select Rear Panel BNC: [Pulse On State Sequence True].
4. Configure the TRIGGER State / Define [Assignment] menu as shown in figure 9-17.

5. Configure the TRIGGER State / Define [Sequence] menu as shown in figure 9-21.

6. Connect POD 0 to the State Board Test fixiure, HP Part No. 54200-63801 (part of Product
Support Kit).

7. Connect a BNC tee to the BNC labeled "CLOCK" on the State Board Test fixture.

8. Connect a BNC cable from the "B" output of the pulse generator to the "CLOCK" BNC tee, and
a short BNC cable from the "CLLOCK" BNC tee to the Channel 2 input of the 54200D through a
500 termination.

9. Connect a BNC tee to the BNC labeled "DATA" on the State Board Test fixture.

10. Connect a BNC cable from the "A" output of the pulse generator to the "DATA" BNC tee, and
a short BNC cable from the "DATA" BNC tee to the Channel 1 input of the 54200D through a
500 termination.
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11.

12.

13.

14.

15.

186.

17.

18,

19,

Connect a BNC cable from the rear panel BNC of the 54200D to the front panel EXT TRIG
input of the 54200D through a 300 termination.

Configure the display as shown in figure 9-19. Observe the waveforms displayed on the 3
channels. They shouid appear simitar to those shown in figure 9-18. If not, repeat steps 1
through 11.

While observing the puises displayed on the EXT TRIG channel, decrement the pulse
generator oulput "A" delay in 1 ns steps until the pulses on the "STATE TRIG" display
disappear.

Now increment the delay in 1 ns steps uniil the pulses reappear on that channel.

Select the DELAY measurement on the 54200D and set to "Delay 2 to 17,
measurement should read =0 ns.

The DELAY

Change the output "A" delay of the puise generator to 105 ns.

Repeat steps 12 through 15 for POD 1, with the following change: in step 5, reconfigure the
menu in figure 9-21 with "Occurrences of [ b ™.

Change the output "A" delay of the pulse generaior to 105 ns.

Repeat steps 12 through 15 for POD 2, with the following change: in step 5, reconfigure the
menu in figure 9-21 with "Occurrences of [ ¢ "
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Figure 8-20. STATUS Measurement Menu

9-23

www.valuetronics.com



Model 54200A/D - Performance Tests

Performance Tests

z: No Trigoer Fourdo o .
TRLE.

[ Trigger Ter

Lahel®
Base =
b
4
Figure 8-21. TRIGGER State | Define [Sequence] Menu
Displad Tt a U Beguiring Frame BEE03.

T 2

TALK oMLY
Faterernce Lines [
Rocumulate Mode [BE

i P, e
D e — "ol
. ; e
el H B :
(o : : :
el D e s e

e et ]

Figure 8-22. Display Configuration and Hold Test Waveforms

9-24

www.valuetronics.com



Model 54200A/D - Performance Tesis

Performance Tests

9-16. CLOCK PULSE WIDTH TEST (54200D Only)
Specifications: =220 ns at threshold.

Equipment Required:

PUlse Generalor . . .. e et e e e e e HMP Model 8161A
Product Support Kit .. ... e HP Part No. 54200-69501
500 Terminabion (Qly 2) ... . e e e HP Model 10100C
BN T8 L. e e e e e HP Part No. 1250-0781
BNC Cable, 0-InCh Lo e e e HP Model 105024
BNC Cabie, 48-inch (Qly 2) . ... i e e e e e e HP Model 10503A

Equipment Setup:

81614
Period (PER): 200 ns
B Qutput

Width (WID): 25 ns
Leading Edge (LEE): 1.3 ns
Trailing Edge (TRE}: 1.3 ns
High Level {(HIL}: +4 V

Low Level (LOL): oV

Delay (BDEL): 0 ns

Procedure:

1. Configure the STATUS Configuration menu as shown in figure 9-15.

2. Configure the STATUS Measurement menu in Standard mode.

3. In the SYSTEM Peripherals menu select Rear Panel BNC: [Pulse On State Sequence True].
4. Configure the TRIGGER State / Define [Assignment] menu as shown in figure 9.17.

5. Configure the TRIGGER State / Define [Sequence] menu as shown in figure 9-23.

8. Connect POD 0Oto the State Board Test fixture, HP Part No. 54200-63801 {part of Product
Support Kit).

7. Connect a BNC tee to the BNC labeled "CLOCK" on the State Board Test fixture,
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8. Connect a BNC cable from the "B" output of the pulse generator to the "CLOCK" BNC tee, and

a

short BNC cable from the "CLOCK" BNC tee to Channel 2 input of the 54200D through a 50

termination.

Noie

The 9 data channels of the PQD do not have a sfgnal input during this
test,

9. Connect a BNC cable from the rear panel BNC of the 54200D to the front panel EXT TRIG input
on the 54200D through a 500 termination.

10.

Configure the display as shown in figure 9-24. Observe the two waveforms displayed on the

54200D. The two waveforms shouid appear similar to those shown in figure 5-24.

11.

While observing the puises displayed on the channel labeled "STATE TRIG", decrement the

pulse generator output "B” width in 1 ns steps until the pulses on the "STATE TRIG" display
disappears.

12.

13.

14,

15.

16,

17.

18.

19.

20,

21,

Increment the width until the "STATE TRIG" pulse reappears.

Select the + WIDTH measurement on the 54200D and insert "2".

The measurement should read =20 ns.

Change the "B" output width of the pulse generator to 25 ns.

Disconnect POD 0 and connect POD 1. Repeat steps 10 through 14.

Change the "B" output width of the pulse generator to 25 ns.

Disconnect POD 1 and connect POD 2. Repeat steps 10 through 14.

Change the "B" output widih of the pulse generator to 25 ns.

Select the complement mode for the "B" cuiput of the pulse generator.
Mote

If the pulse generator does not have the complemsnt mode, simply
change the output pulse width to 175 ns.

In the TRIGGER State / Define [Assignment] menu (figure 9-17), change the J, K, and L clocks

to the falling () edge.

9-26

wWww.va

luetronics.com



Modet 542004/0D - Performance Tests

Performance Tesis

22. Disconnect POD 2 and connect POD 0.
23. The waveforms displayed on screen shouid be similar to figure 8-25.

24, Repeat steps 11 through 15 using the - WIDTH measurement of the 54200D instead of the +
WIDTH measurement.

25. Disconnect POD 0 and connect POD 1.
26. The waveforms displayed on screen should be similar to figure 8-25.

27. Repeat steps 11 through 15 using the - WIDTH measurement of the 542000 instead of the +
WIDTH measurement.

28, Disconnect POD 1 and connect POD 2.
29. The waveforms disptayed on screen should be similar to figure 9-25.

30. Repesat steps 11 through 14 using the - WIDTH measurement of the 54200D instead of the +
WIDTH measurement.

i
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Figure 9-23. TRIGGER State | Define [Sequence] Menu
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Figure 9-24. DISPLAY Configuration and Clock Pulse Width Test Waveforms
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Figure 9-25. Clock Pulse Width Test Waveforms
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9-17. CLOCK REPETITION RATE TEST (542000 Only)
Specifications: Single phase - 25 MHz maximum with single clock and single edge specified.

Equipmen! Required:

PLHSE Generalor . . .o i e e e e e e e HPF Model 8161A
Product Support Kit .. o e e HF Part No. 54200-69501
500 Terminalion (1Y 2) ...t e e e e e HP Model 10100C
3 LT Y T HP Part No. 1250-0781
BNC Cable, 0-InCh .. . i i i e e e e e HP Model 10502A
BNC Cable, 48-inch (Oly 2) . ... . i i e e HP Model 10503A

Equipment Setup:

8161A
Period (PER): 50 ns

B Output
Width (WID): 15 ns

Leading Edge (LEE): 1.3 ns
Trailing Edge (TRE): 1.3 ns

High Level (HIL): +4 V
Low Level (LOL}: (VAR
Delay (DEL}: 0 ns

Procedure:

1. Configure the STATUS Configuration menu as shown in figure 9-15.

2. Configure the STATUS Measurement menu in Standard mode.

3. In the SYSTEM Peripherals menu select Rear Panel BNC: [Pulse On Stale Sequence Truel.
4. Configure the TRIGGER State / Define [Assignment] menu as shown in figure 8-17.

5. Configure the TRIGGER State / Define [Sequence] menu as shown in figure 9-23.

6. Connect POD 0 to the State Board Test fixture, HP Part No. 54200-63801 (part of Product
Support Kit).

7. Connect a2 BNC tee 1o the BNC labeled "CLOCK" on the State Board Test fixiure.
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8. Connect a BNC cable from the "B" output of the pulse generafor to the "CLOCK" BNC tee, and
a short BNC cable from the "CLOCK" BNC tee to Channel 2 input of the 542000 through a 500
termination.

Note

The & data channels of the POD do not have a signal input during this
test.

9. Connect a BNC cable from the rear panel BNC of the 54200D to the front panel EXT TRIG input
on the 54200D through a 500 termination.

10. Configure the display as shown in figure 9-26. Observe the two waveforms displayed on the
54200D. The two waveforms should appear similar to those shown in figure 9-26.

11. While observing the pulses displayed on the channel labeled "STATE TRIG", decrement the
pulse generator period in 1 ns steps uniil the "STATE TRIG" waveform begins to drop pulses as
shown in figure §-27.

12. Increment the period of the pulse generator "B" output until the "STATE TRIG" waveform
pulses are again present.

13. Select the FREQ measurement on the 542000 and for graph 2.  The frequency should be 225
MHz.

t4. Set the period of the pulse generator to 50 ns.
15, Disconnect POD 0 and connect POD 1. Repeat steps 10 through 13,
16. Set the period of the pulse generator 10 50 ns,

17. Disconnect POD 1 and connect POD 2. Repeat steps 10 through 13.
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Figure 8-26. DISPLAY Configuration and Clock Repetition Rate Test Waveforms
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Figure 8-27. Clock Repetition Rate Test Waveforms
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9-18. MINIMUM INPUT TEST (542000 Only)
Spedcifications: 600 mV peak-to-peak

Equipment Required:

Pulse Generalor . .. o e e e s HP Model 8161A
Product Support Kit . . .. .. HP Part No, 54200-69501
Blocking Capacitor . ... .. . e HP Model 102408
500 Terminalion (QY &) ... o e e e e HP Model 10100C
BN T .. e e e HP Part No. 1250-0781
BNC Cable, 8-Inch ... . e s HP Model 10502A
BNC Cable, 48-inch (Qly 2) . .. oo HP Model 10503A
Equipment Setup:
BI6IA
Period (PER): 100 ns
_B Output
Width (WID): 50 ns

Leading Edge (LEE): 1.3 ns
Trailing Edge (TRE): 1.3 ns

High Level (HIL): +0.65 V
Low Level (LOL): 0V
Delay (DEL): 0 ns

Procedure:

1. Configure the STATUS Configuration menu as shown in figure 9-28.

2. In the SYSTEM Peripherals menu select Rear Panel BNC: [Pulse On State Sequence True].
3. Configure the TRIGGER State / Define [Assignment] menu as shown in figure 9-29,

4. Configure the TRIGGER State / Define [Sequence] menu as shown in figure 9-23.

5. Connect POD 0 to the State Board Test fixture, HP Part No. 54200-863801 (part of Product
Support Kit).

6. Connect a BNC tee to the BNC labgled "CLOCK" on the State Board Test fixture.
7. Connect the blocking capacitor to the "B" oulput of the pulse generator.

8. Connect a BNC cable from the "B" oulput of the puise generator to the "CLOCK” BNC tee, and
a short BNC cable from the "CLOCK" BNC tee to Channel 2 input of the 54200D through a 500
termination.

Note

The @ data channels of the POD do not have a signal input during this
test.
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9. Connect a BNGC cable from the rear panel BNC of the 54200D to the front panel EXT TRIG input

on the 542000 through a 500 termination.

10. Configure the displtay as shown in figure 9-30. The
similar to those shown in figure 9-30.

11,

displayed waveforms should appear

While observing the pulses displayed on the channel labeled "STATE TRIG", decrement the

High Level (MIL) oulput of the pulse generator period in 0.01 volt steps until the waveform

labeled "STATE TRIG" starts to drop pulses.
12. Increment the High Levei {HIL) in 0.01 volt steps until the
13.
14,
15, Disconnect POD 0 and connect POD 1. Repeat steps 10
16.

17. Disconnect POD 1 and connect POD 2. Repeat steps 10

pulses are again present.

The High Level (HIL) readout on the pulse generator should be 0.6 V.

Change the High Level (HIL) of the pulse generator to 0.865 V.

through 13.

Change the High Level (HiL) of the pulse generator to 0.658 V.

through 13.

| | Sratus: Mo Trigger Foundo—
THLE DMLY
Dats Filter BB Setup Label
Chanrel Timebaes
[ Sampli
Rarnge I Made
ffzet Fargs
Lakel Delay
Coupling Fafar
Store [Mode FAlias
Futy Sosle Futo
Trigger

Lsbel

* Refer te Ttate Trigoer Menus
for Assignment and Sequence

Frialog Source Futo Scale
Level Store Mode
Range Coupling

Figure 9-28.
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Figure 8-29. TRIGGER State [ Define [Assignment] Menu
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Figure 89-30. DISPLAY Configuration and Minimum Input Test Waveform
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9-19. THRESHOLD ACCURACY TEST (54200D Only)
Specifications: #2.5% +120 mV.

Equipment Required:

D SUPPIY « o e e e e e e e HP Model 6111A
Pulse Generalor . ... e e HP Model 8181A
Product Support Kit .. .. e e HP Part No. 54200-69501
500 Termination (Qly 2) ... .. e HP Model 10100C
BN T8 . i e e HP Part No. 1250-0781
BNC Cable, 8-INCh . e e e e HP Model 10502A
BNC Cable, 48-inch (Qty 4) . . .. .. e e HP Model 10503A
BNC(f)-to-Dual Banana Adapter ........ .. . i HP Part No. 1251-2277

Equipment Setup:

8161A 6111A
Period (PER): 100 ns Output: +4.3 V
B Output
Width (WID): 50 ns

Leading Edge (LEE): 1.3 ns
Trailing Edge (TRE): 1.3 ns

High Level {(HIL): 5.00 v
Low Level {LOL): cV
Delay (DEL): 0 ns

Procedure;

ek

. Configure the STATUS Configuration menu as shown in figure 9-31.

2. In the 8YSTEM Peripherals menu select Rear Panel BNC: [Pulse On State Sequence True].

3. Configure the TRIGGER State / Define [Assignment] menu as shown in figure 9-32.

4. Configure the TRIGGER State / Define [Sequence] menu as shown in figure 9-21.

5. Connect a BNC(f}-to-dual banana adapter and BNC tee to the DC Supply. Connect a BNC
cable from the DC Supply BNC tee to the Channel 1 inpui of the 54200D. Connect another
BNC cable from the DC Supply BNC iee to the "DATA" input on the Siate Board Test fixture, HP
Part No. 54200-63801 (part of Product Support Kit).

6. Connect POD 0 to the State Board Test fixture.

7. Connect a BNC tee to the BNC Iabeled "CLOCK" on the State Board Test fixture.

8. Connect a BNC cable from the "B" output of the puise generator to the "CLOCK" BNC {ee, and

a short BNC cable from the "CLOCK" BNC tee to Channel 2 input of the 54200D through a 300

termination.
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9. Connect a BNC cable from the rear panel BNC of the 54200D to the front panel EXT TRIG input
of the 54200D through a 500 termination.

10.

Configure the display as shown in figure 9-33. The waveforms should appear similar to those

shown in figure 9-33.

11.

Decrease the output of the DC Supply in 0.01 volt sleps uniil the "STATE TRIG" waveform

begins to drop pulses.

12.

Increase the output of the DC Supply until the "STATE TRIG" pulses reappear as shown in

figure 9-33. The DC Supply shouid read 23,78 V and £4.22 v,

13,

14,

Change the output level of the DC Supply to +4.3.

Reconfigure the menu shown in figure 9-21 with "Occurrences of [ b ]". Disconnect POD 0

and connect POD 1. Repeat steps 10 through 13,

15.

Reconfigure the menu shown in figure 9-21 with "Occurrences of [ ¢ 1. Disconnect POD 1

and connect POD 2. Repeat steps 10 through 12.

16.

17.

18,

19,

20.

21,

22.

23.

Reconfigure the "B” oulput of the pulse gensrator as follows:

High Level (HIL): OV
Low Level (LOL) -5.00V

Change the output level of the DC Supply to -4.3 V.

Reconfigure the menu shown in figure 9.31 Channel 1 and Channel 2 offset to -2.5 V.
Disconnect POD 2 and connect POD 0.

Reconfigure the menu in figure 9-21 with "Occurrences of [a |".

Reconfigure the menu in figure 9-32 with thresholds of -4.0 V.

The "STATE TRIG" pulses should be missing on the display.

Increase (more positive) the output jevel of the DC Supply in 0.01 volt steps until the "STATE

TRIG"” waveform appears as shown in figure 2-33. The DC Supply should read < -3.78 V and 2
-4.22 V.

24.

25.

Change the output level of the DC Supply to -4.3 V.

Reconfigure the menu in figure 9-21 with "Occurrences of [ b ]". Replace POD 0 with PCD 1

and repeat steps 22 through 24,

26.

Reconfigure the menu in figure 9-21 with "Occurrences of [ ¢ |". Replace POD 1 with POD 2

and repeat steps 22 and 23.
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Figure 8-37. STATUS Configuration Menu
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Figure 9-33. DISPLAY Configuration and Threshold Test Wavsforms
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Table 9-2. Model 54200A [0 Performance Test Record

TEST LIMITS MEASURED
9-7. VMIN VMAX
DC OFFSET 0.99 V to 1.01 ¥ CH.1
ACCURACY CH.2

-0.99 V to ~1.01 V CH.1
CH.Z2
~0.94 V¥ to -1.06 V CH.1
CH.2
0.94 V to 1.06 V CH.1
CH.2
9-8. YMIN YMAX
VOLTAGE 85 mV to 115 mV CH.1
MEASUREMENT CH.2
ACCURACY
-85 mV to -115 mV CH.1
CH.2
-4.23 V¥ to -5.77 V¥ CH.1
CH.Z2
4.23 V to 5.77 V CH.1
CH.2
9-9.
BANDWIDTH RF Voltmeter
{-3dB) VRMS € 200 kHz CH.1
CH.2
Limit EXT.
VRMS * 0.707 =
9-10.
TRANSITION £7 ns RISE CH.1 B
TIME CH.2
EXT.
£7 ns FALL CH.1
CH.2
EXT.
9-11.
TIME
MEASUREMENT 98 ns to 102 ns
ACCURACY

www.valuetronics.com
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Table 9-2. Model 54200A/0 Performance Test Record

TEST LIMITS MEASURED
9-12.
TRIGGER (ANALOG) 877 mV to 923 mV _
LEVEL ACCURACY
-877 mV¥ to -923 my
832 MV to -968 mv
832 mV to 968 mv
9-13.
TRIGGER PASS FAIL
SENSITIVITY 250 mV to 500 mv
9-14,
SETUP TIME £20 ns PODO
(54200D) POD1
POD2
9-15.
HOLD TIME £0 ns PODO
(54200D) PODI
POD2
9-16. +WIDTH  -WIDTH
CLOCK PULSE £20 ns PODO
WIDTH POD1
(54200D) POD2
9-17.
CLOCK REPETITION =25 MHz PODO
RATE POD1
(54200D) POD2
g9-18.
MINIMUM INPUT £0.60 V PODO
(54200D) POD1
POD2
9-19.
THRESHOLD 3,78 V to 4.22 V PODO
ACCURACY POD1
(54200D) PODZ
-3.78 V to -4.22 V PODO
POD1
POD2
9-40
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SECTION 10
ADJUSTMENTS
16-1. INTRODUCTION

This section contains adjustment procedures for the power supply, display driver, anaiog, and state
trigger board. Inciuded in this section is a table of Recommended Test Equipment (table 10-1).

10-2. CALIBRATION INTERVAL

There is no recommended calibration interval. Adjustment needs are defined by the pass/fail
status of resident self-tests and calibration rowutines. A failure of a SYSTEM menu self-test should
be followed by resident SYSTEM menu calibration routines 0 and 6. The self-tests should then be
re-selected to check whether the self-calibration routines corrected the error. Repeated failure of a
self-test, or failure of a self-calibration routine may dictate the need of a particular hardware
adjustment. Refer fo table 12-2 in Section 12 for appropriate adjustments.

Certain adjustments should be checked after a repair has been made. Refer to table 12.1 for
adjustments needed for a particular board repair. Periormance tests that may be affecled by these
adjustments are also listed in table 12-1,

Always end the adjustment session with SYSTEM menu calibration routines 0 and 6, and then
perform the SYSTEM menu self-tests to assure proper operation of the 54200A/D. Although self
tests check for correct funclional operation, they do not serve as a performance verification.
Persistent failure of one of the self-lesls is an indication of a faulty board. In this case refer to the
troubleshooting procedures in this manual along with the Service Softwars.

FRONT PANEL CALIBRATION, Front panel calibration allows the user to execute automatic gain
and offset calibration for Channel 1, Channel 2 and Trigger {Channel 1, Channel 2, and External),
and Delay calibration. A rear-panel switch protects the calibration factors from inadvertent
changes. This switch must be set to the unprotected position before executing automatic
calibration. Error message "Cal RAM Write Protecied" wilt be displayed if calibration is attempted
with the switch in the protected position. BT

Calibration O calibrates gain and offset for Channel 1, Channel 2, and all trigger paths. Individual
gain and offset calibration for a channel or trigger may be executed by choosing 1, 2, 3, 4, or 5.
Calibration 6 calibrates delay and calibration 7, 8, and 9 set default calibration factors. A normal
calibration would require calibrations 0 and 6 to be executed. Calibrations 7, 8, and 9 are used for
factory setup or would be used after a major repair to the instrument for initial setup procedures.

Calibration O fakes about one minute to execute. To initiate this or any other calibration, move the
blinking field cursor to the Execute Calibration field and enter the appropriate number from the
numeric key pad. Follow the directions on screen and watch the status line at the end of the
calibration to see if the instrument calibrated successfully.

Calibration 6 executes in about-20 seconds. Enter the number 6 from the numeric keypad and
follow the directions printed. on screen.

Any calibration features that require connecting the rear panel BNC to a front panel BNC do not
require the signal be terminaled with 50 ohms.

10-1
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WARNING §

Read the safety summary at the front of this manual before performing
adjustment procedures.

CAUTION

The adjustments are performed with the top, bottom, and side covers
removed. Use care fo avoid shorting or damaging internal parts of the

instrument.

10-3. EQUIPMENT REGQUIRED

Table 10-1 lists the equipment required to adjust the 54200A/D.
substituted if it meets or exceeds the crilical specifications given in table 10-1.

Tabie 10-1. Recormmended Test Equipment

Cther equipment may be

RECOMMENDED
INSTRUMENT CRITICAL SPECIFICATIONS MODEL
Desktop Controlier HP 9826/36-Compatible BASIC 2.0 HP 9826/36
Operating System
HP-IB Interface
Digital Voltmeter Accuracy: £0.5% HP 5005B
50 Ohm Terminatioh Accuracy: £1% HP 10100C
Function Generator 1 mHz to 50 MHz HP 8116A
Product Support Kit No substitute HP Part No.
54200-69501

10-2
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10-4. POWER SUPPLY ADJUSTMENT

Description:

This procedure adjusts the -5.2V supply 1o exactly -5.2 volts and checks all other power supply
voltages to ensure they are within limits. These limits apply for any combination of line voltage
and instrument board sets.

Equipment Required:

Digital Voltmeler . ... .. e HP Model 50058
Equipment Setup:

Set HP5005B Mode to DC Volis.

Procedure;

1. Disconnect the 54200A/D power cord and remove top cover,

2. Connect voltmeter leads to ground and -5.2V on the LV board test connector A1TPZ (figure
10-1).

3. Apply power to the 54200A/D.
4. Adjust VOLT ADJ (A1R34) until the measured voltage reads -5.2 +0.1 volt {figure 10-1).

5. Check each of the remaining supplies to make sure they are within the following limits:

SUPPLY LIMITS
+5V +4.75 to +5.25BV
+15V +14.25 to +15.75Y
~12y -11.4 to -12.6V
-2.4V -2.16 to -2.75V
-5V -5.10 to -5.30V

6. Disconnect the 54200A/D power cord.

10-3
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10-4. POWER SUPPLY ADJUSTMENT (Continued)

VOLT ADJ
AtR34

ATTPZ

Figure 10-1. Power Supply Adjustment.
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10-5. DISPLAY SYSTEM ADJUSTMERNT

Description:

This procedure is in two parts; yoke and display driver. The Yoke Adjustment Procedure must be
performed if any part of the Display System is replaced (CRT, display driver, or yoke) or if a display
cannot be aligned on the CRT screen using the Display Driver Adjustment Procedure. If the Yoke
Adjustment Procedure is performed, the Display Driver Adjusiment must then be performed. The
Display Driver Adjusiment Procedure can be a stand-alone adjustment, however, the Yoke
Adjustment Procedure cannot.

Mote

It Is recommended the test paftern be used and the Display Driver
Adjustments be optimized if necessary to determine the need for the
Yoke Adjustment.

it is good practice to discharge the CRT before beginning.

16-5a. YOKE ADJUSTMENT PROCEDURE:

Equipment Reguired:

None

Procedure:

1.

Disconnect power from the 54200A/D.

. Remove the top cover.

Remove the two yoke connectors.

Insure that the yoke is firmly pressed against the flange of the CRT. If not, loosen the yoke
neck screw that attaches the yoke to the CRT and slide the voke against the CRT. Gently
tighten the screw until firm.

. While holding a fiexible straight edge from the lower-left corner to the upper-right corner of the

CRT {facing the CRT), make a mark about one inch long with a water soluble felt pen across the
center of the CRT (figure 10-2).

. Repeat the above siep for the upper-left corner and the lower-right corner forming an "X" in the

center of the CRT (figure 10-2).

10-5
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/—— FRONT OF CRT

- Bom (Y inch)
X {ACTUAL SIZE)

o

Figure 10-2. Yoke Centering Adjustment.
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10-5. DISPLAY SYSTEM ADJUSTMENT (Continued)

7. Adjust BRIGHTNESS control pot to minimum (full counter-clockwise). See figure 10-3 for the
display adjustment locations.

8. Apply power and turn ON the 54200A/D.
9. Adjust BRIGHTNESS control pot until a dot appears on the CRT,

10. The dot should appear within a 0.3 cm (1/8 inch) radius of the intersection of the two lines. If
this does not occur, align the dot using the centering rings on the yoke. See figure 10-2.

11. Turn OFF the 54200A/D and clean the CRT screen with mild soap and water.
12. Reconnect the two yoke connectors from the display driver.

13. Perform the Display Driver Adjustment Procedure.

Display Driver Board

VERT
PHASE HOR HOLD LINEARITY  WIDTH INPUT  BRIGHTNESS FOCUS
8
00000000
00000000

1

HALF-BRIGHT

HEIGHT

0

(Adjustment access on the circuit side)

Figure 10-3. Display Adjustment Locations.
10-7
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10-5. DISPLAY SYSTEM ADJUSTMENT (Continued)
10-5b. DISPLAY DRIVER ADJUSTMENT PROCEDURE:

Equipment Required:

HP Series 200 Desktop Contraller ... .. ... i HP Model 9826/9836

54200A/D Service Software . ... ... . e HP Part No. 54200-12001
(Part of Product Support Kit, HP Part No. 54200-69501)

HP-IB Cable .. e e e HP Model 10833A/B/C

Equipment Setup:

Connect the 54200A/D HP-I1B port to the HP 9826/9836 via the HP-IB cable.
Procedure:

1. Disconnect power from the 54200A/D and remove the top cover.

2. Remove the two screws that attach the handle and the left side cover to the frame. Remove
the side cover.

3. Set the 54200A/D power on.
4. Insert Service Software 5-1/4" disc into Series 200 Controller.

a) If BASIC operating system is resident in Series 200 ROM, switch controller power off,
then on again. Service Software will automatically load.

b) if BASIC operating system in not resident in Series 200 ROM, boot the system from
floppy disc. Then insert the Service software into the right disc drive and type LOAD
"AUTOST".

5. Press the RUN key on the controller and follow the instructions displayed on the controfler
screen.

5. Activate the Grid Adjustment Pattern shown in figure 10-4 by pressing the "Disp Adj" softkey on
the controller.

7. Adjust the BRIGHTNESS control pot until the Grid Adjustment Pattern is visible. See figure 10-3
for the display adjustment locations.

8. Adiust the HMEIGHT and VERT PHASE (position) until the test Test Patiern filis the screen
vertically {figure 10-3).

9. Adjust HORIZ LINEARITY until the width of each square is the same.

10-8

www.valuetronics.com



Model 54200A/D - Adjustments

Adjustments

10-5. DISPLAY SYSTEM ADJUSTMENT (Continued)

10. Adjust HORIZ WIDTH until the total picture width is the same as the width of the outer
boundary marks given in figure 10-4. Note that the outer edges of the display may NOT align
with the outer boundary marks.

Mote

The adjustments in steps 9 and 10 interact. Therefore, reiteration of
these two steps may be necessary for best resulfs,

11. Now adjust the horizontal position by rotating the centering rings on the yoke. Adjust the
rings for horizontal movement while minimizing the the vertical movement of the display. The
left and right edges should NOW align with the outer boundary marks described in the previous
step.

12. Adust VERT PHASE to vertically align the Test Paltern. This should only require minor
adjustment, See figure 10-4 for this measurement.

e 144mm =2mm =
:3 Y
GRID ADJUSTMENT PATTERN
46mm
+2mm
92mmm !
+2mm -
Press "NEXT’ key for intensity adjustment
¥
fe—————72mm £2mm——]
Figure 10-4. Grid Adjustment Pattern
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10-5. DISPLAY SYSTEM ADJUSTMENT (Continued)

13. Activate the Intensity Adjust Pattern as shown in figure 10-5 by pressing the NEXT key on the
54200A/D.

14. Set the CRT intensity in the "INTENSITY ADJUST" area of the test pattern to a comfortable
level. However, if a photometer is available, adjust the BRIGHTNESS control until the reading
of the Full Bright area is 39 to 41 foot-lamberts, and adjust the HALF BRIGHT control until the
reading of the Half Bright area is 19 to 21 foot-lamberts.

16. Adjust FOCUS control to achieve the best display in the area of the test pattern labeled "Focus
Area”.

16. Verify that the area of the test pattern labeled "Blinking Cursor” does contain a blinking
rectangular cursor flashing several times per second. If there are two different video levels but
no flashing, the CPU board is defective. [f there is no difference in video levels, the display
board is defective.

17. The HOR HOLD adjustment has been pre-adjusted by the manufacturer and should not need
to be changed.

Press RUN/STOP key to exit

Focus Area Btinking Cursor > l
{******}
Half Bright Fuill Bright

19-21 FL INTENSITY ADJUST  39-41 FL 133-140 CD/SQM
65-72 CD/SQM

Figure 10-5. Intensity Adjust Pattern

10-10
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Adjustmentis

10-6. ANALOG BOARD ADJUSTMENTS

Description:

The following Analog Board procedures adjusti analog amplifiers for proper differential balance
{(BALANCE ADJUSTMENT), input attenuator compensation for best square wave response (INPUT
COMPENSATION ADJUSTMENTS), analog trigger generator for proper sensitivity (TRIGGER
SENSITIVITY ADJUSTMENT), and trigger amplifier for proper differential balance (TRIGGER
BALANCE ADJUSTMENT].

10-8a. BALANCE ADJUSTMENT PROCEDURE:

Equipment Required:

None

Procedure:

1. Set the 54200A/D rear-panel Cal switch in the unprotected position (down}.

2. Remave the boltom cover and disconnect all inputs.

3. In 8YSTEM Calibration menu, select and execute DEFAULT GAIN (7); when DEFAULT GAIN has
finished, execute DEFAULT COFFSET (8).

4. Configure the STATUS Configuration menu as shown in figure 10-6.

Status [HEECERETCEtatie] . ... ..otatus: Ho

Zetup Label B

Ireut 2

sl
]
2]

-y
@
e

—+ 1

N W Fa?

[ B T T B )
10 e beem [T

Y
Fa
+

# Fefer to State Troy

for HAssignment an:

Futo Scale (SR
Store Mode
boumling

Figure 10-6. 54200A7D Configuration
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Adjustmenis

10-6. ANALOG BOARD ADJUSTMENTS (Continued)

5. Display Chan 1 and note position trace on screen. Now set CHAN Range fo 16 V and note
trace position. Adjust CH1-3.9V BAL (figure 10-7) while switching between the 16-V range and
the 40-V range. The voltage shift on the 40-V range should be equal and opposite 1o the
voltage shift on the 16-V range when adjusted correctly. Do not offset more than £4 V.

8. Repeat step 5 for Chan 2 using CH2-3.9V BAL adjustment.

7. Repeat step 5 for TRIG using the EXT TRIG input and CHT-3.9V BAL adjustment.

8. Select SYSTEM Calibration menu. Execute ALL GAIN AND OFFSET (0). Wait until the gain
and offset auto calibration has finished.

9. Set the 54200A/D rear-panel Cal switch to the Protected position (up).

CH2 3.9¥ BAL

TBENS ~

CHT 3.8V BAL ~
CH1 3.9V BAL ~ome,

TLYLSAL

CH1T comp

CH2 CoMP

CH3 COMP ~

Figure 10-7. Analog Board Adjustment Locations.
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Adjusiments

10-6. ANALOG BOARD ADJUSTMENTS (Continued)

10-6h. INPUT COMPENSATION ADJUSTMENTS:

MNote

The folfowing procedure adjusts the input compensation of the
attenuators, however, these adjustments DO NOT usually drift. It is
recommended the input compensation be checked prior fo adjustment
to determing if adjustment is necessary. If input compensation
adjustment is not required, proceed 1o "Trigger Sensitivity
Adjustment”,

Eguipment Requirea:

FUNCHON Generalir . oot e e it e e et s et e e e HP Mode! 8116A
Product Support Kit .. ... e HP Part No. 54200-69501

Equipment Selup:

Set HP8116A output to 10-kHz square wave, 3 Vp-p, O V offsetl.

Procedurs:;

1.

Set the 54200A/D power OFF and remove the Analog Board Assembly (A4). Refer to Analog
Board Removal in Section 12.

Install the Analog Assembly Extender Board and Analog Assembly Support Brackets from the
Product Support Kit into the 54200A/D; then reinstall Analog Board Assembly.

Set the 54200A/D power ON.
Configure the STATUS Configuration menu as shown in figure 10-8.
Display Trig and specify Chan 1 as the trigger source.

Connect the function generator output to 54200A/D INPUT 1 BNC and adjust the CH1 COMP
adjustment for maximum square wave flatness using an insulated adjustment tool (figure 10-7).

Repeat steps 5 and 6 for 54200A/D INPUT 2 and EXT TRIG BNCs by adjusting CH2 COMP and
CH3 COMP respectively. Specify the selected input as the trigger source in each case.

Set the 54200A/D power to OFF,

Remove extender board and supports and reinstall the Analog Assembly into the mainframe.

10-13
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Adjustments

Status [EES

# Fefer to State Trigger Menus
for Hssigoment and Sequernce

Guto Geslo [EEEEES
Store Mode
Cougling

Fralog Sourcs
Lewel
Fange
Lakal

Figure 10-8. 5420040 Configuration
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Adjustments

10-6. ANALOG BOARD ADJUSTMENTS (Continued)
10-6c. TRIGGER SENSITIVITY ADJUSTMENT:
Equipment Required:

FURCHON Beneralor .« o i it it it it et n e ettt s e e e e HP Model 8116A
B TNl O . . o e e e e e e e e HP Model 10100C

Equipment Setup:

Set HP8116A output to 1-kHz sine wave, 5 Vp-p,_ OV offset.
Procedure:

1. Configure the STATUS Configuration menu as shown in figure 10-9.

2. Connect the funclion generator output to the 54200A/D External Trigger Input (Ch 3) through
the 50 termination.

3. Display the TRIG channel.

4. The triggered waveform should appear similar to figure 10-10. If the waveform is not triggered,
then turn TSEN (iigure 10-7) completely clockwise. Now adjust TLVLBAL until a triggered

waveform is displayec.
5. Move the X cursor to the Tx=0.0 5 position.
6. While viewing the value of Vx on the display, change the trigger slope to -Slope.

7. Alternate between -Slope and +Slope for each small adjustment of TSENS, noting the difference
in the value of Vx.

8. TSENS shouid be adjusted until the difference in the Vx value {Vx[+Slope] minus [-Slope}} is
375 mV +125 mV.

10-15
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s o

Data Filter Setup Label
Channel Timzbase
Trput 1 Ihput £ Sampling @

Harge ’ “ Mads '
Hffset
Label
Coupiing
Store Mo
Auto Sca

Tr

lgger

Mode {8

Finglog Source
Lavel
Fange
Labe]

*

Fefer to State Trigger Menus
Tor Azsignment and Seouence

o Scale [

Figure 10-9. 54200A/D Configuration

Trigger [

m

AT

N

Frame BEZE1.
QMY

: Hoguir ing

H

Y,

Seale
Moda
Coupling

Fate
Stare

Y

SEE mvod

a.Hg 188 s div -5E. 28

Figure 10-10. Trigger Sensitivity Waveform
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Adjustiments

10-6. ANALOG BOARD ADJUSTMENTS (Continued)
10-6d. TRIGGER BALANCE ADJUSTMENT:

Equipment Required:

FUNCHON GENEIaIOT . . o i i it it et et e e e et ettt e e HP Model 8116A
BOO TN O . .t sttt et e i e e e e s HP Model 10100C

Equipment Setup:
Set HP8116A output to 1-kHz sine wave, 5 Vp-p, 0 V offsetl.
Procedure:

1. Configure the STATUS Configuration menu as shown in figure 10-9. Set the 54200A/D display
to singie-graph with a grid format using the DISPLAY menu.

2. Connect the function generator output to the 54200A/D External Trigger Input (Ch 3) through
the 500 termination.

3. Display the TRIG channel. The triggered waveform should appear similar to figure 10-10.

4. While switching trigger slope between +Slope and -Slope, adjust TLYLBAL (figure 10-7) untit the
vertical trace shift is centered about the center horizontal graticule.

10-17
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Adjusiments

10-7. STATE TRIGGER BOARD ADJUSTMENT (54200D Oniy)

Description:

This procedure adjusts the State Trigger Board clock circuitry for proper phase and detay to ensure
compiiance with setup and hold specifications.

Equipment Requirec:

Functon Generalor . ... . . . i e e e e e HP Mode! 8116A
10:1 Divider Probes (Qty. 2, supplied with 542C0A/D) . .................... HP Model 10017A
500 TermiNation . .. e e e e e HP Model 10100C
Product Support Kit . ... e HP Part No. 54200-69501

Equipment Setup:

Set HP8116A output to 100-kMz square wave, 0 to +5 V, 0 V offset.
Procedure:

1. Configure the STATUS Configuration menu as shown in figure 10-11,
2. Configure the TRIG State Assighment menu as shown in figure 10-12.
3. Ensure STATUS Measurement menu is set to Standard Mode.

4. Connect POD 0 to the State Board Test Fixture, HP Part No. 54200-63801 {part of Product
Support Kit).

5. Connect a 500 terminator to the CLK BNC on the State Board Test Fixture; connect a BNC
cable from the terminator to the output of the the function generator,

6. Connect the 10:1 divider probes to the Siate Trigger Board test points as follows (refer to figure
10-13):

ABTP2 to 5420CD INPUT 1
ASTP1 to 542000 INPUT 2

The display should appear similar to figure 10-14. i the triggered waveforms do not appear,
adjust the 54200A/D trigger level,

7. Select front panel measurement DELAY 2 to 1.

8. Adjust ABR20 (figure 10-13} until the leading edge of ICK (ABTP2} is delayed 42 to 43 ns from
the leading edge of MCK (ABTP1).

9. Move the 54200D Input 2 probe from A8TP1 to ABTP3. The display should appear similar to
figure 10-15. Adjust A8R28 until the DELAY measurement from 2 to 1 is approximately zero
seconds (1 ns).
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Siztuz: Mo

|

Status

Setup Label

Lata Filter

l.ahel
Croup b ing
Stare Mode §
Futo Scals

# Refer 1o State Trigger Menus

for Bzsigrment and Segquence

Futo Seals
Htoare flade |

Caupling

Hrizlog Source
Lavel
Rarne
Label

Figure 10-11. 542000 Status Configuration

B e _Dtatuz s Hoguiring Frape BEEER
TALE OHLY
Trigoer Mode [EReTerEUsleE

Srate Mode (58

Muitiplaxing

Figure 10-12. 542000 State Trigger Assignment Configuration
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AR28 ABTP3  ABTP2 ABTP1 ABR20
BCK ICK MK

Figure 10-13. State Trigger Board Adjustment Locations
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Adiustments

___________________________________ Status: Foopuiring Frame BOEYIL
TALK OMNLY

Tetzsy B to B = 42.52 ns
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Figure 10-14. ABTPZ2 to ABTPT Delay Waveform
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Figure 10-15. A8TP3 to ASTP2 Delay Waveform
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SECTION 11
REPLACEABLE PARTS

11-1. INTRODUCTION
This section contains information for ordering parts. Table 11-1 lists abbreviations used in the
parts lists. Table 11-2 lists all replaceable parts in reference designator order. Table 11-3 contains
the names and addresses that correspond to the manufacturer code numbers. Figure 11-1 shows
the mainframe parts locations.
11-2. ABBREVIATIONS
Table 11-1 lists abbreviations used in the parts lisls, the schematics, and throughout this manual.
The abbreviations in the parts list are always capital letters. However, in other parts of the manual
abbreviations may be used with both lowercase and uppercase letters,
11-3. REPLACEABLE PARTS LIST
Table 11.2 is the list of replaceable parts and is crganized as follows:

a. Electrical assemblies in alphanumerical order by reference designation.

h. Chassis-mounted parts in alphanumerical order by reference designation.

c. Electrical assemblies and their components in alphanumerical order by referencse
designation.

The information given for each part consists of the following:
a. Reference designation.
b. i—iewlettnPackard part number.
¢. Part number Check Digit (CD).

d. Total quantity (QTY) in instrument (or on assemnbly). The total quantity is given only once at
the first appearance of the part number in the list.

e. Description of part.

i

. Typical manufacturer of part in an identifying five-digit code.
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11-4. ORDERING INFORMATION

To order a part listed in the material lists, quote the Hewletl-Packard part number, indicate the
quantily desired, and address the order to the nearest Hewlett-Packard Sales/Service Office.

To order a part that is not listed in the material lists, include the instrument model number,
instrument serial number, a description of the part (including its function), and the number of parts
required. Address the order to the nearest Hewlett-Packard Sales/Service Office.

11-5. DIRECT MAIL ORDER SYSTEM

Within the USA, Hewlett-Packard can supply parts through a direct mail order system. Advantages
of using this system are:

a. Direct ordering and shipment from the Hewlett-Packard Parts Center in Mountain View,
California.

b. No maximum or minimum on any mail order (there is a minimum order amount for parts
ordered through a local Hewlett-Packard office when the orders require billing and invoicing).

¢. Prepaid transportation (there is a small handling charge for each order),
d. No invoices.
To provide these advantages, a check or money order must accompany each order.

Mail order forms and specific ordering information are available through your local Hewlett-Packard
office. Addresses and phone numbers are located at the back of this manual.

11-2
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Model 54200A/D - Replaceable Parts

AEFERENCE DESIGNATORS
= assembly F = fuge MP = mechanical part u = integrated cireuit
= motor FE = filter P = plug v = vacuum, tube, neen
BT = battery i = integrated circuit o = transister but, photocell, atc
C = capacitor d = jack i = resistor VR = voltage regutator
cP = coupler K = relay RT = thermistor W = cable
CR = diede L = inductor S = gwitch X = socket
DL = delay ling 1.5 = foud speaker ¥ = transformer Y = crystal
08 = device signaling flamp} L\ = meter 8 = tgrminal board Z = tunad cavity network
E = misc electronic part MK = Micrephone i = test point
ABBREVIATIONS
A = AMPETes H = hanries N/O = normally span RMO = rack mount only
AFGC = automatic frequency HOW = hardware MM = nominal RMS = rpol-maan square
control
AMBL = amplifier HEX = haxagonal NPO = negative positive zero RwY = FEVErse working
HG = mercury {zero temperature voltage
BFO = beat frequency oscillator HR = holir{s} cogfficient)
BE Gl = beryllium copper HZ = hertz NPN = pegative.positive- s-B = slow-blow
BH = binder head negative SGR = SGrew
BE = bandpass IF = intermediate freg NRFR = not recommended for SE = selentum
8RS = brass IMPG = impregnated field replacement SECT = sectionis)
BWO = backward wave oscillater  INGD = meandescent Nsh = not separatsly SEMICON = semiconductor
INCL = Include(s) replaceable 81 = stheon
CCW = counter-clockwise NS = insulation{ed} si. = sitver
CER = Ceramic INT = internai OBD = arder by description SL = slide
oMo = cabinet mount only K oH = oval head SPG = §pring
CCEF = coeficient = Hile=1000 OX = oxide SPL = gpecial
GOM = COMMOn LH 88T = gtainless steal
COMP = compaosition LiN = left hand 5B = split ring
COMPL = complete LX WASH = linear taper 4 = peak 8T = steg!
COMNN = Gonnactor LOG = lock washer PC = printed cirouit
P = cadmium plate LPF = fogarithmic taper PF = picofaradsﬂ(}“12 TA = tantalum
CRT = cathade-ray tube = low pass filter farads TD = time delay
cw = clockwise 1] PH BRZ = phosphor bronze TGL = toggle
MEG - milli=10w3 PHL = phillips THG = thread
DEPC = depesttad carbon MET FLM = meg=1 o® PV = paak inverse voltage 71 = Htanium
DR = drive MET OX = metal film PP = positive-nagative. TOL = folerancea
MFR = metaflic oxide positive TRIN = triminer
ELECT = clectrolytic MHZ = manufacturer adie] = part of TWT = traveling wave tube
ENCAP = encapsulated MINAT = mega hertz POLY = potystyrene
EXT = external MOM = minjature PORC = porcelain u = micro=10"°
MOSs = inomeniary POS = opsibonis}
F = farads MTG = metal oxide substrate POT = potentiometer VAR = variable
FH = Hat head My = mounting PP = peak-to-peak vDOW = de working voits
FIL H = fillister head = “mytar® PT = point
FXB = fixed N PWY = peak working voltage W/ = with
NG « nano (10°% w = watts
G = gga (109) NE = normatly closed RECT = ragtifier WV = working inverse
GE = germanium M PL = nean RF = radio frequency voltage
<18 = glass = nickal plate RH = round head or ww = wirewound
GRD = grounded or right hand WO = without
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MP3g

MP28 MOUNTED

MP28 MOUNTED

MP38 MOUNTED

ON MP2

ON MP3

ON H3

Figure 11-1. Mainframe Parts Location (Sheet 1 of 3)
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V1 L? MP41

MP13
A7
mP27
A2
MP20
A1
- AB
MP24
MP25
MP40
w4
MP21
A5 A8 A3
Figure 11-1. Mainframe Parts Location (Sheet 2 of 3)
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MP22 MP18 MP37 A4

MP30

MP17

W3

MP32

w2 MP33

MP1i8

Figure 11-1. Mainframe Parts Location (Sheet 3 of 3)
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Table 11-2. Replaceable Parts

Reference HP Part | © aty Description Mir Mifr Part
Designator Number | D Code Number

The following mainframe parts apply only

to 54200A/0 Serial Prefixes 2445A
43 2510~0182 5] 15 SCREW-MACH 8-32 . 25-IN-LG 106G DEG 00000 ORDER BY DESCRIPTION
g 2B80-0172 13 2 SCREW-MACH 10-32 . 375-IN-LG 100 DEG 28480 2880-0172
H18 2360-018% 1] 4 SCREW-MACH §-32 .EIQNIN—LG PAN-HO-POZI 28480 2380-0185
MP1 $1630-00201 3 1 PANEL-REAR 28480 183900201
MpP2 81630-04102 1 1 REAR DOOR 28480 0i1830-04102
MP3 §1630-44101 4 1 COVER REAR FIN 23480 0i833-44101
P4 01A39-04101 g H ToP COVER 28480 01830-041018
HMPS 18400807 2 1 POUCH 28480 15400807
HMPE 5060-0845% 2 i BOTTOM COVER 28480 5080-8845
HPa 55407218 8 i CAP-STRP HNDL 28480 5040-7219
MP10 58040-7220 1 H CAP-STRP HNDL 284380 5040-7220
P11 5050-8815 7 1 COVER-SIDE PERFORATED 23480 50680~8918
HR20 5020-8835 4 4 STRUT-CORNER 28480 50208835
MP21 5020-8806 g 1 FRAME~REAR 28480 50208808
P22 5020-880% 8 1 FRAME-FAGNT 28480 5020-8808

the following mainframe parts apply only

to 54200R Serial Prefix 25:1A and beyond

and 542000 Sertal Prefix 25138 &and beyond
HE 0515-1403 Z 16 SCREW-MACH H4 X 0,7 8MH-LG 80 DEG~TORX 28480 0515-1403
He 0515-~1384 i3 2 SCREW-MACH M5 X 2.8 1CHMM-LG 90 DEG~TORX 28480 0515-1384
HiB 0515-1402 H 4 SCREW-MACH M3 X 0.8 BMM-LG PAN-HD-TORX 28480 G515-1402
MPi 01830-00202 4 1 PANEL -REAR 23480 01830-00202
MPZ 01630-64103 8 1 REAR DOOR 28480 01630-B4103
MP3 01830-44192 5 1 COVER RERR FIN 28480 01B30-44102
MP4 016830-0410% 4 1 TOP COVER 28480 01630-04104
MPS §1630-84501 2 1 POUCH 23480 01830-84301
MPE B061-9445 ¢} 1 BOTIOM COVER 23480 5081-0445
MPY 50416819 4 1 CAP-STRP HNDL 28480 5041-6818
MP1o 5041-6820 7 1 CAR-STRP HNDL 28480 5541~6820
MPLl 5061-9915 5 1 COVER-SIDE PERFORATED 28480 5061-9915
MP2¢ 5021-5835 o] 4 STRUT-CORNER 2B480Q 50215835
MpPzi 5021-5808 5 1 FRAME~REAR ZB4B0 5021-59806
MPz2 50215805 4 1 FRAME-FRONT 28480 50321-8805

The following mainframe paris apply

to all 54200A/D Serisl Prefixes
Al g1B630-86525 2 1 POWER SUPPLY BOARD ASSY 28480 01630-86525
A2 54200-568501 5 i MOTHER BOARD ASSY 28480 5420068501
A3 54200-89502 4 i CPU BORRD ASSY 28480 54200-538502
A4 54200-69808 3 i ANALGG BOARRD ASSY ZB48G 54200--63508
As 5429069810 2 1 ACQUISITICON BOARD RSSY ZB480 5420088510
A5 0950~1892 3 1 DISPLAY ORIVER BOARD ASSY 284880 0850~ 1692
a7 01630-86520 7 1 KEYBOARD BRARD ASSY 28480 01830-B8520
ng 54200-59505 5 H STATE TRIGBER BOARD ASSY (542000 ONLY) 28480 54200-8850%
B1 3160-0428 g 1 FAN-TBAX 90-CFM 115/230V 50/80-HZ 28480 3180-0428
Hi 05150438 3 30 SCREW-MACHINE ASSEMBLY M3 X 0.5 BMM-LG 28480 0515-0430
H2 0515-0641 a 12 SCREW-THD-BLG M4 X 0.7 10MM-LG PAN-MHD 06000 GRDER BY DESCRIPTION
H3 0570-1171 7 2 SCREW-SPCL 8-32  4BB8-IN-LG UNCT 108 08000 ORDER BY DESCRIPTION
4 0580-1611 2 3 MUT-KNRLE-8 1/2-28-THD |, 084-TN-THK 28480 0580-1611
HS 0624-0538 B 4 SCREW-TPG 8-18 . B25-IN-LG PAN-HD-TORX 28480 08240598
HE 0824-0520 3 4 SCAEW-TPG §-18 [ 5-IN-LG PAN-HD-TORX Ti0 28480 0824-0620
HY 0624-0844 2 4 SCREW-TPG 8-32 .5-IN~-LG PAN-HO-TORX T15 2BABO 05240644
HiQ 1050-0871 5 3 WASHER-FL MTLC NO, 8 | iB63-IN-1ID 2R4BO 3050-0010
Hil 3050-0003 3 4 HASHER-FL N NO, § ,141-IN-ID ,375-IN-CD| 28480 3055-0003
Hiz 3050-0006 |53 3 WASHER-SKHLDR NO., 10 | 2-IN~ID ,5-IN-0OD 28480 3050~0008
H13 30%0-101% g 3 WASHER-FL MTLC 1/2 IN ,625-IN-ID 284889 30501018
Hi4 0515-0374 4 12 SCREW-MACH M3 X .5 1gMM-LG 00008 ORDER BY DESCRIPTION
HiS 9515-0943 3 13 SCREW-MACH M4 X 0,7 12MM-1G 100 DEG 003800 ORDER BY DESCRIPTION
HiB 0515-1035 & 2 SCREW-MACH M3 8MM-LG TORX T10 gooog ORDER BY DESCRIPTION
HL7 218G6-0476 g 2 WASHER-LK 82 CTSK EXT T NO. 4 .116-~IN-ID| 28480 2190-0479
L3 9140-0720 g 1 YOKE 28480 91448-0720
MpP7 5060-9882 7 1 COVER-SIDE 28480 50680-9882
M8 3080-9802 1 1 STRAP HANDLE 12 28480 506G-3802
MPizZ 7101-0634 1 1 BEZEL~FRONT 28430 7101-0894
MP13 5040-7202 3 1 TRIM STRIP-TOP 28480 5040-7202
MP14 50407201 B 4 FEET 28480 5040-7201

See introduction to this section for ordering information
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Table 11-2. Replaceable Parts (Contd)}

Reference HPPart | C oty Description Mir Mir Part
Designator Nuember | D Code MNumber
P15 14601345 5 K TILT STAND §ST 28480 | 14B0-1345
MPLs 3180-0092 3 1 FINGER GURRD-FAN 28480 | 3160-0092
P17 54200-00503 | O 1 SHIELD-KEYBOARD 28480 | 54200-00803
MP18 54200-00802 | 8 1 SHIELD FOIL~BOTTON 28480 | 54200-00802
P19 5001-0440 1 2 TRIN-SIDE 28480 | 5001-0440
MP23 5040-7221 F4 q STANDOFF R PANEL 28480 | 5040-7221
P24 5041-3179 4 1 SWITCH SHAFT 28430 | 5041-3170
P25 01830-00801 | 7 1 SHIELD~POWER SUPPLY PLASTIC 28480 | 91530-00501
rpes 5041-2799 1 1 KEYCAP-LINE 28480 | 5041-2798
mee7 0380-2109 8 1 GROUND LUG 28480 | 05350-2108
MP28 #180-0488 4 5 KFI STRIP-FINGERS BE-CU ZINC PLATED 28480 | 8160-0485
MP28 0403-0179 o 3 BUMPER FDOT~ADH MTG 28480 | 0403-0178
MP30 01530-61201 | % 1 GRACKE T-MOTHER BOARD 28630 | 01630-01201
MPIL 0153001202 | B 1 BRKT ©0 GDE 28430 | 01830-01202
MP32 01836-61203 | 7 1 BAKT CTR GDE 28480 | 01B20-01203
MP33 0403-0443 3 10 PC CARD GUIDE 23430 | 0403-0445
MP 34 54200-94302 | 3 1 LBL IDENT 542008 (542008 ONLY) 28480 | 54200-84302
MP34 54200-94303 | 4 1 LBL IDENT 542000 {54200D ONLY} 23480 | 54200-94303
MP 38 54200-94301 | 2 1 LABEL-FRONT 28480 | 54200-894301
P 38 54200-843204 | 5 1 LRBEL-XKE YBOARD 29480 | B4200-94304
MP 37 54200-04102 | 2 1 SHLD-BOTTOM COVER 28480 | S4200-04102
MP38 0510-06432 a 2 RETAINER-RING E£-R EXT ,141-IM-DIA $TL 28480 | 0510-0043
MP3g 54200-84305 | 8 i LABEL ~REAR PANEL 289480 | 54200-84305
MP4 7121-385% 5 1 LABEL-WARNING MYLAR 29480 | 7121-3659
Meal 7121-4002 5 1 LABEL-WARNING 1.23~IN-WD 4-IN-LG PR 7BE80 | 7121-4002
Vi 2090-0086 1 1 TUBE-ELECTRON 28480 | 2080-0068
w1 8120-0686 4 H CABLE ASSY 3-CNDCT GRA-JKT 7.62-M1-00 28480 | B120-0886
AUSTAAL TA/NEW ZEALAND
Wi §120-1521 6 1 CRBLE RASSY 18AMG 3-CNDCT JOK-JKT 28480 | B8120-1521
115V USA/CANADA
W1 §120-1692 2 1 CABLE ASSY 3-CNDCT HGR-JKT 28480 | 8120-1882
EUROPEAN CONTINENT
W1 8120~1703 6 1 CABLE ASSY 3-CNDCT HGP-JKT 28480 | B120-1703
UNITED KINGDOM
i 8120-2295 4 1 CABLE ASSY 3-CNDCT GRA-JKT 28480 | 8120-2298
SWITZERLAND
w1 8120-2957 4 1 POWER CORD SET 3-COND 2-MM-LG 28480 | 8120-2957
DENMARK
Wz 4120-3785 8 1 FLAT RIBBON ASSY 16-COND 12-IN-LG 28480 | 8120-3785
W3 8120-3784 7 1 FLAT RIBBON ASSY 14-CAND 28480 | 8120-3784
W4 91630-81301 | 4 1 9R-S6L BLK 28480 | 01630-81301
H 01830-66528 | 2 1 POWER SUPPLY BORRD ASSEMBLY 28480 | 01B30-BB525
ALCE 0180-0291 3 14 ] CAPACITOR-FXD 1UF+-10% I5VOC TR 55288 | 15001056X903502
AIc? 0180-0261 3 CAPACITOR-FXD LUF+-10% 3I5VDC TA 56288 | 1BOD105XI036A2
ALC3 0180-2948 g 3 CAPACITOR-FXD 33CUF+50-10% 35VDC AL 28480 | 0180-2848
ALC4 01805473 1 10] CAPACITOR-FXD .OLUF 400VOC 28480 1 0180-5473
AICH 0180-5473 1 CAPRCITOR-FXD O1UF 400VDC 28480 | 0180-5473
AICH 0180-5347 8 3 CAPACITOR-FXD 1.0UF 400VDC ZR4R0 | 01B0-5347
A1CT? 01805347 8 CAPRLITOR-EXD 1, QUF 406VDC 28480 1 0180-5347
AICH 0140-0180 5 7 CAPRCITOR-FXD 2000PF +-2% 308VDC MICA 72138 | OMI9F202GO300WVICR
A1CY 0160-5347 8 CAPRCITOR-FXD 1.0UF 400vYDC 24480 | 0180-5347
RiC1D 0180-3224 8 2 CAPRCITOR-FXD 5B0MF 2G0YDC 28486 1 0180-3224
BIC1L 0180-3224 8 CAPRCITOR-FXD 3B0MF 200VDC 28480 | 0189-3224
RIC1Z 0160-4048 4 1 CAPACITOR-FXD .D22UF +-20% ZSOVAC (RHS} COB33 | PME 271 M 822
B1C13 0160-4982 1 1 CAPACITOR-FXD 1.0UF 250VDC 28480 | ©0160-4962
f1C14 01800291 3 CAPACITOR-FXD 1UF +-10% 2BVDC TA 56789 | 150D105X9035A2
/1C15 01480180 & CAPACITOR-FXE 2000PF +-2% 300VOC MICA 72136 | DMISFZO2GO300WVICR
ALC1E 0180-0281 3 CAPRCITOR-FXD 1UF +-10% 35VDC TR 56289 | 150D105X9035A2
AT 0140-0180 5 CAPACITOR-FXD 2000PF +-2% 300VDC MICA 72135 | DMLSFZ02GO300WVICR
ALC1S 0160~5473 1 CAPRCITOR-FXD . DLUF 400YDC 28480 | 0160-5473
A1C19 0140-0198 6 1 CAPACITOR-FXD 240PF +~5% 300¥DC MICA 721368 | DM15F241J03004VICR
A1C20 G186-0281 3 CAPACITOR-FXD IUF +-10% 3SVDC TA 5828% | 1500105X3035R2
A1C21 0180-0291 3 CAPACITOR-EXD 1UF +-10% 35VDC TA 56283 | 150D105X9035R2
a1c22 0180-5473 1 CAPACITOR-FXD . GIUF 4b0VDC 28480 | 0180-5473
atces 0140-0189 8 CRPACITOR-FXD 2000PF +-2% 300VDC MICH 72138 | BMLOF202G0300WYICR
A1Cz24 G160-01B4 7 3 CAPACITOR-FXD ,G38UF +-10% 200VDC POLYE | 28480 | 0150-0154
A1c2s 0180-2945 g CAPACITOR-FXD 330UF +50G-10% 35VDC AL 28480 | D18D-2946
ALC26 0180-2848 3 CAPAGITOR-FXD I30UF +50-10% 35VDC AL 28480 | D180-2848
A1c27 0150-0184 7 CAPACITOR-FXD .038UF +-10% 200VDC POLYE | 28480 | 01B0-0164
A1C28 01500184 ? CAPACITOR-FXD .039UF +-10% 200VDC POLYE | 28480 | 0160-0164
See introduction to this section for ordering information
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Table 11-2. Replaceable Parts (Conl'd)

Reference HP Part C Oty Description Mfr Mfr Part
Designator Number : D Code Number
A1C28 01850281 3 CAPACITOR-FXD 1uUf +-10% 3BV0C TR B6288 156D106X8038R2
Al1cie 0185~-0291 3 CAPACITOR-FXD 1UF +-10% 38VDC TR 56288 150D106X3035R2
A1C31 DIBG~-0281 3 CAPACITOR-FXD 1UF +-10% 35YDC TA 562BS 15001 05X8038R2
R1C3Z 0IBU-5473 1 CAPACITOR-FXD | G1UF 400VDC 28480 0188~-5473

A1C33 0180-5473 1 CAPACITOR-FXD |, GlUF 400VDC 28480 0IB0-3473

A1C34 QL40-0180 5 CAPACITOR-FXD 2600PF +-2% 3008YIC MICA 72138 DM19FZ02GOI00WYICR
ALC3S 0180-0231 3 CAPARCITOR~FXD 1UF +-10% 35VDC TA BB289 1500109X8035R2
AIC3E 03140-0180 5 CAPRECITOR-FXD 20C0PF +-2% 200VDC MICH 72138 DH19F20260300WVICR
ALC3ET QIBR-2202 8 i CAPRCITOR-FXD 75PF +-5% 3I00VDC MICA 28480 JIB0~-2202

A8 $18G0-0281 3 CAPARCITOR-FXD LUF +-310% 3IBVDC TA 65281 1530108X8036R2
ALC39 0160-9473 1 CAPRCITOR-FXD (01UF 400VDC 2B480 0150-5473

ALC40 0140¢-0180 5 CAPRCITOR-FXD Z000PF +-2% 300VDE MICA 72138 DMiISFZ02G50300WVICR
ARi1C41 0180-5473 H CAPACITOR-FXD | O1UF 400VDC 28480 0IB0-5473

AlC4z 0160-5473 i CAPACLTOR-FXD ,01UF 400VDC 2B4380 {I160-5472

ALC43 01800281 3 CAPACITOR-FXD 1UF +-10% 3I5V0DC 1A 55289 150D108X3035R2
ALC4H4 31B0~5473 1 CAPACITOR-FXD . OL1UF 400VDC 23488 D160-5473

ALC4s 2180-02891 3 CAPACITOR-FXD 1UF +-10% 3%VDC TR 56289 150D108BX3035R2
ALCEB $180-0291 3 CAPACITOR-FXD LUF +-10% 35VDC Tn 58289 150010%X9035A2
RiC47 81803048 2 3 CAPACITOR-FXD 3300UF +75-10% B.3VDC AL 284890 0180-30486

RICAS 8180-3048 Z CAPACITOR-FXD 3I300UF +75-10% 6,3vDC Al 28480 61803046

RLCag 6180-3048 2 CAPACITOR-FXD 3300UF +75-10% 6, 3vDC Bl 28480 0130-3046

RICR:1 1830608008 a 1 DIODE-FW BROG 400V 1A 18548 VE48

RICRZ 13010718 i Z DICDE~-PUR RECT 400V 3R~ 300NS 04713 MRB54

RICRI 1801~07189 1 DICDE~PWR RECT 400V 3/ 300NS 04713 MRE54

RiCcR4 19060224 3 1 pIoht-Fid BROG 690V 2BR 04713 MDARZENE

BRI1CRS 1361-0028 ] 1 DIODE-PWR RECT 400V 750MA DO-28 28480 1801-0028

RICRE 18G61~0050 3 10 BIODE-SHITCHING 80V ZO0MA 2ZNS DO-35 28430 1801-0030

RICR7 1801-005%0 3 BICDE-SWITCHING B0V 200MR 2NS DO-38 28480 18010080

RICRE 1801-005¢ 3 BICDE-SHITCHING 80V Z200MA (2NS D0-35 284380 1801-00580

RICRS 1801-0050 3 DIODE-SWITCHING 80V 200MA 2ZNS D0-35 284480 1801{-0050

AICR10 1806-0051 4 1 BICDE~-FE BRDG 180V 1A 284480 18068-0051

AICR1: 1801~0050 3 DIODE-SWITCHING BOV 200fR 2NS DO-3% 28480 1801-0050

AICR1Z 1801-0050 3 DIODE~SWITCHING B0Y ZOOMA 2NS DO-35 28480 1801-0050

AICR13 1801-00%0 3 DIODE-SWITCHING BOY 20008 2ZNS DO-35 28430 1801-0050

AICR14 1901-0050 3 DIQDE-SWITCHING B0V 200MA 2NS DO-38 28480 180100580

AICR1G 1948-0678 8 1 DIODE~FIW BRDBG 1006V 10A 18548 VJ148X

AICRIB 1901-0050 3 DIODE-SKITCHING BOV 200MA ZNS DO-35 28480 1801-005%0

AICR17? 19810090 3 DEODE-SHITCHING B0V 200MA 2NS DO-35 28480 1801-0050

A1CRLIB 18948-0238 ¢! i DIODE-CT-RECT 45V 30A 01281 SD-241

AICR1Z 1908-0263 g i RECT WSK 12 28430 1308-0283

A1CR20 1908B-0262 8 H RECT USE 2402 28480 1908-0262

AlSSE 188¢-08652 B i LED~-LAMP ARRAY LUM-INT=200UCD IF=BMA-MAX{ 28480 1980-~0652

ALES 2110-0642 3 i FUSEHOLDER PBABG 21100642

alF 1 2:110-00568 3 H FUSE BA 250V NTD 1.25X.2% UL IEC 15915 3124008

ALFLL 4135-0175 8 H FILTER-LINE 284380 81350178

ALHI 0183¢6-~-23261 3 i COUPLER-SUW EXTN 28480 01830~-23201

ALH2 (403-0285 8 i BHPR FY-AOH HTG 28480 g403-028%

ALK 3515-0211 8 8 SCREW-MACH M3 X 0.5 B6MM-LG PAN-HD {0000 ORDER BY DESCRIPTION
AiH4 0515~0412 1 1 SCREW-MACH M3 X 0.5 25MH-16 PAN-HD {0000 ORDER 8Y DESCRIPTION
ALHE 0515~0408B 3 4 SCREW-MACH M3 X 0.5 8MM-LG PAN-HD elelagelv] ORDER 8Y DESCRIPTION
ALHE 2190-0005 g 12 WASHER-LK EXT T ND. 4 _1i8-IN-1D 28480 218000085

ALIHT 2420-0091 5 i NUT-HEX-W/LKWR 8-32-THD . 108-IN-THK {0000 ORDER BY DESCRIPTION
ALHB 31050-0063 3 1 WASHER-FL NM NO. B .141-IN-ID .375-IN-003 | 28480 3050-0003

Atk 5140-0624 i i INDUCTOR 270UH 10% ,725DX.B18LG 284380 G140-0824

AiLZ 3100-4182 2 1 TRANSFORMEA-BRLUN 28480 8108-4182

ALMPL 1205-04380 g 4 HEART SINK BO22BS 28430 1205-0480

AiMPE 2110-058% g 1 FUSEHOLDER CAP 128 MAX FOR UL 2848¢ 21:6-05885

ALMP3 1205-0480 g HERT SINK 6022B% 28480 1205-0480

AiMP4 1205-0480 g HEAT SINK 602288 28480 1205-04580

A1MPS 1800-1330 ] 1 STIFFENER-PCB 28480 1600-1330

ALMPE 1205-0489 8 2 HEAT SINK §021BS 28480 1205-0488

AIMP7 1205-0489 5] HEART SINK G0Z1BS ZB480 1205-0489

ALMPE 1205-0490 g HEAT SINK 8022BS 28480 12050480

ALMPY 12050488 3 1 HEAT SINK 28480 12050488

ALQL 18840827 1 2 TRANSISTOR NPN ST TO-220AB PR=100W 04713 HJE~13008

ALQ2 18540827 1 TRANSISTOR NPN 31 T0-220ARB PD=100W 04713 HJE-13008

AlPl 1251~1854 z2 b3 CONNECTOR-850 CONTRCT {MALE)} 28480 1251-7864

ALp2 1281-7828 B 3 CONNECTOR-MALE 28480 1251-7828

8ee Introduction to this section for ordering information
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Table 11-2. Replaceable Parts {Cont'd)

Reference HP Part | © aty Description Mifr Mir Part
Designator Number | D Code Number
AiR1 0787~0384 0 3 RESISTOR B1i,1 1% (128U F YC=0+-100 24548 Ca-1/8-TO-51R1-F
AtRz 0757-03184 0 RESISTOR B51.1 1% .128W F TC=0+-100 24548 Ca-1/8-TO-81R1-F
A1R3 06983615 8 1 RESISTOR 47 3% Z2W MG TC=0+-200 27187 FP42-2~-TA0~4T7R0O-J
AlR4 0757-9387 7 2 RESISTOR 100K 1% .3W F TC=0+-100 28480 07570387

ALRS 0757-0367 7 RESISTOR 100K 1% .58 F TC=0+-1G0 28480 0767-0387

ALRB 0757-0059 4 1 RESISTOR 1M 1% .5W F TC=D+-100 28480 0h7-0089

A1RY 0757~3409 ¥ 2 BESISTOR 274 1% . 125W F TC=0+-108 24548 C4-1/8-TO-274R~F
RiRk8 0758704185 g 2 ISTOR 478 1% . 1288 F TC=0+-100 24548 Cdel/8-T0-475R-F
AiRS 0757-0409 3 RESISTOR 274 1% . 1250W §F TC=0+-100 245848 C4-1/8-T0-274R-F
AiR10 0737-0415 g RESISTOR 475 (% .125W F TO=0+-100 24548 C4-1/8~-TO-475R-F
aiRil 0757-0280 3 4 RESISTOR 1K 1% 1200 F TCx0+-100 24548 Cé-1/8-TO~1001-F
AlRLZ 0757-0280 3 RESTSTOR 1K $% . 125U F TC=0+-100 24548 C4-1/8-TO-1001-F
ALRL3 0757-0280 3 RESISTOR 1K 1%h 120U F TO=0+4-100 245486 Ci-1/8-TO~1008F
ALR14 0757-0442 g 4 RESISTOR 10K 1% . 125 F TC=0+-100 z4548 C4-1/8~T0-1002-F
A1R1E 075703584 0 RESISTGR 1.1 1% . 12BW F TC=0+4-100 24548 C4-1/3-TO-B1iR1-F
A1RLE §757-04G2 3 1 RESISTOR 75K 1% . 128W F TC=0+-100C 24546 C4utl/8-TO-7B02-F
ALRLT CY57-0437 2 3 HESTSTOR 4,75K 1% .125W F 7C=0+-108 24546 C4ulf8uTO-4751-F
AlRLE S157-0442 9 ! TSTOR 10K 1% . 1258W F TC=0+-3180 24546 C4ut/8-TO-1002-F
AlRLS DE98-BHLS 3 i RESISTOR 610K 1% .128H F TC=0+-100 28480 0698-8858

ALRZO 057-0437 2 RESISTOR 4,75K 1% _125W F TC=0+-100 245486 Can1/8-TO-4751-F
AIRZL 27570281 4 H RESISTOR 2,74K 1% . 128W F T0=0+-100 24546 C4-1/8-T0-2741-F
Al1R2Z §757-0441 8 M RESISTOR 8.26K 1% .125W § TU=0+-100 24548 C4-1/8-TO-8231-F
ALAZ3 0757-0437 2 RESISTOR 4.7BK 1% ,125W ¥ TC=0+-100 24948 C4-1/8-TO-4731-F
AlR2Z4 g757-0793 5 i RESISTOR 75 1% .BW F fC=0+-100 19701 MF~1/2-TO-78R0-F
ALRZE 0898~ 3803 4 3 RESISTOR 12 B% 2 MO TC=0+-200 27167 FP42-2-TOG~12R0-J
ALRZE 0598-36803 4 RESISTOR 12 5% 2W MO TC=0+-200 21167 FP42-2~TOC~12R0-J
AlRZT 0898~3803 4 RESISTOR 12 5% 2W MO TC=0+-200 21167 FP42-2-TOC-12R0-J
A1R28 G757-04847 2| RESISTOR 10K 1% . 125W F TO=0+-100 24548 Ca~1/8-T0~1002~F
A1RZY 8757-0288 1 1 RESISTOR 9.08BK 1% .125W F TC=0+-100 18701 MF4Ct /8-T0-8091~F
ARG g757-0488 g 2 RESISTOR 130K 1% .:125W F TC=0+-100 24548 Ca-1/8-TO-1303-F
AIR31 0757-0450 4 1 RESISTOR 22.1K 1% .123W F TC=0+-100 Z4548 C4-1/8-T0-2212~F
RIR3I2 075%7-044¢ 7 2 RESISTOR 7.9K 1% .125W F TC=0+-100 24548 Ca-1/8-T0-7501-F
AIR3Y 4757-0280 3 RESISTOR 1K 1% .128W F TC=0+-100 24548 C4-1/8-T0-1001-F
AIRI4 2100-3211 ? i RESISTOR-TRHMR IX 10% £ TOP-ADJ 1-TRN ¢8480 Z2100-32114

AIR3G 0BG8-8961 7 i RESISTOR 209K 1% .125W F TC=0+-100 28480 U688~-8496

AIRYG G7%7-0283 6 i AESISTOR 2K 1% .125W F TC=0+-100 24548 C4-1/8-70-2001-F
ARIR37 U787-04549 g z BESISTOR %8.2K 1% .125W F TC=0+-180 244548 C4-1/8-TO~B622-F
AtR38 G757-0442 g RESISTOR 10K 1% .1258W F T€=0+-100 24548 C4-1/8.70-1002-F
ALR3S 07570458 8 RESISTOR 86,2K 1% .128W F T€=0+-100 24548 C4-1/8-T0-8622-F
AlR40 0757-04868 9 RESISTOR 130K 1% .125W F TC=0+-100 74548 C4-1/8-T0-1303-F
AiR41 Q7570440 7 RESISTOR 7. 58K 1% . 125W F TC=0+-100 24548 C4-1/8-T0-7501-F
AiR4Z 0757-0478 2 i RESTSTOR 382K 1% .125W F TC=0+-100 19701 MF4CL/8-T0-3823-F
ALRPT 1810-(488 3 3 NETWORK-RES 8-SIP4.7K GHM X 4 Z848¢ 1810-0488

A1RP2 1810-0488 8 METWORK-RES 8-5IP4.7K CHM X 4 28480 1810~ 0488

A1RP3 18100488 8 METHWORK-RES 8-SIP4.7K OHM X 4§ 2848¢ 1810-0488

A1RT3 0837-0172 2 1 THERMISTOR DISC 2.5-0MHH 15454 56G-3

ALRVE 0837-0120 0 1 YARISTOR~ 1 30VAC 28480 0837-0120

ALRVZ 0837-0261 0 1 VARISTOR~-220VAC 28480 0837-0281

Alslt 31G1-2582 8 1 SWITOH-$1 168 2B48¢ 3101-2582

A1SW2 31012150 4 1 SWITCH-PR DPODT ALTNG 5A 250VAC 28488 3101-2150

A1SW3 3143-0081 z 1 SWITCH-THRM FXD +110C BR OPN-ON-RISE Z8480 3103-0081

AlTE 3i100-4771 8 1 TRANSEORMER-CONT 28480 9100-4271

AaiT2 3100-4265 I 2 TRANSFORMER-BASE DRIVE 28480 9100-4285

ALT3 9100-4265 o TRANSFORMER-BASE DRIVE 28484 9100-4285

A174 9100-4183 7 1 TRANSFORMER 28480 9100-4183

ALTS 91004266 1 1 TRANSFORMER-POWER 28480 3i00-42886

A17T8 89100-4287 Z 1 CHOKE-CGUPLED 2348¢ 91004287

ALTRL 1251~3618 & 1 CONNECTOR 2-PIN M POST TyP# 2848¢ 1251-3818

ALTR2 1251-34800 8 1 CONMECTOR B-PIN F POST TYPE 28480 12513800

ALTP3 1251-7828 8 CONNECTOR-MALE 23480 1251-7826

ALl 1526~0718 0 i IC-MC1404 28480 1828-0718

AluZ 1820-2111 8 t 1C ORVR TTL INY 0312858 SHNT5468N

A1U3 1826-0458 7 2 IC COMPARARTOR GP 8-DIP-P PKG 04713 MC3423P1

Alu4 1826-0468 7 IC COMPARATOR GP B-DIP-P PKG 04713 MC3423P1

ALUB 182605685 i 1 IC-T1.494 23480 1826-0585

ALUEB 18268-0161 ? i IC OP AMP 6P QUAD 14-DIP-P PKG 04713 MLM324P

AIVRL 1828-0147 g 2 IC 7812 V RGLTR T0-220 04713 MC7812CP

A1VRZ 1828-0108 0 1 IC 7815 ¥V RGLTR T0-220 04713 MC7815CP

ALVR3 1826-0147 g C 7812 V RGLTR T0-220 04713 MC7812CP

ALIVR4 18268-0221 ) i IC V RGLTR T0-220 04713 MC78912CT

See introduction to this section for ordering information

11-1 -
www.vaciuetronlcs.com




Model 54200A/D - Replaceable Parts

Table 11-3. List of Manufacturer Codes

wifr No. Manufacturer Name Address Zip Code
COs33 RIFA BROMMA Sk

S0I87 FUJITSY LD TOKYQ JP

80000 ANY SATISFACTORY SUPPLIER

81121 ALLEN-BRADLEY LG MILWAUKEE Wi 53204
01281 TRW INC SEMICONDUCYOR DIV LAENDALE o] 40280
01285 TEXAS INSTR INC SEMICOND CHPNT DIV BALLAS TX 75222
$62111 SPECTRCL ELECTRONICS CORP CITY OF IND Ch 91745
02114 FERROXCUBE CORP SAUGERTIES NY 12477
03888 K D I PYROFILM CORP WHIPPANY NJ 07881
04713 MOTOROLA SEMICONDUCTOR PRODULTS PHOEMIX AZ B5008
08868 PRECISION MONOLITHICS INC SANTA CLARA cH 95050
07283 FAIRCHILD SEMICONBUCTOR DIV MOUNTARIN VIEW CA 84042
18548 VARG SEMICONDUCTOR INC GARLAND TX 76040
11238 CTS (OF BERNE INC BERNE IN 46711
15454 AMETEK /RODAN DIV ANARE I cA 92808
18324 SIGNETICS CORP SUNNYVALE CA 94088
18701 MEPCO/ELECTRA CORP MINERAL HELLS X 7E0B7
24548 CORNING GLASS WORKS (BRADFORD) BRALFORD PA 18701
25403 N.V. PHILIPS-ELCOMA DEPARTMENT EINDHOVEN HL 02876
27014 MATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 85051
27167 CORNING GLASS WORKS [WILMINGTON) WILMINGTON NC 28401
28480 HEWLETT-PACKARD CO CORPORATE HA PALO RALTO <A #4304
34335 ADVANCED HICRO DREVICES INC SUNNYVALE CA 24486
34848 INTEL CORP MOUNTAIN VIEY A 45051
56288 SPRAGUE ELECTRIC CO NORTH ADAMS 1A 01247
72138 ELECTRO MOTIVE CORP { ORENCE SC 08228
T5818 LITTELFUSE INC DES PLAINES L 50018
80031 MEPCO/ELECTRA CORP MORRISTOURN NJ 07960
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SECTION 12
SERVICE

12-1. INTRODUCTION

The service section provides removal and installation procedures for 54200A/D mainframe
components and troubleshooting information for isolating faulty circuit boards.

Service Group 12A at the end of this section provides block and component level theory,
troubleshooting and schematic information necessary to service the 54200A/D power supply board.
i12-2. SAFETY CONSIDERATIONS
Read the Safety Summary at the front of this manual before servicing this instrument. Before
performing each procedure, review it for cautions and warnings. For example, when working
around the power supply and display circuitry, caution should be taken to avoid potentially lethal
veltages.
12-3. LOGIC CONVENTION
Logic states are defined as follows:

0 — False, negated, inactive, or unasserted state.

1 — True, active, or asserted state.
Voltage levels representing logic states:

LOW (L) — The more negative of two voltage levels.

HIGH (H) — The more positive of two voltage levels.

Signals may be either HIGH true, or LOW true, as indicated by the mnemonics on the schematics.

The 54200A/D includes both TTL and ECL ICs. Worst case voitage levels for troubleshooting and
signature analysis purpose are as follows (IC data sheet specifications may be more accurate):

TTL Voltage Levels ECL Voltage Levels
level Voltage Level Voltage
LOW less than 0.8 V LOW less than -1.50 V
HIGH greater than 2.0V HIGH greater than -110 V

12-1
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12-4. ECL ATTRIBUTES
Because ECL inputs are pulled down inside the IC, an unconnected ECL input is LOW.

ECL outputs may be tied together in the same way as open-collector TTL outputs. Thus, they may
be wire-ANDed or wire-ORed.

12-5. REMOVAL AND INSTALLATION OF MAINFRAME COMPONENTS

This section contains removal instructions for the system PC boards and the CRT. Read the
Safely Summary at the front of this manual before servicing this instrument. Refer to figure 12-1
for location of 54200A/D circuit boards.

WARNING §

Hazardous potentials exist on the power supply, the CRT, and on the display
driver board. To avoid electrical shock the following procedures should be
closely adhered to. Wait at ieast three minutes for the capacitors on the
power supply and display driver boards to discharge before servicing this
instrument. Wear safety glasses!!!

CAUTION

Never install or remove any circuit board with the power switched ON.
Component damage may occur!!!

Mote

When a board is installed verify that it is fully seated into the connector,

12-2
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¢

DISPLAY DRIVER BOARD

Figure 12-1. 54200A/D Circuit Board Location Diagram (Rear View)

12-6. Acquisition Board (and 542000 State Trigger Board) Removal

a.

b.

Switch power OFF and disconnect AC power cord.

Completely remove two screws securing rear door.

Carefully remove probe cable plugs by pulling on their plastic housing (54200D only).
Remove four screws securing rear cover and remove Cover.

Carefully remove Acquisition board (or 54200D State Trigger board) by inserting board puller
from 54200A/D Product Support Kit into removal holes located at top-center of board.

The Acquisition board (or 54200D State Trigger Board) can be installed by reversing removal
procedure.

12-3
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12-7. CPU Board Removal
a. Foilow steps (a) through (d) of Acquisition board removal procedure.
b. Completely remove two screws securing CPU board io rear panel.
¢. Remove two plastic standoffs and loosen screw securing bottom cover.
d. Carefully il instrument on its side and remove bottom cover.
e. Disconnect cables from the CPU board that go to keyboard and display driver board.

f.  Carefully remove CPU board by inserting board pulfer into appropriaie removal holes located
at the rear of board.

The CPU board can be installed by reversing CPU board removal procedure.

12-8. Power Supply Board Removal

WARNING

Hazardous voltages are present in the power supply, the CRT, and on the
display driver board, sven with the main fine power switch set in the OFF
position and power cord removed. Use extreme caution while servicing the
unit with the top cover removed. Wait three minutes for the capacitors on
the power supply and display driver boards to discharge to a safe voitage.

CAUTION

Be certain that the perforated side cover is installed on the right-hand side
of the instrument (as you face the front of the unit). If the side covers are
mis-instatled, insufficient alr flow will resuit and component damage may
occur.

a. Follow steps (a) through (d) of Acquisition board removal procedure.

b. Completely remove two screws securing CPU board to rear panel.

¢. Remove four plastic standoffs and loosen two screws securing top and bottom covers, and
remove covers.

d. lLoosen screw securing perforated side panel and remove,
e. Hemove two screws attaching handie and side cover to frame. Remove cover.

f.  Carefully tilt instrument on its side and remove four screws holding rear panel to bottom of
frame,

g. Disconnect cables from CPU board to keyboard and display driver boards.

12-4
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Model 54200A/D-Service
Lay instrument back on its base. Carefully remove all of boards from frame by inserting
board pulier into appropriate removal holes located at rear of each board.
CAREFUL.LY remove power swilch shafl with a 1/4 inch wrench.
Bemove two screws by line plug and two screws securing rear panel to card cage,
Remove four screws attaching plastic power supply cover and ground strap to top of frame.

Unplug fan from power supply and gently push out on each corner from inside of rear panel.
Rear panel and fan assembly should remove as one unit.

Remove three screws securing power supply board to card cage bracket.

Pull Power Supply board straight back from motherboard connector and remove from frame.

The power supply board can be installed by reversing removal procedure. See figure 12-1 for card
cage stot for each board.

12-9. Analog Board Removal

a.

b.

Follow steps (a) through (d) of Acquisition board removal procedure,
Completely remove two screws securing CPU board to rear panel.

Remaove four plastic standoffs and loosen two screws securing secure top and bottom covers
and remove covers.

Loosen screw securing perforated side panel and remove.
Remove two screws attaching handle and side cover to frame. Remove cover.

Carefully tilt instrument on its side and remove four screws holding rear panel to bottom of
frame.

Remove two screws by line plug and two screws securing rear panel to card cage.
Remove four screws attaching plastic power supply cover and ground strap to top of frame.

Unplug fan from power supply and gently push out on each corner from inside of rear panel.
Rear panel and fan assembly should remove as one unit.

Remove two screws securing Analog board to card cage.
Remove three nuts and three washers securing BNC connectors to front panel.

Carefully pry clip securing ground strap from Apalog board to card cage.

. Gently pull analog board back while rocking board from side to side, to separate connector

from Motherboard.

Pull Analog board straight back from Motherboard and remove from frame.
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The Analog board can be installed by reversing removal procedure.

12-10. Motherboard Removal
a. Follow steps (a) through (n) of Power Supply board removal procedure.
b. Follow steps (j) through {n) of Analog board removal procedure.

c. Remove six screws that secure motherboard 1o keyboard cover.

The Motherboard can be installed by reversing removal procedure.

12-11. Keyboard Removai

WARNING

Hazardous voltages are present in the power supply, the CRT, and on the
display driver board, even with the main line power switch set in the OFF
position and power cord removed. Use extreme caution while servicing the
unit with the top cover removed. Wajt three minutes for the capacitors on
the power supply and display driver boards to discharge fo a safe voltage.
a. Remove four plastic standoffs and loosen two screws securing top and botiom covers.
b. Carefully lay unit in top-down position and remove 4 screws from front panel frame.
c. Carefully lay unit in bottom-down position and remove top cover,

d. Carefully pry up and remaove top plastic rim strip and remove sdrews under trim strip.

e. Slowly peel away two side vinyl adhesive trim strips, being careful not to tear them.

12-6
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CAUTION

Discharge the post acceleraior lead to the grounding lug OMLY. Component
damage will occur if discharged to other areas.

Note
The CRT may charge up by itself even while disconnected. Discharge the

CRT by shorting the post accelerator terminal of the CRT to the ground lug
with a jumper iead before handling.

f. Short out charge on CRT by connecting a jumper lead between ground lug of CRT and shatt
of a screwdriver. Slip screwdriver under protective rubber cup of post accelerator lead and
then momentarily touch screwdriver to metai clip of post accelerator lead.

g. Disconnect post accelerator lead from CRT by firmly squeezing on rubber cup until metal clip
disengages from CRT.

h. Disconnect cable connecting cathode of CRT to display driver.

i, Disconnect two cables connecting CRT yoke to display driver.

j. Carefully puil and remove black wire connecting CRT ground lug to display driver.
k. Rermove 3 BNC nuts from front panel.

I.  Remove keyboard cabie from CPU board.

m. Remove four side screws (two screws on each side} that securing front bezel to frame. These
are located under adhesive side trim strips.

n. Carefully pull front bezel away from frame being careful not to scratch bezel or break line
switch shaft.

0. Remove four screws and washers connecling keyboard to front bezel.

To install the Keyboafd reverse removal procedure.

12-12. CRT Removal

a. Follow steps (a) through () of keyboard removal procedure. All WARNINGS and CAUTIONS
apply for CRT removal procedure.

b. Remove four screws and washers securing CRT to front bezel.

To install a CRT, reverse removal procedure.

12-7
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12-13. Display Driver Board Removal
a. Turn OFF instrument and remove AC power cord,

b. Remove two plastic standoffs and loosen screw securing top cover to frame. Remove top
cover,

¢. Remove two screws connecting handle and side panel to frame. Remove side cover.

CAUTION

Discharge the post accelerator lead to the grounding lug ONLY. Component
damage will occur if discharged to other areas.

Mote
The CRT may charge up by itself even while disconnected. Discharge the

CRT by shorting the post accelerator terminal of the CRT fo the ground lug
with a jumper lead before handling.

d. Short out charge on CRT by connecting a jumper lead between ground lug of CRT and shaft
of a screwdriver. Slip screwdriver under protective rubber cup of post accelerator lead and
then momentarily touch screwdriver to meta! clip of post accelerator lead.

e. Disconnect post accelerator lead from CRT by firmly squeezing on rubber cup until metal clip
disengages from CRT.

f. Disconnect cable connecting cathode of CRT to display driver,

g. Disconnect two cables connecting CRT yoke to display driver.

h. Carefully pull and remove black wire connecting CRT ground lug to display driver.
i. Remove six screws mounting display driver to frame and remove board.

To install the Display Driver board reverse removal procedure.

12-8
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12-14. FAULTY BOARD ISOLATION

Troubleshooting faulty circuit boards in the 54200A/D is accomplished by connecling the
54200A/D to the test equipment as shown in figure 12-2 and loading the Service Software (HP Part
No. 54200-12001) from the 54200A/D Product Support Kit (HP Part No. 54200-69501).

Table 12-1 shows the adjustments to be performed from Seclion 10 when an assembly has been
replaced and the performance tests from Section 9 that are affected by the adjustments. The
54200A/D assembly numbers are as follows:

At Power Supply Board Assembly

A2 Motherboard Assembly

A3 CPU Board Assembly

A4 Analog Board Assembly

A5 Acquisition Board Assembly

A6 Display Driver Board Assembly

A7 Keyboard Assembly

A8 State Trigger Board Assembly (54200D only)
Vi CRT

L1 CRT Yoke

Table 12-2 lists which adjustments from Section 10 that can affect the pass/fail status of the
54200A/D front panel SYSTEM menu self-tests,

Figure 12-3 is a schematic diagram of the Keyboard assembly. Service Group 12A at the end of
this section provides block and component level theory, troubleshooting and schematic information
necessary to service the 54200A/D Power Supply board.

12-15. Service Software Disc Loading Procedure

a. Ensure equipment is connect to the 54200A/D as shown in figure 12-2.

b. Set the 54200A/D power on,

¢. Insert Service Software 5-1/4" disc into Series 200 Controller.

1) If BASIC operating system is resident in Series 200 ROM, switch controller power off,
then on again. Service Software will automatically load.

2) If BASIC operating system in not resident in Series 200 ROM, boot the system from
floppy disc. Then insert the Service software into the right disc drive and type LOAD
"AUTOST".

d. Press the RUN key on the controller and follow the instructions displayed on the controlier
screen.

12-9
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HP MODEL
54200A/D

L

HP-1IB CABLES

HP SERIES 200
HP MODEL CONTROLLER
5005B WITH BASIC
OPERATING
SYSTEM
f
|
|
|
OSCILLOSCOPE FUNCTION 54200
HP MODEL GENERATOR SERVICE
1725A HP MODEL SOFTWARE
8116A

Figure 12-2. Faulty Board Isclation Setup
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Table 12-1. Assembly Replacement-to-Adjustment Cross Reference

ASSEMBLY EXCHANGED/REPAIRED

ADJUSTMENT TO PERFORM Ad A5 A3 A8 Al |AS |V1/
AFTER REPLACEMENT L1
10-4. Power Supply ]

10-5a. Yoke

10-5h, Display Driver

10-8a. Balance ] |

10-6b. Input Compensation B

10-6¢c. Trigger Sensitivity 5

10-6d. Trigger Balance B

10-7. State Trigger B

PERFORMANCE TEST THAT MAY A4 A5 A3 A8 Al A6 (V1/]
BE AFFECTED BY ADJUSTMENT L1

9-7. DC Offset

8-8. Voltage Measurement

8.9, Bandwidth

$-10. Transition Time

g-11. Time Measurement - -

9-12. Trigger Level-Analog B

9-13. Trigger Sensitivity 5

9.14. Setup Time

89-15. Hold Time

9.16. Clock Pulse Width -

9-17. Clock Repetition Rate

2-18. Minimum Input

8-19. Threshold Accuracy

12-11
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Table 12-2. Self-Test/Adjustment Interaction

SELF TEST
BOARD ADJUSTMENT
0 1 2
Analog CH1 COMP N N N
CH2 COMP N N N
CH3 COMP N N N
TSENS N N N
TLVLBAL N Y N
CH1 3.9V BAL N Y Y
CHZ 3.9V BAL N Y Y
CHT 3.9V BAL N Y Y
State Trig R20 N N N
R28 N N N
Power Supply VOLT ADJ N N N
N = Adjustment does not affect pass/fail status of self-test
Y = Adjustment affects pass/fail status of self-test. If self
test fails, this adjusiment should be checked.
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SERVICE GROUP 12A
POWER SUPPLY

12A-1. INTRODUCTION

This Service Group contains block and component level theory, troubleshooting and schematic
information necessary to service the 54200A/D power supply. Service group 12A is separated into
two sections: theory and troubleshooting,

12A-2. SAFETY CONSIDERATIONS

WARNING i

Hazardous potentials exist on the power supply, the CRT, and on the dispiay
driver board. To avoid electrical shock the following procedures should be
closely adhered to. Wait at least three minutes for the capacitors on the
power supply and display driver boards to discharge before servicing this
instrument. Wear safety glasses!!!

Several parts of the power supply have lethal voltage and current potentials
associated with them. Primary filter capacitors C10 and C11 are very farge
and have 300 volts across them, + or - 150 Vdc fo ground. This provides a
great deal of pofential energy. With their respective bleeders R4 and RS,
the discharge time constant is 60 seconds s0 even with the supply turned
QFF it can be dangerous! Therefore, wait at least three minutes for the
supply ta discharge before servicing.

12A-1
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12A-3. SPECIFICATIONS
The power supply used in the 54200A/D is a switching power supply that converts the AC line

input to six regulated DC voitages. Table 12A-1 contains individual specifications for each voltage.

Table 12A-1. Power Supply Specifications

INPUT

115 volt range: 90 to 127 VAC  Input Imax = 4 Amps
230 volt range: 180 to 253 VAC  Input Imax = 2 Amps
Frequency Range: 48 to 66 Mz in either voltage range.

PUTPUT

Volts % Tolerance Maximum Current {Amps)
+15 5 0.8

+12 5 0.25

+5B 5 6.0

2.4 1 8.0

-5.2 -5, +10 250

-12 5 0.25

12A-4, POWER SUPPLY BLOCK DIAGRAM (figure 12A-1)

The 54200A/D power supply is separated into three basic sections; Primary, Control and
Secondary. The following is a brief oulline of each section,

PRIMARY SECTION. The primary section is responsible for providing a rectified and conditioned
switching source of approximately plus and minus 150 VDC, along with transformation for control
power. The primary section also provides protection to the supply from AC input surge current
and overvoltage conditions. This section also drives the internal cooling fan.

CONTROL SECTION. Control voltage generation, modulation and switching are the main functions
of the conirol section. However, LED failure indication and failure execution is also a function of
this section.

SECONDARY SECTION. The secondary section is responsible for filtering, rectification and
feedback for the DC power supplies. Also, this section outputs all of the supplies to the test
connector and the motherboard.

12A-2
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Figure 12A-1. Power Supply Block Diagram
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12A-5. POWER SUPPLY THEORY OF OPERATION

The theory of operation gives detailed operation of the circuitry on the power supply board. Refer
to power supply schematic 12A-1.

12A-6. Primary Section

The power supply begins operation when the power switch {SW2) is turned ON providing AC line
to FL1 which filters the AC for radio frequency interference (RFi). According to the setting of the
line select switch {(SW1), the primary section wili operate in two modes, either 115 VAC or 230
VAC,

12A-7. 115 VAC OPERATION. Notice the way that the neutral line is wired to the primary output of
the bridge rectifier (CR4), only two of the diodes of CR4 are used. These are the two that connect
to the AC line input of CR4. This configuration preduces =300V across the + and - outputs of
CR4. During the 115 VAC mode this circuitry forms a half wave voltage doubler. Furthermore,
while in the 115 VAC mode the primaries of T1 are in parallel so there is 115 VAC across each
primary. The outputs of T1 are in parallel and have the same voltage across them during either the
115 or 230 VAC modes.

12A-8. 230 VAC OPERATION. When SW1 is in the 230 VAC mode, all four diodes in the bridge
rectifier (CR4) are used. However, the vollage across the + and - outputs of CR4 is still ~300V.
During the 230 VAC mode this circuitry forms a full wave rectifier. While in the 230 VAC mode the
primary inputs of T1 will be in series and stilf have 230 VAC across each primary winding.

The fan, in either the 115 VAC or 230 VAC mode will always have 115 VAC driving it. The varistors
RV1 and RVZ on the primary side of T1 are for transient suppression. The thermistor, RT3,
provides surge current protection for CR4.

12A-9. SURGE CURRENT PROTECTION. Because input filter capacitors C10 and C11 are
connected directly across the rectified line, a form of surge current protection is provided to limit
line surges during turn on. RT3 provides this protection,

12A-10. RF! SUPPRESSION. RFI is generated by unwanted frequency energy caused by the
switching components in the power supply. Inductors L2 (balun) and L1 prevent this radio
frequency interference from being conducted back into the AC line.

12A-5
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12A-11. Control Section

The control section mainly consists of the circuitry needed to control the operation of the pulse
width modulator (PWM). Also covered is the error detection and execution circuitry needed to
control modulation,

12A-12. PWM OVERVIEW (figure 12A-2). A pulse width modulator (PWM) requires four signals for
proper madulation: a reference voltage, a feedback from the output to compare with the reference
voltage for error detection, feedback current from the oulput for outpul current limiting, and a
predetermined switching frequency.

COMPENSATION . QUTPUT CONTROL

16 i
CORRENT |* [ Veo —
15 LIMIT - D-FF —tj:){ 9

D
i
PWM
ERROR |* 11
" NI >-—|;‘ ~~._ COMPARATOR D"‘“{
10
S

— >

0sc ;
REFERENCE
4 | - REGULATOR  GND
{4 DEAD TIME
5VREF

CONTROL COMPARATOR

o fa
=t

Figure 12A-2. Functional Block Diagram of a PWM

A PWM modulates it's output transistors pulse width (ON time) according to the demands of the
system. In this manner it controls the amount of current each switching {ransistor delivers and
therefore controls the power. The PWM configuration used by this supply is for push-pull
modutation. Push-pull modulation means that each internali open collector output transistor is
turned ON alternately by the pulse-steering flip-flop. This configuration is determined by the output
control input (OC) pin 13 being tied to the PWM’'s internal 5V reference reguiator, pin 14.

12A-13. MODULATION CONTROL. If the +5V feedback voltage at pin 1, U5, is higher than the
reference voltage at pin 2, the PWM determines that the output voltage is too high. 1 then reduces
its output transistors pulse widths to within limits.

12A-14. PWM BOFT START. When AC is swilched ON, capacitor C21 has not charged. This
forces the dead-time control input, pin 4 of U5, 1o follow the 5V reference regulator ouiput, pin 14,
Note, when dead-time is high, both outputs are disabled (100% dead-time). While C21 is charging
through RP2 (pins 5 and 6}, the output pulse widths are alfowed to modulate slowly until dead-time
is fow and 100% modulation is allowed. Soft start is used to prevent large current surges which
may occur on power up. Also, a soft start prevents a false signal, possibly created by the control
circuitry, from resetting the PWM during power up,

12A-6
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12A-15. PWM SWITCHING FREQUERNCY. The 42 KHz internal oscillation frequency of the PWM is
determined by the RC time constant of R21 and C22 connected to pins 6 and 5 of U5, Therefore,
gach open coliector output transistor (pins 8 and 11) is turning ON and OFF alternately at about 21
KHz.

12A-16, CURRENT SWITCHING OPERATION (schematic 12A-1). The open collector outputs, pins
11 and 8 of U5, are complementary and non-overlapping. For zero on-time (zero modulation time),
both ocutputs are high. As demand increases, each output stays low (at different times,
non-overlapping) for a longer period until one is going high as the other is going low or until one of
the feedback signals limits the pulse duration. Each output is inverted through U2F,G, another
open collector device, and alternately causes changing current through the primaries of T2 and T3,
These transformers alternately turn Q1 and Q2 ON and OFF which causes the current in the
primary of T5 to alternate.

The signals CC1 and CC2 (from U2B,C} prevent or delay the switching of Q1 and Q2. For
example, suppose the following condition exists. The power supply is experiencing a heavy
demand and must allow close to 100% modulation to meet it. Q1 has turned ON per the request
of the PWM and has pulled the one node of T5 to the + primary voltage. Then the PWM tells Q1 to
turn OFF and Q2 to turn ON. Q2 can turn ON immediately, but Q1 cannot turn OFF thal quickly
hecause of charge storage. The CC2 signal is a feedback signal from the secondary of T5 senses
this condition and and will not allow Q2 to turn ON uniil Q1 turns OFF and the voltage on the
secondary of T5 stabilizes. To allow Q2 to turn ON sooner would have the effect of shorting the +
primary voltage to the - primary voitage for a short period of time (an enormous waste of power
not to mention damage to components).

12A-17. Control Power Supply

As sgon as AC is switched ON, CR1 rectifies AC and starts charging C3, a ripple filter for the 12
volt regulator VR1. The cutput of VR1 lags the input by about 1 V on power up unti it stabilizes at
+12 V. VRt is the power supply for +12C (a control power supply used only on the power supply
board). +12C supplies U1 which is the +5 reference source (+3REF).

12A-18. PWWM Failure Modes

12A-19. PWM FAILURE EXECUTION. There are seven failure execution circuits in the 54200A/D
power supply. One of these failures, -5.2 current limit, affects the current limit input, U5 pins 15
and 16, of the PWM. Four of the failures affect the Compensalion/PWM Comparator input ({COMP)
pin 3, U5, The COMP input must he allowed 1o float during normal operation. f an error occurs
with the +5 or -2.4 current Iimit, primary current limit, or thermal shutdown pin 3 will be pulied high
and the PWMs’ output transistors will be shut OFF. Two of the failures, +5 and -5.2 overvoliage
act directly on the drive lines 1o the Primary Base Drive Transformers.

Several of these failures have LED indicators which indicate the nature of the failure.

12A-7
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12A-20. PWM CURRENT LIMITING. This power supply uses fold-back current limiting (figure
12A-3). The actual current iimit value is determined by sensing the DC voltage developed across
the internal resistance of T6 pins 2,11 and 3,10 (T6 contains six internal inductors). Current
Hmiting of the -5.2V supply works by developing a voltage across C20 that is equivalent to the
maximurm load current times the internal resistance of T6 pins 2,11 and 3,10. The voltage across
C20 is then compared to the reference voltage at pin 15 of U5. The foldback of the maximum
current limit value is determined by the decrease in the voltage across R17. When the voltage
across R17 decreases, the voltage required across C20 also decreases. The decrease across C20
causes the PWMs internal comparator to go more positive and reduce modulation until the -5.2
output voltage across R16 increases, allowing C20 to charge to the value of the reference voltage.

VOLTAGE QUT

Waenx

| cummeNT OUT

| I

EQLDBACK MAK Iranx

Figure 12A-3. Foldback Current Limiting

12A.21. +5 CURRENT LIMIT. This circuit also operates similarly to the PWM except: the DC
component is taken from T6 pins 1 and 12; C43 sets the current limit value; R36 sets the foldback
limit; and P/O RP3 pins 4 and 3 adjust the foldback limit. When current limit occurs, pin 14 of
U6D goes high and biases CR17, which makes pin 3 of U5 more positive and reduces modulation.

12A-22. -2.4 CURRENT LIMIT. This circuit operates similarly to the PWM except: the DC
component is taken from T6 pins 4 and 9; C45 sets the current limit value; P/O RP3 pins 5 and 6
set the foldback limit; and R4C adjusts the foldback limit. When a current limit occurs, pin 8 of
UBC goes high and biases CR16, which makes pin 3 of U5 more positive and reduces modulation.

12A-23. U3 AND U4 OPERATION. U3 and U4 are overvoltage sensors. U3 and U4 will turn ON
LEDs if an error condition is detected, and both will generate SHUTDOWN. U3 and U4 work in the
following manner. When the voltage at pin 2 exceeds the voltage at pin 7 by 2.6 volts, the output
pin & latches high to turn ON the failure LED and generate SHUTDOWN. The capacitor on pin 3
and pin 4 of U3 and U4 determine the minimum amount of time that an error must exist before
they turn ON, thus providing transient protection.

12A-8
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12A-24, PRIMARY CURRENT LIMIT. U4 detecis an error via T4, The primary side of T4 is in the
return loop of the minus primary voltage for the switching transistors. The change of current
through the primary of T4 establishes a voltage drop in the secondary, rectified by CR10, divided
by R14 and R15, and detected at pin 2 of U4. If the voltage at pin 2 of U4 is greater than 2.6 volts,
{a slight delay is provided by C19), U4 latches and turns ON the primary current limit LED "PL" and
sets SHUTDOWN high which turns OFF US,

12A-25. THERMAL SHUTDOWN. The circuitry for U3 detects an over temperature condition and
generates SHUTDOWN. A normally closed thermal switch (SW3) is mounted on heatsink MP9,
When the heatsink exceeds 105 C, the thermal switch opens and U3 detects an error. When pin 8
latches high, the thermal shutdown LED "TH" is turned ON. Then SHUTDOWN is generated and
U5 is turned OFF.

12A-26. +5 OVERVOLTAGE. An overvoltage failure occurs when the +5 volt supply exceeds 6
volts making the voltage at pin 3 of UBA greater then the 5V reference on pin 2. This in turn
makes pin 1 of UBA go high forcing two operations to occur. The first operation biases CR13
which keeps pin 3 of UBA high regardiess of the overvolt condition. The second operation biases
CR11, thus making the outputs of U2A, U2D and UZE low. With U2E low, the "OV" (overvoitage}
LED (P/O DS1) goes ON indicating an overvoltage failure. Furthermore, with U2A and U2D low,
U2F and U2G are be unable to deliver a switching frequency to the base drive transformers. This
turns OFF the supplies. Note, that if an overvoltage failure occurs, the power must be cycled
OFF/ON in order to reset the overvoltage circuitry.

12A-27. -5.2 OVERVOLTAGE. Except for polarity considerations, the -5.2 overvoltage circuitry
operates the same as the +5 overvoltage circuit. This circuit turns OFF at -6.2 volts.
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12A-28. Secondary Section

12A-28, +5, -5.2, AND -2.4 SECONDARIES. Three of the four swilching supply secondaries
operate relatively the same. The +5 supply will be used as an example of their operation.

The alternating voltage in the center tapped secondary of T5 is full wave rectified by two Schoitky
diodes (CR20) mounted on a healsink (MP9). The R27/C28 combination is a snubber network that
limits the dv/dt to protect the diodes. CC1 and CC2 (cross conduction 1 and 2) prevent both
switching transistors from being ON at the same time and shorting the + and - primary voltages
together. P/O T6 and CA49 are the filter for the supply. The LED "NORM" heing ON indicates that
the supply is operating properly.

Except for polarity and the lack of an LED indicator, the -2.4 and -5.2 supplies are the same as the
+5 supply.

12A-30. +15, +12, AND -12 SECONDARIES. The alternaling voltage of T3 is full wave rectified by
CR15. R24 and C23 form a snubber network to protect CR15. P/O T8, C25 and C26 filter the
outpuis of CR15 before they are regulated by VR2, VR3 and VR4. The ouiputs of the regulaiors
are filtered by C22-31 before the +15, +12 and -12 voltages are supplied to the motherboard.
12A-31. LED FAILURE INDICATIONS

Figure 12A-4 is a flow chart that guides the user to the faully circuit{s} indicated by a power supply
failure LED.
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1 TUAN OFF POWER,
2, REMOVE CPU AND ACOUISITION BOARDS. SEE

NOTE 3 —
START 4 8ET !15.’230 SWITGH (SW1) TO THE AVAILARLE e (‘ END
/ j AL LINE. \,,.,M...

4. TURN ON POWER,
5 GHECK THE OUTPUT VOLTAGES ON TP2. SEE
NOTE 2,

%, FURK OFF POW!
2. REPLACE FUSE.;
AMP FUSE SHOL
BE USED.} i
3. TURNON FOWE

THE GUTPUT
VOLTAGES
BIGHT?

1. CHECK AC LINE FOR PROPER H
VOLTAGE LEVEL ey

2 CHECK CIRCURTRY ARDUND H
BV, AV2 ARD CRO. JADING OF THE
S CIRCUHTRY.
© COLLECTOR CHECK THE QUTPUT
YOLTAGES AT T92.
SEENOTE 2.
M TOOPERATE,
LYBEING £OOL o
3 TURN OFF POWER.
{33} ALS
CH WS ALSD 2 MSTALL Aul BOARDS.
SIDE COVER 3 TUAN ON POWER.
WARNING ————— A

R4/C10and RE/CTY have 2 discharge time constant of 60 seconds. The Primary ¥ gy
have ~300 voits across them, + or - 150 Vde to ground. The main fifler bank, C8!
contains enough energy to be a potential Razard to Bfe, even with the supply lurriw‘r MAS
Therelore wait af least three minutes for capacitors to discharge before servicing 1h

NIITHON STILL
supply board. THE -2 VOLT

ERE

ARE
FHE OUTPUT
VOLTAGES
RIGHT?

TUSERS OF THE

Y OF TS
MOTE 1
When troubleshooling the powet supply alt system boards showdd be removed Lol
pussible damage while servicing the power supply. The outpul vollages will
regulation without & load on the supply. Howsver, when making final iolerance P r——tiiy
ments the sysiem boards should be installed. :

WIT HAS BEEN
H CHECK THE QUTPUT

INDITION STILL Fay VOLTAGES ON TP2.
NOTE 2 5 VOLT SUPPLY. SEE NOTE 2.
OF 75,

Power Supply Spectiications

{NPUT
115 voit range; 80 volts to 127 volis, Input imax = 4 Amps.
230 voit range: B0 voils to 253 voits, Input Imax = 2 Amps.
Frequency Range: 48 Mz to 66 Hz in either vollage range-

QUTPUT

Volts % Tolerance Maximum Current [Amps)
+15 3 k]

+12 5 25
5 5 B.0
~2.4 10 a.9

5.2 -5, 1 B0
~12 5 25

WFe0D4

~rgure 124-4. Troubleshooting Flowchart for LED Indicators
12A-11{12A-12 blank)
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NOTES
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