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SAFETY

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

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

CERTIFICATION
Hewiett-Packard Company certifies that this preguct met its published specifications at the time of
shipment from the factory. Hewiett-Packard further certifies that its calibration measurements are
traceable to the United States National Bureau of Standards, to the extent allowed by the Bureau's
calibration facility, and to the calibration faciiities of other International Standards Qrganization
memobers.

WARRANTY

This Hewiett-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 wili 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 shail 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 inadeguate
maintenance by Buyer, Buyer-suppiied software or interfacing, unauthorized modification or
misuse, operation outside of the environmenta! 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
THECRY.

ASSISTANCE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are

provided at the back of this manual.
SCWA84




ACHTUNG §

Model

X-RAY RADIATION NOTICE

34110D

WARNING §

Wiahrend des Betriebs erzeugt dieses Gerdt
Bontgensirahiung. Das Gerstist so abgeschirmt,
dag die Dosisleistung weniger als 36 pA/kg (05
mR/h) in 3cm Abstand von der Oberflache der
Katodenstrahirdhre betragt. Somit sind die Sicher-
heitsbestimmungen verschiedener Lander. u.A der
deutschen Réntgenverordnung eingehalten,

Die Starke der Rontgenstrahiung hangt im Wesent-
lichen von der Bauart der Katodensirahirchre ab,
sowie von den Spannungen, welche an dieser
anliegen. Um einen sicheren Betrieb zu gewahrleisten,
diirfen di¢ Einstellungen der Niederspannungs-
und des Hochspannungsnetzteils nur nach der
Anleitung in Kapitel V des Handbuches
vorgenommen werden.

Die Katodenstrahirohre darf nur durch die gleiche
Type ersetzt werden. (Siehe Kapitel Vi fiir HP —
Ersatzieilel.

Das Geriat ist in Deutschland zugelassen unter

der Nummer: BW/218/86/Roe

When operating, this instrument emits x-rays;
however. it is well shielded and meets safety and
health reguirements of various countries, such as
the X-ray Radiation Act of Germany,

Radiation emitted by this instrument is less than
0.5 mR/hr at a distance of five (3) centimeters
from the surface of the cathode-ray tube. The
x-ray radiation primarily depends on the charac-
teristics of the cathode-ray tube and its associated
low-voltage and high-voltage circuitry. To ensure
safe operation of the instrument, adjus: both the
low-voltage and high-voitage power supplies as
outlined in Section V of this manual (if apph-
cablel.

Repiace the cathode-ray tube with an identical
CRT cnly. Refer to Section VI for proper HP part
nutmber.

Number of German License: BW/218/86/Roe
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GEWERBEAUFSICHTSAMT STUTTGART

- Zentrale Stelle fur Sicherheitstechnik und Vorschriftenwesen in Baden-Wrtiemberg -

Stuttgart, den  16.01.1986
Fernsprecher

{0711} 20501 (Behdrdenzentrum)
Durchwahl 2050. 4798

-
firinah N o Aktenzeichen: Z 5108/HP/Ws/Eh
Hewlett Packard GmbH {Bitte bei Antwort angeben)

Herrenberger Str, 110/130

Gewerbeaufsichisamt - Jagersir. 29 - Postfach 703 - 7000 Stuttgart 1 .

7020 Béblingen

Zulassungsschein Nr, BW/218/86/R8

Gemdf § 9 der Ré&ntgenverordnung vom 01.03.1673 (BGBL. I 3. 173)

wird die Zulassung der BRauart durch den Rauartzulassungshescheid
vom 16.01.1986 mit Aktenzeichen 7 5108/HP/Ws/Hh fiir den nachfol~

~gend aufgefllhrten Stérstrahler bescheinigt:

Gegenstand : Dilgital-Oszililioskop

Flrmenbezeichnung : HP Typ 54110D
1ldréhre : Sony Typ M23 JHU 15X

Hersteller : Hewlett-Packard

190¢ Garden of the Gods EHoad
Colorado Springs
Coloradoc 80907, US4

Betrlebsbedlngungen :  Hochspannung: max. 22,3 kV
Strahlstrom: max. 0,4 mA

Zulassungskennzelchen : BW/218/86/R&

Die Bauartzulassung 1st befristet bis 16.01.1996,

Fiir den Strahlenszchutz wesentliche Merkmzle

1. Dle Art und Quallitét der Bildr&hre,

2. die der Hochspannungserzeugung und -stabilislerung
dienenden Bauelemente,



GEWERBEAUFSICHTSAMT STUTTGART - Zentrale Stelle Fir Sicherheltateshnik und Vorachriftenwesen in Baden-Wurttemberg

Biat1 £ zum Besched vom 16,017, 1986(Zulassungsachein) Kennzeichen: 3'\*’/2’18/85/35

Auflagen:

s L PR

1. Dle Gerste sing beziiglich der flUr den Strahlenschutz wesent-
lichen Merkmale entsprechend den vorgestellten und gepriften
Mustern und Antragsunterlagen herzustellen.

2. Dle Gerite gingd einer Stlckprifung daraufhin zu unterziehen,
ob sie bezilglich der fir den Strahlenschutz wesentlichen Mepr-
male der Bauartzulassung entsprechen,

Dle -Prifung muf umfassen:
a) Kontrolle der Hochspannung an Jjedem einzelrnen Gerdt,

b) Messung und Dosisleistung nach Festlegung im Bauart.

zulassungsbescheid,

3. Die Herstellung und die Stlckprifung sind durch den von der
lulassungsbehsrde testimmten Sachverstandigen Uberwachen zy
lassen,

b, Dle Gerfte sind deutlich sichtbar und daverhaft mit dem
Kennzeichen

BW/218/86/R5

2u versehen sowie mit einenm Hinweis folgenden Mindestinhalts:
"Die in diesem Gerit entstehende Rdntgen-

strahlung 1st ausreichend abgeschirmt,
Beschleunigungsspannung maximal 22,3 kV."

Hinwels fiir den Benutzer des Gerats:_

UnsachgemiRe Eingriffe, insbesondere Verfndern der Hochspannung
oder Auswechseln der Bildr®hre k¥nnen dazu fihren, daR Réntgenstrah-
lung in erheblichep Stérke auftritt, Bin 50 verdndertes Gerit ent-
spricht nicht mehr dieser Zulassung und darf infolgedessen nicht
mehr betrieben werden.

Reutter

Dieses Gerdt wurde nach den Auflagen der Zulassungsbehtrde einer Stlickprifung
unterzogen und entspricht in den fijp den Strahlenschutz wesept]zchen Merkmalen
der Bauartzulassung. Die Beschieunigungsspannung betrdgt maximal 22,3 K.

Hewlett-Packard

1800 Garden of the Gods Road
Colorado Springs

Colorado 80907, Usa



SAFETY CONSIDERATIONS

GENERAL - This is a Salely Class i instrumen! (provided
with lerminal for protective earthing}.

OPERATION - BEFORE APPLYING POWER verify that the
power transformer primary s matched to the available line
voliage, the correct {use is installed, and Safely Precautions
are taken (see the lollowing warningsj. In addilion, note the
insirument's exiernal markings which are described under
"Safety Symbaols.”

WARNING

o Servicing instructions  are for use by service-lrained
perscnnel.  To avoid dangerous efectric shock. do not
periorm any servicing uniess gqualified (o do so

o BEFQRE SWITCHING CN THE INSTRUMENT, the
prolective earth terminal of the instrumeni musl be
connecled to the prolective conductor of the {mams)
powercord. The mains plug shall only be inserted in a
socke! outlet provided with a protective earth contact. The
proteciive action must not be negaled by the use of an
extension cord {power cable] wihoul a prolective
conductor {grourding). Grounding one condustor of a2 two-
conductor outlet is not sulficien! protection.

ol ihis  Instrument is 1o be energized via an
auto-transformer {lor vollage reduclion) make sure the
common terminai is connected lo lthe earth terminal of the
power source.

o Any interruption of the profeclive (greunding) conductor
{inside or oulside the Insirumant} or disconnecting the
projgctive earth terminal will cause & polential shock
hazard that could resuil in personal injury.

o Whenever it is likely 1hat the protection has been impaired.
the instrument mus! be made inoperative and be secured
against any urintended operation.

oOnly fuses wilh the required rafed current, veltage, and
specified lype (normal blow, time delay, elc) should be
used. Do nol use repawed fuses or shorl circuited
fuseholders. To do so couid cause a shock or fire hazard.

o Do not operate the instrument in the presence of flammable
gasses or fumes. Operation of any elecirical instrument in
such an environment constilutes a definile safety hazard.

o Do nol install substitule parts or perferm any unauthorized
maditicalion 1o the Instrument.

o Adiustments described in the manual are performed with
power supplied lo the instrument while proleclive covers
are removed.  Energy avaiiable at many points may, H
contacted, resull in personal injury,

o Any adistment, maintenance, and repair of the opened
instrument under voliage should be aveided as much as
possible, and when inevilable, should be carried out onty by
a skified person who is aware of the hazard involved.

¢ Capacitors inside the instrument may stili be ¢harged even
if the instrument has been disconnected from its source of

supply.

SAFETY SYMBOLS

instruction manual symbol. The product will be

A marked with this symbol when il is necessary for
T the user lo refer to the instruction manual in order

to protect against damage 1o the preduct.
g imdicates hazardous voltages.

Earth terminzal {(somefimes used in manual io
=3 indicate circull common connected o grounded
chassis).

The WARNING sign denotes & hazard. H
calls attention to 2 procedure, practice.

WARNING

or the like, which, i net correclly
periormed or adhered to, could resull in personal injury. Do
not proceed Deyond a WARNING sign until the Indicated
conditions are fully understood and met.

The CAUTION sign denotes a hazard. it
calis attention to an cperating procedure,

praclice, or the like, which, I not
correclly performed or adhered to, could resull in damage to
or destruction of part or all of the producl. Do neot proceed
pevond a CAUTION sign unlil the indicated conditions are
fully understood or met,

SGiDos4
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SECTION 1
WHEN YOU RECEIVE YOUR INSTRUMENT

1-1. INTRODUCTION

This Operating and Programming Manual contains information reguired to install, operate and
program the Hewleti-Packard Mode! 54110D Color Digitizing Oscilloscope. Paragraph 1-3 lists the
accessories supplied with the instrument. Section 1 covers instrument safety, identification,
options, accessories, receiving information and cther basic data. Section 2 provides guidelines for
using this manual.

1-2. SAFETY CONSIDERATION

The Hewlett-Packard Mode! 54110D is a Safety Class 1 instrument (instrument with an exposed
metal chassis that is directly connected to earth via the power supply cable.)

WARNING

Before you apply power to the unit make sure you review this manual and
become familiar with the definitions of the safety markings and pertinent
instructions. These must be followed to insure safe operation and that the
instrument is maintained in a safe condition.
1-3. ACCESSORIES SUPPLIED WITH THE 54110D
The 54110D Coilor Digitizing Oscilloscope is supplied complete with the following accessories;
Four 54002A input pods
One power cable
One Operating and Programming Manual and one Service Manual.
1-4. ACCESSORIES AVAILABLE
The following accessories are availabie for the 54110D:
54001A 10 Mg, 1 GHz Miniature Active Probe with an attached 1.5M cable. (see figure 1-1)
54003A 1 M 300 MHz, 10:1 probe.

11536A 50 Ohm Probing Tee. Used to minimize disturbance of transmission characteristics.
Compatible with the 54001A high bandwidth probe (see above). Requires one 54051A probe
adapter (see beiow).

10211A {24 pin) and 10024A (16 pin) Test Clips.

54001-23203 probe adapter. Adapts the 54001A (see above) mini-probe tip (or other HP
mini-probes) to the probing accessories included in the 10020A resistive divider probe kit, and
to the 11536A probing tee.

102408 BNC Blocking Capacitor. Used to ac couple signals to 54110D's inputs.

1-1
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1-1. 54001A 1 GHz Miniature Active Probe

1-2

Figure 1-2, 540034 1 Mo 300 Mz with 10:1 Probe
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1-5, OPTICNS

The 54110D Color Digitizing Oscilloscope has two options available:

Option 908 provides rack ears and associated mounting hardware for rack mounting the 54110D.
The HP part number is 5061-9675.

Option 910 provides an additiona Operating and Programming Manual for the 54110D. The HP
part number is 34170.90901.

1-6. POWER CABLE

WARNING

Before energizing this unit you must insure that the chassis of the
instrument is properly grounded. This precaution is to avoid the possibility
of injury or death which may resuit if the protective ground is defeated.

The 547100 is provided with a 3 wire power cable. When this cable is
connected to an appropriate AC power receptacie It provides a ground for
the instrument cabinet. The type of power cable shipped with sach
instrument depends on the country of destination. Sse table 1-1 for power
cable description and applications.

1-7. INITIAL INSPECTION

WARNING

To avoid hazardous electrical shock, do not perform elsctrical tests when
there are signs of shipping damage to any portion of the instrument.

Inspect the shipping container for damage. If the shipping container or packaging materials are
damaged, it shouid be kept untii the contents of the shipment have been checked for
compieteness and the instrument has been checked mechanically and electrically. The contents of
the shipment should be as listed in Paragraph 1-3. If the contents are incomplete, or if there is
mechanical damage or defect, notify the nearest Hewlett-Packard office. If either the shipping
container is damaged or the packaging material shows signs of stress, notify the carrier as well as
the Hewleti-Packard office. Keep the shipping materials for the carrier’s inspection. The HP office
will arrange for repair or repiacement without waiting for ciaim settlernent.

1-8. CLAIMS FOR DAMAGE

If physical damage is evident or if the instrument does not meet specifications when received,
notify the carrier and the nearest Hewlett-Packard Sales/Service Office. The sales/service office
wilt arrange for repair or replacement of the unit without waiting for settlement of the claim against
the carrier.

1-9. STORAGE AND SHIPMENT

The 541100 Color Digitizing Oscilloscope may be stored and shipped in environments that do not
exceed the {oliowing limits:

TeMPErature. . -40°C to+75°C
HUmIdity <B9E5% reiative
Attitude oo <15,30C metres (50,000 fest)

This instrument should also be protected from temperature exiremes that would cause
condensation in the instrument.
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Table 1-1. AC Power Cables

CABLE LENGTH
PLUG TYPE PART NO. PLUG DESCRIPTION N OM COLOR COUNTRY
QFPT
300
8120-1351 Straight *B51363A 90,228 Gray United Kingdom,
8120-1703 a0° 90/228 Mint Gray Cyprus,
Nigeria,
Zimbabwe
Singapore
CPT
01
8120-1368 |Straight *NZS8198/ASC 797200 Gray Australia,
8120-0696 Qe 87,221 Mint Gray Mew Zealand
oaT
802 250V 8120-1689 Straight *CEE7-Y11 78,200 Mint Gray East and West Europe.
8120-1692 80° 79,200 Mint Gray Saudi Arabiz,
8120-2887 Straight {Shielded; 78,200 Coco Brown So Africa,
India (Unpoiarized
in many nations)
oPT
903 125V B120-1378 | Straight *NEMAS-15P 90/228 Jade Gray United Siates,
8120C-1521 aoe . 80G/228 Jage Gray Canada,
8120-1982 Straight (Madical 95/244 Biack Japan {100V or 200V,
i ULs44 Muaxica,
e Philippines,
Taiwan
CPT
04
250V
B8120-0698 Straight *NEMAB-15P 80/229 Biack United States,
= Canada
s
g§; 250V
B8120-1386 CEE22-V1 30/76 Black
B120-1825 {Systems Cabinet use) 296/244 Black
ol NP 250v
oPY 250V ight * i i
906 B8120-2104 Straight *SEVI011 787200 Mint Gray Swinzerfand
8120-2298 1959-24507 78/200 Mint Gray
~ Type 12
oFT _
912 220v 8120-2856 Straight *DHCK107 78/200 Mint Gray Denmark
) 8120-2987 80° 78,200 Mint Gray
B Gy
PR
.,J:Jl

“Part numibst shown for plug is industry identifier for plug only. Number shown for cable is HP Part no. for compiste cable

Including piug. E=Earth Ground, L=line , N=Neutral
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1-10. PACKAGING

Criginal packaging i.e., the containers and materials identical to those used in factory packaging
are available from Hewlett-Packard. If the unit is being returned to Hewlett-Packard for servicing,
attach a tag indicating the type of servicing reguired, return address, model number, and fuli serial
number. Mark the container FRAGILE. in any correspondence refer {o the instrument by modael
number and {ull serial number.

It other packaging is to be used the following generai instructions for repackaging with
commercially available materials should be followed;

a. Wrap the instrument in heavy paper or piastic, ¥ you are shipping the unit to a
Hewlett-Packard office or service center be sure to atiach a tag to the instrument indicating the
type of service required, return address, modei number and full seriai number,

b. Use a strong shipping container. A double wall carton made of 2.4MPa (350psi) test
rmaterial is adeguate.

c. Use a iayer of shock absorbing material 75 to 100mm: (3 to 4 inches) thick arcund all sides
of the instrument to provide firm cushioning and prevent movement inside the container.
Protect the control panel with cardboard.

d. Seal the shipping container securely,

g. Mark the shipping container FRAGILE 1o insure careful handling.

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

1-5



Model 54110D - Receiving Information

1-86

NOTES:



Model 54110D - How to Use This Manual

SECTION 2
HOW TO USE THIS MANUAL

2-1. INTRODUCTION

This Operating and Programming Manual has been designed as both a tutorial operating manual
and a reference manual for writing programs to operate the oscilloscope remaotely.

The first four sections of the manual are concerned with instrument specifications, receiving
information and operating environment information for the 541100.

The next four sections (5 through 8) of the manual are concerned with front panel exercises.
Sections 8-11 are dedicated to the remote programming of the HP-IB interface.

Here is an overview of what this manual contains:
WHEN YOU RECEIVE YOUR INSTRUMENT, SECTION 1

This section includes installation information, receiving information, warranty data and much more.
You should read Section 1 before initial instaliation and operation.

MEET THE 54110D COLOR DIGITIZING OSCILLOSCOPE, SECTION 3

This section provides a description of this oscilioscope and complete specifications and operating
characteristics. This section also includes a probe selection fable.

GETTING READY TO USE THE 54110D, SECTION 4

This section contains important data about the required operating environment and power
requirements for the 54110D. You should review this section prior to inilial operation.

GETTING STARTED WITH THE FRONT PANEL, SECTION 5

This section introduces you to the front panel layout and it's four functional areas. Section 5
provides vita! information for the first time user.

FAMILIARIZE YOURSELF WITH THE MENUS, SECTION 6

Many of the front panel controls on the 54110D are multi-functioned. To better understand these
controls this section defines all front panel functions and maps the different function groups. This
section also introduces you to the color features of this instrument. This section is formatted so
that it can be used as a reference by operators, regardiess of skill level.

FRONT PANEL EXCERCISES, SECTION 7
This section provides step-by-step exercises that will help you become more familiar with making

measurements from the front panel of the 54110D. Section 7 builds on the information presented
in Section 6.
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MAKING A HARDCOPY, SECTION 8

This section provides information concerning the use of graphics printers and plotters with the
54110D via HP-IB. This section also provides a list of Hewlett-Packard printers and plotters that
are compatible with this instrument,

REMOTE OPERATION, SECTION §

This section discusses the remote operation of the instrument over the HP.IB. Such topics as
HP-1B compatibility, remote/local modes, local lockout, learn and cal strings are dealt with. Review
this section before writing programs for the instrument.

COMMAND SET OVERVIEW, SECTION 10

This section contains the instruction set, notation conventions and definitions, syniax diagrams and
other detailed programming reference information for the 54110D.

APPENDIX A

Appendix A contains example programs for the 54110D using the HF 200 series scientific
computer using the HP Basic 4.C operating system.

APPENDIX B

Appendix B provides the advanced user with a discussion of the channel-to-channel timing skew
and trigger delay calibration concerns when using the 54110D.

APPENDIX C

Appendix C provides the advanced user detailed information concerning the automated
measurements that the 541100 can perform. This appendix discusses such topics as measurement
throughput, accuracy, and resotution.

The foliowing table indicates those chapters which are recommended reading for various types of

541100 users. You may fall intoc more than one category. For example, you may be an
inexperienced programmer who installs the 54110D.
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Table 2-1. User Table

Chapters Appendix

Reader/Uses 21 3 41 5] 5 19 A| B IC
installation Personnel ? ®
First Time User ® ® & ®
(Front Panei)
Advanced User @ & ®
{Front Panel}
Beginning
Programmer 2| o ! o @
Advanced
Programmer | @

NGTES:
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SECTION 3
SPECIFICATIONS AND
SUPPLEMENTAL CHARACTERISTICS

3-1. INTRODUCTION

This seclion of the manual contains a list of specifications for reference and performance
verification. These specifications are listed in Tabie 3-1. Also included in section three are the
suppiemental characteristics. Suppiemental characteristics are not specifications but are typical
parameters and are inciuded in this manual as additional information for the user. Supplemental
characteristics are listed in Tabie 3-2.

NOTES:

3-1
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Table 3-1. Specifications

VERTICAL (Voliage)

Bandwidth {-3dB):

with HP B54002A: dc to 1 GHZ
with HP 54001A: dc to 700 Mhz
with HP 54003A: dc to 300 Mhz

Transition Time (10% to 90%):’

with HP 54002A: £350 ps
with HP 54001A: €450 ps
with HP B40C3A: £1.2 ns

Deflection Factor (full-scale = 8 divisions):

3

with HP 54002A: 10 mV/div to 1 v/div in 1-2-5 steps
With HP 54001A: 100 mV,div to 10 V/div in 1-2-5 steps
with HP 54003A: 100 mV/div to 10 V/div in 1-2-5 steps

DC Accuracy, Single Voltage Marker:
with HP 54002A: +3% of full-scale 2% of offsetz

with HP 54001A: 6% of full-scale z2% of offset £50 mV3
with HP 54003A: 6% of full-scale 2% of offset x50 mV

DC Delta Voltage Accuracy (Two Markers On Same Channel):
with HP 54002A: %1% of full-scale 3% of reading2

with HP 54001A: 1% of full-scale 6% of r?adéng
with HP 54003A: 1% of full-scale #6% of reading

DL Offset:
RANGE: 1.5 x full-scale {referenced to center screen)
ADJUSTMENT RESOLUTION: adjustable in steps of 0.0025 X full-scale
Dynamic Range: deflection factor and offset should be scaled so
that the unmagnified signal remains within the

the full-scale display range.

Magnifier: expands displayed signal vertically from 1 to 16 times;
adjustable in 0.5% steps.

Inputs: two inputs, configurable with HP 54000-series pods.
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Tatle 3-1. Specifications (Continued }

HORIZONTAL (Time)
Deflection Factor (full-scale = 10 divisions): 100 ps/div to 1 s/div

ADJUSTMENT RESOLUTION; adjustable in 1-2-5 steps via knob and step
Keys. Adjustable to three significant figures
via keypad or HP-IB command.

Delay (Time Offset):

PRE-TRIGGER RANGE: up to -200 ms or -10 divisions, whichever is
greater,
POST-TRIGGER RANGE: up to +1 secend or +600,000 divisions,
whichever is greater, %
ADJUSTMENT RESOLUTION: adjustable in steps of 10 ps or 10 ~x delay
setting, whichever is greater.

Time Base Accuracy: error is:

SINGLE-CHANNEL: £(100 ps #2 x 10> x delta T reading)
DUAL-CHANNEL: £(200 ps £2 x 107> x delta T reading)

TRIGGER

Trigger Source Vertical Channel 1 or 2

Input Pod HP 54002A HP 54001A HP 54003A3
Trigger Level 2 x fuil-scale

Range :

Trigger Leve] , 0.0025 x full-scale
Adjustment

Resolution

Trigger Sensitivity

bC to 100 MHz 0.12 x fuil-scale
Above 100 Mhz 0.24 x full-scale 0.24 X
{frequency {100 MHz to 500 MHz) full-scale
range) {100 Mhz to
' 300 Mhz)
Puise width 0.24 x full-scale
> 1 ns
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Table 3-1. Specifications (Continued)

TRIGGER (Continued)

Trigger Source

Trigger Input 3 or 4

Input Pod HP 54002A HP 54001A HP 54003A3

Trigger Level 2V 20 V

Range

Trigger Level 2 my 20 mv

Adjustiment

Resolution

Trigger Sensitivity

DC to 100 MHz 40 mv 400 mv

Above 100 Mhz 80 my 800 mv 800 Mv
{freguency {100 MHz to {10C MHz to (100 MHz to
range) 500 MHZ) 500 MHz) {300 Mhz)
Pulse width 80 mv 800 my
> 1 ns

all sources.

RMS Jitter: £(50 ps + 5 x 10’ x delay setting)
Trigger Source: channel

1, channel 2, trigger 3, trigger 4.

Independent trigger level and polarity settings on
Edge trigger on any source.
pattern trigger on all sources.

Logical

Trigger 3 and 4 Input: configurable with HP 54000-series pods.

INPUTS
HP 54002A HP 54001A HP 540034 HP 54003A
500 Input 1 GHz 1 Mo Input, 1 Mg Input,
Miniature With 10:1 With 10:1
Active Probe| Probe Probe
Attached Removed
Maximum 5V rms 20 V peak 20 V peak 2 V peak
Input
Voltage
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Specifications (Continued)

INPUTS (Continued)

HP 540024 HP 84001A HP 54003A HP 540034
500 Input 1 GHz 1 Mo Input, 1 Mo Input,
Minjature With 10:1 With 10:1
Active Probe! Probe Probe
Attached Removed
Coupling de dc de dc
Input N/A 2 pF 8 pf 10 pF
Capacitance
{Nominal)
Input 500 10 kn 1 M@ 1 MR
Resistance
(Nominal)
Bandwidth * de to de to de to dc to
{-3dB) 1 GHz 1 GHz 300 MHz 300 MHz
Transition €350 ps £350 ps £1.2 ns £1.2 ns
Time *
(10% to 90%)
Division 1:1 10:143% 10:143% 1:121%
Ratio *

CATHODE-RAY TUBE

X-RAY EMISSION: CRT emission <0.1 mR/hr; not measurable in

NOTES:

background noise using Victoreen Model 440RF/C.

1. These specifications apply over ambient temperature range of
+15°C to +35°C.

[EAN AN

. When driven from a 500 source.
. With the 10:1 divider probe supplied with the 54003A.

* Refer to VERTICAL and TRIGGER specifications for system performance
specifications.

3-3



Model 541100 - Specificalions

Table 3-2. Supplementil Characleristics

DIGITIZER

Resolution: 7 bits (1 part in 128). Effective rescluticn can be
extended up to approximately 10 bits by using magnification and
averaging.

Digitizing Rate: up to 40 megasamples/second.
VERTICAL

Input Protection: a relay opens when applied voitage exceeds rated
input voltage for input pod in use {see Specifications).

HORIZONTAL

Delay Between Channels: difference in deiay between channels can be
nulied out in 10 ps steps up to 10 ns to compensate for differences

in input cables or probe length.

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

TRIGGER
Input Protection: a message appears on the display when the
applied voltage exceeds rated input voltage for input pod in use
{see Specifications).
Holdoff
HOLDOFF-BY-EVENTS: range of events counter is from 2 to 67 miilion
events. Maximum counting rate is 80 MHz. An event is defined as

anything that satisfies the triggering conditions selected.

HOLDOFF-BY-TIME: adjustable in 10 ns steps from 70 ns to 670 ms.

Trigger Modes

EDGE TRIGGER: on any source (see Specifications, Trigger Source}.

PATTERN TRIGGER: a pattern can be specified for all sources. tach
source can be specified as high, low, or domt care.
Trigger can occur on the last edge to enter the specified pattern
or the first edge to exit the specified pattern.
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Tabig 3-2. Supplemental Characteristics (Continued )

Trigger Modes {(Continued)

TIME QUALIFIED PATTERN TRIGGER: trigger occurs on the first edge to
exit the specified pattern, only if the pattern was present for
Tess than [greater than] the specified time. Fiiter
time is adjustable from 10 ns t¢ 5 seconds. Filter recovery time
is €8 ns. In the "Pattern present <[time]" mode,
the pattern must be present =1 ns for the trigger to respond.

STATE TRIGGER: a pattern can be specified for any three sopurces.
Trigger can be set to occur on an edge of either polarity on the
source specified as lhe clock (not one of the pattern sources) when
the pattern is present or not present. Setup time for the pattern
to be present prior to the clock edge is <4 ns; hold time is
Zero.

Delayed Trigger

EVENTS-DELAYED MODE: the trigger can be armed by an edge on any
source, then triggered by the nth edge on any other source,
The number of events, n, can be set from 1 to 108~1.

Maximum event counting rate is 150 MHz.

TIME-DELAYED MODE: the trigger can be armed by an gdge on any source,
then triggered by the first edge on any other source after
@ specified time has elapsed. The gelay time can be
set from 20 ns to 5 seconds.
DISPLAY

Data Display Resolution: 501 points horizontally (fuli-scale) by
256 points vertically.

Data Display Formats
SPLIT SCREEN: each channel display is four divisions high.

FULL SCREEN: the two channels are overlaid. Lach channel display is
eight divisions high.

Display Modes
VARIABLE PERSISTENCE: the time that each data point is retained on

the dispiay can be varied from 200 ms o 10 seconds, or it can be
displayed indefinitely.
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Table 3-2. Suppiemental Characteristics {Continued)

Display Modes {Continued)

AVERAGING: the number of averages can be varied from 1 to 2048 in
powers of 2. On each acguisition, 7/n times lhe new data is
is added to (n-7)/n of the previous value at each time
coordinate. Averaging operates continuously; the average does not
stop after n acquisitions.

GRATICULES: Full grid, axes with tic marks, or frame with tic marks.

DISPLAY COLORS: a default color selection is setup in the instrument,
Different colors are used for Display background, Channel 1/
Function 1, Channel 2/Function 2, background text, highlighted
text, Advisories, Markers, overlapping waveforms and Memories.

If gesired, the cclors used may be changed from the front panel or
from HP-1B.

MEASUREMENT AIDS

Markers: dual voltage markers and dual time markers are avaiiable.
Voltage markers can be assigned to either channel or to both
channels, memories and functions,

Automatic Edge Finders: the time markers can be assigned auto-
matically to any dispiaved edge of either polarity on a channel
memory, or function or to any combination of the preceding.

The voltage markers establish the threshold reference for the time
markers in this mode.

Automatic Pulse Parameter Measurements: the following pulse
parameter measurements can be performed automatically (as defined by
IEEE standard 194-1¢77, "IEEE Standard Pulse Terms and
Definitions”).

Fregquency Top magnitude
Period Base magnitude
Pulse duration Preshoot

Rise time -Overshoot

Fall time RMS volts
Pulse amplitude Duty cycle

Waveform Math: two independent functions are provided for waveform
math. The operators are +, -, invert, versus and only. Either
of the two vertical channels or any of the four waveform memories
can be used as operands for the waveform math. If turned on,
Function 1 is displayed in lieu of Channel 1 and Function 2 is
disptayed in 1ieu of Channel 2.
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Table 3-2. Supplemental Characteristics (Continued)

SETUP AIDS

Presets: vertical defiection faclor, offset, and trigger level

can be preset independently on each channel for ECL or TTL levels.

Auto-Scale: pressing Auto-Scale causes vertical and horizontal

deflection factors and the irigger source to be set for a displiay
appropriate to the signals applied to the inputs. Requires a duty
cycle »0.1%, frequency >50Hz, and amplitude >20 mV

peak. Operative only for relatively stable input signals.

Save-Recall: ten front panel setups may be saved in non-volatile

memory. If Auto-Scale is inadvertently pressed, pressing Recall
fotlowed by Auto-Scale, restores the instrument to the state prioyr
to the Jast Auto-Scale executed.

Waveform Memories: four memories are provided for storage of

waveforms. Only one waveform may be stored in each of these
memories. These memories can be used as sources for either
measurements or functions. Two additional memories are provided

to store pictures. £Efach of these two waveform picture memories

is a pixel map of the display. Any number of waveform pictures may
be written into to each picture memory. Once stored, individual

waveforms cannot be accessed from the picture memories. The display
of any of the six memories can be turned on or off without affecting

itheir contents. Waveforms in memory are dispiayed in a different
color from Jive waveforms.

POWER REQUIREMENTS

Voltage: 115/230 V ac, -25% to +15%, 48-66 Hz,
Power: 350 watts maximum, 650 VA maximum.
DIMENSIONS

Refer to outline drawing.

WEIGHT

Net: approximately 25.5 kg (56 1b).

Shipping: approximately 30.5 kg (67 1b).
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Table 3-2. Supplemental Characteristics (Continued)

ENVIRONMENTAL CONDITIONS
Temperature

OPERATING: 0°C to +35°C (+32°F to +131°F}.
Note: see Specificalion Note 1.

MON-OPERATING: -20°C to +785°C (-4°F to +167°F).
Humidity
OPERATING: up to 90% relative humidity at +40°C {+104°F).
NON-OPERATING: up to 95% relative humidity at +85°C (+149°F).
Altitude
OPERATING: up to 4600 metres (15,000 ft).
NON-OPERATING: up to 15,300 metres (50,000 ft).
Vibration: vibrated in three orthogonal axes for 15 minutes each

axes; 0.38 mm (9.015 in.} peak-to-peak excursion; 5 to 55 Hz;
I minute/octave sweep.

L
—
3
= ]
g |
- g
NOTES: 23
1. DIMENSIONS ARE FOR GENERAL N TOP VIEW
INFORMATION ONLY. IF DIMENSIONS | &
ARE REQUIRED FOR BUILDING |
SPECIAL ENCLOSURES, CONTACT 1
YOUR HP FIELD ENGINEER. | -
2. DIMENSIONS ARE IN MILLIMETRES | i
AND (INCHES). il =
. | |s 617.2 (24.3) :
E— 641.1 (25.25)
s T -
N R . oonooCcao o : ?
| S ijje
| i B an | F SIDE VIEW
o | e 1 A2
i s Lm—«-m»mmmf a ;h-\l
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SECTION 4
GETTING READY TO USE THE HP 54110D

4-1. HP 54110D SPECIFICATIONS

This seclion provides information concerning the operating environment and the power
requirements for the HP 541100 Color Digitizing Oscilloscope. Il is imporiant that the user provide
the correct power source and Operating environment for this instrument. Failure to do so can
cause serious damage to the instrument and/or provide a health hazard to the user,

4-2. OPERATING ENVIRONMENT

CAUTION

Insure the instrument has adequate ciearance on all surfaces to provide for
sufficient air flow for cooling. Do not block any of the vent holes or the fan's
air inlet,

The operating environment must be maintained within the following parameters:

Temperature ... e 0° Ctio B5° ¢
Humidity ... e e e, <90% up to 40° C
Altitude ... <4572 metres (15,000 feet)

This instrument should also be protected from temperature extremes that would cause
condensation in the instrument.

4-3. POWER REQUIREMENTS

The 541100 requires a power source of 115 or 230 Vac +15/-25%,; 48-66 Hertz single phase.
Power consumption is 350 watts maximum or 650 VA maximum.

CAUTION

Before connecting this instrument to the AC power source, insure that the
line select switch on the rear panel of the instrument is set to the
appropriate position (see figure 4-1),

A blade-type screwdriver may be used to change the pesition of this switch, Figure 4-2 shows the
line seiect switch set for 115 Vac operation. if this switch is not set correctly, serious damage to
the instrument is likely.

Once the correci setting on the line setect switch has been made and the appropriate power cord
has been installed and connected to the mains, the unit can be turned on (see paragraph 4-4). By
selecting the appropriate line voitage with the line select switch, you are aiso determining the
correct circuit breaker trip current. If 115 vac line voltage is selected, the circuil breaker trip
current will be 5 amps. If 230 Vac line voltage is selected, the circuit breaker trip current wili be 3
amps.
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4-2
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Figure 4-1. HP 541100 Rear Panel
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Figure 4-2. Power Module
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The 54110D has two switches that can interrupt the power tor the instrument. The first is the ling
switch and the second is the mains breaker:
1. The line switch is localed at the lower left of the front panel,

2. The mains breaker is iocated on the upper right hand corner
of the rear panel (see figure 4-1).

if the front panel fine switch is in the "STBY" position or if the mains breaker is in the OFF or "Q"
pasition, the unit will not function.

4-4. POWER CABLE

WARNING

Before energizing this unit you must insure that the chassis of the
instrument is properly grounded. This precaution is to avoid the possibility
of injury or death which may result if the protective ground is defeated.

The 54110D is provided with a 3-wired power cable. When this cable is connected to an
appropriate AC power receptacle, it provides a ground for the instrument cabinet. The type of
power cable shipped with each instrument depends on the country of destination. See table 1.1
for power cable description and applications.

4-5. HP-IB ADDRESS SELECTION

HP-1B address can be read and selected from the front pane! of the 54110D with the use of soft
keys that are located at the right of the CRT (after pressing the Utility menu select key). In order to
set or change the HP-iB address, put the 54110D into the TALK/LISTEN mode (soft key
seiectable), then input the desired address from the front panel. The 54110D supports ths
foliowing HP-IB interface functions: SH1, AH1, T5, TEO, L3, LED, SR1, RL1, PPO, DCY, DT1, CO,
E1. For further information concerning the 54110D HP-IB, operation, see Section 9.

4-6. HP-IB INTERCONNECTIONS

interconnection data concerning the rear panel HP-IB connector is provided in figure 4.3, The
HP-IB system allows the interconnection of up to 15 {including controlier) HP-IB compatible
instruments. The HP-IB cables have identical connectors on both ends so that several cables can
be connected to a single source without special connectors or switch boxes. System components
and devices may be connected in virtually any configuration (see figure 4-4),

4-7. INITIAL COLOR DISPLAY SETUP

The 54110D Color Digitizing Oscilloscope uses an electromagnetic color display and may require
degaussing at installation or iater if it becomes necessary. To facilitate this, the dispiay section has
a built in degaussing coil. The energizing switch for this coil is located on the rear panel on the
power panel. (See figure 4-2} To degauss the CRT press this switch several times.

it, in certain severe situations, internal degaussing is not adequate it may be necessary o use an
external television type degaussing coil. On the front panel left of the CRT are two screw driver
adjust controls; Brightness and Background. The background controi sets the tuminosity of the
background of the CRT. The brightness control sets the gain of the Z axis, that is, controls the
intensity of the displayed information on the CRT. These two controls are usually adjusted to
accommodate users taste and ambient light.
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SHIELDSAQ mDAC DAY DI04 D102
A
!

NRFDE EQH | 2103} DI

ATN | HEC
;

Where: ATN = Attention
DAV = Data Valid

AL UUTLILTL DIO 1-8 = Data input-Output
o kol ket o EQI = End or identify
- | 17 IFC = interface Clear

i | l NDAC = Not Data Accepted
N D07 | pios NRFD = Not Ready For Data

3 REN = Remote Enabie

¢
I
LOGIC GHD GND GND [h0R DIOE -
GND 10§ 8 SRQ = Service Reqguest

|

Logic Leveis
The Hewlett-Packard interface Bus Logic Levels are TTL compatibie, i.e,, the true (1] state is 0.0 Vdc to-+C.4Vde and
the false (0 state is +2.5 Vde to +5.0 Vde.

Programming and Output Data Format
Befer to Section &,

Mating Connactor
HP 1251.0283; Amphenot 57-30240.

Mating Cablas Available
“P 10833A, 1 metre (3.3 fi;
HP 108338, 2 metres (6.6 1)
HP 10833C, 4 metres {13.2 {1}
HP 108330, 0.5 metres (1.8 fi

Cabling Restrictions

1. A Hewlett-Packard Interface Bus system may contain mo more than 2 metres (6 f) of connecting cable per
instrument.

2. The maximum accumulative length of connecting cabte for any Hewlent-Packard Interface Bus system is
20.0 metres {65.6 1.

Figure 4-3. HP-IB interface Connector
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U

DEVICE A L T

1

ABLE TO TALK
LISTEN AND CONTROL

{e.9. CALCULATOR) . DATA BUS
{8 SIGNAL LINES)
DEVICE B I,
ABLE TO TALK
AND LISTEN
(e.g. 541100y (""’"‘* DATA BYTE TRANSFER CONTROL

P {HANDSHAKE] LINES

 §

{3 SIGNAL LINES)

DEVICE C L

ONLY ABLE TO USTEN

(e.g. GRAPHICS PRINTER -~ GENERAL INTERFACE MANAGEMENT
) ( —_\/L : ;smm - MANAGEMENT (CONTROL) LINES
NI )
DEVICE D o A e e,

ONLY ABLE 70 TALK

{&.0. VOLTMETER) 910 1.8

Msr— AV
s NRFD)

NOAC

L2
ATH
SOR
REN
£0i

Figure 4-4. HP-I8 Interface
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SECTION 5
FRONT PANEL

5-1. GETTING STARTED WITH THE FRONT PANEL

This section describes the front panel of the 541100 and discusses its four functional areas. The
four functional areas of the front panel of the 54110D Coior Digitizing Oscilloscope include:

System Control
Entry

Menu Selection
Function

Uowx>

These four groups of keys give the operator complete locat control of the instrument. {See Figure
5-1.) :

5-2. SYSTEM CONTROL

The SYSTEM CONTROL keys are located on the top right-hand side of the front panei directly
under the label, "SYSTEM CONTROL”

The SYSTEM CONTROL keys provide control af acquisition, the dynamic display, SAVE/RECALL
registers and automatic dispiay scaling.

FUNCTION | SYSTEM
SELECTION CONTROL

MENU SELECTION ENTRY DEVICES INPUT PCDS

Figure 5-1. 541100 Front Pans!
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The CLEAR DISPLAY key erases the dynamic (active) display. This key will not erase a waveform
in memory that is being displayed. When the CLEAR DISPLAY key is pressed the instrument will
momentarily stop acquiring data, erase the screen and then resume acguiring data. 1f the
STOPR/SINGLE key has previously been pressed, the CLEAR DISPLAY key will erase the displayed
waveform and acquisition will not resume uniess the RUN key is pressed, or if a single acquisition
is desired the STOP/SINGLE key can be pressed for the second time. if you are acquiring a large
number of averages and you change the input signal you can quickiy reset the average regisiers
by pressing the CL.LEAR DISPLAY key. This wili save the time that the display would normally take
to integrate to the new signal levels.

The RUN key causes the 541100 to resume acquiring data after acquisition has been stopped by
the STOP/SINGLE key. When the STOP/SINGLE key is pressed the instrument will stop acquiring
data and dispiay, indefinitely, the last data that was acquired. Each subseguent STOP/SINGLE key
press arms the instrument to make a single acquisition that would pe started Dy the next trigger
event. To return to the previous operating mode press the RUN key. When the STOP/SINGLE key
has been pressed the SEC/DIV, VOLTE/DIV and other front pane! controls that would normally
cause the displayed waveform to change will erase the active dispiay as if the CLEAR DISFLAY key
had been pressed.

5-3. SAVE/RECALL

This instrument aliowe the user to SAVE and RECALL up to ten different front panei selups in
nonvoiatiie memory.

To SAVE the current front panel setup in one of the ten SAVE/RECALL registers, press SAVE, then
press the number (0-9) of the register desired. All front panel tunctions, modes and Cal factors,
menu seiection and input device assignments are not saved. SAVE/RECALL will not cause
execution of measurements, edge finders, "Start Print", or other action keys.

To RECALL a previously saved front panel setup press RECALL, then press the number (0-9) of
the desired register,

To return to the condition that existed prior to the last AUTO-SCALE, press RECALL then press
AUTO-SCALE. This feature allows you to recover if the AUTO-SCALE is accidentally pressed.

5-4. LOCAL

When the LOCAL key is pressed an RTL {return to local) message is sent to the HP.IB interface
and the unit will return to local {front panel) contrct if it had previously been in remote operation
and if the HP.IB controller had not invoked a local lockout.

The LOCAL key is the only active front panel key when the unit is in REMS (remote state).

5-2
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5-8. AUTOSCALE

When the AUTO-SCALE key is pressed the instrument wili select the vertical sensitivity, vertical
offset, trigger level and sweep spead for a display of the input signal. If input signals are present at
both vertical inputs the sweep will be triggered on Chan 1 and the display will go to the spiit
screen mode and the vertical sensitivity for each channel will be scaled appropriately. if only one
of the vertical has a signal on it, the split screen function will be turned off. See Operating
Characteristics for input signal requirements for proper AUTO-SCALE operation.

When the AUTO-SCALE cycle is complete, the Timebase menu wiil be selected and the input
devices will be assigned to the SEC/DIV function.

5-6. ENTRY DEVICES

Under the SYSTEM CONTROL keys is an area labeled ENTRY. Located in this portion of the front
panei is a number pad, a vertical column of 5 ENTER kays, the "knob” and two siep keys, (refer io
figure 5-1). These four items are referred to, throughout this manual, as the "entry davices”.

The entry devices are used to change the value of any of the items in the function menus that are
displayed in UPPER CASE letters e.g., VOLTS/DIV and SEC/DIV. The function menus are on the
right side of the CRT.

The value of the selected variable function is listed at the top of the waveform display -area on the
CRT.

5-7. MENU SELECTION
Softkeys provide front panel control of the 54110D color digitizing oscilloscope.

This instrument has two sets of softkeys, the first set is located at the bottom of the CRT, and the
second set is right of the CRT. The keys at the bottom of the CRT are referred to as the "menu
selection keys" as they are used to choose a desired function menu. As you press the different
function menu selection keys the function menus along the right side of the CRT will change.
Pressing the More key at the bottom right-hand corner of the CRT provides an additional seven
function menus. If the More key is pressed again the original menu will return.

After you have selected a function menu, notice some of the function menu softkey iabels have
text shown in inverse video. If the adjacent softkey is pressed the text that is in inverse video will
change, e.g., to turn a function On or Off, or to activate an associated function, e.g., patiern
trigger, edge trigger, state trigger. if the function select key aliows you to select a waveform
source the text of the selected source will be the same color as the displayed waveform from that
source, for example, if the defauit colors are used all text relating to channel 1 will be yellow and
all text relating to channet 2 wiil be green,

When a softkey with an upper case iabel is pressed the iabel will typicaily change o a color
associated with the function that has been selected to be slaved {o the input devices.

The third type label for function softkey will have the first letter of each word in upper case and
there will be no inverse video text associated with the label. When a function key with this type of
fabel is pressed the function will execute. This type of label is used primarily in the Measure and
Utility menus,

5.3
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SECTION 6
FAMILIARIZE YOURSELF WITH THE MENUS

6-1. FAMILIARIZE YOURSELF WITH THE MENUS

This section contains a description of the front panel cperation of the 54110D.
Cperating details and front panel layout are discussed in detail. You should read this
section completely before continuing to Sections 7 and 8.

6-2. VERTICAL

After you have energized the unit, connect one of the cal sigrials from the rear pane!
to the channel 1 input. The most convenient method of scaling the vertical and
horizontal is to press the AUTO-SCALE key. This key causes the 54110D to evatuate
the vertical inputs and scale the vertical and timebase for a triggered and appropriately
scaied display. See Operating Characteristics in Section 1 for limitations of
AUTO-SCALE.

8-3. AUTO-SCALE

When the AUTO-SCALE key is pressed, the DELAY will be set to O seconds and
referenced 10 center screen. The instrument will be feft in the Timebase menu with
SEC/DIV the assigned function for the Entry Devices.

Rotate the "knob” and notice the sweep speed change, enter "1" from the key pad
and press the usec entry key, the sweep speed will go to 1 usec/div. Next alternately
press the step keys, the sweep speed will either sweep faster or siower depending on
which step key is pressed. These three devices are referred to as the Entry Devices
and are used to change variable functions on this instrument.

If no signal is detected on the inputs, a red error message will state "No signal found".
if there is a signal present at the inputs of both channels, the 54110D will go to the
spiit screen function, that is, channel 1 will be displayed in the top half of the dispiay
and channet 2 will be dispiayed in the bottom half of the display. The unit will be set
to trigger on channel 1.

6-4. CHANNEL 1 and CHANNEL 2 MENUS

b

Chan 1 Chan 2 | Timebase | Trigger Dispiay Delta V Delta t More

When Chan 1 or 2 is selected, one of three channel modes will appear on the right
side of the display, (see Figure 6-1). The first is the Normal mode, the second is the
Magnify mode, and the third is the Func 1/2 on. The normal and magnify modes have

associated menus, and the func1/2 modes do not. Func1/2 can be turned off or on in—

the Wim Math menu. When they are on, they replace chan 1 and 2 respectively.
Chan 1/2 and Func 1/2 are displayed in the same color respectively.

Chan 1/2

Ch 1 Mode

Chan 1
Display
On/Off

VOLTS
aw

OFFSET

ECL/TTL
Presat

6-1
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Chon 1/2
|
. Funciten
| ,
Nermc l Magnify /9 ON
| |
- H
i
Chan 1/2 Mmognify
beloy On/01 1
Oon/0f9
VOLTS/DIV WINDOW
VOLTS/DIV STzt
OFFSET
Preset I OFFSET POBITION
ECL/TTLY
Heitner 85411028

Figure 6-1. Chan 1/2 Menu

b-5. NORMAL MODE

The Normal mode should be selected when the entire vertical magnitude of the input
signal needs to be observed. When operating in this mode, you should not adjust

VOLTS/DIV or OFFSET in such a fashion that the signa! will be off scale vertically as
erronsous results may be acguired.

The display On/Off key is the second from the top. Push it and notice that the Chan 1
signal disappears and reappears depending on whether On or Off is selected. This
function key turns off the display for a particular channel. it does not stop that
channel from acquiring data. Next is the VOLTS/DIV key which when selected will
allow the vertical sensitivity to be changed in a 1-2-5 sequence in three ways: {Note; a
1-2-4 sequence is used when are in the split screen mods;).

8-2

/ 1/

1. Vertical sensitivity can be changed by using the number pad on the Entry
portion of the front panel. After a number on the key pad has been pressed,
the appropriate "units” key must be pressed to compiete the operation. The
units keys are located just to the right of the key pad. Note: In the Normai
mode all entries other than 1-2-5 will default 1o the nearest 1-2-5 range. In the
Magnify mode, sensitivity can be entered to 3 digit resaiution.

2. The knob may be used to change the vertical sensitivity.

3. The siep keys, located just above the knob, may be used to increment or
decrement the vertical sensitivity.

Chan 1/2

CF 1 Mode

Chan 1
Display
Qn/CH

VOLTS
o

JFFSET

ECL/TTL
Presat
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These three entry devices may be used on any function menu item that is written in
UPPER CASE letters. Notice that as these upper case functions are ssiected they
assume the color of the source that they are associated.

us
Chan ! 2
Ch 1 Mod

The next function key is OFFSET which when selected allows the trace to be moved Chan 1
up or down by using the number pad, the knob, or the step Keys. This function works Display
much the same way as a conventional oscilloscope pasition control. The OFFSET On/0ff
veltage as referenced to center screen is shown at the top of the waveform display VOLTS
area. i
The next function key is the Preset key. This Key provides three choices:
OFFSET
1. ECL
2, TTL ECL/TTL
Preset
3. Neither /
When £CL or TTL is seiected for a channel the instrument automatically selecis the
correct OFFSET, VOLTS/DIV, and TRIG LEVEL for the logic family that was selected.
If the ECL or TTL function is selected the selection will be highlighted. When neither
preset is desired, press the preset key until neither ECL or TTL is nighlighted. The
OFFSET, VOLTS/DIV, and TRIG LEVEL will then return to their pravious settings.
6-6. MAGNIFY MODE Chan i 2

When the magnify mode is selscted, Magnify can be turned On/Off by pressing the
Magnify On/Off key. When Off is selected there will be two variable functions on the

vertical function menu; WINDOW SiZE and POSITION. They can be changed by
using any of the entry devices i.e., step keys, the knob, or number pad. The

horizontal lines that define the window can be moved closer together or farther apart
by manipulating the entry devices. The window defines the range that will be
displayed full scale when Magnify is keyed on. When the POSITION function is\ WINDOW
selected, the user can move the window on the vertical axis by using the input ' SIZE
devices. Note: This is different from vertical position; the window moves not the
signal. The Magnify function is easy to demonstrate: \
POSITION
Connect the cal signal to Chan 1 and push AUTO-SCALE.
Seiect:
Mode = Magnify
Magnify = Off
Display = Averaged
# of Averages = 64

6-3
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Alternately select and adjust the WINDOW SIZE and POSITION s0 the window i3
about the puise top. When Magnify is turned On the portion of the signal that was
defined by the window wiil fill the display. The vertical sensitivity or oftset for the
magnified display is shown at the iop of the waveform display area.

The vertical sensitivity and offset can be adjusted in the Magnify mode by selecting
the appropriaie function key and using one of the entry devices.

You would use the magnify function if you wanted tc evaluate a small signal such as a
refiection or overshoot that was present on iarge signal. Magnify can also be used 10
pravide increased vertical sensitivity.

The Magnify mode allows higher vertical resoluticn, up to 16X magnification in the
average mode. Note, the magnify mode is most useful when the instrument is in the
average mode.

8-7. TIMEBASE MENU

|

Timebass

Chan 1 Chan 2 Trigger Display Delta V Delta t Meore

After the AUTO-SCALE systemn control key is pressed you will notice that the
instrument has established itself in the timebase menu and the SEC/DIV function.

The Timebase menu contains two variable functions. Note: Variable functions are

identified by UPPER CASE LABELS. (See Figure 6-2.)

The SEC/DIV function allows the time scale on the X-axis to be varied from 1 sec/di_v
to 100 ps/div in a 1-2.5 sequence by using the entry devices. Sweep speeds can be__._m
entered from the number pad with up to 3 digits of resolution.

The effect is very similar to turning the time/division switch on a conventional
gscilioscope,

For sweep speeds slower than 2.5 ps/div the sampling rate is changed to provide an
appropriate display on the CRT.

The DELAY function controis the pre and post trigger delay and can be varied by the
eniry devices. The adjustment resolulion for DELAY time is equivaient to 0.2% of the
time interval represented by 10 horizontal divisions { but not less than 2psor1ppm
whichever is greater). The DELAY function has an effect similar to that of a horizontal
position contral on a conventional oscillascope, but with the added advantage of
having a range of miltions of screen widths.

The Delay Ref. key aliows you to reference the delay to the right or feft graticule edge
or center screen. The time at the Delay ref. is equivalent to the delay time. DELAY =
O ts the trigger point.

When the DELAY function is selected, detay time is displayed at the top of the

waveform display area. Maximum pre and post trigger time intervals vary with sweep
speed and Delay Ref. location.

6-4
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SEC
G

DELAY

Deiay

Trg’ d
Sweep
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Negative DELAY values infer time before the trigger and positive DELAY values infer
time after trigger. The trigger point is at DELAY = 0.

The last key on the Timebhase menu is the Auto/Triagered (Trg'd) key. When the Auto
sweep function is chosen the unit will provide a baseline on the dispiay in the absence
of a trigger 'signai. If a signal is present, but is not triggered, the display will be
unsynchronized but will not be a baseline,

I the unit is in Trg'd sweep and no trigger is present the unit will not sweap, and the
data acquired on the previous trigger will remain on-screen.

Timesse

—-i SEC. DIV

Gatav Bet at

L R v

AutasTrg g
Sweep

Figure 6-2. Timebase Menu

Always use the Trg'd Sweep function when the trigger rep, rate goes bsiow 20
Hz. to prevent Auto Sweep from generating a sweep prior to the trigger event.
The signal on the disutay that was initiated by Auto Sweep wouid be
asynchironous with the signal on the sweep that was initiated by the trigger
event. The oscilioscope will trigger normaily if the trigger repetition rate is
greater than 20 Hz.

NOTE

The STATUS line in the upper 18ft corner of the screen indicates the current
trigger status. It is updated every haif second. In the Trg'd sweep mode the
STATUS line indicates whether the instrument is "Running’ or "Awaiting
Trigger®. In the Auto Sweep mode the STATUS line ingicates whether the
instrument is "Running” or "Auto Triggering”. Other status indications are
"Stopped”, "Measuring”, "Printing”, “Plotting”, and "Testing”. The 20 Hz auto
trigger repetition rate applies even for long DELAY or large SEC/DIV
settings.
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6-8. TRIGGER MENU

|

Chan 1 .| Chan 2 | Timebase | Trigger Display Delta V Delta t More

The Trigger menu aliows you to select trigger moce, source, slope and holgoff. This
menu also is used to invoke the unit's combinatorial triggering capability {logic pattern
triggering). (Ses Figure 6-3).

Trigger

When previewing the trigger menu notice the five trigger modes: Edge, Pattern, State, Trigger
Time-Delay, and Event-Delay modes. Let's first discuss the Edge Mode. Edge Mode Moge
allows you to seiect one of four trigger sources (Trig Src), adjust the trigger level -

(TRIG LEVEL), select the siope of the input signal that is fo be used to defing the
trigger (Pos/Neg), and define the HOLDOFF in Time or Events.

The Trig SRC key permits the selection of one of four possible trigger sources; Cham/ h——
1, Chan 2, Trig 3, or Trig 4. CEVEL

SA110A

Trgget
Made

fdge/ Fatem

. ;

Trng SRE ;::i ,0,;
. Chan ¥/ ]
Chan 2/ :
Tngd ALY | HLX i RIL/X
e Whon
— TRIG Extad/Entareg
LEVEL
" L] HOLDDFE
coe Tieng /Events
T Pos/Ney
1 HOLDOFF
Tima/ Events

Figure G-3. Trigger Menu
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¥ Chan 1 or 2 is selected as the Trig Src a horizontal line (orange) will appear on the

Tugger

display showing the TRIG LEVEL with respect to the displayed signal when TIUG
LEVEL 1s assigned to the entry devices.

Trigger
Mode
bdge

Slope selects the Neg or Pos slope of the input signal to be used as the trigger. The
trigger slope and leve! can be set independently for each channe! and the settings for
the channel will be retained even though another channal is selected as the trigger

source, or another trigger mode is seiected.

The HOLDOFF circuitry allows you to define the period foliowing a trigger event
during which the trigger circuit is disabled. By pressing the HOLDOFF function key

you can determine whether the HOLDOFF is to be defined by time or events. An
event is defined as a change in the input that satisfies the tnigger conditions. ) Time
s used to define holdoff the range is from 70 ns to 670 ms. HOLDOFE by Evants

range is from 2 events to 6.7 X 10E7 events. Maximum cournting rate for events is 8¢
MHz.

Holdoff by events can be used to trigger stably on a complex waveform by counting

the number of trigger events that are to be skipped before accepting another for a
trigger. By setting the holdot! by events to one iess than the number of gvenis

HOLDOFF

occurring over the funcgamental period, a stable display will result. Holdoff by events/

Is equivaient to placing a divide-by-N counter in the trigger path where N is one plus
the holdeoff value.

Unlike conventional oscilioscopes the trigger system in the 541100 is completeaty
independent of the timebase. This means that adjusting the DELAY or SEC/DIV
functions wiill not disturb the display synchronization established with holdoff. Algo, it
should be noted that auto sweep acts on the repetition rate of accepted triggers so
holdoff by time values greater than 50 ms or large holdoff by events valuss can result
in a low effective trigger repetition rate. In this case the Trg'd sweep function shouid
be used. Holdoff can be varied by using any of the entry devices and is displayed at
the top of the waveform display area.

Frigger

6-8. PATTERN MODE

Trigger
Mode
Pattent

Press trigger mode function key to access the Pattern Mode. |n this mode you nhave 4
oit pattern recognition capability and the instrument can be triggered either when
entering or exiting this pattern. Holdoff can be defined either by events or time.

A

The label for the Trig On PATTERN function key inciudes four characters in an inverse
video text figid. When the Trig On PATTERN key is pressed one of these characters
wiil be highlighted. By using the entry devices you can change this character to one

of three letters; X, L,-or M. Pressing trig on pattern again will sequence through the
character field so each can be edited. X indicates a "don't care condition”, L indicates
a requirement for an input < the trigger leve! for that input.  indicates a requirement

for an input > the trigger level for that input.

The three characters in this text field determine whether the voitage leveis at each of
the four inputs (Chan 1, Chan 2, Trig 3, and Trig 4) are required to be above or below

TRIG LEVEL or are not used as a trigger qualifier. !f these characters read "LHXX",
Chan 1 would have to be below the trigger level, Chan 2 would have to be above the
trigger level to satisfy the pattern condition.

HOLD

OFF
Time:
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NOTE

Set the TRIG LEVEL for each trigger source while you are in
the Edge mode. These trigger levels must be set before going
to the Fattern mode or proper Pattern triggering may not occur.

The next key on the function menu is the When Entered/Exited key. When this key is
pressed the inverse video text field next to the key will change from Entersd to Exited
or vice versa. |f When Entered is selecied, the unit will generate a trigger on the iast
transition that makes the PATTERN irue. If When Exited is selecied the unit will
generate a trigger on the first transition on any of the inputs that cause the pattern to
be faise, after it was initially true.

Whnen you are in the patlern mode and you have pressed the Trig On PATTERN key
the condition that a particular input must be in to satisty the reguirements the pattern
requirements wilt be shown at the top of the waveform display area.

If When Present > is selected, a trigger event will occur if the trigger patiern is true far
a minimum time period. This period is listed in the label for the time key and can be
varied from 10 ns to 5 sec. by the eniry devices,

When the trigger patiern remains true for the required period of time, a trigger will
occur when any of the inputs transition to a false state.

i the paltern becomes true and then goes false before the specified time, no trigger
will ceeur.

If When Present< is selected, a trigger will occur only if the trigger pattern is satisfied
and one of the inputs transitions to a false state before a given time period. In this
mode, the patlern must be true for al least 1 ns to be recognized.

This period is iisted in the iime key label and can be varied from 10 ns to 5 sec. by the
entry devices. Only holdoff by time is available within the when present modes.

Press the Trigger Mode key, the label will change to State. In the State mode one of
the inputs is selected as a simple edge source, the other three are used to define &
pattern, '

A trigger will occur on the edge (pos/neg) when the pattern is true and Is Present is
selected. A trigger will also occur on the edge {pos/neg) when the pattern is false and
Is Not Present is selected. The threshold is set by TRIG LEVEL when you were in the
edge mode. Only holdoff by time is available with the state mode.

Fergger

Trigger
Mode

e

Trig On
PATTERN

/’/-V

Frigger

Trigger
Mode

Trig On
PA?TERN

TIME
5.008S

HOLDOFF
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Press the Trigger Mode key and the fabel will read "Time Dly", (Time Delay). This

Trigger

menu atlows you to arm on a signal gdge on any scurce, wait for a period of time ang
then trigger on an edge from a different source. The edge polarities, the sources that
are used to define the edges, and the delay time are ai! user definable.

_ Mnde.J

Trigger

The second and third function keys allow you to select the poiarity and source of the
arming edge. The delay time range is from 20 ns to 5 sec.

The fourth key allows you to define a waiting period between the arming edge that is

used as a trigger gualifier and the edge on which the instrument triggers.

/ / \/

The fifth and sixth function keys allow you to select the polarity and source of the
edge that is used as the trigger event.

/]

The last trigger mode is Evnt-Dly, (event delayed), This menu aliows you e define an
edge as a trigger quaiifier. Once this edge is detected the unit will trigger after a
definable number of edges on any other source.

Frigger

e

The second and third keys on the menu aliow you to select the polarity and source of
the arming edgs.

Trigger

7

The fourth key allows you to determine the number of sdges on the trigger source
that are to take place before the trigger event.

The fifth and sixth keys allow you to determine the polarity and source of the
triggering and counting edge.

-

In the edge mode TRIG LEVEL is used to specify & threshold for each source

independently. it is these thresholds that are in effect in all other modes wharever a
source is active in a triggering function. Other than thresholds there is no interaction
between the trigger menus. Changing siopes or patterns in one menu will not affect
corresponding entries in other mode menus.

In most of the triggering modes it is possible to specify parameters which wiil reduce

the effective trigger repetition rate (display triggers) to below 20 Hz. Since the autc
sweep function measures the rate of display triggers the timebase should be put in
Trg'd mode to avoid premature automatic triggers with large event delay counts, filter
times elc.
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341100
Tagger Menu
Triggar haoae

Trg Src

Chan B/
Chan 20

Trg 3/
Trig &/

Sigpe
Poss
Keg

I} wOLOOFF
tvants/ Time

Tug On
PATTERN
ELEY

‘When
tnearet/
Exueds
Peasant >
Prasaat <

HOLDOFF

Pos/ ey

Trg On Edge

e

On
Chan 1/

f— Chan 2/

Trg 3/
Trg 47
When

Afrer
Pos/Keg
fdge

Un
Chan ¥+
Chan 2/
Tng 3/
Tng 4

PATTERN
X-LH

is Present/
Mot Pragem

CiLaY
4 5o
TREN

‘—f-i HOLDOFF

Figure 6-4. Trigger Menu
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6-10. DISPLAY MENU

}

Display

Chan 1 Chan 2 | Timebase | Trigger Delta v Delta t More

When the Display function menu is chosen two modes are available, Normal and ———
Averaged. (Ses figure 6.5.)

In the Normai mode
defined by the user.
mnfinity.

sach displayed data point is displayed for a pericd of HMe e
You can vary the DISPLAY TIME (persistence) from 200 ms to

In infinite persistence the data points will remain on the disptay until the CLEAR
DISPLAY key is pressed or until the Sweep speed, vertical sensitivity or trigger level
are changed. The persistence is shown at the top of the waveform display area.

f variabie persisience {persistence other than infinite} is selecied, you have a flexible
display that changes with variations in the input signai but stores the signal indefinitely
on the display if the trigger is lost and the unit is in Trg'd Sweep.

Drsplay

Dhspiay Mode
Normais Averageq

[ ! :

: |
' f DISPLAY Time :
: 200 ms ™ intimte o
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Figure G-3. Display Menu
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A minimum persisience seiting is useful when the input signal is changing and the
user needs immediate feedback, such as in rapid probing from poini-to-point, or
setting the amplitude or frequency of a signal source. More persistence is useful
when observing iong-term changes in the signal or fow signal repetition rates. At fast
sweep speeds and fow trigger rep. rate conditions more persistence is needed to gain
an adequate number of data points on the dispiay. infinite persistence is useful for
worst-case characterization of signal noise, jitter, drift, timing, etc.

There is a limit to the number of data peints that can be displayed on the screen at
any one time in the variable persistence mode. The display time is temporariy
reduced whenever the number of peoinis exceeds 5,600. This has the effect of
reducing the number of data points on the display. When this happens you mignt see
the display appearing to puisate, that is, a number of points will accumulate and then
the display will fade and build up again, stc,

If Averaged Mode is selected the iast acquired data points are averaged with/

previously acquited data befcre they are displayed. The number of data points that is
averaged is variable from 1 to 2048, The step keys and the knob change the number
of averages in powers of 2; however, any number of averages between 1 and 2048
can be entered from the key pad.

Vertical resolution can be extended and displayed noise can be significantly reduced
by using the averaged mode. As the number of averages is ingreased, the display
becomes less responsive to changes to the input signal(s); however, noise is reduced.
and resolution is improved as more averages are used. By selecting the appropriate
number averages the throughput for the automatic puise parameters or the precise
edge iocators can be controlled. Since these automatic measurements use averaging
the user can trade off the speed of the measurements against the repeatability of the
rneasured resulis,

The input signal is digitized and each data point is assigned a time siot refative {0 the
trigger. In the averaging mode the unit calculates the average of the most recent data
point witn the pravious values in the same time siot. You can gefine the number of
data points that are to be averaged from 1 to 2048. Each average is calculated from
data acquired for each time slot, data for adjacent time slots is not averaged togatiher,

The current number of averages which have been accumutated is listed on the second
line of text in the upper left of the screen. When a precise measurement is made In
the average mode. this readout displays the running number of averages for the
measurement. Because only data peints in the same time slot with respect o the
trigger are averaged together, averaging does not reduce the bandwidth or risetime of
the acquired waveform.

Tne next function key on the display menu is the Split Screen key. When split screen
is keyed On, Chan 1 or Func 1 wili be presented in the upper half of the display and
Chan 2 or Func 2 in the lower half. Scaiing accuracy is maintained as this function is
turned off/on. When the split screen function is keyed off Chan 1 or Func 1 and Chan
2 or Func 2 will be overlaid on the display area.

Displav

Display
Hode

NUMBER
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Spiit
Sgrean

Graticule




Three diflerent gralicules are availabie in the dispiay function menu.
gralicule key and cycle throu

NOTE
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i the split screen mode each channe! occupies 4 vertical
divisions rather than 8 as is the case when Sptit screen is off.
This requires the vertical sensitivity in voits/div be doubled.

Pres

the frame graticule makes it easier to see the Deita V and Deila ¢ markers.

6-11. DELTA V (VOLTS) MENU

l

s the

gh them to see how they appear. You will find that using

Chan 1

Chan 2

Timebase

Trigger

Display

Detta V

Delta t

Mare

When the Delta v {delta volts} menu is enabled, two markers are dispiayed,

These

markers can be used to make absolute voltage measurements on the signal under

evaluation or as reference markers when adiust

figure 6-5)
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Once the deita V menu is setected, the markers cannot be activated unless the display
for chan 1 or 2 or func 1 or 2 or mamory 1-4 is turned on. Choose the source you
would like to evaluaie and enable the vV markers. Observe the next two functions on
the defta V menu, MARKER 1 FOSITION and MARKER 2 POSITION. (See figure 6-7.]

After assigning the markers to the desired channel(s), func(s), memory ©f memorias
selecting marker 1 position and marker 2 position function keys wili aliow you to
position the markers vertically with the entry devices. The voliage shown at the top of
the waveform dispiay area indicates the volitage tevel of the selected V marker. Note:
if you are using the defauit color, set the V marker you have selected and it's label wilt
be orange. Delta V (alsc orange), the difference between the two markers, is shown in
the factors area at the bottom of the dispiay,

in the lower portion of the display are the "display factors”, these factors include the
deita V value and the absciute value for each marker. The delta V function simplifies
waveform measurements,

The next three keys on the delta V menu automatically position the V markers on the
display. The 0-100/10-30/20-80% key causes the instrument to perform some
calcuiations and position the V markers for the user. When the V markers are
positicned manually the inverse video feid will change to 0-100%. If the key that is
showing 0-100% is pressed the label will change to 10-890% and the markers wiil
move to the 10% and 90% points of their previous levels. If the key is pressed again
the iabel will change to 20-80% and the markers will move to the 20% and 80% points
of their original levels. The 50-50% key maves both markers to the 50% point of the
G-100% levels.

The Autc Top-Base aulomatically locates the top and base of the displayed waveform.
This is done by evaluating a histogram of the displayed signal.

if either of the V markers are rmanuaily repositioned while the function switch is in
10-90%, 20-80%. or 50-50% the criginal reference will be iost and the label for the key
will change ta 0-100%.

It two channels/functions/memories are on the Vmarkers can be assigned to either
dispiay trace or assigned to Dual where Vmarker 1 can be assigned to one trace and
vmarker 2 is assigned tc the other. if Auto 50-50% key is pressed with Vmarkers set
to dual, one Vmarker will go io the 50% point of one trace and the second Vmarker
will go to the 50% point of the other trace.

input the cal signal from the rear panel to Chan 1 and press auto-scale. Next select
the Delta V function menu and key on the V markers. Now, establish the top-base by
pressing auto top-base. To demonstrate the action of the 0-100/10-90/20-80% Key,
press it several times. notice how it cycies through the three setections and how the
V markers move. Press the 50.-50% key, this establishes the V markers at the 50%
point of the signal.
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6-12. DELTA T (TIME) MENU

Chan 1 Chan 2 | Timebass | Trigger Display Delta v Dalta 1 More

The Della T funclion menu provides control for itwa T {time) rmarkers that can be used
to make measurements in the time domain, The display factors include At which is
the time intervai between the two t markers. In figure 6-8 the Start marker = 27 us and
the Stop marker = 0 sec. These times tell you the time between the T markers and
the delay ref. (See figure 6-8.)

After the { markers have been enabled, each t marker can be moaved manually by
selecting START MARKER or STOP MARKER and using the entry devices. The time
between the selected t marker and the trigger event is listed just above the waveform
display area on ihe CRT.

The Delta { menu is extended when the Delta V markers are turned on. START ON

EDGE, STOP ON EDGE, and Precise Edge find Functions are available on the Delta t o

menu when the Della V markers are on. Try this exercise o demonstrate these
capabiiities.

Connect the cal signal to Chan 1 and press the AUTO-SCALE control key. Seiect the
delta t menu and turn the { markers on. Manually move the start marker so that it
coincides with the first positive leading edge of the cal signai (figure 6.7). This is one
way of making a time interval measurement.

in the display factors, the start marker is approximately 2 us zhead {-2 us) of the
trigger event (delay = Q) which was established at center screen when you used
AUTC-SCALE. The stop marker is located approximately center screen and the time
interval between the t markers (delta t) is approxirmately 2 us.

Select the delta V menu and turn the V markers on. Press auto top-base then press
50-80%. For this measurement the significant thing is fo make sure that the V
markers intersect the rising and falling edges of the signal.

Defa ¢

T markers
I3

START
MARKER

STQP
MARKER

Delta t

T markers

START
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Figure 6-8. Deitat Menu

Return fo the delta t menu. Press START ON EDGE function key several times,
notice that the pos/neg indicator alternates and the start marker moves from the
positive edge of the first pulse to the negative edge of the same pulse. Try using each
of the entry devices to move ihe START EDGE to another pulse. STOP EDGE can be
changed in this fashion aiso. Start on edge and siop on edge are "coarse’ edge
incators in as much as data aiready collected on screen is used to locate the edges.
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To demonstraie the fast delta t menu function, precise edge find, return to the delta V
menu and press auto top-base to locate the top and base of the cal signal, then select
10-80%. Now again return to the delta t menu. Set start edge to pos 1 and stop edge
to pos 1 and press precise edge find. At {in the factors field) will represent the rise
time of the pulse, in this case approximately 2 ns. Nete that the instrument
autormatically selects a faster sweep range, to increase the resolution of the edge
finder.

The precise edge find function initiates an automatic time interval measurement. The
instrument wiil agquire the data, make the measurement and have the delta t and
delta V markers visible on the display so that you can see where the automated
rmeasurements were made.

When you use the precise edge find function the unit will expand the selected edges
defined by the start on edge and stop on edge functions. This expansion is
accomplished with newly acquired data. By expanding the edge in thig fashion the
hotizontal resoiution is increased. The speed and repeatability of this measurement is
influenced by the number of averages. The more averages the more repeatable and
siower the measuremeant wiil be. Cther jitems that will influence measurement speed
and repeatabiiity are: input signal edge speed, repetition rate, signal jitter, starting
sweep speed and delay. |f the Vmarkers are set to dual and you press aute 50/5C,
you may do a semi-auiomated 2 channe! time intervali measurement by going 1o the
Delta t menu and pressing precise edge fine key.

6-13. MORE

Chan 1 Chan 2 | Timebase | Trigger Display Delta V Delta t Mora

To view the remaining menus press the "More” key. It is located in the lower right
hand corner of the display. This key allows you access to seven additional function
menus. Pressing the More key again allows you to return to the original set of menu
keys.

6-14, WFMSAVE (WAVEFORM SAVE)

l

Wim Save | Wim Math| Measure Flot Print Probes [Hility More

The B4110D has 6 waveform memories available from the front panel; Waveform
memories 1 through 4 and pixel memories 5 and 6. (See Figure 8-3.)

6-17
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When waveforms are stored to one of the four waveform memories the waveform
factors are stored as part of the record. These factors include: vertical sensitivity,
vertical offset, sweep speed, and time delay. The fact that these factors are
maintained ajlows vyou to make measurements on waveforms stored in these
memories. These waveform records can store oniy one waveform at a time. If you
store a waveform to a memory that contains a waveform record the first record wiil be
written over and lost.

Pixel memories £ and 8 are 236 by 501 bit memories and are constructed so that
muliiple waveferms can be stored in each. If more than one waveforns: is storad to a
pixel memory the waveforms will be superimposed. Waveform factors are not
mainfained when a waveform is stared to a pixel memory, therefore measurements
cannot be made on these waveforms. The first function key on the wavefcrm save
menu is the WAVEFORM/PIXEL MEMORY select key. When this key is pressed
repeatedly the seiected memory will cycle through waveform memories 1, 2, 3, 4, and
pixgl memories & and 6. This funciion is also siaved to the entry devices, that is, the
key pad, step keys and the knob can be used to change the selected memaory.

The second key allows you o display or not display the waveformi(s) in the selected
memaory. This key aiso allows you 10 seiect either the upper or iower screen to
display the memory when the instrument is in the split screen mode.

Wwhen memory 1, 2, 3, or 4 is salected the Source for Store key allows you to select
the source of the wavefarm that is to be stored when the store key is pressed. The
potential sources are chan 1, chan 2, func (function) 1 and func 2,

tn order for a source to be availabie for the "source for store”, it must be turned on.
For exampie, in order to have func 1/2 as a source for store, the selected function first
must be turned on using the Wim Math menu.

When func 1 or 2 are turned on they replace chan 1 and bhan 2 respectively, both in
the chan 1/2 menus and the wim save menu, therefore only two of the four sources
can be active at any one time.

if you have selected one of the waveform memories i.e., 1-4, the last key on this menu
will be the Store key. When you press this key the source will be stored in the
selecied waveform memary.

The four waveform memories are nonvolatile memories, that is, the data in these
memories is retained when the instrument is turned off and then turned back on. The
data in the two pixel memories is lost when the instrument is turnad off,

§-18
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Figure 6-10. Waveform Math Menu
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Il you seiecl pixel memory 5 or 6 the function menu will change. The third key will
change 1o the Clear Memory key and the fourth key will be the Add to Memory key.

The ciear memory ksy allows you to erase whatever is stored in the selected pixsl
memary.

When (he add tc memory key is pressed, whatever data is being disptayed in the

waveform display area (with the exception of the graticule and markers) will be written
to the selected pixel memory, along with whatever data is already there.

6-15. WFM (WAVEFORM) MATH

}

Wim Save | Wim Math| Measurs Plat Print Probes Utility Mars

The Wim Math menu allow you to define two functions (Func 1 and 2) using the
channeis and waveform memories as operands. The operators are: -+, -, invert,
Versus, and Only, This menu aiso aliows you to determine the vertical offset andg
scaling for the function display. (See figure 6-10.)

Eunction
Sslect

The Function Select key allows you to select Func 1 or Func 2 as the active function.
The color of the labei and the trace of the selecied function will correspond io the
associated channe!, that is, func 1 uses the same color as ¢chan 1 and func 2 uses the
same color as chan 2.

The next key allows the dispiay of the selected function to be turned on/cff. When a/
function is turned on il takes the place of the associated channsl. For example, if

func 1 is turned on the irace on the display will change from chan 1 to func 1. if you

setect chan 1 menu the ch1 mode will indicate funct on. If this key is pressad the

ch1 mode will change {o Normal, and funct dispiay will be replaced by chan 1. You

may toggie the chi mode switch and cycle back to funci.

The next key ailows the seiection of the first operand. The fourth key is used to seiect
the function operator. The choices are; +, -, Invert, Only and Versus, if Invert or Only
are selected the second operand is not used.

/

The next key is used ic select the second operand. Your choices are the same as for
the first operand.

DISPLAY

The last key on the wim math menu is the DISPLAY SCALING key. This key aHGWS/ S’NG

you 1o slave either the vertical sensitivity {voits/div} or the vertical offset io the entry i
devices for i{he display of ihe selected function. The initial DISPLAY SCALING
sensitivity and offset are based on the voltage range of the operands that define the

function. When ever the operator or operands are changed the display scaling

sensitivily and offset are set to the initial vaiues.

§-20
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6-16. MEASURE

}

Wfm Savei Wim Math{ Measure Plat Print Probes Utility More

When you press the Measure menu select key, you will have access to three function
menus which can be accessed by pressing the more key on the function menu. {See
Figure 6-11.) If neither of the channeis or the funcs are activated measure wiil default
to chan 1 and measurements will automatically will activats the chan 1 display. In
order to make automated measurements on chan 2, func 1, 2 or mem 1 through 4
they must be turned on. To make a measurement on a single waveform memory use
the Wfm Save menu and turn the desired memory on. The instrument will not make
measurements on a func if the cperator is "Versus”,

The second key in the first measure menu is the Precision Fine/Coarse, This
instrument will perform two types of automatic measurements fine precision and
coarse precision. Coarse measurements are made on dispiayed data. If there is
insufficient data on screen, new data is acquired in order to make the measurement.
Fine measurements begin with a coarse measurement to locate the gdge(s). Each
edge is then expanded to achieve maximum resciution. The coarse measurements
take less time to accomplish, this shouid be considered if through-put is a more
important issue than measurement resolution. Peak to peak, preshoot, and overshoot
measurements are always coarse measurement and use on screen data.

The next function key is the All key, when press the 54110D automatically makes ihe
measurements below and lists the results in the factors area. The More key at the
bottom of the menu allows you to select the next measure menu when pressed.

Freq (Freguency) + Width Peak-to-Peak Voltage
Pericd - Width Preshoot
Duty Cycle Overshoot

Rise Time (10-90%) RMS Voltage
Fall Time (10-90%)

The instrument will also make a course measurement, that is, using only data on
screen, when the 541100 is in the STOP mode. The siop mode can be selected by
pressing the STOP/SINGLE system control key. The instrurment wiil only make course
measurements on any of the waveform memories or functions that contain a
waveform memaory as an operand.
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6-17. PLOT

|

Wim Save | Wim Math| Msasure Plot Print Probes Utility Mare

The plot menu allows display data to be output aver HP.IB to a digital plotter that is
HPGL (Hewlett Packard Graphics language) compatible, (See figure 6-12) The 541 100
must be in “Talk Only" and ihe HP-GL plotter must be in the "Listen Only" mode. The
HP-16 mode can be set by using one of the Utility function menus.

The first option on the piot menu is the Auto Pen selection. When this function is On

a new pen will be seiected when a different tunction is chosen ta be plotted, that is. it

the piotter has mulli pen capability. If Auto Pen is Off the plotter will not load or \\
change pens when a plot function selecied.

The next plot option is Pen Speed. You may choose Fast or Slow if your plotter has /
this feature. Use slow when you are making overhead transparencies. For best
resuits use slow for Leroy pens.

When Plot Graticule is seiected the displayed graticule, including display factors, will
be cutput 1o the piciter,

if the Display menu is in the Averaged mode, the output from the 54110D will cause
the plotier to draw a continuous line piot of the active display.

If the Display menu is in the Normal mode the output from the 54110D is formatied
such that the plotter will plot the waveform in a pixel format, that is, dot by dot if you
are piotting an active dispiay.

Waveiorm memories will always be piotted with a continuous line and pixel memories
are always plotted dot by dot.

while a plot is being accomplished you can stop the plot by pressing the Abort Plot
key. If you would like to stop for a moment and then continue press the
rause/Coniinue key.
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Figure 6-11. Measure Menu
Figure 6-12. Plot Menu
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6-18. PRINT

|

Prine

Wm Save| Wim Math! Measurs Piot Print Probes Utifity More

Print

The Print menu allows dispiay data to be output over HP-IB to a graphic printer that is
compatible with Hewiett-Packard Raster Scan Standard. (See Figure 6-13.)

The 54110D must be in the "Talk Only” mode and the printer must be in the "Listen
Oniy" mode. The 341100 can be set to talk oniy when in one of the Utllity function
menus,

The print function menu offers you two prinl options, an automatic form feed option
and a Start Print key. The two print options allow the seiection of the data that is 10
be output to the graphics printer. Both sources, factors and display may be output
separately or at the same time to the printer. The display data includes the graticule
and the active dispiay.

If you desire automatic form feed after a hardcopy, xey this function on. After the
data has been sslected for copying, press the Start Print key to initiate the hardcopy.
Signal acquisition stops during printing. To stop printing press the Abort Frint kay.

6-19. PROBES

}

Print
Display

Farm
Fead

Start
Print

Wim Save | Wim Math| Measure Plot Print Probes Utility Mars

Chan 1
PROBE
ATTEN

When the Probes menu is selected you can enter any arbitrary aitenuation ratio from
1 to 1000 for any of the inputs. Any of the entry devices can be used, however, {he
key pad aliows three digit resolution and can be used as a cal factor for Vmarker
measurements, (See figure 6-14.)

When you define a Probe Attenuator Ratio the actuai sensitivity at the input of the
instrument does not change, all that is changed are the reference constants that are
used for scaling the display factors and for automatic measurements. trigger tevels,
etc.

Attenuation ratios can be saved with the rest of the front panel set up in the
Save/Recall registers, howsaver, when power is cycled the attenuator ratios  will
automatically be reset to the nominal 1:1 for the 54002A and 54003A, and 10:1 for the
54001A active probe, since the 54110D queries the input pod receptacles to determing
what pods are installed at power-up.
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6-18. PRINT

s | |
I Wim Save Wim Math Meosure | Plot H Print Probes Utidity More
é i s

E4118/81.12

The Print menu allows display data to be output over HP-IB to a graphic printer.

The HP 54110D must be in the "Talk Only" mode and the printer must be in the "Listen Only" or
"Listen Always" mode, The HP 54110D can be set to "Talk Only" in the HP-IB submenu of the
Utility menu.

The print function menu offers you three print options, an automatic form feed option, and a Start
Print key. The print options allow you to select the data that is to be output to the graphics printer
and the type of graphics printer that is in vse. Displayed data and factors may be output separately
or at the same time to the printer. The displayed data includes the graticule and the active display.
The Printer Type option allows the user the choice of printing to a black and white printer or a
color printer,

If the Printer Type is set to MONO with a PaintJet conmected, a black and white output is
produced. However, if the Printer Type is set to COLOR and a black and white printer is
connected the systern will not work properly.

if you desire antomatic form feed after a hardcopy, press the Form Feed key to On. Afier the data
has been selected for copying, press the Start Print key to initiate the hardcopy. Data will not be

i

Plot Print Probes % Utitity More

|
Wfm Sove F Wim Math j Megsure
i

411878 12

acquired while printing, To stop the print, press the Abort Print key.

6-19. PROBES

When the Probes menu is selected you can enter any attenuation from 1 through 1000 for each of
the inputs. Any of the entry devices can be used, however, the key pad allows three digit resolution
and can be used as a cal factor for Vmarker measurements. (See figure 6-14.)

When you define a Probe Attennator Ratio the actual sensitivity at the input of the instrument does
not change, all that is changed are the reference constants that are used for scaling the display
factors and for automatic measurements, trigger levels, etc.

Attenuation ratios can be saved with the rest of the front panel setup in the Save/Recall registers,
however, when power is cycled the attennator ratios will automatically be reset to the nominal 1:1
for the 54002A and 54003A, and 10:1 for the S4001A active probe, since the HP 54110D queries
the input pod receptacles to determine what pods are mstalled at power-up,
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w20, UTILITY

|

Wim Save ] Wim Math] Measure Plot Primt Probes Utility More

The Utility menu select key allows access to five submenus that ¢an be selected by
pressing the appropriate key at the right of the CRT. These submenus include:

Cal Menu

Test Menu

Crt Setup

Color Cal Menu
HP-B Menu

S S

The Test Menu and the Crt Setup Menu are discussed in the 541100 Service Manual
and will not be covered hsre.

5-21. CAL MENU

The Cal menu is provided to so you can null differences between trigger and data
acquisition paths. This wouid include acquisition differences internal and external o
the instrument. See Appendix B for a discussion of this topic. (See figure 6-16.)

in order to obtain the proper cal for a particular system configuration it is necessary to
adiust each channel's sensitivity, offset and trigger level as well as the external trigger
levels to the values you intend to use. This will esiablish each input fo the
configuration that will be used in the actual measurement.

The objective of the cal procedure is to apply a fast edge simultaneousiy to inputs of
the instrument and null out the systematic delay between these inputs. The fastest
availabie edge source should be used (< 1 ns transition time is desirable}, however, a
signat of the same general characteristics as the signal you intend to measure is a
reasonable alternative. For each cal step the inputs should be connected 1o the
calibration source as closely to one another as possible. BNC Tee's and probe
adapters are useful to accomplish this,

Be sure to set up ail sensitivities, offsets, and trigger levels before beginning the cal
menu. The cal menu function allows you to nuli any differences in propagation delay
between signal paths in software in the 54110D. This is important so that
time-difference measurement results accurately reflect time referenced to the probe
tips or the peints where the input coaxial cables are connected to the circuit under
test.

There are two cal signal cutpuis on the rear panei. Only one cal source should be
used for the cal menu adjustment exercise because the two cal signals are separatety
buffered and the time differential between the cutputs is not characterized.

Connect a BNC Tee to one of the cal signal cutputs on the rear of the instrument and

connect two equal length 50 ohm cables to the BNC Tee. Connect these two cables
to the chan 1 and chan 2 inputs. Next, seiect the axes graticuie.
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For this exercise press AUTO-SCALE and set offset and trig level to equal values for
chan 1 & 2. Move the signat input from chan 2 to trig 3 and then to trig 4 and set the
trig level for trig src 3 and trig src 4 as cicse as possibie to the trig level used for chan
1 & 2. Change the Trig Src back to Chan 1. Now move the input cable back to Chan
2.

Press the Utiiity key and then press the cal menu function key {top key} and foliow the
instructions on the CRT (pbut don't AUTQ-SCALE again), press the TRIG DELAY-Chan
1 function key, again the top key. As the key is pressed TRIG DELAY will be
highlighted and a singie channel will be presented on the dispiay.

Press the Expand Waveform function key several times unil the waveform is
expanded and approximates figure 6-17. Use the entry devices and adjust the
position of the signal on the X-axis so that it intersects the crossing of the graticule at
center screen. The value of chan 1 trigger delay is listed at the top of the waveform
display area.

Press the top function menu key and the label will change to SKEW Ch to Ch, also
the chan 1 & 2 signals will be in the split screen format and should resembile figure
6-18. The chan 1 signal is in the upper half of the display and chan 2 is in the lower
half. The c¢han 1 signal should be positioned so that it intersects the graticute
crossing, this is a resuit of the previcus chan 1 trig delay adjustment. Press the
expand waveform key for an appropriate display. Use the entry devices and adjust
the chan 2 waveform on the X-axis so that it intersects the graticule crossing at center
screen. When you make this adjustment you are nulling the difference in signal
acquisition timss from chan 1 to chan 2. Chan to chan skew time is listed at the top
of the waveform display area.

The next adjustment to be made is the Chan 2 TRIG DELAY. Press the top function
menu key, the label for this key will change to TRIG DELAY-Chan 2 and there will be
a single signal on the display similar figure to 6-17. Use the entry devices and
position the displayed signal on the x-axis 50 that it intersects the graticule crossing at
the center of the display. The c¢h 2 trigger defay time will be listed at the top of the
waveform display area.

Press the top function menu- key and the label will change to TRIG DELAY-Trig 3.
Connect the cabie that has been attached to chan 2 to trig 3. Adjust the entry devices
and move the signal on the X-axis so that it intersects the graticule at the center
crossing. The value of the trig 3 deiay wili be listed at the top of the waveform disptay
area.

Press the top function menu key and the label will change to TRIG DELAY.Trig 4.
Connect the cable that has been aitached to Trig 3 to Trig 4. Adjust the entry devices
and move the signal on the X-axis so that it intersects the graticute at the center
crossing. The value of trig 4 delay will be listed at the top of the waveform display
area. Press the top function menu key again and the iabel will change to Chan 1.
You may now save the cal factors by pressing the Exit Cal Menu key.

Cal factors are kept as part of the SAVE/RECALL setup and different seis of factors
may be kept with each front panel setup. When the instrument is powered down
these factors will be maintained in nonvoiatile memory.
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Figure 6-17. Trigger Delay

Figure 6-18. Chan to Chan Skew
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6-21. COLOR CAL MENU

The color cal menu provides a flexible system that allows you to define the 16 (0-15)
colors that are availabie on this instrument. Colors -7 and 15 have specific functions
on the instrument’'s display, coiors 8-14 are not used. You may, however, use them
for user definabie text via HP-IB. All 16 colors can be individually modified o suit a
specific need. Color selections are maintained in nonvoiatiie memory See figure 6-21
for a listing of the default colors and their uses.

After you have selected the utility menu and then in turn selected the color cal menu,
the top Key in the function menu will be the Selected Color key, When you press this
key you will sequence the inverse video text field to the mext color number. After you
have selected a color you can use the HUE, SATURATION, and LUMINOSITY
functions to modify it.

The hue function aillows you to change the gradation of color. The range of the hue
function is from O to 100 with red located at 0/100, graen at 33, and biue at §7. The
hue can be varied by using the entry devices.

The saturation function defines the percent of pure color that is {o be mixed with
white. The range of this function is from 0 to 100, with 0 being white (irregardless of
the hue setling) and 100 being the pure color (determined by hue). Use the entry
devices to change the saturation ievel,

The iuminosity function defines the relative brighiness of the color with 0 being black
and 100 being maximum brightness. Luminosity is varied by using the entry devices.

The next key aliows you {¢ sel all colors ta their default stales.

The bottom key gllows you fo exit the color cal menu and return 1o the uiility menu,

Figure 6-22 shows the HSL model (hue, saturation and luminosity) with the angular
coordinate demonstrating the hue. Saturation is the height coordinate and the radial
coordinate is the luminosity.

6-22, HP-IB MENU

When you want to connect the 541100 to other HP-1B devices you would select the
HP-IB menu. This menu allows you to establish the 541100 as a HP-IB talker|
listener, or do both.

The EOI instruction can be sent at your discretion for such applications as binary
dumps or when required by a controller when under program control.

When the instrument is in the Talk/Listen mode the HP-1B address can be changed by

using the Eniry devices. Refer to the programming seclion of this manual for a
compiete discussion of the HP-IB capabiiities of the 341100,
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8-21. COLOR CAL MENU

The color cal menu provides a flexible system that allows you to define the 16 (0-15) colors that are
available on this instrument. Colors 0-7, 10-12, and 15 have specific functions on the instrument’s
display, colors &, 9, 13, and 14 are not used. You may, however, use them for user definable text via
HP-IB. All 16 colors can be individuaily modified to suit a specific need. Color selections are
maintained in nonvolatile memory. Ses figure 6-21 for a listing of the default colors and their uses.

After vou have selected the utility menu and then in turn selected the color cal menu, the top key in
the function menu will be the Seiected Color key. When you press this key you will sequence the
mverse video text field to the next color number. After you have selected a color you can use the
HUE, SATURATION, and LUMINOSITY functions to modify it.

The hue function allows you to change the gradation of color. The range of the hue function is
from 0 to 100 with red located at 0/100, green at 33, and blue at 67. The hue can be varied by using
the entry devices.

The saturation function defines the percent of pure color that is to be mixed with white. The range
of this function is from 0 to 100, with 0 being white (regardless of the hue setting) and 100 being the
pure color (determined by hue). Use the entry devices to change the saturation level.

The luminosity function defines the relative brightness of the color with  being black and 100
being maximum brightness. Luminosity is varied by using the entry devices.

The next key allows you to set all colors to their default states.
The bottom key allows you to exit the color cal menu and return to the utility menu.

Figure 6-22 shows the HSL modei (hue, saturation, and luminosity) with the angular coordinate
demonstrating the hue. Saturation is the height coordinate and the radial coordinate is the
luminosity,

6-22. HP-IB MENU

When you want to connect the HP 54110D to otker HP-IB devices you would select the HP-IB
menu. This menu allows you to establish the HP 54110D as a HP-IB tatker, listener, or do both.

The EOI can be sent at your discretion for such applications as binary dumps or when required by
a controller when under program control.

When the instrumeat is in the Talk/Listen mode the HP-IB address can be changed by using the
Entry devices. Refer to the programming section of this manual for a complete discussion of the
HP-IB capabilities of the HP 54110D.
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SECTION 7
FRONT PANEL EXERCISES

7-1. INTRODUCTION

This section provides exercises that will help you to become more familiar with local (front panel
operation. Section § includes a preliminary discussion on front panei operation and should be
read before continuing with Section 7.

7-2. INPUTTING A SIGNAL

The 34110D has four inputs, two are vertical signal inputs and the third and fourth are exiernal
trigger inputs.

For the instrument to accept signals, input pods must be instalied. Befer to section 3 for pod
specifications. The characteristics of all inputs are dependent on the pod chosen. The appropriate
input pod should be chosen afler characterizing the source impedance, speed/bandwidth and
magnitude of the signal to be measured.

7-3. FRONT PANEL REVIEW

Refer to figure 7-1 for a review of the front panel layout. The keys at the bottom of the CRT are
referred to as the menu select keys. When one of these keys is pressed, the appropriate function
menu will appear on the right side of the CRT. Additional control of the unit is available through
the use of the SYSTEM CONTROL keys which are located at the top of the right side of the front
panel. These SYSTEM CONTROL keys give you immediate access to those functions which are
appropriate in any menu.

FUNCTION SYSTEM
SELECTION CONTROL

MENU SELECTION ENTRY DEVICES
Figure 7-1. HP 54110D Front Pane!

INPUT PODS
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The ENTRY devices are used to input values for variables. The input devices on this instrument
include the key pad. step keys and the knob. if you need further in formation concerning the front
panel refer to Section 6,

7-4. MAKE A VOLTAGE MEASUREMENT

This oscilloscope gives you the capability of making either & manual or auilomatic voltage
measurement. In this discussion the instruments cal signal is used as the signal source. To make
a voltage measurement manuaily you may use this procegure.

Connect the cal signal to channel 1.

Press AUTO SCALE

Select the Display menu,

Insure the Display Mode is Averaged.

Press the Delta V menu key

Key the V markers on.

Position MARKER 1 at the top of the cai signal.
Pasition MARKER 2 at the base of the cal signal

The dilterence between the voltage ievels of the two Vmarkers will be shown in the factors area at
the bottom of the CRT iabeled 4V. In this exampie the cal signal measured 444 mV p-p. The
positive delta voitage indicates that MARKER 2 was more positive than MARKER 1. If the markers
were reversed &V would indicate a negative voltage (ses figure 7-2).

Ao BTATUS: Biepsed Veoriars [: :
Phyys = B << Worker 2 gt 9.588 V> {cn.e 1 i
.. TS « < - = TS v w - - -
MARKER 2
tn 1 =10
—222.8 my 19~0ax i |
20-2ex
R - Ee--sex [ }
Auite \
Top—Baes l |
-7 .58906 us 5.606008 3 2.50868 un
Chim  188.8 my/div  BS8 neec/div
V{1 yomddd @ BV ViZlm &.806 V AVm Sbd &
ghan 3 |Chan 2 | 7imedase|TriggeriBisp lay|0eite ViDelta t] wore
] 12 % - - d

£4199TXR8Y

Figure 7-2. Manual Vmarker Measurement
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Another method of making this measurement would be to use the Auto Top-Base function on the
Delta V menu. The instrument will make an automatic voltage measurement by evaluating a
histogram of the data points that are displayed on the CRT {see figure 7.3). When the Auio
Top-Base key is pressed, MARKER 2 moves o the top of the Cal signal and MARKER 1 moves to
the base. AV will indicate approximately 444 mV; this indicates that MARKER 2 is 444 mV more
positive than MARKER 1 (see figure 7-4). The results of the manual and the automated
measurements in this case turned out to be identical. This is not always the case. The manual
measurement is accomplished by using visual resolution and the automated results are acquired
mathematically. Cal signals vary siightly from unit to unit; therefore, results may vary accordingly.

NUMBER OF SAMPLES
O ™ N

Figure 7-3. The Histogram of a Waveform.
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—222.8 mv j T esem | !
o887
D
Aute
TorBen G
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Figure 7-4. Auto Top-Base Voltage Measuremernit.
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Anather way to make voftage measurements would be to use the automated capability by using
the the Peak-to-Peak Voltage function. When the Peak-to-Peak Voltage key is pressed, the unit
determines the minimum and maximum voltage on the CRT, calculates the difference, and
provides the answer in the factors area.

Press the More menu key (bottom of the CRT).

Select the Measure menu.

Press the More key (side of CRT} until the Peak-to-Peak label appears.
Press the Peak-to-Peak Voltage key.

B O3 DN -

Note the results in the factors are (P-P Voits). With the exampie unit the value was 446 mV. This
is a slightly greater absolute value than we acquired when we used Auto Top-Base. This would be
expected as the peak-to-peak voitage is the difference between the minimum and maximum
voltages on the display and the Auto Top-Base measurement is derived from a histogram of the
same data {see figure 7-5),

hp STATUR: Btopsed Pagk—ie—
SAVGE » Peak
Yeltags
Presghont C‘:
i
e Ovar—
Bhoat ! |
RS
Ui + ¥ Voltoge i
EAl .8 WY
- - et APERTUMTRE . — G
mr’ D

Channal 1 Paromiters

Vppmddd & my

Wim SavelWim Math|Msoeura| Plet | Print | Probee [Utillty] sors
s I S +{ 1 o 5| o =

$4118/ERED

Figure 7-5. Peak-to-Peak Voltage

An important capability of the Vmarkers is that the Vmarkers can be assigned to chan 1 and chan
2 independently, i.e., marker 1 to chan 1 and marker 2 to chan 2. The next exercise will help
clarify how this feature works:

Connect the cai signal to channe! 1 & 2.

Press AUTO.SCALE,

Seiect the Delta V menu.

Turn the Vmarkers on.

Press the top key on the function menu twice. (Vmarkers Dual)
Position MARKER 1 and MARKER 2 randomily.

2R 8 ol e

As the markers are moved you notice that MARKER 1 is associated with chan 1 and MARKER 2 is
associated with chan 2. The DC voltage level of each marker as will as the difference between
them (AV) is listed in the factors area. This feature allows comparisons to be made between
signals on chan 1 and chan 2. To demonstrate this:



[ =Y

3,
4.
5.
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. Position MARKER 1 level with the top of the c¢al signal on chan 1.
. Position MARKER 2 level with the base of the cal signal on chan 2.

NOTE

4V in the factors area lists the voltage difference between the two markers
{see figure 7-6).

Select Chan 1.
Press the OFFSET function.
Move Chan 1 display using the entry devices,

As the chan 1 signal is positioned on the dispiay. note that the Vmarker maintains its relative
location with respect to the signal on the channei,

T
hp BTATUS: Biopped Vidorkars
BAvgn = & << Markar 2 gt b4 @ R >3 iDualy ;
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Figure 7-6. Defta Vmarkers on Spiit Screen.

7-5. TIME DOMAIN MEASUREMENTS

This section provides a discussion and exercises that demonstrate some of the time domain
measurement capabilities of the 54110D.

The time domain is referenced to the 10 division CRT display with a resolution of 100 ps to 1
sec/div on the horizontal axis. The two time markers can be used as horizontal references to
show where an automatic measurement is being made, or to relocate signals disptayed time using
the DELAY function; or they can be manually located on the display for timing measurements. To
demonstrate the manual Hme intervai measurement capability, complete the following exercise:
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Connect the cal signal to channe! 1.
Press AUTO-SCALE.

Salect the Delta t menu,

Key the Tmarkers on.

£ WA

NOTE

Both Tmarkers will be located af the "0000008" Delay Ref. (trigger event).
Auto-Scale sets the Delay Ref. at center screen,

5. Move the START MARKER to the feading edge of the first puise.
6. Move the STOP MARKER to the trailing edge of the first pulse,

The time intervals between each marker and the trigger point as well as the time interval between
START MARKER and STOP MARKER to the trailing edge of the first {Ah) are listed in the factors
area (see figure 7.7).

in this example the START MARKER is -2.00 us (before trigger) and the STOP MARKER is -1.00 us
{before trigger) and &t is 1 us.
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Figure 7-7. Manual Time Interval Measurement

Another method that can be used to make a time interval measurement is to take advantage of the
automatic edge finding capability, which requires setting a reference with the Vmarkers for defining
edges:

Select the Delta V menu.
Key Vmarkers on.

Press Auto Top-Base.
Press 50-50%.

B
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NOTE

Step 4 places the Vmarkers at the 50% lavel of the cal signai and provides
references for the deita t measurements we are about to make, ie, the unit
senses the transition of the cal signal through the Vmarkers.

5. Select the Delta t menu.
NOTE
The Defta t menu has 3 additional functions;, START ON EDGE, STOP ON
EDGE and Precise Edge Find. These functions require the use of the

Vmarkers and are only displaved when Vmarkers are on.

6. Set START ON EDGE to Pos 1.
7. Set STOP ON EDGE to Neg 1.

NOTE
When you select START ON EDGE or STOP ON EDGE as in steps 6 and 7,

the first key stroke selects the function and the second changes the polarity
of the edge.

The unit will automaticaily locate the transition level (50-50%) on the first positive and negative
edges and measure the time interval between the two and define the +puise width. Check the

factors area of the CRT for the resulis (At)(see figure 7-8).

hp BTATUS: Btopped Tmarkars
dAvpa = B << Btop Edge = 1 >>
T v
b
i : i START
i ‘ mﬂ Q
I 1]
L :
i : sTCH
) ; MARKER l !
; X
-222.8mY ; q,] D
{ )
{ ' T AT
f ¢ NEG]| £DGE ‘ ]
LA
l H
1 ! Pracise
' I Fioe G
! ' Find
~Z.BEeeD ut ¢.28008 @ 2.56800 ue
Chin  188.0 mv/div 588 nsessdls
Vi 11222 .8 mY V{2 emp22 .8 BV AVe 9.080 V
Biar te—2 , BRBOO us Btop=:.B8148 uwe AVe 008 888 ng
Chon 1 [Chan 2 |Timebass[TriggeriDinpleyiDaltae ViDelte t] uors
1L ™| W o W bof, L
|
34118/E%08

Figure 7-8. Edge Find
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When the START and $TOP ON EDGE functions are used, the displaved waveform is used as the
data base for deveioping the time intervai measurements. This limits the resolution ic 1/50th of a
division.

Now press Precise Edge Find. This causes the unit to rescale the horizontal axis to a faster swesp
speed while it locates the Vmarkers on the edge(s} of interest.

Because of the additional scaling, Precision Edge Find requires a ionger period of time to acquire a
result than does the START and STOP ON EDGE functions: this should be considered if
throughput is a concern,

Precise Edge Find uses averaging, which aiso makes it take longer. The number of averages
seiected in the Display menu will be acquired each time the timebase is rescaled to locate the
edges. For greater precision, the NUMBER OF AVERAGES can be increased; for a faster result,
the NUMBER OF AVERAGES can be reduced. Extremely low repetition rate signais wiil also slow
down the precise edge finders. '

To terminate the measurement routine at any time, just press any other front panel key.

Another method of measuring the +puise width would be to use the auvtomated capabiiities
available on the Measure menus.

Connect the cal signal to chan 1.
Press AUTO-SCALE.

Press More menu key (bottom of CRT).
Select Measure menu.

Select Fine Precision.

Press More {on the side of the CRT).
Press +Width,

R e

The +Width value will be listed in the factors (see figure 7-9).

When any of the automated measurements in the measure menus require a time interval
measurement, you have the choice making "Coarse" or "Fine" precision measurement. When a
coarse measurement is executed the instrument makes the measurerment on previously acguired
data. In most cases fine precision measurements, when executed, acquire new data and rescale
the timebase for increased resolution.

NOTE

Ali fine precision measurements reqguire an active signal input.
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Figure 7-9, +Puise Width

If measurernent speed is a prime concern, you may make automated time interval measurements
using coarse precision by setting the Precision key in the Measure menu to Coarse.

For demonstration purposes repeat the + width measurement with precision set to coarse. Notice
the difference in time reguired for a coarse precision measurement vs. a fine precision
measurement.

7-6. DELAY

The DELAY function provides horizontal windowing capability as well as calibrated pre and post
triggering delays. Negative delay represenis time before the frigger event and positive delay
represents time after the trigger event. Try the foliowing procedure to familiarize yourself with the
DELAY function.

1. Connect the cal signai to channel 1.

2, Press AUTO-SCALE
3. Select the DELAY function.
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NCTE

in this exercise the Delay is referenced to center screery the left or right
side of the graticule could just as easify have been used as the reference,

4.  Key in 2 sec delay using the key pad and the sec ENTER key. An error message will
display "Value put of range....8et to limit". The maximum + delay on this sweep speed
(500 ns/div) is 1.8 sec.

5. Keyin -1 second delay. Again the unit displays the error message and seis the delay o
the limit. Maximum - delay on this sweep speed is 200ms.

NOTE
Maximum = deiays vary depending on sweep speeds and delay reference,

eg., on 1 sec/div sweep speed, maximum positive delay is € x 10E5 seconds,
maximum negative delay is -10 seconds.

fa)]

Press AUTO-SCALE.

Select DELAY.

&. Vary Delay by rotating the knob. CW rotation provides negative delay
and CCW rotation provides positive delay.

-~

The DELAY function allows viewing of the signal before and afier the trigger event. In this fast
exampie, 1.6 seconds delay and 500 ns/div swesp speed were used. A small amount of time jitter
would be obvious when viewing the deiayved signal under these conditions, e.g.. 1 cm of jitter
represents approximately 3.2 ppm. To demonsirate the effect of time jitter, complete the following
gxercise:

Connect the cal signal to channel 1

Prass AUTO-SCALE.

Select the DELAY function.

Enter 1.6 sec. Delay using the key pad.

Seiect the display menu,

First view the signal in the normal mode with infinite persistence then
swiich the unit to the averaged mode (top key on the function menu).
Set Averages = 8 by using the entry devices.

S LR

™

NOTE

After the unit has been allowed to acquire data for a short period, the rising
and falfing edges of the puise appear to siope (see figure 7-10); this is a
function of the time jitter on the signal and the fact that the unit Is in the
averaged mode. in this exampie where time jitter is present and a relatively
long delay is used, the averaged mode does not faithfully reproduce the
input signal.
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Change the display mode to normal.

Set the DISPLAY TIME to Infinite using the entry devices. Notice that after several
acquisitions, the leading and lagging edges are undefined {see figure 7-11). This is
caused by time jitter on the input signal. Unless a signal source is extremely stadle it is
common to sege time jitter of this magnitude when iong delays are used. The sample
unit that was used demonstrated approximately 500 ns lime jitter with 1.6 sec defay.
This technigue is a perfectly valid measurement of the jitter in the source signal, which
you might typicaily want to measure. This type of jitter measurement is made possible
by the extremely stable crystal referenced timebase. See Section 3 for timebase jitter
specifications.
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Flgure 7-10. Time Jitter in the Averaged Mode
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Figure 7-11. Time Jitter in the Normal Mode

Figure 7-12 compares the resuits obtained with the normal mode and the averaged mode when
using a leng delay with time jitter present.

NORMAL MODE AVERAGED MODE

- APPARENT RISE TIME
INACCURATE}

REAL WAVEFORM WITH JITTER AVERAGED WAVEFDRM

Figure 7-12. Time Jitter with Normal/Averaged Mode.
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The 54110D provides two additional techniques of detaying the display window by detaying the
actuat trigger; Evenl Delay and Time Delay. These two functions are part of the trigger menu and
can be selected by pressing the trigger menu key. The are different from the Timebase delay in
that they provide a trigger for the display after the Event/Time defay. This eliminates the time jitter
that is seen when the timebase delay is used. Let’s first look at event delay.

1. Connect the cal signal to channel 1.
2. Press AUTC-SCALE.
3. Change from Auto to Trg'd sweep.

NOTE

When AUTO-SCALE is pressed, the unit establishes itseif in the auto Sweep

mode. If the trigger is delayed longer than approximately 50 ms, the auto
sweep mode will cause the unit to sweep before the dslay period has
elapsed. The signal will appear untriggered (see figure 7-13). To eliminate
this problem put the unit in the Trg'd mode.
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Figure 7-13. Auto Sweep Mode with Delay > 50 ms.

Select the Trigger menu.

Set the trigger mode to Event-Dly,

Using the function keys and entry devices, set the Event-Dly menu to read: "After Neg
Edge On Chan 1, TRIG on 1,000,000 events Of Pos Edge on chan 1",

7. Press CLEAR DISPLAY

@ U
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NOTE

After a qualifying negative edge on chan 1, the unit will delay the defined
number of puises and then trigger on the last pulse. in this example the
1000000th pulse will be presented at center screen (if the delay is
referenced to center screen). This mode would be used if it is necessary to
look at a specific pulse in a train but the signal is not stable enough to use
timebase delay,

The next method of delaying the display window would be Time Dly. To demonstrate time delay,
pertorm the next exercise:

Connect the cal signal to channel 1.

Press AUTO.SCALE.

Select Trg'd sweep.

Select the Trigger menu.

Select the Time Diy trigger mode.

Using the function keys and entry devices, set the Time-Dly menu tc read: "After Neg
Edge on Chan 1 DELAY 1.000 § THEN Trig On Pos Edge On Chan 1",

Press the CLEAR DISPLAY key. In this mode the unit waits a defined period of time
after a qualifying event, in this exampte 1 second, and then ftriggers on the edge
seiected.

8. Change the WAIT time to 0.5 sec. Notice that the acquisition rate is influenced by
WAIT time because the effectlive trigger repetition rate is limited by WAIT time.

S

~J

The Time-Delay mode would be used to view a signal that occurs a relatively long time after a sync
signal. This would eliminate the time jitter (induced by the input signal) that wouid be present if the
timebase delay were used. Event-Delay accomplishes essentially the same thing as Time-Delay
except that events are used to delay the display window. The effect is similar when using either
mode, i.e., the affect of time jitter is the source signal is eliminated.

The timebase delay on the 541100 is always referenced to the trigger edge that is generated in &
particular trigger mode. Trigger delay, both event and time, shouid not be confused with the
timebase delay as they are independent functions. Event-Delay and Time-Delay modes are a
means of setecting which edge on the signal is used as a reference for timebase delay.
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7-7. TRIGGER
In this section some of the triggering capabilities of the 54110D wili be discussed.

The edge mode is similar 1o the trigger on a conventional oscillcscope. The trigger level can he
defined, the polarity of the irigger can be selected and the source of the trigger can be determined.
This instrument has two external trigger inputs and provides four trigger sources.

In the paitern mode this instrument provides 4-channel pattern recognition capability. Try this
exercise to demonstrate some of the triggering capabilities of the edge mode:

1. Connect the cal signai to channel 1 & 2. :

2. Press AUTO-SCALE. The unit will establish itseif in the split screen mode with chan 1
at the top and chan 2 at the botiom of the display. Chan 1 will be defined as the
trigger source,

Select the trigger menu,

Select TRIG LEVEL. The trigger level will be indicated by a horizontal fine through the
chan 1 signal (see figure 7-14).

5. Change the trigger level by rotating the knob.

e
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Figure 7-14. Split Screen with Trigger on Chan 1
NOTE
If the trigger level trace is moved above or below the chan 1 signai, the

signals on chan 182 will loose sync. The step keys and the key pad may
also be used to change the trigger level.
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6. Select chan 2 as the Trig 8rc. The unit is now triggering on chan 2. The line showing
the trigger leve!l will be on the chan 2 digplay. The trigger level on ¢chan 2 can be varied by
using the input devices (see figure 7-15). The frigger level function is shown ai the top of
the waveform display area and at the botlom of the display in the factors area.

7. Gelect Trig 3 as the lrig src. Notice that the signals are untriggered.
8. Move the chan 1 input to trig 3 (trigger 3 input). The initial trigger tevel for trig 3 will be 0
V and the signal on the dispiay wiil not be triggered. The cal signal is negative and does not

cross through the 0 V ihreshold and therefore does not cause a trigger.

9. Vary trig level 3 until the signal on chan 2 friggers. Trig 3 is now being used as a trigger
for the signai on chan 2. You could also use trig 4 as a trigger source in the edge mode.

NOTE

if any of the previously used inputs are selected as the trigger sourcs, the
frigger level remains where previously $et for that source.
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Figure 7-15. Spht Screen with Trigger on Chan 2
7-8. PATTERN MODE

in the patiern trigger mode each input is converted to a digital signal which is high, or true, when
the inpui signal is above its trigger threshold and is low, or false, when below its trigger threshoid.
The trigger can then be set to occur when a pattern of signal levels, relative fo each inputs’ trigger
threshold, becomes true or faise.

When the Pattern mode is used, insure that the trigger level for each input is adjusted so that the
input signals cross each respective trigger level during transition. This is done in the edge mode.
It should be noted that each input has a separately adjustable trigger level and is independent of
the other. This feature allows mixing different types of logic signals. Use this exampie to become
more familiar with the pattern trigger mode:
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Connect one cat signal to channe! 1 using a m metre BNC cabie.

Connect the other cal signal to channel 2 using 3 metres of BNC cabie. 2 metres will

work as weil but will not give as much signal delay on channel 2.
Press AUTO-SCALE

Set the sweep speed to 5 ns/div.

Select the display menu and set spiit screen off.

Select the trigger menu.

Select the edge trigger mode.

Select chan 2 as the trigger source.

NOTE
In figures 7-16 and 7-17, the signal path for chan 2 is approximately 2
meters longer than that of the signal path for chan 1. This provides the time
differential between the two signals.

Set trigger mode to pattern,
Set Trig On PATTERN fo read: "HHXX",

H = High State {(above trigger threshold)
L = Low State (below trigger threshold)
X = Don't Care

On the trigger menu insure "When Entered” is set.

With the instrument in this

configuration it will generate a trigger on the last edge that makes the pattern HHXX. In

this exampie the positive edge on chan 2 is the trigger.
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Figure 7-18. Pattern When Entered "HHXX"
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Figure 7-17. Pattern When Exited

This menu ailows triggering when entering or exiting a defined logic pattern. If the When Entered
function is selected, the unit will trigger on the last pulse edge that makes the pattern true (see
figure 7-16). If the When Exited function is selected, the unit will trigger on the first pulse edge
that makes the pattern faise (see figure 7-17).

This irigger mode would be an advantage while troubleshooting logic circuitry, or any other
application where it would be desirable to make parametric measurements while using logic
sources for a trigger. in addition o the wWhen Entered/Exited functions, time qualification is
provided for the Pattern mode: When Present> and When Present<. The When Present> mode
allows the user to specify that the trigger pattern must be present for 2 minimum period of time
{that the user defines) before being accepted as a trigger. if the patiern does not remain true iong
enough it will be ignored. The Whean Present < mode is just the opposite. Here the pattern will
generate a trigger only if it remains true for less than the time specified. If the patiern is true
longer than this time it will be ignored. Both modes generate a trigger when the pattern is exited,
onty if the time qualifier is true. The range of the time qualifier is from 10 ns to 5 ssc.

For the case of the simplest pattern, HXXX, the pattern is true when chan 1 is high and it is false
when chan 1 is low. The time qualification can then be used to trigger on pulses that are wider
than a specified time and ignore shorter ones (When Presents) or it can be used to trigger on
pulses that are shorter than the time qualifier and ignore the longer ones {(When Present<). Use
this exercise to become familiar with the time gualification feature:

Connect the cal signal to channels 182,

Press AUTO-SCALE

Select the Trigger menu.

Seiect the Pattern Trigger mode.

Set the Trig On PATTERN io read HHXX.

Select the When Present> function

Set TIME to 1.5 us. This requires that the pattern be present for greater than 1.5 us {o
generate a trigger. in this example this wili not be true as the + portion of the cal signal is
approximately 1 us duration.
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8. Set TIME to .5 us. The display will now trigger.

The ability of this unit lo qualify the trigger pattern with a min-max time intervai provides an
excelient technique for glilch detection.

7-9. STATE MODE

The next trigger mode is the State mode. This mode afiows using simple edge detection combined
with pattern recognition to generate a trigger. When this mode is selected, one of the four inputs
is chosen as the edge source and the user determines a 3-bit pattern defined over the remaining
three inputs.

A trigger will be generated when an appropriate (x) edge occurs only when the pattern is true
(When Present) or false (When Not Present) as specified by the user. The State function differs
from the Pattern Entered/Exited function in that the trigger is generated from a specified edge
source for Stale, while in the Pattern Entered/Exited mode any input can initiate a trigger if it
causes the patlern to be true/false. To become more familiar with this function, complete the
following exercise:

1. Connect the cal signal to channels 1&2.

For chan 1 use a 1 metre cable; for chan 2 use 2 or 3 metres.

Press AUTO-SCALE

Select the trigger menu.

Set the trigger mode to state.

Set Trig On Edge to Pos.

Set On Chan When to Chan 1.

Set PATTERN to -HXX

- = input being used for edge source.

A = Don't care

H = High State (above trigger threshold)

L = Low State (below trigger threshold)

8. Set the Present/Not Present function to Not Present.
The display should be triggered,

~ W RO

With the instrument in this configuration it will generate a trigger on a positive edge on chan 1 if
chan 2 is low. Change Not Present to Present -- the display will loose it's trigger.

7-10. DISPLAY
The display menu provides control of how data is displayed on the CRT;

1. Whether data on the display is Normal or Averaged.
2. The type of graticule thai is to be used, grid, frame or axis.
3. The format of the dispiay, split screen On/Off.

7-11. NORMAL MODE

When the Normal mode is used, high speed A to D converters digitize the incoming signal and
write it to a display memory that in turn provides information to the CRT. The data points that are
acquired from the A to D converters are displayed on the CRT for a user-defined period of time
from 200 ms to Infinity. To become more familiar with the Normal mode functions, compiete the
following exercise:
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1. Connect the cal signai to channel 1,
2.  Press AUTO.SCALE.
3.  Select the Dispiay menu.
4.  Select the Normal moda.
5. Set DISPLAY TIME to 200 ms. Data points written on the CRT will fade shortly
thereafter unless they are refreshed by new input data,
6. Select the Timebase menu.
7. Change the sweep speed to 100 ps/div. This faster sweep speed allows the user to
8.  more easily see the effects of changing the DISPLAY TIME. Select the dispiay menu.
9. Change DISPLAY TIME to 1 sec. Notice the change in persistence.
10.  Change DISPLAY TIME to 11 sec. The unit will now have infinite persisience {any

DISPLAY TIME greater than 10 sec defauits to Infinite).

The infinite persistence mode causes all acquired data to remain on the CRT until the function is
changed.

Long persisience times work well for capturing low repetition rate, relatively fast or narrow {low
duty cycle) signals. Infinite persistence also allows viewing worst case jitter, noise, and timing
variations; or to view extremely infrequent glitches or other anomaiies.

To see the effect of persistence on a iow rep rate signal connect the cal signal to chan 1 and press
AUTO-SCALE, go to the timebase menu and use 5C0 ns/div sweep speed with 1.6 sec DELAY.
Return to the display menu and vary the DISPLAY TIME from 200 ms to 11 sec notice the
differences.

In the infinite persistence mode the data points will remain on the display unti the CLEAR
DISPLAY key is pressed or until the display is moved with an instrument controi such as, sweep
speed, vertical sensilivity, or trigger level. Move one of these controls while in ihe infinite mode
and notice the resuits.
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Figure 7-18. Averaged Mode (8 Averages)
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7-12. AVERAGED

As the input signal is digitized, each data point is assigned a time coordinate relative to the trigger.
In the averaging mode the unit calculates the average of the most recent data point with the
previous values in the same time buckef. You can define the number of data points that are to be
averaged frem 1 to 2048. Each average is calculated from data acquired for each time siot--data
for adjacent time slots is not averaged togetner,

It 8 is chosen for the number of averages, 1/8 of the vertical value of each new data point will be
added to 7/8 of the value previously in the time bucket. If 16 averages had been selected, 1/16th
of the new data would be averaged with 15/16ths of the previous value,

The effect of using the average mode is to cancel out all phenomena that is not related to the
trigger event, i.e., noise and nonrecurring events.

To demonstrate some of the differences between the normal mode and the averaged mode,
compiete the following exercise:

Connect the cal signal to chan 1.

Press AUTO-SCALE

Select the display menu.

Select the averaged mode.

Set NUMBER OF AVERAGES to 8. (See figure 7-18). ‘

Select the normal mode (sse figure 7-19). Compare figures 7-18 and 7-19 and notics
the reduction of noise on the averaged display. The iarger the number of averages the
greater the reduction of the displayed noise and the ionger it takes to respond to any
change in the input signal.

@O

Az STATUE: Ginpped Dl&pdl:y
<< Pargistence » 1.3 sec >»
FYTEPTYTTTT T T P T IT TR TR PRSI T R TTTTTS | Morma i
-1 DISPLAY
P' s F . P ;. it
: ' : ' : : sur..n Q
: : D3 Jorr
4 Bratleuis
ch 1 . . -
TN RETOE PV FUUTS PRUTE SUUST IOURE U NOTIS VT C]
.00008 8 2.50680 ua
Chie 1808 mV/dly 289 nasasdiv
Chan 1 }Chaa 2 ETlmbuat!Trlqgar{ﬂiup%ny]bﬂta vibelie ti Morg
o bud -, i, H Il i, ol foo

BB/

Figure 7-19. Normal Mode
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The next exercise shows the effect of the averaged made and the use of the averaged mode in
conjunction with the Magnify mode.

Connect the cal signal to chan 1

Press AUTO-SCALE.

Select the display menu.

Select the normal mode.

Select chan 1 menu.

Select the magnify mode and adjust the WINDOW SIZE and POSITION so that the
window is near the top of the cal signal {see figure 7-20).

Turn magnify on (see figure 7-21},

Seiect the dispiay menu.

Set NUMBER OF AVERAGES = 2 (see figure 7-22).

Change NUMBER OF AVERAGES = 512 (see figure 7-23). Notice that with a greater
NUMBER OF AVERAGES there will be less noise on the signal and the display will
appear to be more stable.

R

CwmN

NOTE

With only 1 or a small number of averages, the quantization levels of the A/D
converter are also very evident. With a larger number of averages, the
actual usable resolution increases as the display filis between quantization
levels with averaged data
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Figure 7-20. Magnify Window in the Normal Mode.
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Figure 7-21. Magnify Using Normal Mode

The next exercise will help illustrate how averaging works.

Connrect the cal signal to chan 1.

Press AUTO-SCALE.

Select the display menu.

Set NUMBER OF AVERAGES to 256.

Remove the cal signal from chan 1 and notice the reaction of the display.

kw0

As the input signa! was removed, the existing values in each time bucket are now being averaged
with the new data which is "0". |If the number of averages were reduced, the display would
converge to the new signal levels in a shorter period of time.
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7-13. PROBES

This instrument provides you with the capabitity of changing the attenuation factor on any input,
When this attenuation factar is changed, the actual voltage division ratio of the inputs does not
change; however, the scate factors in firmware that are used to generate the answers for the
automated parametric measurements and voltage related items on the screen are modified
appropriately,

The variable Alten (attenuation) factors would be used so that the display factors would accurately
reflect the actual voltage levels at the source when accessory probes or voitage dividers are being
used.

The Atten factors are saved with the rest of the front panel setup when the Save/Recail registers
are used. When the power is cycled the Atien Factors will automaticaily set themselves to the
value appropriate for the input pod that is installed in each input, For the 54002A and the 340034,
the Atten Factors would be set to 1:1. If the 10:1 accessory probe that is supplied with the 54003A
is used, set the Atten Factor for that input to 10:1. This will insure that the correct answers are
provided in the factors area on the screen, and that the vertical scale factors previousty set
{(VOLTE/DIV and OFFSET) are correctly referenced to the probe tip.

When the 54001A active prove is used, the Atten Factors will automatically be set {o 10:1 when the
instrument power is turned on. Use the following exercise to see the effect of changing the Atten
Factors:

1. Connect the cal signal to chan 1 and press AUTO-SCALE,

2. Select the Delta V menu.

3. Select the Vmarkers for Chan 1 and press Auto Top-Base. Notice the voitage readings
in the factors area.

4. Select the Probes menu. The Cht Atten Factor will be set to 1:1 (if the 54002A or
540034 is used).

5. Setthe Ch1 Atten Factor to 10:1 by using the entry devices. Notice that as the Atten
Factor is changed, the voltage readings in the factors area wili change to refiect the
new ratio,

6. Connect the cal signai to chan 1 and trig 3.

7.  Belect the trigger menu.

8.  Set the Trig Src to Trig 3 and the TRIG LEVEL to approximately -200 mV (the signai
should be triggered).

9. Return to the probes menu and set the Trig 3 PROBE ATTEN to 10:1.

NOTE

Factors can aiso be used, if you have a known source, to calibrate out
systematic errors in gain and atfenuation rativ of the 540014 54003A or
other divider probes. The Atten Factor couid be arbitrarily set to yield the
correct answer.

10.  Return to the trigger menu and notice that the trig 3 level reflects the new ratio.
1. Select the Measure menu and press the All function key. Notice that all of the voltage
related factors reflect the 10:1 ratic that has been chosen.

The range of the Atten Factor is from 1 to 1000. The Knob and the step keys will give you up to 3
digits of resolution and the key pad provides up to 4 digits of resolution for setting Atien Factor.
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7-14, WAVEFORM MATH

This oscilloscope gives you the capability of defining the two waveform functions using the signals
on channel 1 and/or 2 and/or the four waveform memories. After you have defined a waveform
function and displayed it you can make automated or manual measurements on that function
foliowing the same rules as you would use measuring a signal on a channel.

To demonstrate some of these capabilities perform the following exercises:

7. Connect a cal signal to chan 1 using a 1 metre BNC cable, connect the other cal signal
0 chan 2 using a 2 metre cable. The time delay between the signais that is created by
the unequal cables s approximately 6.4 ns. (See figure 7-24)

Press the more key.

Select the Wim Math menu.

Insure Fune 1 (function 1) is the selected function (see figurs 7-25).

Insure that Func 1 is set to Chan 1 - Chan 2 with func 1 keyed on.

s
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Figure 7-24. Time delay Chan 71 to Chan 2.
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Func 1 shouid be displaved in the top half of the split screen. At this sweep speed Func
7 appears as a narrow voltage spike occurring at the same time as the feading and
trailing edges of the cal signal (see figure 7-26). The difference betwsen chan 1 and chan
2 is created by the fact that the signal arrives at the chan 2 input after the signal arrives
at chan 1. Remove the input from chan 2 and notice the effect on Func 1. To continue
with this exercise reconnect chan 2 to the cal signal,
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Figure 7-26. Func 1.

541187512

7-27



Model 54110D - Exercises

W~ m

The display should resemble figure 7-27 with func 1 (chan 7 - chan 2) at the
fop of the display and func 2 (chan 1 + chan 2} If you has stored one of
these functions in a8 waveform memory, mem 1-4 could have been used as an

Sel the funclion select to Func 2.

Define func 2 as chan 1 + chan 2 and key Func 2 on
Prass the more key and select the timebase meny.
Set the sweep speed to 5 ns/div.

NOTE

operand instead of chan 1 or 2,

This instrument alsc has the capability of making automated measurements on func 1 & 2, This
next exercise demonsirates making automated measurements on these function.
instrurment configured the same as it was for the previous exercise, that is, cal signais connected
to chan 1 and 2 with 1 metre cable on chan 1 and a 2 metre cable on chan 2. Func 1 =chan 1 -
chan 2 and func 2 = chan 1 + chan 2. The display should resembie 7-27. Do not change any of

the instrument settings until you start the next exercise.
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This exercise shows you how to make some of the automated measurernents on func 1 & 2.

oo

7.

Select the timebase menu and set the sweep speed to 500 ns/div.

Press the more key and select the measure function menu.

insure that func 1 is the selected measure source. (top key)

Press the more key on the function menu twice, this will place the Peak.to-Peak
voltage key at the top of the function menu.

Press the peak-to-peak key and notice Vmarker appear on the func 1 trace. Press this
key repeatedly. (ses figure 7-28)

NOTE

AS you continue fo press the peak-to-peak voitage key, notice that the
Vmarkers change levels. This is caused by the fact that the voltage
measurement is being made on the last acquired data and because of the
narrowness of func 1 with respect to the display window, Because of this
the sampled data may or may not occur at the actual peak value of the
waveform. To increase the accuracy and repeatability vou can increase the
sweep speed.

Press the more key (bottom of CRT).
Select the timebase menu and set the sweep speed to 5 ns/div,
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Figure 7-28. Measuring Func 1 Paramsters.
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8. Return lo the measure menu and measurs "All" parameters on func 1 (see figure 7-28),
The instrument will make the measurements that it can using the the displayved data.
9. Selectfunc 2 and again measure "All" parameters {se¢ figure 7-30}.

Notice that after the automated measurements were performed on func 2 that the Delta t and Delta
V markers moved from func 1 to func 2.
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The 541100 aiso provides the capability of making an X,Y or Versus measurementis where
channels 1 or 2, or memories 1,2,3 or 4 can be used as operands. In the following exercise, a
versus measurement is made between channel 1 and channel 2. NOTICE THE REQUIREMENT
FOR PRECISE TIME RESQLUTION ON THE WAVEFORM EDGES WHEN YOU ARE MAKING A
VERSUS MEASUREMENT.

1. Place a BNC tee on a cal signal output on the rear panel of the instrument and connect
1 metre BNC cables from the tee to channel 1 and channel 2 inputs. It is important
that these BNC cables be of equal length so that the cal signal arrives at the channe! 1
& 2 inputs at approximately the same time.

2. Press AUTO-SCALE and perform a front pane! calibration on the Instrument, This nulls
the differences between the tringer and data acquisition paths. See Section 6-21 for
this procedure. See, also, Appendix B for a discussion of this topic.

3. Select the Display menu and set Mode to Normal and the Display Time to Infinite,

4. Select the Timebase menu and set the SEC/DIV 1o 1 nsec/div (Figure 7-31). Notice the
more precise time resolution {(number of data points) on the edges of the signal as
compared to the tow timing resolution.

5. Press the More key and select the Wim Math menu. Tumn Func 1 On and select Chan
1 Versus Chan 2. (See Figure 7-32).

If waveform edges are measured with inadeguate time resolution, the resulting versus waveform
will not look as predicted. For Example:

6. Turn Func 1 off and select the Timebase menu. Set the SEC/DIV to 10 nsec/div (see
Figure 7-33}. Note the near vertical edges, (this indicates lower time resoiution).

7. Return to the Wfm Math menu and turn Func 1 on. The resulting chan 1 versus chan 2
{top of Figure 7-34) shows rectangular steps that occur when insufficient edge
resolution is used. This is a result of the random repstitive sarnpling technigue used in
the 54110D, where by, many voltage points can be taken in the same time interval {as
referenced to the trigger). Channel to channel timing skew may further aggravate this
situation. To efiminate this phenomena, you should increase time resolution on the
adges as shown in figures 7-31 and 7-32. These expanded waveforms allow for more
data points on the given waveforms. The increased number of data points on the
waveforms reduce the potential for inaccuracies.
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The calibration menu contains an adjustment for nuiling the timing skew of channel 2 with respect
to channel 1. The following exercise demonstrates how the channel-to-channe! skew adjustrment
can effect waveform math funciions:

1. Connect a BNC tee to a cal signal cutput on the rear panel of the instrument and
connect 1 metre BNC cables from the tee to channel 1 and channel 2 inputs. 1t is
important that these BNC cables be of equal length so that the cal signal arrives at the
channel 1 & 2 inpuls at approximately the same time.

2. Press AUTOC-.SCALE.

3. Select the Ulility menu.

4.  Press the Cal menu function

5. Press the top function key twice (SKEW Ch to Ch) will be selected.

8. Use the key pad and set the Ch to Ch SKEW to 10 ns.

7. Press the Exit Cal Menu Key.

8. Select the Timebase menu,

2. Set the sweep speed 1o 25 ns/div.

10, Press the STOP/SINGLE system control key.

11. Press the CLEAR system control key.

12. Press the STOPR/SINGLE key to initiate a single acquisition. See Figure 7-35.
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The minimum sampling interval is 25 ns therefore will be 10 points displayed there will be 10 data
points dispiayed on gach channei and they will be one division apart. The data points for channel
2 were acquired at the same time as the channe! 1 data points but are offset by 10 ns because of
the channe! to channel skew setting. (Press the RECALL key and the 1 key to restore the channei
to channel skew cal factor once the display has been evaiuated).

When the waveform math functions are used the screen is divided intc 500 time buckets. Each
pixel coiumn on the screen corresponds to a time bucket. A function which has two operands is
performed by matching the data points of one operand with the corresponding data points of the
other.

There are several waveform math applications where non-zero channel to channel skew settings
can effect the resulls;

1. A single shot measurement on a waveform function using two channels such as
Channel 1 + Channel 2 may result in not displaying a waveform. This will occur when
the data points acquired for Channel 1 do not correspond In time with the data points
acguired for Channel 2.

2. Common noise on differential signais may not always cancel when when Channel 1 -
Channel 2 function is used. This happens when the Channel 1 data points are
matched with Channel 2 data points acquired on another sweep. This effect can be
mirimized by setting the display mode to Averaged,

[ov]

An untriggered Channe! 1 versus Channel 2 function may resuit in a misleading display.
Again, this happens when data points acquired for Channel 1 on one sweep are
matched with data points from Channel 2 acguired on another sweep. in an
untriggered mode there is no timing relationship between each sweep.

These effects are less pronounced at slower sweep speeds and disappear at sweep speeds slower
than 2 us/div. At 2 us/div sweep speed and slower more than 500 data points are acquired on
each acguisition.

When making these measurements, it may be necessary to set the channel to channel skew to 0.

This will allow the data acquired for channel 1 fo align with the data acquired for channel 2 for
each sweep.
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NOTES:

7-36



Model 54110D - Hardcopy

SECTION 8
MAKING A HARDCOPY

8-1. INTRODUCTION
The HP 54110D has the capability of making a hardcopy dump to various HP-IB

graphics printers and plotters without the use of a controlier. This section will show
how 1o use the HF 541100 with the graphics printers and plotters.

8-2. SETTING UP THE HP 54110D

FP-IE

Wim Savei Wim Math| Maeasure Plot Brint Probes Utility More

In all cases, without a controlier on the system, to dump o a graphics printer or V

plotter from the WP 541100, seiect the Utility menu then ssiect the HP-1B menu an
sei the HP-IB function key to "Taik Onty".

¥ vou are cperating the 54110D and a graphics printer or piotter on a system with a
controlier, refer to Appendix A of this manual tor & sample program.

8-3. GRAPHICS PRINTER

ADDRESS

Wimn Save! Wim Mathi Measure Piot Print Probas Utility More

The =P 541100 will interface directly with a graphics printer that uses the
Hewlett-Packard Raster Graphics Standard and the HF-IB.

Connect the graphics prinler to the 54110D with a HP-IB interface cable (refer to
figure 4-4 for a list of available HP-IB mating cables). Before the graphics printer is
energized, refer to the printer manual to locate the HP-IB configuration switch on the
printer and set the LISTEN ALWAYS(LISTEN ONLY) switch to the true (1) position. It
is important that you set this switch before power is applied to the printer as most
printers only read these switch setlings when the power is first applied. If the switch
setiings have been changed, the printer must be turned off for several seconds and

then back on before printing,

After the HP 541100 has been connected to the graphics printer and the configuration
switch has been set to the LISTEN ALWAYS mode, seiect the Print menu on the HP

541100,

Exn
HB-IB
Menu
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The print menu will be dispiayed on the right side of the CRT. The factors (listed

Prmnt

below the signal display area} and ihe Display can be printed separately or at the
same time depending of whether they are keyed On or Off. \

Print
Factors

Data from ail sources, i.e., the active display, or the the factors arsa, that have been
selected, will be printed when the Start Print key is pressed. Waveform ACYUISTH O o

Print
Dispiay

stops while print data is output to the printer.

'f you chose to stop the print while it is in process, press the Abort Print key.

8-4. COMPATIBLE PRINTERS

The Hewiett-Packard printers that are compatible with the 541100 include:

Form
Feed

HP 22254 HE 2932A HP 9876A 4
HP 2871G HP 2833A

HP 2673A HP 2934A

Start
Print

8-5. PLOTTERS

Wim Save ! Wim Mathi Measure Fiot Priny Probes Utility More

The HP 341100 will interface directly with plotters that use the HEWLETT-PACKARD
GRAPHICS LANGUAGE (HP-GL) and a HP-IB interface.

The HF 541100 must be in the "Talk Cnly" mode when making a graphics dump to a
plotter. The status of the HP-IB on the HP 541100 is listed at the top of the display
when you are in the Print or Plot menus; "Talk Only", "Listen Oniy”, or the HP.IB
address will be listed if the unit is in the Talk/Listen mode. The status of the HP-IB
interface can be changed if you select the HP-IB menu.

The plotter must be in the Listen Always (Listen Only) mode. Check the piotter
manual for the iocation of the HP-IB configuration switch and set the Listen Always
switch to the true(1) position. Set this switch before the piotter is energized as most
plotters read these switch settings when the power is first applied,

Connect the HP 541100 and the plotter using one of the HP-IB interface cables listed
in figure 4.4,

After the HP 541100 is connected to the plotter and set to the correct MP-IB
configuration for each instrument, seiect the Utility menu then select the Plot menu.
Once this is done, the Piot function menu will be dispiayed at the right of the CRT.

§-2
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Section 8
Hardcopy Menu

8-1. Section Contents

The Hardcopy Menu allows you to get a hardcopy of all screen data with either an HP graphics
printer or a plotter without an external coatroller. The hardcopy will include the displayed
waveform, measurement factors, graticule and time references. This chapter contains information
on how to configure the system and a description of all the hardcopy keys.

8-2. Configuring the System

The following settings are necessary when making a hardcopy using the HP 54110D:
Adfter displaying the waveform to be copied, push the Utility key and select the HP-IB Menu.

Set the HP34110D to talk only mode (see figure 8-1),

e UTILITY f
HP-18 Menu
Talk | Listen | Tatks |
Crly | Cniy | Listen !
1 i i
g0 . . wp-ig |
| Oasoff | | ADDRESS |
e —— Pote-3e) |
: EX! t F S41 /G5
b me-i3
Menu

Figure 8-1. HP-IB Menu

Set the printer or plotter to "Listen Ounly" or "Listen Always." If there is no Listen Only switch, set
the address of the printer or plotter to 31 (all I’s on the address switch). This is an invalid address -
and will automaticaily set the peripheral to the "Listen Only" mode.

Initialize the printer or plotter by cycling power.

&1
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8.3. The Printer Menu

To Print waveform data, press the Print key. The figure below shows the Printer Menu,

Print
Factors

R

Start
Frint

3411878133

8-2
Revised 6-88

Print
Factors

Print
Display

Form
Feed

Printer
Type

Start
Print

Pause/
Continue

Abort

When On, the measurement factors displayed under the
waveform area are printed.

When the Print Display key is on, both the waveform and the
graticule are printed.

If Form Feed is on, the paper in the printer will automatically
form feed after the print is complete.

This key selects an HP Graphics printer (MONO) or the HP
PaintJet (COLOR) Printer.

Alter all options are selected, press Start Print to begin printing,

Alter the print sequence has begun, the printer menu is changed
10 another menu containing the following two options:

This option allows you to stop the print sequence until you push
the Continue key again.

This key stops the printing sequence entirely.
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8.4. The Color Printer

The oscilloscope is compatible with the HP PaindJet printer. Except for the three color
assignments listed in the table below, the PaintJet color assignments correspond to those on the
display. For colors other than the three exceptions, changes made in the color menu affect both the
display and the PaintJet printer. The three exceptions are necessary for better veiwabillity of the
printed data. This means that if the colors used by the printer are changed, using the color settings
in the color meny, the colors on the Paintfet printer will change. The assignments are shown below.

Display Display PaintJjet
Color No. Output

Background 15 {Black) 11 {White)
Overlap 7 (Magenta) 12 {Black)

Chapnei 1 3 (Yellow) 10 (Purple)

Example: If the background (coior 15) menu is changed to blue, the PaintJet background will
remain white, while the displays backeround will become biue.

8.5. The Plotter Menu

To plot waveform data select the plot menu. The figure on the next page shows the plot menu. Any
plotters that are compatible with HP-GL (Hewlett-Packard Graphics Language) may be used as
the hardcopy device.

If the Display is in the persistence mode, or if you are plotting pixel memories, the output from the
HP 54110D causes the plotter to plot each data poiat of the display. :

In all other cases, waveforms are plotted in 2 continuous line.

8-3
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Au&a%ﬁgn f\u%ﬁ)
I Pen

Fiot
Graticuie

Slat
Sisplay

S413G/BLOB

Pen
Speed

Stant
Plot

Pauss/
Continue

Abort

8-4
Revised 6-88

The HP 54116D supports multi-pen plotters. if the Auto Pen
option is on the plotter selects a new pen when a different
portion of the screen data is plotted.

The pen selection is as follows:

Pen No. Usage

1 Graticule, timebase factors, channel 3, function 1
and associated factors.

2 Channel 1 and associated factors.

3 ‘Waveform memories and associated factors and
both pixel memories.

4 Channel 2 and associated factors.

5 Channel 4, function 2 and associated factors

If Auto Pen is off, the plotter does not change pens when a new
screen item is to be plotted.

The Pen Speed key allows you to seiect fast or slow speeds if the
plotter has that capability.

When this key is pushed the plotter sequence stasts.

While the plotter sequence is in progress, the original menu is
changed to another containing the following options:

This key aillows you to momentarily interrupt the plotting
sequence. When the Continue key is pushed, plotting wili
continue from the point of interruption.

This key aliows you to stop pletting and return to the menu.
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Whnen the Auto Pen function is On, a new pen wili be seiected when a different

function is chosen to be plotted. if the piotter has multi-pen capability. 1f Auto Pen is

Off, the plotter wiil not load or change pens when the Plot function is selected. in thige——""""
case, it will be necessary for the operator to load a pen before starting the plot.

The next function key, Pen Speed, allows you to select Fast or Siow, if the plotter in/

use has this feature. Slow is normally chosen when making transparencies. For bes
results when using Leroy pens use the slow pen spead.

The next key allows you to plot the dispiayed graticule including the display factors a
the botiorn of the CRT.

When Plot Display is selected, all on-screen waveforms will be cutput to the piotier?
This does not include the graticule or the dispiay factors.

Pior

Autc Pen

G

raticuie

Pigt

Cisplay

If the Display menu is in the Averaged mode, the output from the HP 54110D will

cause the plotter to draw a continuous line piot of the active display.

if the Display menu is in the Normal mode the ouiput from the HP 54100D is
forrnatted such that the plotter will plot the waveform(s) in a2 pixel format, i.e., dot by
dot it you are plotting an active display

Wavetorm memories will always be plotied with a continuous line and pixel memories
are aiways plotted dot by dot.

While a plot is being accomplished you can stop the piot by pressing the Abert Plot
key. Jf you would like to stop for a moment and then continue, press the
Pause/Continue.

8-6. COMPATIBLE PLOTTERS

The Hewlelt-Packard plotters that are compatible with the 54110D include:

HP 7470A HE 75808
HP 7475A HP 75888
HP 7580A HP 7588A
HP 7480A HF 7080A
HP 9872T
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SECTION 9
REMOTE OPERATION

8-1. INTRODUCTION

This section discusses the remote operation of the 54110D over the Mewleit Packard Interface Bus
(HP-IB). With the exception of the line switch, all the front panel functions and some instrument
features that are remote only operations can be controlled by sending the appropriate commands
over the HP-IB.

In this manual 541100 program codes are listed in ASCH code. Table 9-1 lists ASCH characters
and some commonly used equivalent codes.

For additional information concerning HP-18, refer to 1EEE std. 488-1978 ar the identical ANSI
Standarc MC1.1, "IEEE Standard Digital Interface for Programmabie instrumentation”.

8-2. HP-IB COMPATIBILITY
The 54110D's HP-1B compatibility as defined in the {EEE std. 488.1978 appears in table 8.2,

Twelve HP-IB Meta messages are fisted in the ieft hand column of table 8.2, The most significant
of these is the Data message as they contain the program codes that set the instruments mode of
operation.

9-3. HP-IB STATUS

The status of the 54110D's HP.IB interface is shown on the CRT by the HP-IB status message.
This message describes the remote/local status, address status, and whether or not the instrument
is requesting service via the SRQ controi line.

9-4. REMOTE MODE

The 541100 communicates over HP-IB in both the local and remote modes. In the remote mode,
all front panel controls except the LINE swiich and the LOCAL key are disabled. When Local
Lockout is enforced the LOCAL key is aiso disabied.

The 54110D can be addressed to listen or talk while in the remote mode. When addressed to
listen, the instrument automatically stops taiking and responds to Data messages. When
addressed to talk, the instrument stops listening and sends either a Data message or the Status
Byte. Whether addressed or not, The 541100 responds to the Local, Local Lockout, Ciear
Lockout/Set Local, Trigger, and Abort Messages. The instrument may also output a Require
Service Message.

The iocal te remote mode change is accomplished when a remote message is sent to the 54110D.
This message contains two paris:

# Remote enable (REN) bus control line true.
® Device listen address (MLA) received once while REN is true.

All instrument settings remain unchanged with the iocal-to-remote transition. The local-to-remote
transition disables the front panel with the exception of the power switch and the LOCAL key.

9-1
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Table 9-1. Commoniy Used Code Conversions

HP.IB ASCI | Decimai Binary Oetal Hexa. HE-I8 ASClH | Decimal Binary Qctal Hoxa-
decimal decimal
Agrdressed NUL g 00 0G0 000 [olele] [n:0] Talk TS @ 64 01 00C 000 100 40
Command GTL S0OH 1 00 Q00 Qo oo 01 Addgress T1 A 65 C1 000 gOt 1 41
Group 8TX 2 80 800 o130 002 g2 Group T2 ) 58 U1 4600 g10 102 42
ACG £TX 3 00§00 O 003 Q3 TAG T [ 67 01 500 011 103 43
Note 2
S0C EOT 4 QG 000 1060 004 04 T4 D £8 01 000 160 304 44
PRC ENG 5 00 000 1 Cos g2 T8 = 54 01 000 101 108 45
ACK g GO Q00 110 Q08 08 TG F 70 01 000 110 106 48
BEL 7 Q¢ .00 111 Q07 o7 T? G 71 3000 1Mt 107 47
GET 88 8 00 001 DOG 10 8 T8 i 72 01 001 080 1o 48
TCT HT el 00 001 0GY g1t Q8 TG i 73 g1 001 001 ERE 4%
LF 1a 00§01 010 012 o3 TI0 J 74 01 001 010 112 4A
VT 11 o0 g0t O 013 a8 T ® 73 01 GG 011 113 48
FF 12 00 Q01 100 14 oC T2 L T8 01 001 100 114 4
CR 3 00 001 10 018 o0 T13 M 77 01 001 101 s 40
50 14 06 001 110 016 DE T14 N 78 01 001 110 116 4
8l 19 ag 001 113 017 OF T8 O 78 01.001 111 117 4F
Umiversal DLE 18 00 010 000 02¢ 15 T8 P 80 01 C10 000 120 50
Commang LD 2C1 17 00 010 001 021 11 T17 Q 8% 0t 010 001 121 3%
Group Do 15 00 010 o1 022 12 T8 151 82 g1 0190 010 122 52
iele wiox] 13 00 G630 031 022 13 g S 83 81 010 011 123 53
ool G4 20 G0 010 100 024 14 T20 T 84 01 010 100 124 54
2Py N AK 21 0o 910 101 G25 15 Ta21 L B3 01 010 101 125 53
SYN 22 0 MG 1o G248 16 T2z Y B8 Q1 G190 +1C 28 58
£TS 22 00 010 1y gz27 17 TZ23 W 87 01 010 11 127 57
SPE CAN 24 00 011 000 03e 18 TZ4 X 88 01 911 000 130 58
SO EM 25 00 011 0ot G31 19 TZ25 Y E] 01 011 061 131 59
suB 28 0o G111 010 032 1A Ta6 Z jie] 101 00 122 SA
ESC 7 0G 011 011 Q33 18 T27 ! a1 01 G111 011 133 8
ks 28 GO 011 100 034 ic T28 : a8z g1 011 100 134 C
G5 29 00 011 101 038 10 T29 H Q3 g1 811 101 135 50D
R3S 30 QG 011 110 G35 1€ T3G B 94 01 011 110 138 5E
Us 31 oG 011 11t 037 1F UNT e 95 91 011 111 137 5F
Listen 10 jote] 32 05 100 500 040 20 Secondary 30 . 86 01 100 000 140 St
Address L1 ! 33 G0 100 o 041 21 Command 81 a a7 01 100 0% 141 51
Group L2 " 34 00 100 010 042 22 Group 52 b 88 1017100 010 142 82
LAG- L3 # 35 G0 100 011 043 23 5CG 53 c 99 g1 100 011 143 83
Note 1 Note 3
L4 § 35 00 100 100 044 24 S4 d 100 1 100 100 144 &4
L5 % 37 00 100 101 Gcas 25 55 -1 Eieh Gt 100 101 145 65
e & 38 00 100 110 046 28 56 f 0z 01 100 110 146 86
L7 . 38 00 100 1N 047 27 &7 g 103 01 100 1113 147 a7
L8 40 00 107 oGO0 050 28 S8 o} 104 01 101 Q00 150 68
Ls 41 GO 101 o0t 081 28 3% i 105 01 161 gt 151 &8
110 42 00 101 210 082 24 $10 i 106 01 101 010 1g2 6A
L1l + 43 00 101 011 053 2B St K 107 o1 101 014 153 6B
112 44 00 101 100 (054 2C S12 | 108 1181 100 154 8C
L33 - 45 00 101 1M 085 2D S13 m 109 g1 10y 1 155 =18
L4 46 00 101 110 58 2E 814 n 130 01 101 116 156 6E
L15 / 47 00 10t 111 057 2F §15 o} 11 01 101 111 157 B6F
L16 Q 43 00 110 200 080 36 316 o 112 01 110 000 160 70
L17 1 449 oo 110 901 061 3t 817 q 113 01 110 o0 161 7
118 2 50 00 110 010 062 3z S18 r 11 01 110 10 162 72
115 3 S1 00 110 011 063 Kk 519 s 115 0t 110 011 163 73
L20 4 52 00 110 10C 064 34 520 t 146 21 110 160 1 74
L2t 5 53 GO 110 101 U85 35 S G 117 g1 110 1M 165 5
L22 i) 54 G0 112 110 066 36 822 v 18 01 110 11§ 166 78
.23 7 55 G0 110 141 067 37 323 W 118 01 110 111 187 77
L.24 8 56 00 111 Q00 [s¥ds] 38 824 X 120 01 111 g0 70 ki
.25 g 57 00 111 0o 071 38 %25 y 121 01 111 001 171 79
L.26 58 00 111 010 072 3A 3526 z 122 g1 111 010 172 7
L27 ] 00 117 oM 073 3B sz27 : 123 o1t O 173 B
L28 < 50 00 111 100 574 3C 328 124 91 111 100 174 7C
L2¢ = =31 80 111 101 Q75 jcin) 328 125 01 111 101 175 70
w30 > 62 o3 113 110 Qe £ 530 -~ 126 01 111 110 176 TE
UNL 3 [Sk] Q0 111 111 Q77 3F 83 DEL 127 01 111 14t T TF
NOTES. 1. L<n>#MLA assigned to device number <n>

2. T=n>= MTA assigned to device number <a>

3. Mearming defined by Primary Command Group tode.

9.2
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Tabie §-2. HP-IB Message Reference Tabie

Related
Commands
HP-1B and
Meta Control Interface
Message | Applicable instrument Response Lines Functions
Data Yes All front panel, menu, and remote functions except | DAB  MLA L3
LINE switch. Also, all instrument settings may be read | EOf  UNL T5
via the HP-IB, EQS MTA
UNT
OTA
Trigger Yes Responds as if the “RUN" System command were CET DT1
issued. MLA
Clear Yes Responds by: DCL DC1
# Terminating bus communication SDC
¢ Clearing serial poll bits
& Clearing input and output buffers
& Clearing error queue and key register
# Stopping measurements and acquisitions.
Remote Yes Enabled t¢ remote mode when the REN bus control | REN R11
line is true. However, it remains in local until it is MLA
addressed tc listen the first time,
Local Yes Returns from remote to local when it receives the GTL RL1
Local message or the LOCAL key is pressed. Settings | MLA
remain unchanged after the remote-to-local
transition.
Lacal Yes When in remote, and local lockout is in effect, the LLO RL1
Lockout front panel is disabled. Only the system controller
can return the instrument to local,
Clear Yes Returns to local and local REN RL1
Lockout tockout is clear when the
Set/ REN bus control line goes
Local false.
Pass/ No The controlier subset is TCT o
Take not implemented.
Control
Require Yes Sets the SRQ line true SRQ 5R1
Service when one of the service

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

9.3
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Table 8-2, HP-IB Message Reference Table (continued)

Related
. Commanads
HP-18 and
Meta Control Interface
Message | Applicable instrument Response Lines Functions
Status Yes Responds to a Serial foll 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 54100A/D has
set the SRQ bus controf
line true. The byte is
cleared after it is read
by the HP-IB controiier if
the RQS bit was set.
Status No Does not respond to a PPE  PPC PPO
Bit paraile! poll. PP PPU
Abors Yes fs unaddressed to listen iFC T5
or talk. L3

The unit must be in the Talk/Listen mode before the tocal to remote transition can be made.

The 341100 supports the following HP-IB interface functions: SH1, AH1, T3, TEO, L3, LEQ, SR1,
RL1, PPQ, DC1, DT1, CO, E1.

8-5. LOCAL MODE

When the 541100 is in the local mode all the front pane! controls are operational and the
instrument wiil not respond to input data over the bus. If the unit is addressed to taik it can send
data messages and the status byte. Whether addressed or not the 54110D will respond to the
remote, locai, tocal iockout, clear lockout/set local, trigger and abort messages. The unit can also
output a require service message in the local mode.

This 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 the unit is in the local lockout mode the LOCAL key on the front
panel will be disabied.

The instrument’s settings remain unchanged during remote-to-local transition.  The "Remote”
indication on the HP-IB status line on the CRT wili disappear as the remote-to-local change is
made.




Maodel 54110D - Remote Operation

9-8. LOCAL LOCKOUT

If the unit was under remote (program) control and the front pane! LOCAL key were inadvertently
pressed the instrument would return to Iocal conirel. Data and/or setlings could be changed. To
prevent this you may use the locai lockout message. This command allows return-to-iocat only
under program control.

NOTE

Return-to-focal can be accomplished by cycling the power switch, however,
this technigue has two potential disadvantages:

® The system controller may loose control of the instrument,

® Other HP-IB conditions reset to default states at power up.

9-7. ADDRESSING

if the bus is in the command mode i.e., the attention control line {ATN} is true, the 54110D
interprets the byte on the eight data iines as an address or as a bus command. When the
“Talk/Listen” HP-IB function is selected from the front panel the instrument may be addressed to
talk or to listen.

If you address the instrument to listen it will remain configured to listen until it receives an abort
message {IFC), its own taltk address (MTA), or a universal unlisten command (UNL) from the
controller.

If you address the instrument to talk it will remain configured to talk until it receives an abort
message (IFC), another instrument's talk address (OTA), its own listen address (MLA), or a universal
untalk command (UNT). The HP-iB status line on the CRT will indicate "Talk" when the instrument
is addressed to talk and "Listen" when the instrument is addressed to listen.

The 54110D is shipped from the factory in the addressable mode, with the taik and listen
addresses set to "7, i.e, T7 and L7. Refer to table 9-1 for equivalent address codes. The
instrument can alsc be configured in the tfalk-only or listen-only mode. These modes enabie
limited bus operation without an HP-IB controlier being connected. The instrument's address and
addressing mode may be displayed or changed from the front panel. Refer to Section 8 for
complete instructions.

It the instrument is set to the listen-only mode it responds to all data messages sent on the HP-IB.
However, it cannot output data messages and is inhibited from responding to the remote, iocal,
local lockout, ciear lockout/ set local, or abort messages. In this mode the unit cannot issue the
require service message and cannot respond to a serial poll. :

NCTE

The front panel is enabled in the listen-only mode. This aliows you to
change settings while a program is executing.

if the instrument is set to the talk-only mode it does not respond to any of the bus messages. You

would select this mode if the 54110D was to ouiput data directly to an HP-IB plotter or printer
without the aid of a HP-1B controller.

9-5
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8-8. HP-iB TURN-ON DEFAULT CONDITIONS

Several HMP-1B parameters are reset during power-up, however, both the unit's address and
addressing mode are saved in nonvolatile memaory.

HPF8 defaull conditions are:

HP-1B local mode

Local-iockout cleared

Unaddressed {if in normal acdidressing mode)

RQS mask set to decimal 32546 (bits 1,5,8,-14 set)
Status byte register cleared

WAVE FORMAT set to WORD

EOI is asserted at the end of messages sent by 54110D
LONGFORM is OFF

HEADER is OFF

ARGUMENT is NUMERIC

@ 2 & & @ 9 9 B &G

Refer to Section 10 for a compiete discussion of the WAVE FORMAT, EOQ!, LONGFORM, HEADER,
and ARGUMENT commands.

8-8. DATA MESSAGES

The 541100 communicates on the HP-IB primarily with data messages. The instrument interprets
a byie on the eight data lines as a data message when the bus is in the data mods i.e., atiention
controt line (ATN) is false.

This instrument can both receive and send data messages. Input data messages include the
instrument’s program commands (device dependent commands; used to program front panel
functions and all remote functions. Cuiput data messages include instrument status information,
the settings of of specific functions, measurement results, and the learn and cal strings.

The learn and cal sirings are binary data strings that contain a condensed coding of the entire
instrument state and the delay cal factors, Refer to paragraph 9-12 and the descriptions of the key
words: SETUP, SETUP?, CALIERATE, and CALIBRATE?, in Section 10.

9-10. RECEIVING THE DATA MESSAGE

The 54110D responds to data messages when it is in the remote mode (REN is true) and the unit is
addressed to listen or when it is in the iisten-oniy mode.

Input data messages contain a string of device dependent commands {program commands} and
an end-of-string message. The program codes within a data message are executed after the EQS
message is received. The following format ruies must be observed for all input data messages:

® A linefeed (<LF>) or an EO! is used as the EOS message. Each data message must be
terminated by a <LF> or by asserting the EQI (end or identify}, bus signal fine with the last byte
in the message.

#® The carriage return character (<CR>} is not required before <L.F>.

@ When more than one command is sent in a data message, a semicolon, coion, or a space
must be used to separate the program commands.
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® Muiltiple arguments for a command must be separated by commas.
® The total length of a data message string may not exceed 300 characters.

Syntax errors in a data message are trapped and can be reporied over HP-1B. Refer to key words
"STATUS?", and "ERR?" in Section 10 for details concerning detecting and reporting format errors.

9-11. PROGRAM ORDER CONSIDERATIONS

Commands are interpreled and setups are changed in the 54110D's memory as they are received
and found to be syntaclically correct. The actual hardware settings are changed at the end of a
message (EOS) unless a command to initiate a process is encountered. Process commands are
imrnediate execution commands and include autoscale, system commands such as "DIGITIZE",
and measurement commands. In these cases, hardware affected by commands preceding the
process command is changed before the process is initiated. Program lines with more than 1
command are exscuted up to the point where an error is detected. This provides consistent
operation whether commands are sent one per message or several per message.

I muitipie pulse parameter measurement queries are sent in one message, the answers from those
measurements will be queued for output in the order that the queries were received. Outputs in
response to other gueries are not queued. The last query will determine the message output by
the 541100 when it is next addressed to talk.

8-12, PROGRAM COMMAND FORMAT
Program commands consist of a header followed by a parameater field. Headers can be of a long
or short form. The iong form ailows easier understanding of program code and the short form

allows more efficient use of the computer. Refer to Section 10 for a thorough discussion of short
and long forms.

Program command parameters may be of four types:

Strings - Any group of ASCH characters, exciuding quotation marks (decimal 34), surrcunded by
guotation marks.

Blocks - A block of binary data in the #A format as defined in IEEE Std. 728.1982, This format is
a binary block with the format:

<#><A><length word><DAB..DAB>
Length word is a 15-bit binary .integer representing the number of DABs. DABs are the data bytes.
<A>and <#> are ASCl| bytes. 4} Numeric - Any integer, floating point, or exponential value. The
characters <E> or <e> are used to deiimit the mantissa of exponential parameters. Spaces are
allowed between <+>, <->, or <E> and digits, but not between digits or <.> and digits,
Alpha - Some commands reguire or allow alpha arguments such as "ON”, or "OFF". These
arguments are ASCH strings that start with an alpha characier and are followed by a printable
character except & <SP>, <>, <>, <#>, <">, or <_> (delste).
The general rules for program command formatting are:

@ The 54110D sends and receives data messages in standard ASCIl code.
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#® The instrument responds equally to upper and fower case characters.

#® Parameter fields containing multiple parameters require a {,) to

delimit individual parameters. Syntax errors in data messages are trapped
and can be reported via HP-IB. Refer to Section 10 for a discussion of the
key words "STATUS?" and "ERROR",

8-13. SENDING DATA MESSAGES

The 54110D can send data messages in local or remote mode, when addressed to talk, or when
in the talk-only mode.

NOTE

Before the instrument is addressed to talk, the desired output data must be
specified with the approprigte input data message. Otherwise, the
instrument outputs the over range valug "1E38" by default to complete the
bus transaction. If the ERR service request is enabled, a service request will
be generated with the "Output Buffer Empty” error in the EARor queue.

Output data messages include the settings of individual functions, instrument status information,
and binary learn string or cal string data. Excluding the learn and cal strings there are two cutput
data types; integer and exponential. All output data messages contain a leading space (<SP») or
minus sign (<->) followed by the function vaiue or status data. <CR> and <LF> are sent as the
EOS message for all output data. An EO! can be sent with the <LF> if the EOQI has been keyed on
from the front panet or by the "EQ!” program command.

Refer to Section 10 for a description of key words "LONGFORM", "HEADER", and "ARGUMENT",
NOTE

The 547100 outputs exponential values with the ASCIl character "E* between
the mantissa and the exponent eg., 6.02E23.

9-14. LEARN AND CAL STRINGS

If a "SETUP?" command Is sent to the 54110D and then the 541100 is addressed to taltk the unit
will output a learn string. The learn string consists of 236, 8-bit bytes containing information about
front panel configuration. This binary data can be stored in the controller's memory for future use.
The learn string includes only those parameters that determine the front panel setup of the
instriment.

It a "CALIBRATE?" command is sent to the 54110D and then the unit is addressed to talk, it will
output a cal string. The cal string consists of 24, 8 bit bytes containing the delay cal factors. This
binary data can be stored in the controlier's memory for future use.

The learn string and cal string data comprise the same information that is in the instrument's
SAVE/RECALL registers. Refer to Section 6 for additional information concerning these registers.

These binary data blocks i.e., the learn string and the cal string, can be returned to the 54110D by
preceding the data blocks with the "SETUP" or "CALIBRATE" commands as appropriate. Refer to
Section 10 for a discussion of these two key words.
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8-15. ‘RECEIVING THE CLEAR MESSAGE
The 54110D responds to the clear message <DCL> and setected device clear message <SDC> by:

Clearing ali serial polt status bits.

Clearing the input and output buffers.

Clearing the error queue and key register.

Stopping any measurement or acquisition processes except
the normal background acquire-disptay cycle.

B

8-16. RECEIVING THE TRIGGER MESSAGE

The trigger message (GET bus command) causes the 54110D to make a singie acquisition if the
unit was in the STOPR/SINGLE mode, if the unit is in the AUTO or TRigersD mode the trigger
message wiil cause the instrument fo enable the trigger repeatedly and display the data it acquires
on the CRT. See the RUN command in Section 10.

8-17. RECEIVING THE REMOTE MESSAGE

The remote message has two parts: The remote enable bus control line (REN) is held true, then
the controlier sends a device listen address <MLA>. Instrument settings are unchanged during the
transition from local to remote. When the unit is in the remote mode the HP-IB status line on the
CRT will indicate "Remaote".

9-18. RECEIVING THE LOCAL MESSAGE

The local message returns the 54110D to front panel control. The local message (GTL bus
command) addresses the instrument to listen and then switches it from remote to local. The HP-IB
status line on the CRT will be eliminated when you go from remote fo local. None of the
instrument settings are changed during this transition.

Although the local message returns the instrument to front panel control, it does not clear the local
lockout if it has been previously set.

8-19. RECEIVING THE LOCAL LOCKOUT MESSAGE

The local fockout message (LLO bus command) disables the 54110D's front pane! LOCAL key.
Local lockout can be set when the instrument is either in the local or remote modes. After the
locai lockout is set and the unit is in the remote mode, local lockout will be enforced. While the
unit is in remote and the local lockout is set, the remote to local transition can only be made over
HP-IB.

8-20. RECEIVING THE CLEAR LOCKOQUT/SET LOCAL MESSAGE

The clear lockout/set local message sets the REN control line false and returns the instrument
from the remote mode to the local mode and ciears the local iockout condition. Instrument
settings are not changed by this message. It can be sent when the instrument is either in the
remote or local mode. The affect of sending this message when the instrument is in the ifocal
mode is to clear the local lockout if it is set.

9-9
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9-21. SENDING THE REQUIRE SERVICE MESSAGE

The 541100 sends the require service message by setting the SRQ bus control line and bit 6 of the
status byte true when a previcusly programmed condition occurs. The instrument ¢an send the
require service message in either local or remote mods. The require service message is cleared
when a serial poll is executed by the system controlier. During serial poil, the SRQ conirol line is
resat imymediately before the instrument places the status byle message on the bus. Tabie 10-1
inciudes the conditions that can be selected to cause the require service message. If no
conditions are selected, the require service message is disabled.

The 34110D indicates having sent the require service message by displaying "SRQ" on the HP-IB
status line. This indicator is turned off when, during a serial poll, the SRQ control line is reset.

The 54110D will not send a require service message unless it is in the Talk/Listen rmode.
9-22. THE STATUS WORD

The instrument status word is a 18-bit integer containing information about the instrument
condition that set the ready bit in the status byte and/or generate a require service message. Refer
10 tables 10-182 for a description of the bits in the status word. The upper 8 bils of the status
word are known collectively as ihe ready byte and the Jower 8§ bils correspond to the status byte
sent during a serial poll.

The request mask is a 16-bit word that is used to specify both the conditions in the ready byte that
set the ready bit in the status byte and the conditions in the status byte that generate the reguire
service message.

The bits in the request mask have the same meaning 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 required
condition to become true.

9-23. SENDING THE STATUS BYTE MESSAGE

The status byte message consists of one 8-bit byte. Refer to table 10-1 for the meaning of each
bit. The 54110D sends the status byte message when it is addressed to talk and it receives the
serial poll enable (SPE) bus command from the HP-IB system coniroller.

The instrument must be in the Talk/Listen mode in order to send the status byte or respond to the
SPE or SPD (serial poll disable) commands,

Bits in the siatus byte are set depending on the state of the instrument. f a condition occurs that
causes one of the bils in the status byte o be set and if its corresponding bit in the request 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

poll is executed, all bits in the status byte will be cleared. If the RQS bit is clear and a serial poll is
executed, the status byte will be left unchanged.
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If a condition that causes one of the bits in the status bvie to be set is removed and if the
corresponding bit in the request masic is clear, the corresponding bit in the status byte will be
cleared. :

7o supplement the information in the status byte, ihe ERRor query can be used to determine what
specific error occurred.

8-24. RECEIVING THE ABORT MESSAGE
The abort message {IFC control line true) halts all bus activity. When the 541100 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.

NOTES:
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NOTES:
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SECTION 10
COMMAND SET OVERVIEW

10-1. INTRODUCTION
With the exception of the line switch, all the front panel controts as well as some instrument
features that are remote only operations can be controlled by sending the appropriate commancds
over the HP.IB,
NOTE
Before you get started programming your 547100 make sure io review
Section 4 for information concerning HP-IB address selection and HP-IB

interconnections. You should also review Section 9 before continuing with
this section, .

10-2, COMMAND SET ORGANIZATION

The command set for the 541100 is conveniently divided into eleven separate groups, ten have
been organized into functional groups such as the Trigger Subsystem, which contains ali the
HP-IB commands that control the instrument’s triggering functions.

These subisystemns inciude:

1. Acquire Subsysiem

The commands in The Acquire Subsystem determine the conditions for the DIGITIZE
command.

2. Channel Subsystem

The commands in the Channel Subsystem are used to controi the two vertical inputs, (Ses
the VIEW and BLANK System commands for viewing channels 1 & 2 on the CRT))

3. Display Subsystem

The commands in the Display Subsystem are used to control how data, time & voliage
markers, text, and the gratlicules are displayed on the CRT.

4. Function Subsystem

The commands in the Function Subsystem are used {0 control the waveform math features
of the instrument.

5. Graph Subsystem

The comrmands in the Graph Subsystem control the vertical magnifier on the instrument.
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6. Hardcopy Subsystem

The Hardcopy Subsystem commands control parameters used during the printing and
piotting of waveforms from the 54110D,

7. Measure Subsystem

The commands in the Measure Subsystem control the automated measurements that can be
made with the 541100,

8. Timebase Subsystem

The commands in the Timebase Subsystem control the timebase section of the 54110D.
9. Trigger Subsystiem

The commands in the Trigger Subsystem contral the trigger modes of the 54110D.

149. Wavelorm Subsystem

The commands in the Waveform Subsystem Controt the transfer of data to and from the
FP-IB buifer memories in the 54110D.

The 11th group is the System Commands. They control the HP-IB operations as weil as the
basic operation of the 54110D.

( saparator pa )
i I

T - ;
i gcguire subsystem .:-cm'vn'n:n{mfE !

prmme————ed i anna ] gubsysiem cormonds }——-——-————-D

! 1
—-——————E-E displiay subsystem commgnds | ——

-—-——-———-———-——-’*—%' function subsystsm commands F—-—--—---—-——-————D-

----——-———~H‘r groph subsystiem commands ?——-———-—-—-————b-
m-«w-ﬂ herdeopy subaystem conmands J—-—-—————-—-—-ﬁ*

i measure subsystem commands }—--—-—’
——-————————ﬁ—l timebuse subsystem commonds }——-——ﬂf—

w—-———-—-———*{ irigger subsystem conmongs ;—-—~———-———-——-—-—®-

mm-«-—-—-w--m-ﬂ-f waveform subsystem commands }--mmﬁ-
k

\—-————-—-——-—n-{ system conmands ; J

Figure 10-1. Command Set Syntax Diagram.
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Command Syntax Diagram (continued).
When programming the 541100 you can initially issue a Subsystem Select Command or a System
Command from the controiler to the 54110D. #f you have selected a particular subsystem you may

execute any number of the commands in that subsystem, cail Systern commands indiscriminately

or select another subsystem. Caliing a System command does not change the Selected
Subsystern. Refer to figure 10-1,

NOTE

System commands can be invoked at any time and do not change the
subsystem selection.

MOTES:
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10-2. NOTATION CONVENTIONS AND DEFINITIONS

The follewing conventions are used in this manual in descriptions of remote (HP-{B) operation:
< > Anguiar brackets enciose words or characters that are used to symbolize & program
code parameter or an HP-IB command, e.g., <A> represents the ASCl character "A".

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

- Trailing dots (an eliipsis) are used to indicate that the preceding element may be repeated
one or more times.

{ 1 Square brackets indicate that the enclosed items are optional.

{} When several items are enciosed by braces, one, and only one of these staterments must
be selecied.

The foliowing definitions are used:
dii = A singie ASCl character, 0-9.
N o= A single ASCH character, 1-9.
<LF>!: = ASCH linefeed (decimal 10,
<CR>:l = ASCH carriage return (decimal 13).
<sp>: = ASCI space {decimal 32).

10-3. COMMAND ABBREVIATIONS

Every command and every alpha parameter has at least two forms, a shortform and a longform, in
some cases they will be the same. The shortform is obtained by using the following ruie:

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

EXAMPLE - LONGFORM abbreviates to LONG.
SERIAL abbreviates to SER.
YOFFSET abbreviates {o YOF.

in the case where two short forms wouid be identical, one of them will be changed siightly to
differentiate between the two. In the command descriptions that follow, each command is given in
both fong and shortforms. Some commands also have industry standard forms and these have
been included in the instruction set. This means that some commands will have three forms.
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10-4. ALPHA AND NUMERIC ARGUMENTS

Most of the programming commands thal require paramelers can use either ALPHA or NUMERIC
arguments f{or their parameters.

EXAMPLE - OFF is the same as 0.
ON is the same as 1.

10-5. DATA QUTPUT (QUERY) FORMAT

When a query command (command foliowed by a "7") is senl to the 54110D, a response message
s generated and sent back to the controlier the next time the 54110D is addressed lo talk.

The command header will be returned if the HEADER command has been sel ON and will not be
returned if set to OFF,

The command argument will be returned as an alpha argument if the ARGUMENT command has
been set to ALPHA and will be returned as a numeric argument if set to NUMERIC. HMeaders and
alpha arguments will be returned in the longform if LONGFORM command has been set ON and
will be returned in the shortiorm if set OFF.

All output fields are an even number of bytes in fength. There are four types of cutput arguments;
{(1)Headers and Alpha arguments, {2) Integers, (3) Real numbers and (4) Enumerated cutput. The
enumerated output may be alpha or integer depending on whelher the ARGUMENT command is
set to ALPHA or NUMERIC,

10-6. COMMARND ORDER CONSIDERATIONS

Commands are interpreted and setups are changed in the 534110D as they are received and found
to be syntactically correct. Commands preceding an error in muiti-command messages are
executed up to the point where the error is detected. This provides consistent operation whether
commands are sent one per message or several per message.

When a query is executed the reply is placed in the outpul buffer of the 54110D. Multiple queries
on one line result in the last reply overwriting the previous replies. The exception io this is when
multiple parameter measurement queries are sent on one command line. In thig case the replies to
the measurement queries are buffered in the order hat the queries occurred in the command line.

10-7. DEFAULT SETTINGS

When power is cycled on the instrument several interface parameters are put in the preset
condition. Specifically the request mask (RQS mask) is set to 32546 (bit 1,5,8-14 set).

if you hold a front panel key down at the same time the unit is energized (key down power-up) the
unit will initialize a more complete set of parameters. These include selecting arguments to be
numeric, headers off and longform off, and EO! to be asserted with the last data byte of a
message. This has the same effect as sending a "RESET" command except that the reset
command does not change lhe EOI seiection.
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10-8. 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 10-1 and 10-2 for a description of the bits in the Status Word. The upper 8 bits of the
Status Word are iknown coilectively as the ready byte. The lower 8 bits correspond to the status
byte sent curing a serial poit.

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 1o bits in the ready mask are true at the same time. This bit is actually set on the
last transition of the last required condition to become true.

The "REQuest" programming command is used to specify the reguest mask while the "STAtus”

programming query can be used to read the instrument! status word.

NOTES;
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BIT MASK STATUS BIT CONDITION
WEIGHT

7 128 MSG = High indicates that a message was d¢isplayed on the
status line of the display. A MSG guery is used to
determine the message code.

6 64 RQS = Reguesting service - High indicates that this
insirument reguested 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 local from the front
panel or power was cycled off then on again.

2 4 FPS = Front panel service reguest - High indicates a front
panel kKey has been pressed. A KEY guery 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 line irue, the condition

must be enabled in the RQS mask.

2. If no condition is enabled, the 54110D can not set the SRO
bus control 1ine nor the RQS bit true. However, bits 1-5 and 7
of the status byte are set to indicate which conditions have

occurred.

3. The Ready bit (bit 4) is set when all conditions in the Ready
Byte (Table 10-2) enabled in the request mask are itrue.

Table 10-1. The Lower Byte of the Status Word

{The Status Byte)
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BIT MASK READY BIT CONDITION
WEIGHT
15 32768 Not used, always 0.
14 16284 Cal = High indicates that self calibration has completed
execution.
13 8192 Test = High indicates that the reguesied 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 Acg = Acquisition completie - High indicates that all
waveforms are acguired,
g 5iz Trig = Triggered - High indicates that the instrument is
receiving triggers.
=} 258 Parse = Parse complete - High indicates that the last

command has compieted parsing.

Note: The Ready bit {bit 4) of the Status Byte (Table 10-1} is set if all
of the ready conditions specified in the RQS mask are true.

Table 10-2. The Upper Byte of the Status Word
{The Ready Byte)
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WHERE:
MENU_NUMBER = An integer from 1 to 14.
KEY NUMBER = An integer from 1 to 63 (see table 10-3 for keycodes)

STRING_ARG = Any collection of ASCIl characters excluding quotes,
surrounded by guotes.

REG_ARG = An integer from 0-9.

MASK = An integer between O and 65535, This number is the sum
of all the bits in the request mask corresponding to conditions
that are to be enabled. See tables 10-1 and 10-2 for the bit
definitions in the request mask.

BLOCK_DATA = A block of data in #A format as defined in IEEE
Std 728-1982.

CHANNEL _NUMBER = An integer 1 or 2.
PLANE NUMBER = An integer from O to 2.
MEMORY_NUMBER = An integer fro-m 110 4.
FUNCTION_NUMBER = An integer 1 or 2.

Figure 10-2. System Commands (cont'd)

10-8. SYSTEM COMMANDS

System commands conirol HP-1B operations as well as the basic operation of the oscilloscope.
They can be called at anytime and when the system command has been executed the unit will
return to the subsystern that it was in before the system command was executed. Refer to Figure
10-2 for syntax of these cormmands.

ARGument command/query

This command sets the output mode for the instrument’s response to a guery for commands
that have both alpha and numerical argumenis. If the alpha response is selected the
arguments are returned in the alpha format and follow the same abbreviation rules as the
commands. if the numneric response is selected the argumenis are returned in the numeric
format. This command does not affect the input data messages o the 541100, that is,
arguments maybe in either alpha or numeric form regardiess of how the ARGUMENT
command is set. The response to a query will be returned in the current argument mode.

{continued on next page)
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ARGument (cont'd)

Command Syntax: ARGument {[ALPHa [ 1 7
[NUMeric | 0 13

Example: OUTPUT 707;"ARGUMENT NUMERIC"
Query Syntax: ARGument?

Returned Format: [ARGument]<argument><crlf>

Example: QUTPUT 707;"ARGUMENT?"

ENTER 707 ;Argument$
PRINT Argument$

AlUToscale ' command

The AUToscate command causes the instrument fo automatically select the vertical
sensitivity, vertical offset, trigger level and sweep speed for a dispiay of the input signal. If
input signais are present at both vertical inputs the sweep will be triggered on Chan 1 and
the display wili go to the split screen mode and the vertical sensitivity for each channel will
be scaled appropriatety. if only one of the vertical inputs has a signal on it, the split screen
function wiil be turned off. See Operating Characteristics for input signal requirements for
proper AUToscaie operation,

When the AlUToscale cycle is complete, the Timebse menu will be selected, the input
devices will be assigned to the SEC/DIV and the unit will be in the Remote Listen mode.

Command Syntax: AUToscale

Example: QUTPUT 707;"AUTOSCALE"

BLANK command

The BLANK command causes the instrument to turn off, (stop displaying), an active channei
display, function, pixel memory or waveform memory. If you want to turn off an active
display channel use the parameter Channel 1|2, if you want to turn off a pixei memory use
the parameter Plane 1|2, where plane 1 = pixel memory 5 and plane 2 = pixel memoty 8.

Command Syntax: BLANK ([CHANnel {1 | 2 }]
[PLANE (1] 2 }]
[FUNCTION { 1 | 2 3]
[MEMory (1 | 2|1 3] 4 }]3

Exampie: OQUTPUT 707;"BLANK CHANNEL1"
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CAlLibrate command/query

This command sends a Cal String to the instrument. A Cal String consists of 24 8-bit bytes
containing the Delay Calibration factors that are setup in the Cal Menu. These Cal factors
are also saved during a front pane! SAVE operation and are recalied during a front panel
RECALL operaticn. The CALibrate query sends the Cal String to the controller using the
same format as required by the CAlLibrate command. This means that no modification
needs to be made to lhe slring between the time that it is received from the insirurnent after
the query and the time thal it is sent back to the instrument,

Command Syntax: CAlibrate<Cal String>
Example: QUTPUT 707;"CAL"
Query Syntax; CAlibrate?
Returned Format; [CAlLibrate}<Cal String><crlf>
txample: DIM Cal$[24}
QUTPUT 707:"EOT ON; HEADER OFF"
QUTPUT 767 "CAL?"

ENTER 707 USING "-K";Cal$
QUTPUT 707;"CAL ";Cals

CLEAR command

The CLEAR command performs an operation similar o a Device Clear <DCL> or the
Selected Device Clear<SDC»>. The 54110D responds to the CLEAR message by:

Terminating all bus communications in process by untalking and unlistening.
Clearing all serial podl status bits,

Clearing the input and output buffers.

Clearing the error queue and key register.

Stopping any measurement or acquisition processes except the normal
background acquire-dispiay.

N

Command Syntax:; CLEAR
Example: OQUTPUT 707;"CLEAR"
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DiGitize command

This command is used to acquire waveform data for fransfer over the HP.IB. It causes an
acquisition to take place on the specified channel(s) with the resulting data being stored in
the corresponding waveform memory i.e., channel 1 data is stored to waveform memory 1
etc. If ACQuire TYPE is ENVELOPE, minimum and maximum data for channe! 1 wilt go in
waveform memories 1 and 3 respectively. Simitarly, minimum and maximum data from
channel 2 will go inte waveform memories 2 and 4. The ACQUIRE subsystemn comrmands
are used {o setup condilions such as TYPE, COMPLETION criteria, number of POINTS and
the average COUNT for the next DIGITIZE command. See the ACQUIRE subsystemn for a
description of these commands.

Command Syntax: DIGitize [CHANnel]{ 1 {2 | 1,2 )
Example: OUTPUT 707:"DIGITIZE CHANNEL 1,2"

DSP

command/query

This command writes a string to the advisory line (line 15) on the CRT. The query returns
the string last written to the advisery line. This may be a string written with a DSP command
or an internally generated advisory.
Command Syntax: DSP<ASCII string>

Example: OUTPUT 707;"DSP""COLOR DISPLAY""*
Query Syntax: DSP?

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

Example: DIM Dsp${40]

QUTPUT 707;"DSP?"

ENTER 707;Dsp$
PRINT Dsp3
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EQI command/query
This command specifies whelher or not the last byte of a reply from the 54110D is to be
ng:t with the EO! bus control line set true or nct. The query returns the current status of
Command Syntax: EOI {[ON | 1 ] | [OFF | 0 1}
Exampie: OUTPUT 707;"EQI QFF"

Query Syntax: £[017
Returned Format: [EQI]<argument><crlf>
Example: OUTPUT 707;"E0l?"

ENTER 707;E0i$
PRINT Eoi§

ERASe _ | command

This command erases a specified display memory plane. Plane 1is pixel memory 5. Plane
2 is pixel memory 6. Erasing plane 0 is the same as pressing the CLEAR DISPLAY front
panel key. If the scope is running and being triggered and ERASe plane 0 is executed the
instrument will momentarily stop acquiring data, ciear the CRT and then continue with data
acqguisition.

Command Syntax: ERASe PLANE { 0 ] 1] 2)
Example: QUTPUT 707;"ERASE PLANE 0"

ERRor? query

The query causes the 541100 to output the next errcr number in the error queue over
HMP-IB. This instrument has an error queue that is 16 errors deep and operates on a first-in
first-out basis. Successively sending the query, ERROR? returns the error numbers in the
order that they accur until the queue is empty. Any further queries then return O's until
another error occurs. See Table 10-2 for a list ERRor numbers.

Query Syntax: ERRor?
Returned Format: = [ERReri<NR1><crif>
Example: QUTPUT 707;"ERROR?"

ENTER 707 USING "-K":Errors
PRINT USING "K";Errors
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The error numbers and definitions below are the ones reported during an ERRCOR? query.

ERROR NUMBER

DESCRIPTION

-100
~101
-110
-119
-120
-121
-123
-125
-130
-131
~132
-133
-134
-135%
-142
-143
-144
-149
-150
-151

-201
-202
~211
-212
-222
-230
-231
-233

-301
-302
-311
-312
~-321
-340
-350
-360
-370
-399

Unknown command

Invalid character received
Command header error

Command header expected
Numeric argument error
Numeric data expected
Numeric overfiow

Numeric syntax error
Non-numeric argument error
Character data expectad
String data expected

Block data (binary data) expected
String length ervor

Biock Tength error

Too many arguments

Argument delimiter error
Message uUnit delimiter error
Missing argument

Query expected

Query not allowed

Command not executable in Tocal mode
Setting lost on power up

Settings confldict

Argument out of range

Insufficient capability/configuration
Transmission aborted

Input buffer full or overflow

Gutput buffer empty

Interrupt fault

System error

RAM failure (hard error)
RAM data loss (soft error)
ROM checksum error

Self test failed

Timer error

Analog hardware error
Digital hardware error
Power supply failure

Positive error numbers are reported after a Self Test Failed error {-340). These refer to the internal

Table 10-3. Error Numbers

self test loops that falled 10 pass self test.
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HEADer command/query

This command sets the command echo mode for query responsses. When HEADer is set to
ON query responses will include the command header. The query form of this command
tells you whether the echo mode is ON or OFF,
Command Syntax: HEADer ([ OFF | O J[L ON | 1 1}

Example: QUTPUT 707;"HEADER ON"
Query Syntax: HEADer?

Returned Format: [HCADer]<argument><crif>

Example: CGUTPUT 707;"HEADER?"

ENTER 707 ;Header$
PRINT Header$

D7 : guery
This query returns the instrument model number, 54110D.
Query Syntax:s ID?

Returned Format: [ID}<54110D><crif>
Example: DIM Id$[10]

QUTPUT 707;"ID?"

ENTER 707;1d$

PRINT Id$

KEY command/query
This command simulates the pressing of a specified front panel key. Keys may be pressed
over the HP-1B in any order that is legal from the front panel. Use caution to insure that the
instrument is in the desired mode before executing the KEY command. The query returns
the key code for the iast key pressed over the HP-IB. Key codes range from 1 to 63 with 0
representing no key {returned after power-up). See tabie 10-3 for a list of key codes.

Command Syntax: KEY<keycode>
Exampie: QUTPUT 707;"KEY 48"
Query Syntax: KEY?
Example: OQUTPUT 707;"KEY?"

ENTER 707 ;Key$
PRINT Key$

10-17



Model 54110D - System Commands

KEY . KEYCODE KEY KEYCODE

Menu Select 1 1 "{minus) 23
Menu Select 2 2 O 24
Menu Select 3 3 1 25
Menu Select 4 4 2 26
Menu Select 5 5 3 27
Menu Select § & 4 28
Menu Select 7 8 5 29
Menu Seiect 8 g & 30
Function Select 1 15 7 31
Function Select 2 14 8 32
Function Select 3 13 9 33
Function Select 4 12 CLEAR DISPLAY 40
Function Select 5 11 RUN 41
Function Select 6 10 STOP/SINGLE 42
sec/Volt 18 SAVE 43
msec/mv 17 RECAL 44
Usec ig LOCAL 45
nsec 19 AUTOSCALE 48
psec 20 1= 56
CLEAR 21 *$ 63
“U(decimal pt.) 27 no key 0

NOTE
The Menu Select Keys are located at the bottom of the screen with menu
sefect 1 at the lower left of the screen. The Function Seiect Keys are focated
at the right of the screen with function select 1 located at the upper right of
the screen.

Table 10-4. 54110D Front Panel Key Codes
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LOCAL command

This command performs a similar operation to the Clear Lockout/Set Local message. It is
provided for controllers with limiled HP-IB control capability. The HP-IB Clear Lockout/Set
L.ocal Message is the preferred method of switching the instrument from Remote to Local
and clearing the Local Lockoul. See paragraphs 9-6 and 9-18 for more information.

Command Syntax: LOCAL
Example: QUTPUT 707."LOCAL"

LONGform command/query

This command sets the tongform for the instrument’s responses to queries. If the
LONGform command is set OFF command headers and alpha arguments are sent from the
541100 in the abbreviated form. If the the LONGform command is set ON the whole word
will be cutput. This command does not affect the input data messages o the 54110D --
headers and arguments may be input to the 54110D in either the long or short form
regarciess of how the LONGform command is set. The query returns the status of the
LONGiorm command.

Command Syntax: LONGform {[ OFF | 0 ]
EON 1]

Exampie: OQUTPUT 707;"LONG 1"

Query Syntax: LONGform?
Returned Format: [LONGformj<argument><crlf>
Example: OQUTPUT 767" LONGFORM?"

ENTER 707 :Long$
PRINT Long$
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MENU : command/query

This command allows you to select one of the 14 menus on the front panel. The Query
returns the curreni menu.
Command Syntax: MENU { -Channel 1
-Channel 2
-Timebase
-Trigger
-Display
-Delta V
-Delta t
-Waveform Save
-Waveform Math
-Measurements
-Plot

12 -Print

13 -Probes

14 1) ~Jtility

[
U 00~ O U B LI DD e
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TS P T T £ T ATy (e ) ey gy gy [y e
[ISSIS ) TSN Y OO NS ¥ S Y I WUSRE Y Y | WO B DU § S § S § V'

Example: QUTPUT 707;"MENU 4"

Query Syntax: MENU?
Returned Format: [MENU] <menu #£><crlf>
Example: OUTPUT 707;"MENU?"

ENTER 707 ;Menu$
PRINT Menu$

MERGE command

This command stores the contents of the active dispiay to the specified pixel memory.
Where plane 1 = pixel memory 5 and plane 2 = pixel memory 6.

Command Syntax: MERGE {[ PLANE1 | PLANEZ 1)
Example: OQUTPUT 707;"MERGE PLANE2"
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OPTion? guery

This query returns a list of options that are installed on your instrument. If no options are
instalied a "0" will be returned. (There are currently no internal options for the 54110D))

Query Syntax: OPTion?
Returned Format: [OPTion] <0»<crlf>
Exampie: OQUTPUT 707;"0PT?"

ENTER 707:0pt$
PRINT Opt$

PLOT command

This command causes the 541100 to make a hardcopy dump of the display and/or the
waveform memories to an HPGL compatible plotier as soon as the oscilioscope is next
addressed to talkk. The context of the output is controlied with the programming commands
in the HARDCOPY subsystem,

Command Syntax: PLOT

Example:
CLEAR 7G7 ! Clear interface buffers,
QUTPUT 707;"PLOT" ! Starts print buffer.

SEND 7;UNT UNL ! Clears bus and
! sets ATN Tine at conirolier true.
SEND 7;LISTEN 5 !l Sets plotter at address 5 to Tisten.
SEND 7;TALK 7 I Sets 541100 to talk mode.
SEND 7;DATA I Sets ATN Tline at controller false so
I so data can be transferred.

WAIT 50 ! Wait 50 seconds for transfer to complete

NOTE

When programming the 541100 use the SRQ capabilities to determine if the
transfer is complete. Attempting to program the instrument while making a
hardcopy dump wili cause errors.
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PRINt command

This comrand causes the 54110D to make a hardcopy dump of the display and/or
waveform memories using the HP RASTER GRAPHICS STANDARD when the osciliescope is
next addressed to talk. The content of the hardcopy dump is controlled with programming
commands in the HARDCOPY subsysiem.

Command Syntax: PRINt
Example:

Clears interface buffers.

Starts print buffer.

Clears bus, sets ATN Tine at controller true.
Sets printer at address 1 to listen

Sets the 541100 to talk mode.

Sets ATN line at controlier to false

! so data can be transferred.

WAIT 25 ! Wait 25 seconds for transfer to finish.

CLEAR 707

QUTPUT 7074 "PRINT"
SEND 73 UNT UNL
SENG 75LISTEN 1-
SEND 7;5TALK 7

SEND 7;DATA

1

NOTE

When you agre programming the 541100 use the SRQ capabilities to
determing if the transfer is complete. Attempting to program this {nstrument
while making a hardcopy dump will cause errors. '

READy? | RDY? query
This query returns the ready byte (the upper byte of thé status word). See Table 10-2.
Query Syntax: { READy | RDY }?

Returned Format: [READy]<NRI><c¢crlf>
Example: OUTPUT 707:"READY?"

ENTER 707;Ready?$
PRINT Ready$

BECall command

This command recalis an instrument setup and color settings from a specified save-recall
register.

Command Syntax: RECATT[REGISTER]<d>
Example: QUTPUT 707:"RECALLO"
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PRINt

command

The PRINT command outputs a copy of the display using the HP RASTER GRAPHICS STANDARD when the
oscilloscope is addressed to taik.

The contents of the Hardcopy output is controlled with the programming commands in the HARDCQPY
subsystem.

Any HP Graphics printer may be used as the Print Hardcopy device.

Command Syntax: PRINt

Example:
10 CLEAR 707
20 OUTPUT 707,;"HARDCOPY PRINTER COLOR"
30 OUTPUT 767,"HARDCOPY SOURCE MEMU("
40 OUTPUT 707,"HARDCOPY PAGE AUTOMATIC"
50 OUTPUT 707;"PRINT"
60  SEND 7,;UNL UNT
70 SEND 7;LISTEN 1
80 SEND 7;TALK
50 SEND 7.DATA
100 WAIT 30
11 END

10224
i Revised 6-88

Note

t Clear mterface buffers

! Select the color printer as the hardcopy device
I Selects screen as information to be printed

! Sends a form feed after print is complete

! Command to start printing

! Unaddress bus, asserts ATN line

! Address printer @ 701 to listen

! Sets the HP 54110 to talk

! Sets ATN line to allow data transfer

! Wait for data transfer to complete

When you are programming the HP 54110D you should use the SRQ (Service Request)
capabilities to determing if the transfer is complete. Atternpting to program this instrument

while making a hardcopy will cause errors.
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REMOTE command

This command performs a similar operation as a Remote message followed by a Local
Lockout message. It is provided for use by controllers that have a limited HP-IB contro!
capability. The HP-IB Remote and Local Lockout messages are the preferred method of
switching the instrument from Local to Remote and inveking Local Lockout. Refer to
paragrapns 9-17 and 2.20. If the REN line is false, the REMOTE command will have no
affect..

Command Syntax: REMOTE
txample: QUTPUT 707;"REMOTE"

REQuest | RQS command/query

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 bii in the status byte to
be set. The RQS mask determines what conditions will cause an SRQ to be issued.

Setting the SRQ enable code clears any pending SRQ, as well as all errors, messages and
keys awailing query. See paragraph 10-7 and Tabies 10-1 and 10-2.

Another form of this command aliows you to foliow the REQUEST command with ON or
OFF. This command enables or disables the ability of the 541100 to generate the require
service message without changing the request mask. Any unmasked conditions that occur
with REQUEST OFF will be saved until the REQUEST ON command is received. At that
time, unmasked conditions that occurred before and after the REQUEST ON command will
generate the reguire service message.

Command Syntax: { REQuest | RQS )}
{ ON | OFF | SRQ enable code )

Example: OUTPUT 707;"REQUEST 36"

Query Syntax: { REQuest | RQS }?
Returned Format: [REQuest]<SRQ enable code><crif>
Exampie: OUTPUT 707;"REQUEST?"

ENTER 707 ;Request$
PRINT Request$

. 10-23



Mode! 54110D - Systern Commands

RESet | R8T command

This command presets the instrument to defaylt settings. These settings are the same as
those established during a key down power up. See Table 10-4 for a list of the default
conditions.

Command Syntax: (RESet | RST}

Example: OQUTPUT 707;"RST"

REVision? query

This query returns an integer corresponding {o the revision date of the internal firmware.
Query Syntax: REVision?
Exampie: QUTPUT 707;"REV?"

ENTER 707 ;Revs
PRINT Revs

RUN

command

This command causes the instrument to acquire data for the active waveform display on the
CRT based on the timebase mode. If the time base mode is in SINGLE, the RUN command
wili cause the instrument to enable the trigger once and dispiay the data it acguires on the
active or the CRT. This is the same thing that happens when the front pane! STOP/SINGLE
key is pressed when the instrument is STOPPED. if the timebase mode is AUTO or
TRIGGERED, the RUN command will cause the instrumeni to enable the trigger repeatedly
and display the data it acquires cantinuously on the display. This is the same thing that
happens when the front panel RUN key is pressed. See the TiMebase MODE command for
a description of the various modes.

Command Syntax: RUN
Example: QUTPUT 707;"RUNY

10-24



Model 54110D - System Commands

RESET CONDITIONS FOR THE 54110D

Chi/ChZ Mode -Norma ]l
Chi/Ch2 Display -On

Chi/ChZ Volts/div. -1.0 voits/div
Chl/Ch2 Offset -0.0 volts
Chl/Ch2 Magnify -Off

Chl/Ch2 Magnify Window Size -7.0 volts
Chi/Ch2 Magnify Window Position -0.0 volts
Seconds/div -1.0 usec/div
Delay -0.0 sec

Delay Reference -Center Screen
Auto/Triggered Sweep -Auto

Trigger Mode -Edge

Trigger Saurce {edge mode) -Channel 1
Trigger Level (all sources) -0.0 volts
Trigger Slope (all sources) -Positive
Holdoff Mode (edge mode} -Time

Holdoff Events (edue mode) -2

Holdoff Time (edge mode) -70.0ns
Trigger Pattern(pattern mode) -Chl; High

-Ch2; Dontcare
-Trig3; Dontcare
-Trigé; Dontcare

Pattern Edge (pattern mode) ~-Entering
foldoff Mode (pattern mode) -Time
Heldoff Time (pattern mode) -70.0ns
Holdoff Events {patiern mode} -2
Display Mode ' ~-Normal
Display Time/Persistence -0.5s
Number of Averages -8
Spiit Screen -0ff
Graticule -Axes
Completion Criteria -100%

(For HP-IB DIGitize command)
Voltage Markers -0ff
Markerl Position --2.5 volts
MarkerZ Position -+2.5 voits
Topbase Reference -100%

Table 10-5. Resset Conditions
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Time Markers -0ff

Start Marker Position --3.5us
Stop Marker Position -+3.,5us
Stari Marker Edge Slope -Positive .
Stop Marker Edge Slope -Negative
Start Marker Edge Number -1

Stop Marker Edge Number -1

Waveform Memories -Off
SOURce for Store -Channel 1
Selected Memory -Memory 1
Pixel memories -Off
Waveform Data -0V

Pattern Duration -10.0ns
Pattern (pattern edge mode) -Chl; Clock

-Ch2; Dontcare
-Trig3; Dontcare
-Trigé; Dontcare

Pattern Present/Not Present -Present
Holdoff Time (pattern edge mode) -70.0ns

Arming Slope (time delayed mode)  -MNegative
Arming Channei {time delayed mode) -Channel 1
Time Delay {time delayed mode) -20.0ns

Trigger Slope (time delayed mode) -Positive
Trigger Channel(time delayed mode) -Channei 1

Arming Stope (event delayed mode} -Negative
Arming Chan. (event delayed mode) -Channel 1
Events Delay (event delayved mode) -1

Trigger Stope {event delayed mode) -Positive
Trigger Chan.(event delayed mode) -Channel 1

Functions 1&2 -0FF

Functions (definition) -{Chan 1 - Chan 2)
Functions {volts/div) -2.0 volt
Functions {offset) -0.0 volts

RESET VALUES FOR THE HP-IB FOR THE 54110D

10-26

Service Reguest Mode -Disabled (RQS OFF)
Service Request Mask -Decimal 32546
Serial Poll Status Byte -Llear

Error Queue ~-Empty

WAVeform Format ~-WORD

EOI -0ON

LONGform -0FF

HEADer -0FF

ARGument ~-NUMERIC

Tabte 10-8. Reset Conditions
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SAVE ' command

This command saves an instrument setup and coicr setlings in the specified save/recall
register. it's action is the same as performing a SAVE operation from the front panel,

Command Syntax: SAVE[REGISTERI<d>
Example: OUTPUT 707:"SAVEL"

SERial? query
This query returns the instrument serial number as a quoted siring.
Query Syntax: SERjal? |
Exampte: QUTPUT 707:"SER?"

ENTER 707; Sers$
PRINT Ser$

SETup command/query

This command sets up the 541100 according to the'iearn string. The guery returns the
learn string from the oscillpscope.,

Command Syntax: SETup
Example: QUTPUT 707;"SETUP ";Set$
Query Syntax: SETup?
Returned Format: [SETupl<block type A>
Example: DIM Set$[276]
QUTPUT 707;"HEADER ON EOQI ON"
GUTPUT 707;"SETUP?"

ENTER 707 USING "-K";Set$
QUTPUT 707;"SETUP ";Set$

NOTE

The logical order for this instruction would be to send the query first
followed by the command at a time of your choosing. The guery causes the
fearn string to be sent to the controller and the command causes the learn
string to be returned to the 5417100,
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SPOLI? | 8TB? query

This query returns the status byte (the lower byte of the status word), This command is
similar in operation to conducting a serial poli from the controlier except that all bits in the
byte returnad by this query are dynamic and refiect the state of the instrument at the time of
the guery. Bits in the byte returned by a serial poll stay set if the require service message
was sent and are cleared after a serial poll. This command is provided for use by controliers
that have a limited HP-IB contro! capability. Using the seriai poll is the preferred method of
reading the status byte.

Query Syntax: { SPOL1 | STB }?

Example: OUTPUT 707;"STB?"
ENTER 707;Stbs
PRINT Stbs

STAtus query

This query returns the instrument status word. The instrument status word is a 16-bit 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 stalus word are known coliectively as the ready byte, while the jower 8
bits correspond {o the status byte sent during a serial poli. The STATus query is used to
read the status word representing the current status of the 54110D. Uniike the response to
serial poli, the conditions are dynamic, not latched. Therefore the status response reflects
the 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 byie
that generate a Regquire Service message. The bits in the request mask have the sams
meanings as those in the instrument status word. The ready bit in the status byte is set
when ail of the conditions corresponding the bits in the ready mask are tfrue 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?
Example: OUTPUT 707;"STA?"

ENTER 707;Sta$
PRINT Staj
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STOP command

This command causes the instrument to stop acquiring data for the active display on the
CRT. The RUN command must be executed in order to restart the acquisition.

Command Syntax: STGP
Example: OQUTPUT 707:"STOp"

STORe command

This command ailows you to move stored waveforms from one place o another internal to
the instrument. This command has two parameters. The first is the source of the waveform
which can be Channet 1 | 2, Function 1| 2, or Memory 1| 2| 3| 4. The second
pararmeter is the destination of the waveform which can be Memory 1 | 2 | 3| 4.

Command Syntax: STORe {[CHANnel 1

[CHANnel 2
[FUNCtion
[
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Example: OUTPUT 707;"STORE CHANNELZ,MEMORY4"

TEST | TST command
This command causes the instrument to perform a self-test. This is the same test that is
executed when the instrument is powered up. The Tst bit in the Status Word (bit 13) wili go
to a 1 when the test is complete.

Command Syntax: ({TEST | TST)

Exampie: QUTPUT 707;"TEST"
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TRANsfer | XFER command

This command aliows the movement of waveform data from one of the waveiorm memories
to one of the pixel memories so that it may be viewed on the CRT. This command has two
parameters; the first parameter is MEMORYn where n=1 through 4 ancd designates the
source of the data as wavefoerm memory 1,2,3, or 4, the second parameter is PLANER where
n=1 or 2 and designates the destination of the data as pixel memory S or 6.

i one of the waveform display memories contains data and new dala is written to that
memaory, the new data will be superimposed on the existing data.

NOTE

When using this command only the pixel data is transferred ie, the
waveform parameters are lost,

Command Syntaxs TRANsfer [memory]<waveform memory #>,
[planel<piane #>

<waveform memory #> ::= { 1 | 2 | 3 | 4 }
<plane #> = { 1] 2}

Exampie: OUTPUT 707;"TRANSFER MEMORY 3,PLANE 2"

TREG

| GET command

The instrument responds to this command in the same way it responds to the HUN system
command and the GET bus command, {paragraph $-16).

This command causes the instrument to acguire data for the active waveform display based
on the timebase mode. !f the time base mode is in SINGLE, the TRG command will cause
the instrument to enable the trigger once, and display this data on the CRT. This is the
same thing that happens when you press the front panel STOP\SINGLE key when the
instrument has STOFPPED.

It the timebase mode is AUTO or TRIGGERED, the TRG command will cause the instrument
to enable the trigger repeatedly and display the acquired data on the CRT. This is the same
thing that happens when you press the front panel RUN key. See MODE under the
TIMEBASE subsystemn in paragraph 10-13.

Command Syntax: ({TRG | GET}

Example: GQUTPUT 707;"TRG"
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VIEW command

The VIEW command causes the instrument to turn on, (start displaying), an active channel,
function, pixel memory or waveform memory. If you want to turn on an active dispiay use
the parameter Channel 112, If you want to turn on a pixel memory use the parameter
PLANE 1 { 2, where plane 1 = pixel memory 5 and plane 2 = pixel memory 6. Using the
VIEW MEMory {1 ] 2 | 3 | 4 ) command in the spiit screen mode causes memories 1 and 3
to be displayed on the upper screen and memories 2 and 4 to be displayed on the iower

screen,
Command Syntax: VIEW ({CHANnel (1 | 2 }]
[PLANe {1 | 2 }]
[FUNCtion { 1 I 2 1]
[MEMory (1 | 2 {1 3] 4 }])

Exampie: QUTPUT 7C7;"VIEW CHANNEL 1"

NOTES:
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NOTES:
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COMPLETE_ARG u= An integer from 0 to 100, specifying, in percent, the
number of buckets that must be filled before acquisition is considered
compiete.

COUNT_ARG = An integer from 1 to 2048 specifying the number of values
to average for each point when in the averaged mode, and the number of
vaiues to use for each point when constructing the envelope.

POINTS_ARG u= An intedger specifying the number of points to be collected
for each waveform record. Acceptabie values are 128, 256, 500, 512, or
1024.
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Figure 10-3. Acguire Subsystem Commands.
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POINts | PNTS command/query

This command specifies the number of points for each acquisition record. The command
has one parameter and may be specified to be 128, 258, 500, 512 or 1024, 500 poinis is
preferred if the acquired data is to be used for automatic measurements or function
operands, There are two cases where the POINTS command has no affect:

For sweep speseds faster than 2 ns/div.,, the number of points is based on 10 ps
resoiution of the instrument's fimebase. This means:

11(2.0 ns/divi>{time per div)>=(1.0 ns/div) then POINTS = 1000(500 if selected)

i (1.0 ns/div)>(time per div)>=(500 ps/div) then POINTS = 500

tf {500 ps/oiv)>(time per div)>=(200 ps/div) then POINTS = 200

if (200 ps/div)>(time per div)>=(100 ps/div) then POINTS = 100

It the TYPE is RANDOM, the number of points is based on the number of complete
data records (the points collected on each trigger) that can be gathered and not to
exceed 1024. The data acquisition hardware allows the data points gathered after a
trigger event to vary with time per division and delay. It can also vary by one data
point from one trigger event to the next. This makes it difficult to predict the number
of points that will be gathered for any DIGITIZE command when the TYPE is
RANDOM. Before the data is read from the instrument with the WAVEFORM DATA?
guery, the WAVEFORM POINTS? query may be used to determine the actual number
of points collected. The guery returns the last specified value.

Command Syntax: (POINts | PNTS)
Example: OUTPUT 707;"PNTS 128"

Query Syntax: {POINts | PNTS)?
Returned Format: [POINts] <NRl><crif>
Exampie: OUTPUT 707;"POINTS?"

ENTER 707:Pointss$
PRINT Points$
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TYPE command/query

This command lels yvou select the type of acquisition that is io take place when a DIGITIZE
system command is executed. This command has one parameter and may be one of the

foltowing:

NORMAL
Last data value to be collected in each acquisition bucket. The data is returned
to the controlier as a series of veltage vaiues that represent the evenly spaced
data poinis on the CRT.

BANDOM
The Random mode simulaies the way the instrument coilects data for display
on the CRT. This data is returned to the controller as a list of time-voitage
pairs.

AVERAGE
The average of the data values collected in each acquisition bucket. The data is
returned to the controller as a series of voltage values that represent the evenly
spaced data points on the CRT.

ENVELOPE

The max and min vaiue in each acquisition bucket. The data is returned to the
controller as two lists of veltage values, the min values first then the max
vaiues.

When you change TYPE to AVERAGE the front panel display mode is changed to averaged.
Changing TYPE to NORMAL, ENVELOPE, or RANDOM switches the front panel display
mode to Normal.

Command Syntax: TYPE ([ NORMAL |
[ AVERAGE |
[ ENVELOPEZ |
{ RANDOM |

Example: OUTPUT 707;"ACQUIRE; TYPE RANDOM"
Query Syntax: TYPE?

Returned Format: [TYPE]<argument><crlf>

Example: OQUTPUT 707;"TYPE?"

ENTER 707;Type}d
PRINT Typel
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NMOTES:
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CHANNEL NUMBER=1o0r2

OFFSET_ARG = A real number defining the voltage at the center of the voltage range
smaller than 1.5 X voltage range.

PROBE_ARG = A real number from 1.0 to 1000.0 specitying the probe attenuation with
respect to 1.

RANGE _ARG = A real number specifying the size of the acquisition window in volts,
Acceptable values are 0.08, (.16, 0.4, 0.8, 1.8, 4.0, 8.0. (With the probe atienuation ration
set at 1:1)

SENS_ARG = A real number specifying the size of the acquisition window in voits/div.
Acceptable values are 0.01, 0.N2, 0.05, 0.1, 0.5, or 1.0 when the split screen display format is

off. When the unit is in the split screen mode the acceptable vaiues are: 0.02, 0.04, 0.1,
0.2, 0.4, 1.0, 2.0. (With the probe attenuation ratio set at 1:1)

Figure 10-4. Channgl Subsystem Commands
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10-11, CHANNEL SUBSYSTEM

The CHANNEL subsystem allows you to control all vertical or Y axis functions of the 541100,
Channel 1 and channe! 2 are ndependently programmabie for all functions. Ses Figure 10-4,

CHANne! | CH | command/query

This command allows you fo select the vertical subsystem with the specified channe!
designated as the destination for the subsystem commands. The query responids with ail
the settings for the specified channel.

Command Syntax: {CHANnel | CHY { 11 2
Example: OUTPUT 707;"CHANNEL 1"
Query Syntax: {CHANnel | CHY { 1 | 2 37

Returned Format: [CHANnel | CHI<NRI><erlf>
[PROBe]<NR3><cr1f>
[RANGe J<NR3><cr]f>
[OFFSet]<NR3I><crif>
[COUPTing]<DC><crlf>

Example: DIM Chan$[100]
GUTPUT 707:"EDI ON®
CUTPUT 707;"CHANNEL 27"
ENTER 707 USING "-K";Chan$
PRINT USING "K";Chan$

ECL command
This command sets the vertical range and offset and the trigger level for the selected
channei for optimum viewing of ECL signals. The oifset and trigger leve! are set to -1.30
volts and the range will be set to 1.6 volts.

Command Syntax: ECL

Exampie: OUTPUT 707;"ECL"
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OFFSet command/query

This command allows you to set the voltage that is represented at center screen for the
selected channel. The range of OFFSet is + 1.5X RANGe of the seiected channel.

Command Syntax: OffSet <OFFSET_ARG>
Example: OUTPUT 707;"0FFSET 650E-3"
Query Syntax: OFFSet?
Returned Format: [OFFSet] <NR3><crlf>
Example: OQUTPUT 707;"CFFSET?"

ENTER 707 :0ffset$
PRINT Offsets

PROBe command/guery

This command allows you specify the probe attenuation factor for the
selected channel. The range of the probe attenuation factor is from

1.0 to 1000.0. This command does not change the actual input sensitivity
of the 54110D, it changes the reference constants that are used for scaling
the display factors and for automatic measurements, trigger levels, etc.

Command Syntax: PROBe <PROBE_ARG>
Example: OQUTPUT 707:"PROBE 15.5"
Query Syntax: PROBe ?
Returned Format: [PROBel<NR3I><crlf>
Example: OUTPUT 797;"PROBE?"

ENTER 707;Probe$
PRINT Probe$
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RANGe command/query

This command allows you to define the full scale vertical axis of the selected channel. If you
use a 1:1 probe attenuation factor the acceptable values for RANGe are: 0.08, 0.16, 0.4,038,
1.6, 4.0. and 8.0. These values represent the fuil scale deflection factor of the vertical axis in
valts. These vaiues change as the probe attenuation factor is changed, e.g., if the probe
attenuation factor is changed from 1:1 to 10:1 the Maximum RANGe value changes from &
to 80 volts full scale. The query returns the current range setting.

Command Syntax: RANGe <RANGE_ARG>
Example: GUTPUT 707;"RANGE 4"

Query Syntax: RANGe?
Returned Format: [RANGe]<NR3><crlf>
Exampie: OUTPUT 707;"RANGE?"

ENTER 707;Range$
PRINT Range$

SENSIitivity command/guery

This command aliows you to specify the vertical deflection in volis/division as opposed io
volls fuli scale as specified wilh the RANGe command. With the probe attenuation ratio set
to 1:1 the aliowable vaiues for SENSitivity when you are using the single display format are
0.010, C.020, 0.050, 0.100, ©.200, 0.500, and 1.000. All of these values represent
volts/vertical division when using the grid graticule. The SENSitivity command takes the
probe attenuation ratio into account so the SENSitivity value programmed should be the
desired sensitivity at the probe tip. The query returns the current sensitivity setting.

Command Syntax: SENSitivity <SENS ARG>
Example: OUTPUT 707;"SENSITIVITY 1*

Query Syntax: SENSitivity ?
Returned Format: [SENSitivity] <NR3><crlf>
Example: OUTPUT 707;"SENS?"

INPUT 707;Sens$
PRINT Sens$
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command
This command sefs the vertical range and offset and the trigger leve! for the seiected
channel for optimum viewing of TTL signals. Offset and trigger ievel will be set to 1.6 voits
and the range will be set to 8.0 volts.
Command Syntax: 77L

Example: QUTPUT 707;"TTL"

NOTES:
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NOTES:
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Modet 541100 - Display Subsystem

DATA_SPEC = A block of data in EA format as defined in IEEE Std. 728-1982.
PLANE_NUMBER An integer from 0 to 6,

REAL_ARG = A real number from 0.2 to 10.0 in steps of 0.1.

COL_NUMBER = An integer from O to 71.

LINE_ARG = Any guoted string.

ROW_NUMBER = An integer from 0 to 22.

STRING_ ARG = Any quoted String.

COLOR_NUMBER = An integer from 0 to 15,

HUE_NUM = An integer from C to 100,

SAT_NUM = An integer from G to 100.

LUM_NUM = An integer from © io 100.

separator| ‘—"\’EOI G LASBT DATA BYTE) ]
F1F %
LF
:
S
N
L
- (SPACE ) vy
A EPACE) sarrans

Figure 10-5. Display Subsystern Commands

10-47



Model 54110D - Display Subsystems

10-12. DISPLAY SUBSYSTEM

The Display subsystem is used to control the display of data, markers, text, graticules and the use
of coler, See Figure 10-5 for the syntax of the Display subsystem commands. The commands
which control the display mode and number of averages are listed in the ACQUIRE subsystem as

TYPE and COUNT,

DiSPlay

This commands selects the display subsystem as the destination for the subsystem

command/query

commands. The query returns ali the parameters for this subsystem.

Command Syntax: DISPlay
Examplie:
Query Syntax: DISPlay?

Returned Format: [

[

[
[
[

{

Example:

OUTPUT 707;"DISP"

DISPlay j<crif>
FORMat J{[ SINGLE ! 1
[ DUAL | 2 1)
GRATicule J{[ OFF | 0]
[ GRID } 1]
[ AXES | 2

ROW J<NRI><crif>
COLumn J<NR1><crif>
ATTRibute J{[ DISABLE | 0
[ ENABLE | 1

INVerse J{[ OFF | 0 ]

[ ON ] 1 Ji<erif>
BLINK 1¢[ OFF | ¢

[ ON |1

BRIGhtness ]{[ LOW
G

%}<cr1f>

VMARker 1{[

I
Low |
TMARker J{[ OFF f
[ ON |
3

COLor ]<NR1>
PRIority 1{[ OFF | 0 ]
[ON | 11)

<NR1> <NRI> <MNR1> <NR1>

SETColor ]

10 DIM Display$[500]

20 QUTPUT 707;"EOT ON"

30 QUTPUT 707;"DISPLAY?"

40 ENTER 70C7 USING *-K";Display$
50 PRINT USING "K";Dispiay$
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ATTRIBUTE BYTE

COLOR BITS
0 = BEIGE
8 = GREY
A 16 = RED U B I
T 24 = YELLOW N L N
T 32 = GREEN D I v
R 40 = ORANGE £ N E
I 48 = CYAN R K R
8 56 = MAGENTA L )
U I E
T N
£ . E
120 = BLACK
MSB 1.SB
128 64 32 16 g 4 2 1

When you want to set the attribute byte you must sum the binary values of the byte and
send them via the HP-IB to the instrument. These selected attributes can be turned off/on
by disabling/enabling the ATTRibute command. These attributes affect the text that is sent
to the display of the instrument when you use the LINE or STRing commands. This
example causes "HELLO" to be written in red in the upper left corner of the display using
the inverse video and the blinking attributes.

QUTPUT 707;"DISPLAY TEXT BLANK ATTRIBUTE ENABLE"
QUTPUT 707 USING "8A,B,6A";"STRING """,128+16+2+1,"HELLO"""

Where 128 indicates that this is an attribute byte, 16 indicates the color red, 2 indicates the
blink attribute, and 1 indicates the invert attribute. This could just as easily been ocutput to
the instrument as "147",

Figure 10-6. Attribute Byte
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ATTRibute command/guery

This command controls embedded attributes in the strings that are sent with the DISPLAY,
LINE or STRING commands. Refer to Figure 10-6 for more information. These text
attributes include;

iINVerse
UNDesrline
BLINk
COLOr

When this command is enabled the embedded attribute bytes in strings sent with the LINE
or STRing commands wiil be used to override previousty set attributes. The query returns
the enable/disable state of the command.
Command Syntax: ATTRibute ([ DISABLE | 0 ] [ ENABLE | 1 1)

Example: OUTPUT 707;"ATTRIBUTE ENABLE"
Query Syntax: ATTRibute?

Returned format: [ATTRibutel<argument><crif>

Example: OUTPUT 707;"ATTRIBUTE®

ENTER 707;Attribute$
PRINT Attributes

BLINK command/query

This command determines whether text sent with the DISPLAY, LINE or STRING commands
is to be written with the BLINk attribute, that is, when the texi is displayed it will flash on and
off. The query returns the state of the BLINK attribute.

Command Syntax: BLINK {[ OFF | 0 ]
[ON 117}

Exampie: OUTPUT 70G7;"BLINK ON"

Query Syntax: BLINK?
Returned Format: [BLINkI<argument><crif>
Example: QUTPUT 707;"BLINK?®

ENTER 707:B1ink$
PRINT Blink$
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command/query

This command specifies what color the text will be when sent with the DISPLAY, LINE, or STRING commands.
The query returns the color of the COLOr attribute. Colors 10, 11, and 12 are used for the color printer output
colors. Colors 8, 9, 13, and 14 are not defined by the instrument but are available over HP-IB for user defined text
strings. The COLumn uses the shortform COL. This command overrides a previcus brightness command.

Command Syntax:

Exarnple:
Query Syntax:
Returned Format:

Example:

] (beige, highlighted text)

1 (grey, text fields & graticule)

] (red, advisories & errors)

1 (yellow, channel 1 waveforms)
1 (green, channel 2 waveforms)

| {orange, markers)

} (cyan, stored waveforms)

] (magenta, overlapped traces)
10} (purple, channel 1 for 3630A)
11 ] (white, background for 3630A)
12 ] (black , overlap for 3630A)
151} (black, background)

OQUTPUT 707;,"COLOR 2"

[COLOr] < argument > < ¢rlf >

CUTPUT 707:"COLCOR?
ENTER 707;Colors
PRINT Colors






Model 541100 - Display Subsystems

BRiGhtness command/query

This command specifies whether text sent with the DISPLAY, LINE or STRING commands
are to be displayed in beige or grey. LOW or O provides gray text and HIGH or 1 provides
beige text. The guery returns the HIGH/LOW state of the BRIGhiness attribute. This
command overrides a previous COLOR commands.

Command Syntax: BRIGhtness {[ LOW | 0 ]
[ HIGH { 1 1)

tExample: QUTPUT 707;"BRIGHTNESS LOW"

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

ENTER 707:Brightness$
PRINT Brightness$

COLOy : command/query

This command specifies what color the text will be when sent with the DISPLAY, LINE or
STRING commands. The query returns the color of the CCLOr attribute. Colors 8-14 are
not defined by the instrument but are available over HP-IB for user defined text strings. The
COLumn uses the shertform COL. This command overrides a previous brightness

cormmand.
Command Syntax: COLOr {[ 0 ] (beige, highlighted text)
[ 1] (grey, text fields & graticule)
[ 2] (red, advisories & errors)
[ 3] {yellow, channel 1 waveforms)
[ 4 ] ({green, channel 2 waveforms)
[ 51 (orange, markers)
[ 6] (cyan, stored waveforms)
[ 71 {(magenta, overiapped traces)
[ 15 ] {(black, background)

Example: OUTPUT 707;"COLOR 2"

Query Syntax: COLOr?
Returned Format: [COLOr]<argument><erif>
Example: QUTPUT 707;"COLOR?"

ENTER 707:Colors
PRINT Color$
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COLumn command/query

This command specifies the starting column for subsequent STRING and LINE commands.
The query returns the column where the next LINE or STRING will start.

Command Syntax: COLumn <COL_NUMBER>
<COL_NUMBER> ::= 0..71

Example: OUTPUT 7073 "COLUMN 50"
Query Syntax: COLumn?
Returned Format: [COLumn]<NRI><crif>
Example: OUTPUT 707;"COLUMN?"

ENTER 707;:Column$
PR;NT Columns$

DATA command)/query

The DATA command is used to write to or from one of the seven pixel memory planes in the
24110D. The memory planes available are plane0 through planeé and are specified by the
DISPLAY SOURce command.

The DATA query causes the 54110D to output waveform data from the specified mamory
plane. If plane 0 is specified the 54110D will transfer the logical or of the channel 1 and
channel 2 planes. In all other cases the specified plane will be transferred.

The DATA command is followed by a block of binary data that is transferred from the
controller to a specific plane in the 54110D. |f plane 0 is specified, that data will be
transferred into the channel 1 plane. in all other cases the data will be fransferred into the
specified plane.

The data is in the form of 16032 bytes with four header bytes. The header contains:

<#> i:= {decimal 35) = byte I
<A> ::= (decimal 65) = byte 2
(decimal 62) = byte 3
(decimal 160) = byte 4

The third and fourth bytes make up a 16.-bit integer whose value is decimal 18032, or the
length of the binary biock. This binary format complies with the "#A" Biock Data Field in
IEEE 728-1982.

(Data continued on next page)
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DATA (contd) command/query
Command Syntax: DATA <binary block type A>
Query Syntax: DATA?

Returned Format: [DATA]<Zsp><#><A><decimal 62><decimal 160>
<binary waveform data>

Example: 10  CLEAR 7G7
20 0IM Plane$ {17000]
30 QUTPUT 707;"HEADER ON EQI ON"
40 QUTPUT 707;"DISPLAY SOURCE PLANEQ DATA?"
50  ENTER 707 USING "-K";Plane$
60 OUTPUT 707;"SOURCE PLANEI"
70 OUTPUT 707 USING"-K";Plane$
80 END

This example transfers data from the active display memory to the
controiler and then back to pixel memory 5 in the 34110D.

FORMat command/query

This command allows you to turn the spiit screen mode on or off. FORMAT 1 turns the split
screen mode off and uses 8 divisions for the full scale range. FORMAT 2 turns the split
screen mode on and uses 4 divisions for the full scale range. The guery returns the current
number of display areas on the scresn.

Command Syntax: FORMat { [ SINGLE | 1
[ DUAL | 2

]
1
Example: OUTPUT 707;"FORMAT SINGLE"
Query Syntax: FORMat?
Returned Format: [FORMatl<argument><crlf>
Example: QUTPUT 707;"FORMAT?"

ENTER 707:Formats
PRINT Format$
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GRATIcuie _ command/query

This command allows you to determine the type of graticule that is displayed. The query
returns the type of graticule displayed.

Command Syntax: GRATicule ([ OFF PO
[ GRID | 1]
[ AXES | 2 ]
[ FRAME | 2 1}

Example: OUTPUT 707;"GRATICULE AXES"

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

ENTER 707 :Grats
PRINT Grat$

INVerse command/query

This command sets inverse video on or off for subsegquent DISPLAY, LINE or STRING
commands. The query responds with the on/off state of this command.

Command Syntax: INVerse {[ OFF 0]
[ON 11 1)

Example: OUTPUT 707;"INVERSE OFF"

Query Syntax: INVersae?
Returned format: [INVersel<argument><crlf>
Exampie: OQUTPUT 707;"INVERSE?"

ENTER 707;1Inv
PRINT Inv$
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LINE command/query

This command causes the string parameter to be written to the screen, starting at the
location established by the ROW and COLUMN commands. Text may be written up to
column 82. if the characters in the string parameter does not fill the line, the rest of the fine
is blanked. If the string is ionger than the available space on the current line the excess
characters will be discarded. In any case, ROW is incremented and COLUMN remains the
same. The next LINE command will write on the next line of the display. After writing line
21, the iast line in the display area, ROW is reset to 2. The query of this command ouipuis
the quoted string at the current ROW and COLUMN values and causes ROW to be
incremented by 1. The LINE command and query works on rows 2 through 21.

Command Syntax: LINE < any quoted string >
Example: OUTPUT 707:"LINE ""ENTER PROBE ATTENUATION""®
Query Syntax: LINE?
Returned Format: [LINE?] < quoted string ><crlf>
Example: DIM Line$[100]
Example: OUTPUT 707;"DISPLAY;ROW 12;COLUMN 14;LINE?"

ENTER 707;L1ine$
PRINT Line$
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MASK

10.56

This command inhibits the instrument from writing to selecied areas of the screen. Text
sent over the HP-IB using the line and string commands is not effected by this command.
The purpese of the command is to aliow HP-IB text io be written anywhere on screen and ta

command/query

prevent the instrument from overwriting the text through its normal cperation.

The mask parameter is an 8 bit integer in which each bit controls writing to an area of the
screen. A 0 inhibits writing to the area represented by the bit, and a 1 enabies writing to the

area. Nole: This command's parameters will not be reset with a RESET command,

Command Syntax:
Example:

Query Syntax:
Returned Format:

Exampie:

Bit
7

MASK?

MASK <NR1>
QUTPUT 707;"MASK 254" | Inhibits advisories only

[MASKI<NRI><crif>

OQUTPUT 707 ;"MASK?"

ENTER 707;:Mask$
PRINT Masis$

Mask
Weight

128

64

32

16

Screen Area Effected

Function Key Underlines - lines below the
function softkeys. The underlines are turned
on and off by the mask command.

Function Softkeys - Softkey labels on the right
side of the display {rows 0-17, columns 62-71).

Menu Sejection Softkeys - text on the bottom
Tine of the display {(row 22, columns 0-71}.

Parameter Values - Text below the graticule
{rows 18-21, columns 0-71)

Graticule Labels - text inside the graticule
(rows 2-17, columns 0-61)

Value Label - displays value of selected knob
function (row 1, columns 19-61).

Status Line - status information on the firsi
two Tines - (row 0, columns §-71 and row 1,
columns 0-18).

Advisory - Advisory and Error messages appear
on row 15, columns 0-61.
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FERSistence command/query

This command sets PERSistence for the acquired signal on the display in the Normal dispiay
mode.  The display mode is set to Normal when the ACQuire TYPE is NORMAL,
ENVELOPE, or RANDOM. The parameter for this command is the keyword INFINITE or a
real number from 0.2 to 10.0 representing the persisience in secends. Any value greater
than 10 seconds wiil set the PERSistence to infinite. The query returns the vaiue of the
current persistence value, ! persistence is set to infinite the query response will be 1.1E+1

Command Syntax: PERSistence { NR2 | INFINITE )
Example: OUTPUT 707;"PERSISTENCE INFINITE"
Query Syntax: PERSistence?
Response Format: [PERSistence]<NR3><crlf>
Example: [IM Pers$[30]
QUTPUT 707 "PERSISTENCE?"

ENTER 787 :Perss
PRINT Pers$
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PRiority command/query
This command sets the priority on or off for subsequent DISPLAY, LINE, STRING
commands. It allows you to determine whether text or graphics will be overwritten by the
other on the CRT. When PRicrity is ON text overwrites the displayed signai(s). When
PRiority is OFF the displayed signal(s) overwrites any text in the display area.

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

Example: QUTPUT 707;"PRICRITY QFF"

Query Syntax: PRIority?
Returned Format: {[PRlority]<argument><crif>
Exampie: QUTPUT 707;"PRIORITY?"

ENTER 707;:Pri$
PRINT Pri$ '

ROW command/query
The ROW command specifies the starting row on the CRT for subsequent STRING and LINE
commands. The ROW number remains constant until another ROW command is received

or it is incremented by the LINE command. The single parameter for this command is an
integer from O to 22. The query returns the row that the next LINE or STRING will start on.

Command Syntax: ROW <row number>
<row number>::= 0..22
Example: OUTPUT 707."ROW 10"
Query Syntax: ROW?
Returned Format: [ROW]<NRI><crlf>
Example: OGUTPUT 707;"ROW?"

ENTER 707 :Row$
PRINT Rows
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SETColor command/query

This command ailows you to change one of the coior selections on the CRT. This
command has four parameters: Color Number, Hue, Saturation, and Luminosity.

The hue portion of this command allows you o determine the gradation of color. Hue can
have a value of 0to 100. As the hue number is increased, the selected color wili cycle
through the color spectrum. There is no difference between hue 0 and hue 100,

The saturation portion of this command aliows you to choose the percentage of the pure
color that gets mixed with white. The acceptable values for saturation are 0 to 100 where 0
is white and 100 is maximum saturation of the chosen huse.

The luminosity portion. of this command determines the brightness of the chosen hue. The
acceplable values for iuminosity are C to 100 where O is black and 100 is maximum
brightness. The SETColor command followed by DEFault sets all colors to the default
setlings. The query of this command returns the specified coior number, hue, saturation,
and luminosity, Refer to section 6 of this manual for more information concerning color.
Note: This command's parameters will not be reset with a RESET command.

Command Syntax: SETColor{[<COLOR NUM><,><HUE_NUM><,><SAT_NUM><,><LUM NUM]
[ DEFault 1}

COLOR_NUM ::= integer from 0 to 15

HUE NUM ::= integer from 0 to 100
SAT_NUM ::= integer from 0 to 100
LUM NUM ::= integer from O to 100

Example: QUTPUT 707;"SETCoclor 0,0,100,50"
(uery Syntax: SETCoior<color number>?
Returned Format: [SETColor] <NR1><,><NR1»<,><NR1><,><NRI><crlf>
Exampie:  DIM Set$[35]
QUTPUT 707;"SETCOLOR 22"

ENTER 707:Set$
PRINT Set$
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SCURce | SRC command/query

This command aliows you to specify the source or destination for the DISPLAY DATA query
and command. The SOURce command has 1 parameter, PLANEO..PLANES. The query
returns the currently specified SOURce.

Command Syntax: { SOURce | SRC )}
{{PLANEQ | 0] (active display)
[PLANEL | 1] (pixel memory 5)
[PLANEZ | 2] (pixel memory 6)
[PLANE3 | 3] (graticule, markers)
[PLANE4 | 4} (displayed stored waveforms, markers)
[PLANES | 5] (channel 1)
[PLANEG | 6] (channel 2)

Exampie: 10  CLEAR 707
20 DIM Plane$ [170001
30 OQUTPUT 707;"HEADER ON EQI ON"
a0 OUTPUT 707;"DISPLAY SOURCE PLANEO DATA?"
50 ENTER 707 USING "-K";Plane$
60 QUTPUT 707:"SOURCE PLANED™
70 OUTPUT 707 USING "K":Plane$
80 END -

This exzople transfers data from the active display memory 1o the
controlls, and then back to pixel memory 5 in the 54110D.

Query Syntax: { SOURce | SRC )7
Returned Format: [SOURcel<argument><crif>
Example: OUTPUT 707;"SRC?"

ENTER 787:Src$
PRINT Src$
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STRing commmand/query

This command aliows you to write text to the CRT of the 54110D. The text will be written
starting al the current ROW and COLUMN values. f the column limit is reached (71} the
excess text is discarded. The query returns the text on the line defined by the ROW and
COLUMN values,

Command Syntax: STRing <quoted string>
Example: OUTPUT 707;"STRING ""INPUT SIGNAL TO CHANNEL 2%"»
Query Syntax: STRing?
Example: DIM Str$[90] |
QUTPUT 707;"STRING?"

ENTER 707;Str$
PRINT Strj

TEXT command
This command allows you to blank the user text area on the CRT. The user text area
includes rows 2 through 17, columns O through 62, and rows 18 through 21, columns 0
through 71. This command has only one parameter, BLANK or 2.

Command Syntax: TEXT { BLANK | 2}

QUTPUT 707;"TEXT 2"

ThMARker command/query

This command allows you to turn the time markers on or off. The query tells you whether
they are on or off.

Command Syntax: TMARKer{[ OFF | 0 ]
[ON |11}

Example: GUTPUT 707;"TMAR OFF"

Query Syntax: TMARker?
Returned Format: [TMARker]<argument><crlf>
Example: OQUTPUT 707;" TMARKER?"

ENTER 707;Tmar$
PRINT Tmars$s
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UNDerline | command/query

This command lets you underiine subseguent text sent with the DISPLAY, LINE or STRING
commands. The query tells you whether the UNDerline attribute is on or off.

Command Syntax: UNDerline {[ OFF | 0 ]
[on |11

Example: OUTPUT 707;"UNDERLINE ON“

Query Syntax: UNDerline?
Returned Format: [UNDerlinel<argument><cr]f>
Example: OUTPUT 707;"UNDERLINE?"

ENTER 707 ;Unders$
PRINT Unders

VMARker command/query

This command aliows you 1o turn the voltage markers on and off. The query tslis you
whether they are on or off.

Commari. Zyntax: VMARker {[ OFF | 0 }
[oN |11

Example: OUTPUT 707;"VYMARKER ON”

Query Syntax: VMARKker?
Returned Format: [VMARkerl<argument><crif»
Example: OUTPUT 707;"YMARKER?®

ENTER 707 ;Vmark$
PRINT Vmarks
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10-13. FUNCTION SUBSYSTEM

The Function subsystem aliows you to define two functions using the displayed channeis and/or
the waveform memorics as cperands. The waveform operators are:  ADDition, SUBTraction,
INVErt, VERSus. and ONLY. The vertical scaling and offset and the display of these functions can
be controfied remolely. See Figure 10.7 for a syntax diagram of the function subsystem
commands.

When a function is first defined. it's initial vertical values are calculated with respect to the
cperands’ vertical sellings. The functions’ range and offset may be changed using the range and
offset commands. Changing any of the operands’ vertical settings or redefining of the function wil:
cause the the functions' vertical settings to be recaiculated with respact to the new operand values.
Any previously programmed vertical seitings for the funciion will be iost.

The functions work on operands containing 500 points. If a function is defined and turned on, a
memory which contains other than 500 points, the memory will be reformatted to 500 points.
Also, memory operands that are in the RANDOM type will be reformatted to the NORMAL type with
the number of points equal to 500.

FUNCtion command/query
This command allows you ic select the Function subsystem and define a waveform function.
This command selects the function subsystern as the destination for the commands that
foliow. The guery returns the definition of the selected function. Refer to Figure 10-7 for a
syntax diagram of the Function subsystem commands.
Command Syntax: FUNCtion{ 1 | 2 )

Example: OQUTPUT 707;"FUNCTIONI ADD CHANNEL1 CHANNEL?

Guery Syntax: [FUNCtionl{ 1 | 2 }?

Returned Format: [FUNCtion]{ 1 | 2 }<crlf>

{ADD | INVErt] ONLY | SUBTract | VERsus}

{[CHANnel 1 | 21 | [MEMory 1 | 2 | 3 | 4]3<,>
[{{CHANnel 1 | 27 | [MEMory 1 | 2 | 3 | 4]}]<crif>
[CFFSetI<NR3><crif>

[RANGe ]<NR3><crif>

txample: DIM Fun${300]
QUTPUT 707;"ECT ON"
QUTPUT 707;"FUNCTIONI?®
ENTER 707 USING "-K";Fun$
PRINT USING "K";Fun$
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ADD command
The ADD command causes the unit o algebraically sum the two defined operands.
Command Syntax: ADD<operandl><,><operand2>

operand 1 & 2 ::= {chanrel 1 | channel 2 | memory 1 |
memory 2 | memory 3 | memory 4)

Example: OUTPUT 707;"FUNCTIONI ADD MEMORY3,MEMORY4"

INVER command
This command allows you to invert the operand, that is channe! 1 | 2,0ormemory 1| 2] 3
| 4. Note that the shortform of the command is INVE. The INVERSE command in the
display subsystem uses the short form INV.

Command Syntax: INVErt<operand>

Example: OQUTPUT 707;"FUNCTION2 INVERT MEMORY3"

OFFSet command/query

The OFFSet command allows you to define the vertical voltage at center screen for the
selected function. The query returns the voltage at center screen for the defined function.

Command Syntax: OFFSet<Offset Arg>
Example: OUTPUT 707;"FUNCTION1 OFFSET .05"
Guery Syntax: OFFSet?
Returned Format: [OFFSefl<NR3>
Example: DIM OFf$[30]
QUTPUT 707;"FUNCTIONZ OFFSET?"

ENTER 707;0ff%
PRINT Off$
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ONLY

command

The ONLY command atlows you to define a function as either channel 1 or 2, or mernory 1,
2,3, or 4. The ONLY command is useful for scaling channeis and memories.

Command Syntax: ONLY<operand>

Example: OUTPUT 707;"FUNCTIONI ONLY MEMORY1"

RANGe command/guery

This command allows you to define the full scale vertical axis of a function’s dispiay.
Command Syntax: RANGe<Range Arg>
Example: GUTPUT 707;"FUNCTION1 RANGE .01"
Query Syntax: RANGe?
Returned Format: [RANGe]<NR3>
Example: DIM Range$f30]
QUTPUT 707;"RANGE?"

ENTER 707;Range$
PRINT Range$

SUBTract command

This command aliows you to algebraically subtract one operand from another. Operand? is
subtracied from operandi.

Command Syntax: SUBTract <operandl><,><operand2>

operandl & 2 ::= {channell [channelZ | memoryl |
memery2 | memory3 | memoryd)

Exampie: QUTPUT 707;"FUNCTIONZ SUBTRACT CHANNEL1,CHANNEL2"

(In this example channel 2 would be algebraically subtracted from
channel 1.)
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VERSus command

This command aliows X vs Y displays with two operands. The first operand defines the v
axis and the second defines the X axis, The Y axis range and offset is initially equal to the
first operand’s and can be adjusied using the range and offset commands in this subsystem.
The X axis range and offset is always egual to that of the second operand. It can only be
changed by changing the vertical settings of the second operand. This will also change the
Y axis vertical sensitivity and offset.

Command Syntax: VERSus<operandl><,><operand2>

operandl & 2 ::= {channel I | channel 2 | memory 1 |
memory 2 | memory 3 | memory 4)

Example: OQUTPUT 707;"FUNCTION2 VERSUS CHANNEL1,MEMORY3"

NOTES:
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NOTES:
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10-14. GRAPH SUBSYSTEM

The Graph subsystem allows you to control y-axis windowing, offset and the magnification for the
two channels. See Figure 10-8 for a syntax diagram of the GRAPH subsystem commands.

GRAPh command/query

This command allows you select the graph subsystem and specify which input channel will
be the destination for the graph subsysterm commands that foliow. The gquery responds with
all the parameters in the subsysiem.

Command Syntax: GRAPh {1 | 2}
Example: GQUTPUT 707;"GRAPH1"
Query Syntax: GRAPh { 1 | 2 }?

Returned Formai: [GRAPh]<NRI><crif>
[MAGN1i fyl<argument><crlf>
[YOFfset]<NR3><crif>
[YRANge J<NR3><crif>

Exampie: DIM Graph$[100]
OUTPUT 707;"EOT ON"
OUTPUT 707 "GRAPH1?"
ENTER 707 USING "-K";Graph$
PRINT USING "-K";Graph$

MAGNIty command/gusary

This command controls the MAGNIfy function for a specific channel. This command has
one parameter: OFF, ON, or WINDOW, Off specifies that the channel will be displayed on
the CRT in the unmagnified form. On specifies that the channel will be dispiayed in the
magnified form. Window specifies that the channe! will be displayed in the unmagnified
form with the magnifier window displayed. The window is only displayed when the menu for
the specified channel is on.

Command Syntax: MAGNify {[ OFF | O J[ ON { 1 I[ WINDOW [ 2 1}
Example: OUTPUT 707;"MAGNIFY OFF"

Query Syntax: MAGNify?
Returned Format: [MAGNify]<argument><crif>
txample: QUTPUT 707;"MAGNIFY?"

ENTER 707:Mag$
PRINT Mag$
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YOFfset command/query
This command allows you to centrol the voltage at the center of the magnify window. This
voltage must be within the vertical range ihat is setup with the CHANNELR RANGE anc
OFFSET commands. The guery returns the current value of YOFfset,

Command Syntax: VYOFfset { NR1 | NR2 | NR3 )
Exampie: OUTPUT 707;"YOFFSET 1E-3"
Query Syntax: VYOFfset?
Returned Format: [YOFfset]<NR3»<crlf>
Exampie: OQUTPUT 707;"YOFFSET?"

ENTER 707;YS
PRINT Y$

YRANge command/query
This command allows you to control the size (in volts) of the magnify window. The
combination of this command and the YOFfset command must define a window that is
completely enciosed by the vertical range that is setup with the CHANneln RANGe and
OFFSet commands. The guery returns the current vaiue of YRANge.

Command Syntax: YRANge { NRl | NR2 | NR3 }
Example: OUTPUT 707;"YRANGE .C1"
Query Syntax: YRANge?
Returned Format: [YRANgel<NR3><crif>
Exampie: OUTPUT 707;"YRANGE?"

ENTER 707:;Yr$
PRINT ¥Yr$
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NOTES:
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PHINter

command/query

The PRINTER command selects the black and white printer or the color printer.

Except for the three exceptions shown in the table below, the Paintlet color assignments correspond to those on
the display and the color menu of the oscilloscope. These execptions are necessary for better viewability of printed
data. This means that changing color settings in the oscilloscope color menu will change colors on the display and

the Paintfet. The assignments are shown below,

The PRINTER query returns the current printer selection.

Display Display PaintJet
Color No. Qutput

Background 15 (Black) 11 {(White)
Overlap 7 {Magenta) 12 (Black)

Channel 1 3 {Yellow) 10 (Purple)

The RESET command does not alter the state of the printer parameter, however, a keydown power up will set the

printer selection to MONO,

The printer selection is not saved into the HP 54110D Learn String.

Command Syntax: ~ PRInter {MONO | COLOr}

Example: OUTPUT 707,"PRINTER MONO"

Query Syntax: PRINter?

Returned Format:  [PRInter] {MONO | COLOr} <crlf >
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10-15. HARDCOPY SUBSYSTEM

The commands in the MARDcopy subsystem allow you to set various parameters used during the
plotting and printing waveforms from the 54110D. Refer to Figure 10-9 for the syntax diagram of
the HARDcopy subsystem commands.

HARDcopy command/query

The HARDcopy command selects the hardcopy subsystem as the destination for the
commands that follow.

Command Syntax: HARDcopy
Exampie: CUTPUT 707;"HARDCOPY"
Query Syntax: HARDcopy?

Returned Format: [HARDcopyl<crif>
{PAGE J<argument><crlf>
[PEN]<argument><crif>
[SPEedi<argument><crif>

Example: DIM Hard$[100]
GUTPUT 707,"EDT ON"
QUTPUT 707 ;"HARDCOPY?"
ENTER 707 USING "-K";Hard$
PRINT USING "-K";Hard$S"

PAGE command/guery
The page command allows you to send a form feed after a hardcopy dump to a printer.
During a hardcopy dump the 54110D ignores page boundaries. The query returns the
current siate of the page command parameter.

Command Syntax: PAGE {[ MANual ] 0 ]
[ AUTOmatic | 1 1}

Example: OQUTPUT 707;"PAGE AUTC"

Query Syntax: PAGE?
Returned Format: [PAGE]}<argument><crif>
Example: OUTPUT 707;"PAGE?™

ENTER 707;Page$
PRINT Page$l
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PEN command/query

The PEN command aillows you fo set the 54110D's pen confrol function. When this
command is set to AUTOmalic the unit assigns the following pen numbers {o these
functions:

Pen # Usage

CGralicule and limebase {faciors

Channel 1 and associated factors
Waveiorm memaories and asscciated factors
Channel 2 and associated factors

Markers and delta measurement resuiis
Fixel memories

L2 N4 1 I =R &% BN AV B

When the command is put in the MANual mode the plotier will not be instructed to select a
pen when a plot is requested, at the completion of the plot an instruction will be sent to
cause the plotter to put away the pen. The query returns the state of the pen control
parameter.

Command Syntax: PEN {[ MANual | 0 ]
[ AUTOmatic | 1 1}

Example: OUTPUT 707;"PEN AUTOMATIC®
Query Syntax: PEN?

Returned Format: [PEN]<argument><crlf>

Example: QUTPUT 707;"PEN?"

ENTER 707;Pen$
PRINT Pen$

SOURce | SRC command

The SOURce command specifies the source(s) to be output during a hardcopy dump.
Commas should be used when specifying multiple sources.

Command Syntax: { SOURce ! SRC }

{[PLANeO | 0] (active display)
[PLANel | 17  (pixel memory 5)
{PLANe2 | 2]  (pixel memery ©)

[FACTors | 4] (scale factors)

[MEMoryl | 11] (waveform memory 1)

[MEMoryZ | 12] (waveform memory 2)

[MEMory3 | 13] (waveform memory 3)

[MEMoryd | 141} (waveform memory 4)

Exampie: OUTPUT 707:"SOURCE PLANEZ,MEMORY1"
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SPEed command/query

The SPEed command aliows you to specify the pen speed to be used during piotling. FAST
ts infencged for use on normal paper and SLOW shouid be used when plotling
transparencies. The guery returns the current pen speed.

Command Syntax: SPEed {[ SLOW | O }
T FAST [ 1 1)

Exampie: OQUTPUT 707;"SPLED FAST"

Query Syntax: SPEked?
Returned Format: [SPEedi<argument><crlf>
Example: QUTPUT 707;"SPEED?"

ENTER 7G7;Speed$
PRINT Speed’
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16-80

CHANNEL _NUMBER = An integer, 1 or 2.
EDGE_NUMBER = An integer from 1 to 100,
FUNC_NUMBER = An integer from 1 to 2.
MEM_NUMBER = An integer from 1 to 4.
VTIME _ARG = A real number that is within the horizontal disptay window.
VSTART_ARG = A real number <=2 X voltage range.
VSTOP_ARG = A real number <=2 X voltage range.
TSTART_ARG = A real number with the following restrictions:
Maximum is 60,000 X timebase range or 1.8sec, whichever is greater
[f the delay reference is left
then minimum is 200 ms or -{timebase range), whichever is smaller
Else if the delay reference is center
then minimum is -5{timebase range) or -200 ms+{timebase range)
whichever is smaller,
Else if the delay reference is right
then minimum is O or -200 ms+10(timebase range),
winichever is smaller.
TSTOP_ARG = A real number with the same restrictions as TSTART_ARG.
ESTART_ARG = An integer between 0 and 100,
ESTOP_ARG = An integer between 0 and 100.
VREL ARG = An integer 0, 10, 20, 50.

Figure 10-10. Measure Subgystem Commands
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10-16. MEASURE SUBSYSTEM

The commands in the MEASure subsystem aliow you to make puise parameter and voitage
measurements. You may alsc make custom measurements using the voltage and time markers.
Fulse parameter measurements are made on the left side of the display. If there isn't gnough
signal present on the dispiay to make a measurement, 1E38 is returned. Measurements are made
using previously specified PRECision. If PRECision is set to LOW, the waveform will not be
expanded. if PRECision is set HIGH the unit wili attempt to increase the precision of the
measuremsant by making the sweep faster. lL.ow precision measurements typically are
accomplished faster than high precision measurements because of the additional time required for
expansion. All predefined pulse parameter measurements cause an Auto Top-Base operation 1o be
prefcrmed on the displayed signal. This cperation determines the 10, 80, and 50 percent levels
that are used to make the measurements. For more detailed information concerning the
automated measurements refer to Appendix C. Refer to Figure 10-10 for a syntax diagram of the
measure subsystem commands.

MEASure command/guery

The MEASure command selects the  measure subsystem as the destination for the
cemmands that follow. The query responds with selected measurement parameters.

Command Syntax: MEASure
Exampie: COUTPUT 707;"MEASURE"
Query Syntax: MEASure?

Returned Format: [MEASurel<crlif>

[SOURce [ CHANRel]<NRI>[FUNCtion]<NR1>
[MEMory]<NR1><cr]f>

[PRECision]<argument><crif>
[VDELta}<NR3><crif>
[VSTArt]<NR3><crif>
[VSTOpJ<NR3><crlf>
[TDELta]<NRI><crif>
[TSTArtJ<NR3><crlf>
[TSTOp]<NR3><crif>

Example: DIM Mea$[200]
QUTPUT 707;"EQ1 ON"
QUTPUT 707;"MEASURE?"
ENTER 707 USING "-K";Mea$
PRINT USING "K";Mea$
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ALL? query

This query makes as many measurements as possible on the dispiayed signal and buffers
the answers for output over HP-1B, If the measurement cannot be made the instrument will
respond with 1.00000E+38,

(Juery Syntax: ALL?

Returned Format: [FREQuency]<NR3><crif>
[PERiod]<NR3><crlf>
[PWIDth]<NR3><crif>
[NWIDth]<NR3><crlf>
[RISEJ<NR3><crif>
[FALLI<NR3>»><crif>
[TOPBase]<NR3I><crif>
[VPP]<NR3><crlif>
[PREShootJ<NR3><crif>
[OVERshoot J<NR3><cr] >
[DUTYcycle]<NR3><cr] >
[VRMST<NR3><cr1f>
[VMAX]<NR3><crif>
[VMINI<NR3><crif>
[VTOP]<NR3><er]f>
[VBASe1<NR3><crlf>

Example: DIM AT13[5007}
OUTPUT 707;"E0T CN"
QUTPUT 707;"ALL?"
ENTER 707 USING "-K":;"A11%"
PRINT USING "K";A11%

CURSor? Query

This guery returns time and voliage values of the specified marker as an ordered pair of
time/voltage values. if delta is specified the instrumeni returns the value of delta V and delta
T. If start is specified the positions of Vmarkert and the start marker are returned. If stop is
specified the positions of Vmarker2 and the stop marker are returned.

Query Syntax: CURSor {[ DELTA | 0 1
[ START | 1 ]
[ STOP | 2 ]})7?

Returned Format: [CURSor]<NR3><,><NR3><crif>

Example: DIM Cursor$[30]
QUTPUT 707;"CURSOR1?"
ENTER 707;Cursor$
PRINT Cursor$
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DUTYcycle? | DUT? query
This guery causes the instrument to determine the duty cycle of the signal. The pulse width

is measured at the 50% voltage point. The duty cycle is computed using the following
formula:

duty cycle = (+pulse width/period) X 100
Query Syntax: { DUTYcycle | DUT )2
Returned Format: [DUTYcyclel<NR3><crlf>
Example: DIM Dut${30]
QUTPUT 707;"DUTYCYCLE?"

ENTER 707;Dut$
PRINT Dut$

ESTAr command/query

This command causes the instrument to position the start marker on the specified edge and
slope at the voltage level corresponding to voltage marker 1. A positive integer looks for a
specific positive transition and a negative integer looks for & specific negative transition
through the voltage leve!l eguai to the voltage level of voltage marker 1. The guery responds
with the currently specified edge.

Command Syntax: ESTArt<hRI>
Example: OQUTPUT 707;"ESTART 2"
Query Syntax: ESTArt?
Returned Format: [ESTART]<NRI><crif>
Example: OQUTPUT 707;"ESTART?"

ENTER 707:EsS
PRINT Es$
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ESTOp command/query

This command causes the instrument to position the stop marker on the specified edge and
siope at the voltage level corresponding to voltage marker 2. A positive integer looks for a
specific positive transition and a negative integer looks for a specific negative transition
through the voltage level equal the level of voitage marker 2. The query returns the currently
specified edge.

Command Syntax: ESTOp
Example: QUTPUT 707;"ESTOP-2"

Query Syntax: EST0P?
Returned format: [ESTOP]<NRI><crif>
Example: CQUTPUT 707;ESTOP?

ENTER 707;Es$
PRINT Es$
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FALL? query

This query causes the instrument to measure the faill time of the first talling edge whose 10%
and 90% points are on screen using the formuia:

fall ime = time at 10% point - time at 90% poin;.
Query Syntax: FALL?
Returned Format: [FALLJ<NR3»<crlf>
Example: QUTPUT 707;"FALL?"

ENTER 707;Fall$
PRINT Falls

FREGuency? query

This query causes the instrument to measure the frequency of the first complete period on
screen using the 50% levels. The aigorithm used is:

if first edge on screen is rising

then
frequency = 1/(time at second rising edge
- time at first rising edge)
else
frequency = 1/{time at second falling edge

- time at first falling edge)
Query Syntax: FREQuency?

Example: DIM Freg${30]
QUTPUT 707;"FREQuency?”
ENTER 707;freq$
PRINT Freqg$
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NWIDth? query

This query causes the instrument to measure the negative puise width of the first negative
pulse on screen using the 50% levels. The algorithm used is:

if first edge on screen is rising

then
width = (time at second rising edge
- time at first faliing edge)
else
width = (time at first rising edge

- time at first falling edge)
Query Syntax: NWIDth?
Returned Format: [NWIDth]<NR3><crif>

Example: DIM Nwid${30]
GUTPUT 707;"NWIDTH?®
ENTER 707 ;Nwids
PRINT Nwid$

OVERshoot? query

This query causes the instrument to measure the overshoot of a seiected signal. QOvershoot
uses the first edge on screen using the following aigorithm:

if the first edge on screen is rising

then

overshoot = Vmax - Viop
else

overshoot = Vbase - VYmin

Query Syntax: OVERshoot?
Returned format: [OVERshoot]<NR3><crif>

Example: DIM Overs$[30]
QUTPUT 707;"0OVERSHOOT?"
ENTER 7Q07:0vers
PRINT Overs$
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PERiod? query

This command causes the instrument to measure the period of the first complete cycle on
screen using the 50% level. The aigorilhm is:

if first edge on screen is rising

then
period = (time at second rising edge
- time at first rising edge)
else

period = (time at second falling edge
- time at first falling edge)

Query Syntax: PERiod?
Returned format: [PERjod]<NR3I><crif>
Example: DIM Period$[30]
QUTPUT 707;"PERIOD?"

ENTER 707;Period$
PRINT Period$

PRECIision command/query

This command alfows vyou io specify the precision that is used on subsesquent
measurements. When PRECIsion is set o HIGH the edges used for making a measurement
are evaluated by making the sweep speed faster until the edge has a siope of approximately
45 degrees or the limit of the horizontal system has been reached. This increases the
resolution of the measurement. When PRECision is set to LOW no horizontal expansion is
accomplished. Low precision aliows you increase measurement speed with the potential of
reduced accuracy. '

Command Syntax: PRECision {[ LOW | 0 ]
[ HIGH | 1 ]}

Example: QUTPUT 707;"PRECISION LOW"
Query Syntax: PRECision?
Returned Format: [PRECision]<argument><crif>
Example: DIM Prec$f30]
QUTPUT 707;"PREC?"

ENTER 707;Prec$
PRINT Prect
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PREShoot? query

This query causes the instrument to measure the preshoot of the selected SOURce, The
PREShoot command uses the first edge on screen using the following algorithm:

if the first edge on screen is rising

then

preshoot = Vbase - Vmin
else

preshoot = VYmax - Viop

Query Syntax: PREShoot?
Returned Format: [PREShoot}<NR3><crif>

Exampie: DIM Pres$[30]
QUTPUT 707;"PRESHOOT?"
ENTER 707;Press$
PRINT Pres$

PWIDth? query

This gquery causes the instrument to measure the positive puise width of the first positive
puise on screen using the 50% levels. The zlgorithm used is:

if first edge on screen is falling
then
width = (time at second failing edge
- time at first rising edge)
else
width = {time at first falling edge
- time at first rising edge)

Query Syntax: PWIDth?
Returned Format: [PWIDth]<NR3><crlf>
Example: DIM Pw$[30]
OUTPUT 707;"PWIDTH?"

ENTER 707;Pw$
PRINT Pw$
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RISE? query

This query causes the instrument to measure the rise time of the first rising edge whase
10% and 0% points are on screen using the formula:

rise ime = (lime at 90% point - time at 10% point)
Guery Syntax: RISE?

Returned Format: [RISE]J<NR3><crlf>

Examplie: OUTPUT 707;"RISE?"

ENTER 707;Rise$
PRINT Rise$

SOURce | SRC command/guery

This command selects the source(s) to be used for subsequent measurements. If the source
is specified as CHANnelt or CHANnel2, that channel will be used as the source for
subsequent MEASure commands. For dual measurements, 2 parameters are specified after
the source command. Vmarker 1 the start marker will be assigned to the first and Vmarker
2 and the stop marker wili be assigned (o the second. if the Keyword DUAL is used as the
measurement source the markers will be assigned to chan 1 and 2 respectively. The marker
measurement commands that work in DUAL are: ESTART, ESTOP, TSTART, TSTOP,
TDELTA, VSTART, VSTOP, AND VDELTA.

Command Syntax: ( SOURce | SRC }{[ DUAL | 0 ] | [<,>
[ CHANnell | 1 ] i {[CHANnell | 1 ]
[ CHANnelZ | 2 ] | [CHANnel2 | 2 ]
[ FUNCtionl | 9 ] | [FUNCtionl | 9 ]
[ FUNCtion2 | 10 ] | [FUNCtion2 | 10}
[ MEMoryl | 11 ] | [MEMoryl | 11 )
[ MEMory?2 | 12 ] | [MEMory2z | 12 ]
[ MEMory3 | 13 ] [ [MEMory3 | 13 ]
[ MEMoryd | 14 1) | [MEMoryd | 14 1}]

Example: QUTPUT 707;"SOURCE CHANNELI;MEMORY1"
Query Syntax: { SOURce | SRC 17
Returned Format: [ SOURce | SRC ]<argument><crif>
Example: DIM Src$[50]
QUTPUT 707;"SRC?"

ENTER 707:Src$
PRINT Src$
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TOPBase? query

This guery returns the signal amplitude using the formula:
amplitude = Viop -Vbase

Vtop and Vbase are located using a histogram of the voltage values of the waveform record.
After a waveform record is collected the absolute min and max voltages are determined and
a histogram of the voltage values is completed. Next, the waveform record is scanned to
find the voltage vaiues with the largest number of data points. if the maximum number of
data poinis is greater than the limit criteria (approximately 5% of the maximum number of
points in the record) that voltage level is used for the top or the base. If the limit criteria is
not satisfied the absolute min, max values are used as the base and the top.

Query Syntax: TOPbase?
Returned Format: [TOPBase]<NR3><crif>
Exampie: DIM Top$[301]
OUTPUT 707;"TOPBASE?"

ENTER 707;Top$
PRINT Topi

TDELta? query
This query returns the time difference between the start and stop time markers, that is;
Tdella = Tstop - Tstart

Where Tstart is the time at the start marker and Tstop is the time at the stop marker.
Query Syntax: TDELta?

Returned Format: [TDELta]<NR3><crlf>

Example: DIM Td${30]

- QUTPUT 707;"TDELTA?"

ENTER 707;Td$
PRINT 7d$
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TSTAR command)/query

This command moves the stari marker to the specified time with respect to the trigger time,
The query returns the start marker position.

Command Syntax: TSTArt<start marker time>
Example: OUTPUT 707;"7TSTArt -.001"
Query Syntax: TSTArt?
Returned Format: [TSTArt]<NR3><crlf>
Example: DIM Ts$[30]
Example: OUTPUT 707;"TSTART?"

ENTER 707;7s$
PRINT Ts$

TSTOp command/guery

This command moves the stop marker to a specified time with respect to the trigger. The
query returns the stop marker position.

Command Query: TSTOp<stop marker time><crlf>
Example: OUTPUT 707;"TSTOP -1.0E-6"
Query Syntax: TST0p?
Returned Format: [TSTOp]<MR3><crif>
Example: DIM Ts$[30]
QUTPUT 707,;"TSTOP?"

ENTER 707;Ts$
PRINT Ts$
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TVOLt? query

When the TVOLY query is sent, the on screen signal is searched for the defined voltage level
and transition. The time interval between the trigger event and this defined occurrence is
returned as the response to this query.

The sign of «slope & occurrences> selects a rising(+} or fafling(-) edge. The magnitude of this
parameter defines the number of occurrencas. For example, if <siope & cccurrence> = +3
the on screen signal would be searched for the third occurrence of the specified voltage on
a positive slope.

Query Syntax: TVOLi<voltage><,><slope & occurrence>?
Returned Format: [TVOLTI<NR3I><crlf>
Example: DIM Tvolt$[30]
OUTPUT 707"TVOLT -.250,+3 7?7

ENTER 707;Tvolts
PRINT TVolts

VBASe? query

This query raturns the voiltage level of the base of the waveform data. VBASe is determined
by using a histegram of the volltage values of the waveform record. After a waveform record
is coflected the absoclute min and max voitages are determined and a histogram of the
voltage values is completed. Next, the waveform record is scanned to find the voltage
values with the largest number of data points. If the maximum number of data points is
greater than the limit criteria (approximately 5% of the maximum number of points in the
record) that voltage level is used for the top or the base. If the limit criteria is not satisfied
the absolute min, max values are used as the base and the top.

Query Syntax: VBASe?
Returned format: [VBASe}<NR3>»<crlf>
Exampie: QUTPUT 707;"VyBASE?"

ENTER 707:Base$
PRINT Base$
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VDELta? query
This query returns the difference in voitage between voltage marker 1 & 2. That is:
VDELta = Marker2 - Marker1
Where Marker1 is the voltage at marker 1 and Marker2 is the voitage at marker 2.
Query Syntax: VDELta?
Returned Format: [VDELta]<NR3><crif>
Exampie: OQUTPUT 707;“VDELta?"

ENTER 707;Vdelta$
PRINT Vdelta$

VEIFty command
For a single source this command sets the voltage markers at the 50% level. For dual
source measurements Vmarker1 is sent to the 50% level of the first sowrce and Vmarker 2 is

set to the 50% ievel of the second source. For a single source, this command has the same
effect as pressing the front panel Auto Top-Base key and then pressing the 50-50% key.

Command Syntax: VFIFty
Examplie: OQUTPUT 707;"VFIFTY"

VMAX? guery

This query returns the absolute maximum voltage present at the seiected
source.

Query Syntax: VMAX?
Returned Format: [VMAXJ<NR3><crlf>
Example: QUTPUT 707;"VYMAX?"

ENTER 707 ;Vmax$
PRINT Vmaxt
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VMINT query
This query returns the minimum voltage present on the selected source,
Query Syntax: VYMIN?
Returned Format: [VMIN]<NR3><crif>
Examplie: OQUTPUT 707;"VMIN?"
ENTER 707:Vmin$
PRINT Vming
VePY? query

This query returns the peak-lo-peak voltage computed using the formula:
Vpp = Vmax - Vmin

Where Vmax and Vmin are the maximum and minimum voltages present on the
selected source.

Query Syntax: VPP?
Returned Format: [VPPI<NR3><crlf>
Example: OUTPUT 707;"VPpP?"

ENTER 707;Vpp$
PRINT Vpp$
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VRELative command/query

The VRELatlive command moves the voltage markers to defined percentage
points of their last established positions. For example: afier a TOPBase
operation voltage marker 1 would be located at the base (0%) of the signal

and voltage marker 2 would be at the top (100%) of the signal. If VRELstive

10 command was executed, voltage marker 1 would be moved to the 10% level
and voltage marker 2 would be moved to the 90% leve! the signal,

VREL 100 wouid move the markers back to their original locations. VREL 50
would move both markers to the 50% point of their original positions.

The query returns the current relative position of the markers i.e., 10,

20, 50, or 100,

Command Syntax: VRELative<percentage>
Example: OUTPUT 707;"VRELative 20"
Query Syntax: VRELative?
Returned Format: [VRELativel<NRI>
Example: OUTPUT 707;"VYREL?"

ENTER 707;Vr$
PRINT Vr$
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VRMS? query

This guery returns the RMS voliage of the selected SOURge. The RMS voltage is computed
over ane compiete period using the formula:

1

f_ i=n ‘\ 2

v = \-}- V2 %

rms” | A i ] %

T
15418901

Where there are n time buckets in 1 pericd and Vj is the voltage at bucket j of the period
data. Since it is rare for a period to fali precisely within an integral number of time buckets,
the algorithm rounds to the nearest time bucket at the beginning and end and uses these as
the limits.

Query Syntax: VRMS?
Returned Format: [VRMSI<NR3><cr]f>
Example: OUTPUT 707:"VRMS?"

ENTER 707;V5
PRINT V§

VSTArt command/guery

This command moves voltage marker 1 io the specified voltage. The guery returns the
current volitage level of voitage marker 1.

Command Syntax: VSTArt<voltage level>
Example: OUTPUT 707;"VSTART -.01"
Query Syntax: VSTArt?
Returned Format: [VSTArt]<NR3><crlf>
Example: OUTPUT 707;"VSTART?"

ENTER 707;VsS
PRINT Vs$
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VSTCp command/query

This command moves voltage marker 2 to the specified voltage. The query returns the
current voltage tevel of voltage marker 2.

Command Syntax: VSTCOp<voltage level>
Examplie: QUTPUT 707;"VSTOP -.1"
Query Syntax: VSTOp?
Returned Format: [VSTOp]<NR3><crif>
Example: OUTPUT 707:"vSToP?"

ENTER 707;Vstop$
PRINT Vstops

VTiMie? query

This query returns the voitage at a time, this time is referenced to the trigger event and must
be on screen. The time may be + or - (before or after the trigger event). This command
functions on single valued waveform records only. If the time with respect to the trigger
event is off screen 1E38 will be returned. If the time bucket of interest does not contain any
voitage values, due to the completion criteria being less than 100%, the VTIMe valus will be
interpolated using linear interpolation between the closest points before and after the time
bucket.

Query Syntax: VTIMe?
Returned Format: [VTIMe]<NR3><crlf>
Exampte: OUTPUT 707;"VTIME -.0017"

ENTER 707;Vt$
PRINT Vi$
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10-17. TIMEBASE SUBSYSTEM

The Timebase Subsysier cormmands control the horizontal axis, "X axis", oscilloscope
functions. See Figure 10-11 for a syntax diagram of the imebase subsystem commands.

TiMebase commandg/query

The TiMbase command selects the timebase as the destination for the cormmands that
follow. The guery responds with all the settings of the timebase.

Command Syntax: TIMebase
Examplie: OUTPUT 707;"TIMEBASE"
Query Syntax: TIMebase?

Returned Format: [TIMebase]<crlif>
[MODE]<argument><crlf>
[RANGe I<NR3><crlf>
[DELay]<NR3><crlf>
[REFerence]<NR3><crif>

Example: DIM Time$[100]
OUTPUT 707;"E01 ON"
OUTPUT 707;"TIMEBASE?"
ENTER 707 USING "-K";Time$
PRINT USING "K";Time$

DELay | DLY command/query

This command sets the timebase delay. This delay is the time interval between the trigger
event and the on screen delay reference point. The guery returns the current delay value.

Command Syntax: {[DELay][DLY]}<timebase deiay>
Example: COUTPUT 707:"DELAY 2E-3"

Query Syntax: ({[DELay]iDLY]}?
Returned Format: [DELay]<NR3I><crif>
Example: OQUTPUT 707;"DELAY?"

ENTER 707;Dels
PRINT Del$
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MODE command/query

This command selects the fimebase mode. If the AUTO mode is selected the unit will
provide a baseline on the display in the absence of a signal. If a signal is present but is not
triggered the disptay will be unsynchronized but will not be a baseline. If the TRIGGERED
mode is selected and no trigger is present the unit will not sweep, and the data acguired on
the previous trigger will remain on-screen. The SINGLE mode causes the unit to make a
single acquisition when the next trigger event occurs. The query returns the current mode.

Command Syntax: MODE{[ AUTO | 0 ]
[ TRIGGERED | 1 ]
[ SINGLE | 2 1}
Example: OUTPUT 707;"MODE SINGLE"
Query Syntax: MODE?
Returned Format: [MODE]<argument><crlf>
Exampie: QUTPUT 707;"MODE?"

ENTER 707:Mode$
PRINT Mode$

OFFSet cormmand/query
This command sets the timebase delay. This delay is the time interval between the trigger
event and the on screen delay reference point. The query returns the current delay value.
This command performs exactly the same function as the DELay command.

Command Syntax: OFFSet<timebase delay>
Exampie: OUTPUT 707:"OFFSET 1E-4"
Query Syntax: OFFSet?
Returned Format: [OFFSet]<NR3><crif>
Example: OUTPUT 707;"QFFSET?"

ENTER 707:0ffs$
PRINT Offs$
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RANGe command/query

This command defines the full scale horizontal time interval, RANGE = 10 X SENSITIVITY,
The query returns the current range.

Command Syntax: RANGe<horizontal time interval>
Example: QUTPUT 707;"RANGE 1"

Query Syntax: RANGe?
Returned Format: [RANGe]<NR3><crif>
Exampie: QUTPUT 707 ;"RANGE?"

ENTER 707;Range$
PRINT Range$

REFerence command/query

This command sets the delay reference io the left, center, or right side of the screen. The
query returns the current delay reference.

Command Syntax: REFerence {[ LEFT | 0 ]
[ CENTER | 1 ]
[ RIGHT | 2 1}

Example: OUTPUT 707;"REFERENCE LEFT"

Query Syntax: REference?
Returned Format: [REFerence]<argument><crlf>
Example: QUTPUT 707;"REFERENCE?"

ENTER 707:Ref$
PRINT Ref$
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SENSitivity command/query

This command sets the horizontal time/division to the defined value.
SENSitivity = RANGe/10. The guery returns the current time/division.

Command Syntax: SENSITIVITY<time/division>
Exampie: OUTPUT 707;"SENSITIVITY 1E£-7"
Query Syntax: SENSitivity?
Returned Format: [SENSitivity]<NR3><crlf>
Example: QUTPUT 707;"SENSITIVITY?"

ENTER 707;Sens$
PRINT Senss$

NOTES:
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NOTES:
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Figure 10-12 Trigger Subsystem Commands
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10-18. TRIGGER SUBSYSTEM

The commands in the Trigger Subsystem are used to define the conditions for a trigger. This
instrument provides five trigger modes: EDGE mode, PATTERN mode, EVENT DELAY mode,
TIME DELAY mode, and the STATE mode.

In the edge mode each trigger source has an associated isvel, slope, and probe attenuation factor
which are used when it is selected as a trigger source. These levels and probe attenuation factors
are applicable to clther modes however, the slope will depend on the particular mode used.

The SOURCE, ENABLE and PATH commands are related in that they select the source for
commands like LOGIC or LEVEL, however each is used in a slightly different way. The SCURCE
command is used to specify the trigger source for the EDGE, STATE, TDLY, and EDLY modes.
This is the source that the actual trigger is generated from. The ENABLE command is used in the
TDLY and EDLY meodes to specify the source that is used to qualify the trigger. The PATH
command is used in the PATTERN and STATE modes {o seiect a pattern element for setup.

Each individual trigger mode keeps track of the last referenced source and it is this source that is
addressed by any SLOPE, LOGIC, etc. commands when that mode is re-entered.

See Figure 10-12 for Trigger Subsystern syntax diagram.
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TRiGger

command/query

The trigger command seiects the trigger subsystem as the destination for the trigger
commands that foliow. The query responds with the subsystemn parameters for the current

trigger mode.
Command Syntax:

Example:

TRIGger
QUTPUT 707;"TRIGGER"

Guery Syntax: TREGgef?

Returned Format:

MODE EDGE<crif>
SCURce<path name><crif>
PROBe<NR1><crlf>
LEVel<NR3><crif>
SLOPe<argument><crif>

{[HOLDoff TIMEI<NR3><crif> |

[HOLDoff EVENTSI<NRI><crif>)

MODE PATTERN<crif>
CONDition<argumeni><crif>
OURation<argument><crlf>
PATH<path name l><crif>
PROBe<NR3><cr1f>
LEVel<NR3><crif>
LOGic<argument><cr]f>
PATH<path name 2><crif>
PROBe<NR3><cr1f>
LEVel<NR3><crif>
LOGic<argument><crilf>
PATH<path name 3><crilf>
PROBe<NR3><crl1f>
LEVeT<NR3><cr1f>
LOGic<argument><crif>
PATH<path name 4><crlf>
PRCBe<NR3><crif>
LEVel<NR3><crif>
LOGic<argument><crif>

{[HOLDoff TIMEJ<NR3><crif> |

[HOLDoff EVENTS]I<NRI><crlf>)

(continued on next page)
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DELay | DLY commang/guery

This command/query is valid only in the events delay (EDLY) or time delay (TDLY) modes.
In the time delay mode this command specifies the delay in seconds. In the events delay
mode this command specifies the number of trigger events. The query returns the delay for
the current mode.
Command Syntax: (DELay | DLY){<event delay>|<time delay>)

txample: OUTPUT 707;"DELAY 10"
Query Syntax: DElLay | DLY?

Returned Format: [DELay]{<NR1>|<NR3>}<crif>

Example: OUTPUT 707;"DELAY?"

ENTER 707;Delay$
PRINT Delay$

DURsgtion command/query

This command/query is valid only in the pattern mode. it specifies the time limit (minimum
time for ">", or maximum time for "<"} a pattern must be present to generate a trigger.
Pattern duration trigger is implicitly an "EXITED" condition, that is, the irigger coincides with
the first event that makes the pattern faise. The guery returns the current selections for
duration type and time,

Command Syntax: DURation{[ LT | 1| <]
LeT 121 >1)

Example: OQUTPUT 707;"DURATION LT 1E-3"
Query Syntax: DURation?

Returned Format: [DURation]<argument><crif>

Example: QUTPUT 707;"DURATION?"

ENTER 707:Durs$
~PRINT Durs$
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ENABIle command/query

This command/query is valid in the STATE, TDLY, or EDLY modes. It is used to specify the
source that is 10 be used as the trigger enable, which is also the source for subseguent
SLOPE and PROBE commands. The query returns the current trigger enable source of the
present mode.

Command Syntax: ENABTe{[ CHANnell | 1 ]

[ CHANnei2 | 2 ]

[ EXTernail | 3 ]
[ EXTernalz | ¢ 1}

Example: OUTPUT 707;"ENABLE CHANNEL3"
Query Syntax: ENABle?

Returned Format: [ENABle]<argument><crlf>

Exampie: OUTPUT 707;"ENABLE?"

ENTER 707:Enable$
PRINT Enable$

HOLDoff command/query

This command allows you to specify the holdoff time in the EDGE, PATTERN, or the STATE
modes, or the hoidoff number of events in the EDGE or PATTERN modes. Each mode has
its own holdoff parameters and "remembers" whether it was using holdoff by time or holdoff
by events. The holdoff query is valid in the EDGE, PATTERN, or STATE modes and returns
the current holdoff setting for the presently selected mode. Time holdoff ranges from 70 ns
to 670 ms. Events holdoff ranges from 2 to 67,000,000 events.

Command Syntax: HOLDoff {[{EVENT<# of events>]
[TIME<holdoff time>]}

Exampie: OUTPUT 707;"HOLDOFF EVENT 100"
Query Syntax: HOLDoff?

Returned Format: [HOLDoffi<current holdoff mode>
<holdoff value><crif

Example: DIM Hold$[40]
QUTPUT 707;"HOLDOFF?"
ENTER 707:Ho1ds
PRINT Holds

10-115



54110D - Trigger Subsystem

LEVei | LVL command/query

This command sets the trigger ievel of the selected SOURCE or PATH, The query returns
the trigger level of the selected SCURCE or PATH.

Command Syntax: {[{LEVel | LVL])} <trigger levei>
ExampTe: CUTPUT 707;"LEVEL .1"

Query Syntax: ({[LEVel | LVL]}?
Returned Format: [LEVel]<NR3><crlf>
Example: OQUTPUT 707;"LEVEL?"®

ENTER 707:Levels
PRINT Level$

LOGic command/query

This command/query is valid in the STATE and PATTERN modes. The LOGic command is
used to specify the relation between the signal and the predefined voltage levei that must
exist before that part of the pattern is considered valid. If the signal on a selected source or
path is greater than the trigger level that signal is considered HIGH. If it less than the trigger
level it is considered LOW. The query returns the iast specified logic levei of the currently
enabled source.

Command Syntax: LOGic{[ LOW | 0 ]
[ HIGH | 1 ]
[ DONTCARE | 2 1}

Example: QUTPUT 707;"LOGIC DONTCARE"
Query Syntax: LOGic?
Returned Format: [LOGic]<argument><crif>
Exampie: DIM Log$[40]
QUTPUT 707;"LOGIC?"

ENTER 707:Log$
PRINT Log$
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MODE command/guery
This command ailows you to select the trigger mode. The query returns the current trigger
mode.

Command Syntax: MODE{[ EDGE | 0 ]
[ PATTERN | 1 ]
[ STATE | 2 ]
[ TOLY | 3]
[ EDLY | ¢ 1}

Exampie: OUTPUT 707;"MODE EDGE"

Query Syntax: MODE?
Returned Format: [MODE}<argumenti><cr]f>
Exampte: OGUTPUT 707;"MODE?"

ENTER YOU;Mode$
PRINT Mode$

PATH command/guery

This command/query is valid in the PATTERN and STATE modes. This command aliows
you select a paitern bit as the source for future probe and logic commands. The query
returns the current trigger source of the present mode.

Command Syntax: PATH {[ CHANNEL1 | CHANI | 1 ]
[ CHANNELZ E CHANZ | 2 ]
[ EXTERNALI | EXT1 | 3 ]
[ EXTERNALZ | EXT2 | 4 ]}

Example: QUTPUT 707;"PATH CHANNEL3"
Query Syntax: PATH?
Returned Format: [PATH]<argument><crlf>
Example: DIM Path$[30j
QUTPUT 707;"PATH?"

ENTER 707;Paths$
PRINT Path$
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FROBe _ command/query
This command specifies the attenuation factor for the last specified SOURCE or PATH for
the current trigger mode. If the trigger source is also a channel, the last specified probe
attenuation for that channel is the one used. See the CHANNEL PROBE command in
Paragraph 10-10. The query returns the current source's probe attenuation factor.

Command Syntax: PROBe<attenuation ratio>
Example: QUTPUT 707;"PROBE 10"
Query Syntax: PROBe?
Returned Format: [PROBe]<NR3><crif>

Exampie: DIM Probe$[30]
QUTPUT 707 "PROBE?"
ENTER .707:Probes$
PRINT Probe$

SLOPe command/query

This command aliows you to specify the trigger slope for the previously specified source.
The query returns the current slope for the last selected source of the current mode.

Command Syntax: SLOPe {] NEGATIVE | 0 ]
[ POSITIVE | 1 1)

Example: OUTPUT 707;"SLOPE POSITIVE"
Query Syntax: OUTPUT 707;“SLOPE?"

Returned Format: [SLOPe]l<argument><crif>

Exampie: OQUTPUT 707:"SLOPE?" |

ENTER 707;51ope$
PRINT Slope$
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SOURce | SRC command/query

This command /query is valid in the EDGE, STATE, TDLY or EDLY modes and is used to
specily the trigger source. This command aiso identifies the source for any subseguent
SLOPe and PROBe commands. The query returns the current trigger source of the present
mode.

Command Syntax: {[SOURce { SRC1} ([ CHANnell ! 1 3

[ CHANnelZ | 2 ]

[ EXTernall | 3

[ EXTernal2 | 4 1}

Exampie: OUTPUT 707;"SOURCE CHANNELI™
Query Syntax: {[SOURce | SRC]}?
Returned Format: [SOURce]<argument><cr]f>
Example: DIM Src$[30]
QUTPUT 707;"SOURCE?"

ENTER 707;Src$
PRINT Src$

NOTES:
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NOTES:
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MEMORY _NUMBER = An integer 1 through 4.
DATA_SPEC = A block of data in #A format as defined in |IEEE Std. 728-1882,
POINTS_ARG = An integer = 128, 256, 500, 512, 1024,
COUNT__ARG = An integer from 1 to 2048.
XINC_ARG = A real number from 10 ps to 2 ms.
XORG_ARG = A real number with the following restrictions:
The maximum value is 60,000 X timebase range or 1.8 sec, which ever is greater.
If the delay reference is ieft then the minimum vatue is -200 ms or -{timebase range)
whichever is smailer
Else if the delay reference is center
then the minimum vaiue is the lesser of -5X(timebase range} and
-200 ms + (10 X timebase range).
Else if the delay reference is right -
then the minimum value is the lesser of 0 and -200 ms+(10Xtimebase range).
KREF_ARG =0
YINC_ARG = A real number equal to 1/128 X voltage range.
YORG_ARG = A real number wilh a magnitude less than 1.5 X voltage range.
YREF_ARG = 64 tor byte format; 16384 for word or ASCIH format.

COUPLING = DCFIFTY or the integer 3.

Figure 10-13. Waveform Subsystem Commands
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10-19. WAVEFORM SUBSYSTEM

The waveiorm subsystern commands are used to transfer waveforms to and from the four
waveform memories. Waveform data consists of a preamble and a data record. The preamble
contains scaling information useful for interpreting the data record while the data record contains
the actual waveform data values.

Each element of the waveform preambie can be individually set or queried. This can cause you
problems it not done judiciously, for example, setting POINTS in the preambie to a value different
from the actual number of peints in the waveform could result in inaccurate data being sent. For
this reason only the query form of most of the preamble commands is documented here.

The actual values set in the preamble are determined when the DIGITIZE command is executed
and are based on the settings of variabies in the ACQUIRE subsystem. For more information on
the DIGITIZE process and the ACQUIRE subsystem variables, see Section 10-8. For Syntax
diagrams of the waveform subsystem commands see Figure 10-13.

The four waveform types are:

NORMAL:

Normal data consists of the tast data point (hit) in each time bucket. This data is
transmitted over HP-IB in a linear fashion starting with time bucket 0 and gaoing
through time bucket n, where n is the number returned by the WAVeform POINts
guery. Time buckeis that don't have data in them return -1. Only the voltage
values of each data point transmitted, the time values correspond to the position in
the data array. The first voitage value corresponds to the first time bucket on the
left of the CRT and the last vaiue corresponds to the next to last time bucket on the
right side of the CRT.

AVERAGE:
Average data consists of the average of the first n hits in a time bucket, where n is

the value returned by WaVeform COUNt guery. Time buckets that have fewer than
n hits return the average of what data they do have. Again, if a time bucket doesn’t
have any data in it, it wiil return -1. This data is transmitted over the HP-IR in a
linear fashion starting with time bucket 0 and proceeding through time bucket n-1,
where n is the number returned by the WAVetorm POINts guery., The first value
corresponds to a point at the left side of the screen and the last vaiue is one point
away from the right side of the screen.
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ENVELOPE:

RAMNDOM:

Model 54110D - Waveform Subsystem

Enveiope data consists of two arrays of data, one contfaining the minimum of the
firs{ n hits in each time bucket and the other consisting of the maximum of the first
n hits in each time bucket, where n is the value returned by the count query. If a
time bucket does not have any hits in it then -1 is returned for both the minimum
and maximum values. The two arrays are transmitied one at a time over the HP-IS
inearty, starting with time bucket O (on the left side of the CRT) and proceeding
through time bucket m-1, where m is the vaiue returned by the WAVeform POINts
query. The array with the minimum values is sent first. The first value of each
array corresponds to the data point on the ieft side of the CRT. The iast value is
one data point away from the right side of the CRT.

When envelope data is acquired, the minimum and maximum data for channel 1 is
stored in memories 1 and 3 respectively and the minimum and maximum data for
channel 2 is stored in memories 2 and 4. Memories 1 and 2 are set to the envelope
type and memories 3 and 4 are set to the normal type.

The data in the memories is transferred to a controlier using the data query. The
memqary scurce for the transfer is specified by the waveform source command.
When memory 1 is specified as the source, the minimum and maximum data from
memories 1 and 3 is transferred over HP-1B, and when memory 3 is specified as
the source, oniy the maximum data in memeory 3 is transferred over HP-IB.
Similarly, when memeory 2 is specified as the source, the data from memories 2 and
4 is transferred over HP.IB, and when memory 4 is specified as the source only the
maximum data in memory 4 is transferred over the bus.

If it is desirable to transfer oniy the data in memory 1 or 2, it can be accompiished
by changing the memory 1 or memory 2 type from envelope to normal using the
waveform type command.

Data is transferred into the instrument from a controlier using the waveform data
command. Envelope data can be transferred into memory 1 or memory 2 by
specifying the type for the memories as envelope. The data is then transferred as
two arrays. If memory 1 is specified as the source, the first array is transtferred into
memory 1 and the second array is transferred into memory 3. Similarly, if memory
2 is specified as the source, the first array is transferred into memory 2 and the
second array is transferred into memory 4.

Random data consists of all the data that can be gathered, but not to exceed 1024
points. This data is transmitted over the HP-IB in ordered time-voltage pairs. You
should not use the BYTE format for this mode since the time bucket numbers
range up to 300 and il is impossible to represent numbers this large in a byte
without loss of precision. The time data is acquired using 500 time buckets. If
ASCIl and WORD format are used these time values are multiplied by 64 allowing
vaiues from O to 32,000. If BYTE format is used the allowed values are from 0 to
123, this demonstrates how precision is lost in the BYTE mode.
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The three

WORD:

8YTE:

ASCH

10-126

FORMATS that are used o transmit data over the HP-IB:

Word formatied waveform records are transmitted using the binary block format
{the #A iormat specified in IEEE STD. 728-1882% The character string "#A" is sent
first, then followed by a two byte tlength value (16 bit binary) specifying the number
of bytes to follow. The number of bytes is twice the number of words. The number
ol words is also the value returned by the WAVeform POINts gusry, This is
foliowed by & seguence of bytes representing the data words, with the most
significant byte of each word being transmitted first. The A/D conversion in the
54110D vyields a 7 bit result and is contained in the upper half of the data words
transmitled by the instrument. The lowsr byie contains zeros unless the TYPE was
average. In this case any increased resolution achisved through averaging will
show up in the lower byte of the data. Values are always positive and betwesen 0
anc 32,767,

The BYTE formatted waveform records are transmitted over the HP-IB using the
binary block format (the #A format specified in IEEE Std. 728-1982). The character
string "#A" is sent first, then foliowed by & two byte length vatue (16 bit binary)
specifying the number of bytes to follow. The number of bytes when the FORMat
is BYTE is the same as the value returned by the WAVeform PQiNts guery. BYTE
formatted transfers run approximaiely twice as fast as WORD and ASCI transfers,
but should be used with caution if there are any data vaiues to be sent that are
larger than decimal 127. I the data vaiues have a larger range than 127 as is the
case when TYPE is RANDOM,the values are shifted uniil they fit within a byte. For
example, when TYPE is RANDOM, the X vaiues normaily range from © to 500.
Trying to transmit RANDOM data in BYTE FORMAT resuits in the time buckst
nurmbers being rescaled so that they range from O to 126. This lumps time buckets
C through 3 into one x coordinate, time buckets 4 through 7 into the next X
coordinate, ete. '

ASCH formatted waveform records are transmitted one value at a time, separated
by <cr><lf>s. The data values transmitted are the same as would be sent in the
WORD FORMAT except that they are converted to an integer ASCII format (six
characters) before being sent over HP-IB.

The data values can be converted to voltage and time values using the following
formudas:

Voltage(j) = [{Yvaiue()) - Yreference)"Yincrement] + Yorigin
Time{j) = {"Xincrement)+Xorigin  (non-RANDOM type)
Time{j) = {Xvalue(j)*Xincrement) + Xorigin  (RANDOM type)
Where Yvalue(j} is the value of the jth point and Yreference, Y increment, Yorigin,

Xincrement, and Xorigin are the preamble vafues. In the RANDOM mode Xvalue(j)
is the jth time point.
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WAVeform : command/query

The WAVeform command selects the waveform subsystem as the destination for the
wavelorm commands that follow. The query returns the waveform subsystem parameters.
The COUPLIng parameter is always DC or 1 depending on whether argument is set to alpha
or numeric.

Command Syntax: WAVeform
Example: OQUTPUT 707;“WAVEFORM®
Query Syntax: WAVeform?

Returned Format: [WAVeforml<crlf>
[ SOURcel<specified source><crlf>
[VALid]<NRI><crif>
[FORMatJ<argument><crlf>
[TYPE]<argument><crlif>
[POINtsI<NRI><crif>
[COUNt]<NRI><crl1f>
[XINCrementJ<NR3><cr1f>
[XORigin]<NR3><crlf>
[XREFerence]<NRI><crif>
[YINCrement J<NR3><crif>
[YORigin]<NR3><crif>
[YREFerencel<NRI><crif>
[COUPTing]<argument><crif>
[COMPlete]<NRI><crif>

txampie: DIM Wav$[300]
OQUTPUT 707;"EOQI ON"
QUTPUT 707 "WAVEFORM?"
ENTER 707 USING "-K":Wav$
PRINT USING "K";Wav$

COMPlete query

This guery returns the completion criteriocn that was used for the last acguisition to the
currently selected memory from its preamble.

Query Syntax: COMPlete?
Returned Format: [COMPlete]<NR1><cr]f>
Example: DIM Comp$[30]
OUTPUT 707;"COMPLETE?"

ENTER 707;Comp$
PRINT Comp$

10-127



Mode! 341100 - Wavelorm Subsystem

COUNI? | CNT?

This query returns the count fisld of the waveform preamble. The count field contains the
number of averages if the TYPE is AVERAGED, or if the TYPE is ENVELOPE it containg the

number of hits in each time bucket.

Query Syntax: ([ COUNt | CNT 1372
Returned Format: [COUNt]<NRI>
Example: OUTPUT 707:"COUNT?"

ENTER 707:Counts$
PRINT Counts

DATA

commanda/guery

This cormmand causes the instrument to accept a waveform data record over the HP-IS from
the controiler and store it in the previously specified waveform memory. Note: The record
format must mateh the format previously specified for the memory by it's preamble. The
Guery returns the waveform record stored in the previously specified waveform memory.

Command Syntax: DATA
Example: OUTPUT 707;"DATA"
Query Syntax: DATA?

Returned format: [DATAJ#A<binary block Tength in bytes>
<binary block><crlf>

(continued on next page)
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DATA (cont'd)

The following program moves dala from the 54110D to the controiler and then back to the
541100 using the WAVEFORM DATA command and query. For this exampie program use
the instrument’s cal signal and connect it to channef 1.

10
20
30
40
50
&0
70
80
90
100
110
120
130
140
150
160
170
180
150
200
219
220
230
240
250
260

CLEAR 707

OUTPUT 707;"RESET"

OUTPUT 707; "AUTOSCALE"

ASSTGN @Fast TO 707;FORMAT OFF

QUTPUT 707;"ACQUIRE"

QUTPUT 7G7;"TYPE ENVELOPE COUNT 256 COMPLETE 90"
QUTPUT 707;"DIGITIZE 1"

QUTPUT 707;"HEADER QFF"

OUTPUT 707; "WAVEFORM SOURCE MEMORY1 FORMAT WORD"
CUTPUT 707;"DATA?"

ENTER 707 USING "#,2A"Header$

ENTER 707 USING "#,W";Byte len

Word len=Byte Jen/2

ALLOCATE INTEGER waveform(l:Word len)
ENTER @Fast;Waveform(*)

DIM Preamble$[120]

QUTPUT 707;"LONGFORM OFF"

QUTPUT 707 "PREAMBLE";Preambles

ENTER 707;Preamble$

OUTPUT 707;"PREAMBLE";Preamble$
Header$="DATA #A"

QUTPUT 707 USING "#,7A,W" ;Header$;Byte Ten
QUTPUT @Fast;Waveform(*)

QUTPUT 707;"TRANSFER MEMORYZ,PLANEZ2"
QUTPUT 707;"VIEW PLANEZ BLANK CHANNEL1"
END
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FORMat command/query

This command allows you to sel the data transmission mode for the waveform data poinis.
When the ASCH mode is selected the data is sent as ASCH digits with each data value
separated by a <crif>. if the BYTE mode is selected the data is sent as eight bit integars,
while a WORD formatted transfer transfers the data as 16 bit integers. The guery returns the
currert transfer format for the previously specified memory.

Command Format; FORMat {[ ASCII | 0 ]
[ BYTE | 1 ]
[ WORD | 2 ]}
Example: OUTPUT 707;"FORMAT WORD"
Query Syntax: FORMat?
Returned Format: [FORMat]<argument><crlf>
Example: OUTPUT 707;"FORMAT?!

ENTER 707;Formats
PRINT Fermat$

POINts? | PNTS? query

This guery returns the points value in the currently selected waveform preamble, which is
the number of points acquired in the last DiGitize command to the selected waveform
memory.

Query Syntax: {[ POINts | PNTS ]}7
Returned Format: [POINts]<NRI><crlf>
Example: QUTPUT 707:;"POINTS?"

ENTER 7G7;Points$
PRINT Points$s
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PREamble command/query

This command sends a waveform preambie to the selected waveform mermory in the
instrument, The query returns the previously specified memory.

Command Syntax: PRFamble <preamble block>

<preamble block> ::= <format>,
<type>,
<points>,
<count>,
<xincrement>,
<xorigin>,
<xreference>,
<yincrement>,
<yorigin>,
<yreference>,
<coupling>

Query Syntax: PREambie?

Returned Format: [PREamblel<format parameter>,
<type parameter>,
<points NRI>,
<count NR1>,
<xincrement NR3>,
<xorigin NR3>,
<xreference NR1>,
<yincrement NR3>,
<yorigin NR3>,
<yreference NR1>,
<coupling parameter>

Exampie: This exampie program uses both the command and
query form of the key word.

10 DIM Points$[120]

20 QUTPUT 707;"HEADER OFF"

30 OUTPUT 707;"WAVEFORM"

40 OUTPUT 707;"PREAMBLE?"

50 ENTER 707;Points$

60 PRINT Points$

70 QUTPUT 707 USING "#,K";”"PREAMBLE",Points$
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SOURce | SRC

command/query

This command selects the memory that is to be used as the source in following waveform

commands. The query returns the currently selected source.

Command Syntax: ([ SOURce | SRC 1) {[ MEMoryl |1 1 ]
[ MEMory2 | 2 ]
[ MEMory3 | 3 ]
[ MEMoryd | 4 1)

Example: OUTPUT 707;"SOURCE MEMORY3®
Query Syntax: SOURce?

Returned format: [SOURcel<argument><crlf>

Example: QUTPUT 707;"SOQURCE?"

ENTER 707:5rcs
PRINT Src$

TYPE

command/auery

This command sets the data type for the currently selected memory. The guery returns the

data type for the previously specified memory,

Command Syntax: TYPE {{ INVALID | 0 ]
[ NORMal | 1}
[ AVErage | 2 ]
[ ENVelope | 3 ]
[ RANDom [ 4 13

Example: OUTPUT 707;"TYPE ENVELOPE"
Query Syntax: TYPE?

Returned Format: ([TYPE]<argument><crlf>

Example: OQUTPUT 707;"TYPE?"

ENTER 707;Type$
PRINT Type$

(query response only)
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VALid? query

This query returns 0 if there is not data in the memory. If there is valid data in the previously
selected miemory the response will be 1.

Query Syntax: VALid?
Returned format; [VALid] ([0 ] 1 1}
Cxample: QUTPUT 707:"VALID?"

ENTER 707;Vas
PRINT Va$

XINCrement? query

This query returns the x-increment value currently in the preambie. This value is the time
difference between consecutive data points for NORMAL, AVERAGED, or ENVELOPE data.
Guery Syntax: XINCrement?

Returned Format: [XINCrement]<NR3><crlf>

Example: DIM Xin$[30]
QUTPUT 707;"XINCREMENT?"
ENTER 707;Xin$
PRINT Xin$

XORigin? . query

The guery returns the X-origin vaiue currently in the preamble. This

value is the time of the first data point in the memory with respect to the
trigger point.

Query Syntax: XORigin?
Returned Format: [XORigin]<NR3><crlf>
Example: DIM Xor$[30]
QUTPUT 707;"XORIGIN?"

ENTER 707;Xor$
PRINT Xor$
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XREFerence? query

This guery relurns the current x.reference value in the preambie. This value specifies the
data peint that is associated with the x-origin data values,
Query Syntax: XREFerence?

Returned Format: [XREFerencel<NRI><crlf>

Example: DIM Xr$[30]
OUTPUT 707;"XREFERENCE?"
ENTER 707;%r$
PRINT Xr$

YINCrement? guery

This guery returns the y-increment value currenily in the preamble, This vaiue is the voltage
difference between consecutive data poinis.
Query Syntax: YINCrement?

Returned Format: [YINCrement]<NR3><crlf>

Example: DIM Yin${30]
OQUTPUT 707;"YINCREMENT?"
ENTER 707;Yins$
PRINT Ying

YORigin? query

This query returns the y-origin currently in the preamble. This value is the voltage at center
screen.

Query Syntax: YORigin?
Returned Format: [YORigin]<NR3><crif>
Example: DIM Yor$[30]
OUTPUT 707;"YORIGIN?®

ENTER 707;Yors
PRINT Yor$
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YREFerence query

This query returns the current y-reference value in the preamblie. This value specifies the
data point where the y-origin occurs.

Query Syntax: YREFerence?
Returned Format: [YREFerence]<NR1><crlf>

Example: DIM Yref$[30]
QUTPUT 707;"YREFERENCE?"
ENTER 707;Yref$
PRINT Yrefs

Note

For example: if the y reference is 64, and the y-origin is 1.1 v
and the y-increment is 150 mv, then a data point whose y value

is 93 would corresponds to a voltage of (93 - 64150 mV + 1.1
Vor545 v,

NOTES:
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10-18. DATA MOVEMENT IN THE 54110D

Data in the 541100 may be moved inside the instrument between severa! different memuories.
Each of these memories has a specific function. These memories are diagrammed in Figure
10-14.

Fast ECL memory stores the data from the Analog to Digital converters for Channel 1 and Channel
2.

The active display memory contains the information that is currently being displayed on the
54110D's CRT. This memory is organized as 4 pixel arrays of 256 {vertical) by 501 {horizontal) bits
or B4K bytes,

The waveform memories are the same waveform memories that are accessibie from the front
panel. These memories may contain up to 1024 data.points. If the ACQuire TYPE is ENVELOPE,
minimum and maximum data for channel 1 will be stored in memories 1 and 3 respectively,
similarly, minimum and maxirmum data from channe! 2 will be stored in memories 2 and 4,

The pixel memories are used to store copies of pictures from the active display memory. These
two memaories are organized the same way as the active dispiay memory.

The HP-IB commands that control the movement of data in the 54110D are listed below and are
shown in Figure 10-14 in the data paths that they controt.

RUN causes the 54110D to acquire data for the active display mermaory.

MERGE copies the contents of the active display memory into either pixei memory 5
or 6.

TRANsfer allows the movement of data from any of the 4 waveform memories to
either of the pixei memories.

DIGitize instructs the instrument to acquire data based on the conditions setup in the
ACQuire subsystem. Data from channel 1 is placed in waveform memory 1 and data
from channel 2 is placed in waveform memory 2, uniess the ACQuire TYPE is
ENVELOPE, then minimum and maximum data from channel 1 is stored in waveform
memories 1 and 3 respectively, simitarly, minimum and maximum data from channetl 2
will be stored in waveform memaries 2 and 4.

DATA may be moved to and from the waveform memories with the WAVeform
DATA(?} commands.

DATA may also be rmoved to and from the pixel storage memories or the active
dispiay memory with DISPlay DATA(?) commands.

Measurements (MEASure subsystem) are performed using data from the fast ECL
memory when the source is an active channel or function.
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Appendix A

Exampie/Demo Programs

INTRODUCTION

This section contains exampte programs using the command set for the 54110D. in generai, they
use the longform of the command with aipha, {as opposed to numeric), arguments with egach
command using a separate output statement for clarity. To optimize speed, swilch to
concatenated shortform numerics.

Throughout these examples the 541100 is assumed io be at address 7, the hardcopy devices are
assumeda to be at address 1, and the system bus is at 700, Tne input signal used is the calibration
signal available from the rear pane! of the instrument connected to channel 1.

All programs were developed on an HP 200 series scientific computer using MP Basic 4.0. Several
examples use the BASIC command "ENTER 2". This pauses program execution until the "ENTER"
key is depressed on the controller. This is used to separate different blocks in the exampie for
feature dramatizations, for user interaction, or to wait for the 5411CD to finish sormething such as a

hardecopy dump or an acquisition.

1@ ! This sample program demonstirates some of the commands

Z I used to set a vertical chanrmel, in this case channel 1,
3 t This program works well using the cal signal from the
49 P rear panel of the insirument. The program assumes that
4% b the orobe atisnuation factor for chanmnal | is 1.

&g CLEAR 7@7 { Device clear command,
59 f initializes HP~IB regisiers.
70 !

29 QUTPUT 70@7; "AUTOSCALE" i Autoscales the unit

39 QUTPUT 707 "CHANNELT® I Enter Ch! subsvstem
Rl OUTPUT 707 "OFFSET 9.8" I Set offset to 6@ volis

e REAL Offset ,Range

128 INTEGER J

138 Of faet=0, ' Set offzet variable 1o @
R FOR J=1 T0 1}

159 OUTPUT 7071 0FFSET " i0Offget I Set next offset

152 Offset=0ffser~. 04

178 WRIT .3

188 KEXT J

138 f

L&D !
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2.9 OUTPUT 727 "AUTLOSCALE Jces as 1t says
230 BUTPUT 727; "RANGE .283" Set vertical range to 88 mvolts (min)
243 ! Can also wse "SENSITIVITY" for
0@ ] volts/div
PAY] Range=,03 Set range variable 1o mirimum range
270 ! or maximum sensitivity
286 FOR J=1 70 7
29@ OUTEUT 7873 "RANGE" ;Rangse Set new range
308 Range=Range+?
318 WAIT .32
320 NEXT J
338 f
343 !
280 QUTRUT 787; "GRAPHI " Enter GRAPH subsystiem
378 DUTRUT 7@7;"YOFFSET -, 1* St magnified offset
2BG QUTRUT 7075 "YRANGE 4.2" Set magnified range
250 DUTPUT 787 "MAGNIFY WINDOW" Turns on magnify window
400 Range=4.8 :
419 FOGR J=1 TO B
28 OUTPUT 70874 "YRANBE";Range Set new magnified ranoe
420 Ranpe=Range/1.5 Automatically moves marikers
443 WAIT .3 to reflect new range
45@ NEXT
4548 !
A7 3 QUTRUT 7@73 "MAGBNIFY On-® Futs unit in the magnify mode,
48@ LOCAL 707 Returns the 5413700 {o local
434 END operation.
16 t This is & sample program demcnsirating the TIMEHASE
2@ subsysiem. The rsar panel cal signal works well
3 ' with this orogram.
48 CLEAR 787 i Device clear command
o1 ! initializes the HP~IB regisiers,
B2 [
7@ GUTRUT 7Q7; "AUTOSCALE" I Doas as it savs.
28 REAL Sensz Delay
989 INTERER J
Rl CUTRUT 787 " TIMEBRSE® Znter TIMEDASE subsviam,
1@ CUTPUT 727; "SENSITIVITY Z02F-% Set timebase ito 20@ nsec/div,
129 ‘ Can also use "RANEE™ for
1@ [ full scale sstting,
148
153 OUTPUT 787 DELAY B.0 I Set delay to B.
TED QUTRUT T7Q7: "REFERENCE LEFT™ Futs delayv refasrence at left
PTG t side of pgraticule
188 !



FCR

J=1
oUTR
WALT
Dela

Delay=2. !
TO 2B )
UT 7@87,"0FFSET “:iDelay !
23
valDalay=1,00E~7
J

y
1

!

i

NEXT

CUTPUT 707 "AUTOSCALE" F

Range=.@89 ?
|
FOR J=t TO 2%
QUTRUT 7@75 "RANGE " 1Range i
Range=Range/?
WAIT .4
NEXT g
I
WAIT |

NOTICE HOW DATA I8 ACQUIRED AND
THAT DATA POINTS ARE 25 ns APART
FOR EVERY ACQUISITION.

QUTPUT 787 "HEADER QFF" :
CUTPUT 787:"AUTOSCALE™" %
QUTPUT 707 "SENSITIVITY?" !
ENTER 787:Sens !
Sens=5%ens/8

OUTPUT 7@7+¢"SENSITIVITY" :Sens *
QUTRUT 7@7:"STOPR" !
QUTRUT 727; "ERASE PLANER" !

QUTPUT 787 "MODE SINGLE" !

FOR

;

[ QN

ur

END

J=1

#UT

TO 2@
QUTEUT 707 “RUN" !

WAIT 1
NEXT J

7Q7; "MODE TRIGSERED® !
CUTPUT 787,

”RUN“ E

Model 54110D - Appendix A

Sets delay to Q.

"OFFSET" =

"OELAY™,

bDoes as 1t says.
Sets full scale to 20 msec
i.e., B ma/div,

Next full secale range.

Turn off headers
Does &3 it says.
Ask for time/div.
Read time/div,

in guery reply,

Set fastier sweep speed.

Halt acguisition (system command)

Clears the active display plans
This 15 & aystem command.

Sets for single shot coperation.

One acguisition.

Puis urit in the tripggered mode.
Starts acouisition.
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14 I This sample prooram demonstrates some of the commands in the

29 ! Hardcopy subsysiem and the PLOT commamd. 1f assumes that

36 I the scope i3 at address 7, the printer iz at address 1. and

49 bothat the system hus is 780Q.

52 CLEAR 787

50 OUTPUT 787 " HARDCOPY Puts the scope in ths HARDCOPY
7 f subsystem,

8@ QUTRUT 7@7:"PEN ALTO" Sets the 541120 10 the auto

93 ! pen mogs,

182 CUTRUT 787:"SOURCE PLANE® ,FACTCRE" Selects the agtive display

110 ! {planed) and the scale factors
128 ! for output,

139 !

14 QUTRPUT 7873"PLOT® ' Qutpuis data io the ploiter

(=Y SEND 73UNT UNL ! Clears bus

2V SEND 7;LISTEN { Tells printer {0 listen

179 SEND 757TALE 7 t Sets scope to talk mode

186 SENE 7:DATA

15¢ BAIT 180 Waii 3 minutes for transfer to
209 ! complete,

218 ! Note: If programming, use the
228 t SRE capabiliiies of the S4110D
239 ! to determine when the transfer
249 ! i3 complets,

245 ! Attempiing tc program iha

250 ! program the 541180 while making
268 END a hardcopy dump will cause errors.
1 I This sample program demonstrates some of the commands in the

20 ' Hardcopy subsystiem. The service reguest 1s used to detact

3@ I when printing is complete, The program assumes that a

49 ' oraphics printer is used and its atddress is set to 1§,

50 CLEAR 7B7

6@ OQUTPUT 7@7; "REQUEST 412" Request mashk whera:

73 ! Bit 12 = Hardoopy completie = 40985
80 f Bit 4 = Ready bit = 1§

1 [ . Set so bit 12 causes SRO

102 QUTPUT 7@7:"REQUEST ON” Ernables scope’s Service Reguest
114 ON CINTR 7 5070 270 Exit printing routine afiar SRN
20 ENABLE INTR 7:2 Ernaples 5RO on bus %7

158 CISABLE INTR 7 Disables all interrupts on bus #£7
143 QUTRUT 707 "HARDCOPY Puts the scope 1n the HAROCOPY
1586 ! subsystem.

=10 QUTPUT 787 "FABE auTD® Sets the scope o automatically
170 ! output & formfeed

1868 QUTPUT 787 "SOURCE PLANED FACTORS™ Selectis the aciive dizplay

{1 ! (planed) and the scale faciors.
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200 QUTPUT 707 "PRINT" P Starts print buffering

212 SEND 7:UNT UNL ! Clears ous

22 SEND 7iLISTEN 1 I Tells printer to liztan

228 SEND ViTALK 7 P Puts the scope in talk mode
243 SEND 75DATA b lowers the ATN line 8 controller
250 ENABLE INTR 7 I Enables 5RO interrupt

B2 G070 289 { Loops until printing 1s complete
278 R=SPOLLIT707) ! Clear service regquest

286 eND

18 ' This sample program demonstirates using ihe memories for

2 t measurements and performing measurements on single shot

49 ! data. Before running the program, comnect ihe cal signal

g I on the rear panel of ihs instrumeni to the Charnel ] input.

7@ [

829 { Setup signal,

a@ !

188 CLEAR 787 I Initialize HP~IB registers,
119 GUTRUT 7@7;:"AUTOSCALE" ! Scale the signal,

128 OUTPUT 7@7:"TIMEBASE RANGE 252E-9" | Set ip 25 nasecs/division,
126 ¢

140 ! Acgquire single sweep of signal - 19 points.

HET] !

168 OUTRUT 7@7:"ACQUIRE PQOINTS 560 * | Full screen is 500 points.
17 QUTPUT 7973 "TYPE 1 i Acquisition tvpe is normal,
188 DUTRUT 707 “COMPLETE R b Acquira 1 sweep,

198 CUTPUT 7@7:"DISITIZE CHANNEL 17 I Acguire Ch! data to Memory 1.
220 CUTRUT 707 "BLANK CHANNEL 1 i Turn off Cht,

21 f

2z I Measure peak to peak voltage of memory 1.

2380 f

248 QUTPUT 7¢7:"MEAS SOURCE MEMORY:!® | Set measurement source.

258 QUTPUT 7a7; "Uppe" b Measure peak o peek voliage.
260 CIM VUppsl28]

279 ENTER 787:Upp$

28 FRINT Upps ! Print results.

239 END
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1@ !

28 i This program demonstratas some of the learn siring capabilities.

e CLEAR 787

43 {

5@ {

59 DIM Settiingsl{27E1 {26868 = ¥ of bytes in lsarn string

70 i plus 10 = “SETUS #Ax="

89 t Where SET = haadar

29 f ¥4 = indicaies binary bleck
1608 ! #* = 7 byig integer = length
1o QUTPUT 7875 "LONGFCRM On* I Use longTorm of mnemonics.

12@ OUTPUT 7075 "HEADER ON*® ' Tells the 541100 to precede ihe

138 t iearn string with & header,

148 OUTRUT 707 “ED0T ON ¥ I Tells the S41180 to cuiput an E0I

154 ! with the last byte,

168 QUTPUT 797 ;"SETUP?" ! This asks the scope for the lsarn string
178 ENTER 787 USING "—K"iSetling® | Reads in header and siring. (~K tells
188 i computer to treat LR & LE as cata).
198 LOCAL 787 b Puis scope in local cperstion.

200 !

218 !

228 !

239 ENTER 2 ' This allows vou to changs ihe scope’s
248 ! setup.

258 f Hit 'ENTER’ fo continuae

252 f

270 f

280 QUTPUT 7@7;:8etting$ P Ouiputs the learn siring and hsader,
289 i Scope i3 reset io nrevious satup,

300 !

12 LOCAL 787 I Returns scope to local ocperaiicn,

JZ20 !

B30 END

10 b ¥his sample program demonsirates soms of the commands in the

28 I MEASURE Subsystem.,

20 f

4@ CLEAE 707

= CUTPUT 7@7; "AUTOSCALE" ! Does as it says

& QUTFUT 707; "ACQUIRE TYPE NGORMAL® i Bets display mods to Normal

7@ OUTPUT 787 "DISFLAY" ' Selects DISPLAY Subsysism

3@ QUTPUT 797:"TMARKER 0ON™ ' Jurn on Tmarkers

=2 !

aa

TYg QUTRUT 787 "MEASURE™ I Selests MEABURE subsysiem

128 CUTRUY 787;"PRECISION HIGH! P Sets precision for maximum accuracy
13& QUTPUT 707; “SQURCE CHANNEL 1 i Channal 1 is ihe measurement source
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280
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06
310
320
330
G4B
358
360
379
380
30
400
41@
420
430
449
459
45649
479
480
490
502
1@
£20
530
549
550
568
=
58¢
54509
528

SUTPUT 7@87;"VSTART -.2°
QUTPUT 7Q7;"VUSTOR ~.2"

FOR J=1 TO 2
CUTRUT 7@87;"ESTART +";J

WAIT .78

QUTRUT 7273 "ESTOP ~"31

WRIT .73
NEXT J

ENTER ¢
H
|
i
i

REAL Detlay Offsat
Delay=2.4E-B
Offset=.4

FOR J=t TQ 20
QUTPUT 707:"TSTART";Delay
BUTPUT 787;:"TETOP"s-Delay

|

OUTPUT 7@7;"VSTART";-.19-0ffset
OQUTPUT 707: "USTOR" 3~

Offset=0ffzet-.04
Delay=0elay—-2.40E~-7
NEXT J

ENTER 2

!
}

L] 8+0f et

QUTRUT 797:"PRECISION LOW"

{
?
1
s

H

OUTPUT 7@7;"aALL?"

!

f
!
!
t
o
[

o
")
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Sets voltage markers o

-Z80 mV. Thiszs will be used as a
reference for ihe edge find
function.

Find Jth pesitive edge

Find Jth negative edge

This statement causes a pause in the
program, press ENTER on the control-
ler to continue,

Initialize delay variabla
Initialize offset variable

Move time stari marter
Move time stop marker
Mave voltage start marker
Move voliage stop marker

Same as line 226.

Sets the PRECISION flag low.

Low precision uses praviously
aequired data for measurements.

This allows fasier completion of
measurements at the expense of some
accuracy and repeatability.

Measure all parameters. They will be
dispiayed on scope, and are
avairlible over HP-IB.

Fause
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B1@ DUTPUT 7@7;"RISE?" Measure RISZ time using ilouw

BZ2 precision. You set precision

838 i fFlag earlier.

54@ ENTER 2 Pause

658 |

g6 !

578  CUTPUT 707 “PRECISION HIGH® Set PRECISION flag high.

£8¢ OUTPUT 787 "RISES" Measure precise RISE time.

E38 Waich the display during this

Ten i m@asyrament,

e

728 1

730 .

748 CUTPUT 707;"PRECISION LOW" Sets PRECISION flag low,

78@  LQCAL @7 Puts the S41190 in local operation.
788 END

18 !

2 I This sample nrogram temonstrates more uses of ihe Service

30 P Requests (SRG's). This set of instruciions usas: Hardeopy

49 ' Done, Local, Front Panel Service, Ready hit and Ready Masks.

5@ ! The scope will monitor the front pane!l for SRO's anrd echo

B@ Pany activity., Any Advisories or fgonuisitions initiated

7o I by ihe front panel will be disclosed. These examplies assume

20 I the scope to be at addreses 7 and ihe plotter to be ai address

92 bt oon cus %7,

100 !

i@ CLEAR 7@7

128 PRINTER I5 | b Dispiay is PRINT destination

138 OIM KS[821,A8[ 803

140 !

150 ON INTR 7 GOSUB Srg_sve I Boto "Sra_svc' on Service Reguest
=Y ENABLE INTR 7:2 ! Enables SRQ on bus ¥7

17 DISABLE INTR 7 bt Disables all interrupts on bus #7
180 !

120 PRINT

29 QUTPUT 707 "RESET" | Boassts 5417800,

21e QUTPUT 727 aUTOSCALE™ b Does as i1 savs

22D QUTPUT 7273 "ACGUIRE MODE AUEEARE I FPuts zcope ints averaged mode,
233 WAIT 4 Wait for data accumulaiion

249 INTEGER Fgzmask

258 BEgamask=4Q398+15+4 ! regquest mask

268 ! 4988 = kHardcopy dome — bit 12
AraY i 1E = Hazdy - 511 4

2BY ! 4 = Front Fanel Sarvige - bit 2
238 i et so D1t 12 causes an SRQ
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QUTPUT 707: "REQUEST" ;Basmask I Send Raousst Mask

GUTRUT 787 "REQUEST 0N b Sets RAS - bit B on request mask
QUTRUT 7@7; "LONSEDRM ON© I Bets longform for headers,

GUTPUT 797 "HEADER ON" ! Sets hesdere on for nueries,
Stat=SPOLL{787) I Serial Poll scope, should be 2.
FRINT "Result of Serial Poll ts ";54at

i

Dump_flam=0

QUTPUT 7075 "HARDCORY SOURCE PLANEQ ,FACTORS" 1 Sslecis active display and
{ scale faciors for output.
SUTPUT 767:"PEN AUTQ® I Sets autic pen on.

QUTPUT 787; "PRINT" ! Starts Plot.

SEND 75UNT UNL { Turns off entire bus.

SENG 75LISTEN | ! Sets plotter to listen.
SEND 7:TALK 7 ! Sets zcope 1o talk.

SEND 7;0ATA P Lower ATN line @ controller
|

ENABLE INTR 7 | Enablas interunts on bus £7.

IF Bump_flag=0 THEN
PRINT
PRINT " Waitinmg for hardcopy iransfer fto complete.”
PRINT " Time availible for other %asks.-
PRINT " 1ty Bus is NOT availible NN
WAIT 2
BOTC 49¢

END IF

GOTG 570

¢

bVervice reguest interrupi routine,

a2 H
tat=SP0LL(7R7) I Perform serial poll
and clear SRG.
INTEGER I
PRINT
PRINT "Service Reguest Status= “;5tat

IF BIT(Siat ,2) THEN P BE41180 is not a controller.
PRINT "RGC zhould not he zet PROBLEM" t RAC cennot be sei by 531180,
ENG IF

[

|

IF 5IT{Stat i THEN RaM powsr failurs

PRINT "PUWR staius has bean set-WHY?"

END IF
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IF BIT(Stat ,2) THEN

PRINT "FPS status ras been sst

OUTPUT 727 kever
ENTER 707:k3
QUTRUT 787;Ks
PRINT “EKE

END IF
!

IF BIT(Stat 3) THEN

PRINT "LCL operation has occured”

END IF
!

IF BIT(Stat 4) THEN

PRINT "Hardcoopy Complete 11°

IF Dump_flag=0 THEN
SEND 73UNT UNL
Dump_flag=:

END IF

FRINT "Now try pressing keys,

END IF
!
!
IF BIT(Stat,5) THEN
REPEAT
OUTPUT 7@73"ERR?"
ENTER 707:A3

PRINT “Error was : 1A
UNTIL VAL(ASL,12]1)=0
END IF

I
IF BIT(Stat 5 THEN

QUTPUT 787; "REQUEST?"

ENTER 78782

FRINT A% i3 thea Mask valusg”
END IF
!
IF BIT(S%at ,7) THEN

DUTPUT 7@7;"Dspoe

ENTER 707;43

FRINT AS&" s th= Advisory”
END OIF

A m
=
~
< m
a0
m
4
=
—
A
-1

v -
P
o8

they will

!
i
!

b Front Panal Service

Asks for key code.
Reads kev code.
Outouts kev code.

U Local operation cccurred,

i Ready bit - anly bit active
I in the Ready byis ig Hardecopy
¢ Complsie.

gcho from controiler”

Bo read ithe srrors.

Aisks for next error in queus.
Reads next arror,

Prinis next arror.

Until error gueue is empty.

A SRG was genaratad by scmecne,
Azhs for mask valus.
Reads mask valus.

Advisory has been initiated
Asks for advisory,

Reads Agvisary,

Frints advisory,
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18

2 This sample program demonsirates some of the uses of

3¢ Service Reguests (SRQ's). This set of instructions uses
49 the Acquisition Done, Locgal, Front Fanel Service,

P

i
t
J
!
g I Ready and Ready masks. An acquisition that will produce
215 ! buffered results will be started. When a SRO is cent the

|

1

|

!

:

78 resulis will be resd and displayed. The scops will ihen

80 monitor ihe front panel keys using SRG's and echo any

98 activated. Any Advisories or Acouisitions initiated from

100 the front panel will be disclosed.

1@ !

128 CLEAR 787

138 i

14 PRINTER I5 1 ! Disnlay is PRINT desiinmation

150 O1im BE(1:16)[20] ,K8[82) ,ASIR0]

160 |

] ON INTR 7 GOSUB Srg_sve t Goto 'Srg_sve' on Service Renusst.
180 ENABLE INTR 7;2 i Enables SRO on bus #7.

189 DISABLE INTR 7 t Uisables all interuspts on bus %7,
200 t

219 PRINT

220 QUTPUT 787 :"RESET” I Resets 541180

230 OUTPUT 7@7: "AUTOSCALE" { Ooes as it says.

248 INTEGER Rgsmask

258 Rosmask=1@24+16+4 i Reguesti mask where!

260 ! 1024 = feguisition done -~ bit 10.
270 i 18 = Ready - it 4.

8¢ ! & = Front Panel Service - hit 2,
250 !

Ze2 OQUTPUT 727 "REQUEST" 1Rosmask I Sends Reguest Mask,

210 CUTFUT 797 "REQUEST DN* i Sets RQS - bii 6 im Reguest mask.
32 QUTPUT 7275 "LONGFORM ON" ' Turns on longform for neaders,

33 OUTRUT 7@7:"HEADER ON® I Turns neaders on for gueries.

540 Stat=8P0LLLTET ' Serial Poll scope, siouid he @

350 PRINT "Result of Serial Pol] i1s “:15tat

358 !

270 Meas flag=0

380 CUTPUT 7@7; “MEASURE " U Enters MEASURE subsystem,

39¢ QUTFUT 7@7;"SOURCE CHANNEL 1" { Channel 1 is source for measuremeni
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436 QUTPUT 7@7:"PRECISION HIBGH; ALL?" t Sets PRECISION flag high and
418 I measurss all.

420 ENABLE INTR 7 i Emables imtseruppts on bus #7,
439 t

448 FRINT " Waiting for measurement to compiete,”

450 FRINT * Time availible for other tasks.”
453 FRINT " Bus is available."”

479 !

489 GOTC 480 ! Loep until Service Request occurs,
499 i

Sae t

518 I

524 ! Service Renuesst interuppt Routine

530 i

540 Sro_sve: !

550 tat=8POLL(707) I Parforms a Serial Poll

566 ! and clears SRG.

578 INTEBER J

580 PRINT

539 PRINT “Service Request Status= “;Stat

500 !

Eieg !

520 IF BIT(Stat,0) THEN ! Reguest Conmirol - 41190 is
639 PRINT "RQC should not be set - PROBLEM® | wot & contreller and
54 END IF ' canmnct send a RGO,
25 !

BE® !

E7¢ IF BIT{Stat, 1) THEN ' RAM power failure.
£8@ PRINT “PWR status has baen set. WHY?"

538 END IF

788 !

710 f

720 IF BIT(Stat ,2) THEN ! Front Panal Service,
T30 RFRINT "FPS status has been set”

743 QUTPUT 7@73 "Kay?" I Asks for key code.
7= ENTER 787:1Ksg ! Reads key code.

TE® CUTRPUT 787:1Ks I Dutputs key code.
770 PRINT * "REE

782 END IF

798 !

800 !

219 IF BIT(Stat .3 THEN I local operation ccourrad
823 FRINT "LCL omeration has ccaured®

339 END IF

840 !

8506 !

A2
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IF BIT{Stat,4) THEN
PRINT “Acquisition done !°*
IF Meas flag=0 THEN
FOR J=1 10 18
ENTER 7@7:B%(J)
PRINT Bs(J)

MEXT I

Meas_ flag=1

FRINT

PRINT "Preass some keys,
END IF

END IF
!

IF BIT{Stat ,5) THEN
REFPEAT
QUTPUT 7@7¢"ERR?"
ENTER 707:A%
FRINT "Error was : ";AS
UNTIL VALCABI9,121)=0
END IF
I
IF BIT(Sta1,6) THEN
CUTPUT 787 "REQUEST?"
ENTER 707:A8

PRINT A3&" iz the mask value’

END IF
!

H
i

IF BIT(Stat ,7) THEN
QUTPUT 7@75"DsFR7"
ENTER 7@7:A%
PRINT AB&”" is ithe Advisory"

END IF

J

i

ENABLE INTR 7

RETURN

I

END

Model 541100 - Appendix A

Heady bit - omly Bit active
first fime through

Reads measurement resuits
and prints them,

The key number will he printed.”

Go read the arrors,

fisks for next error in gusue.
Reads error.

Prints arror.,

Untii error queue iz empty.

A SRO has been generated.
figk for mask value.

Reads mask value,

Prints mask value.

Advisory has heem initizted.
Asks for advisory.

Reads advisary.

Prints the advisory.

SRQ disables interrupis.
This reenabies them,
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I @ !

2@ ! This sample program demonstratss some of the useg of

59 I Service Reguestis (SRQ's). Thiz set of instructicns uses
Zp I the Acouisition Jone, Loczl, Front Panel Servige,

Ly, | Ready and Heady masks., An acguisition that will produce
85 ! buffered results will be started. When a SRQ is sant the
7 P results will be read ang displayed. The scope will then
8a P omonitor the fromt panel keys usirg SRG’s and scho any

9¢ Fractivity., Any Advisoriss or Acquisitions initiated from
100 I the front panel will be diselosed.

119 !

128 CLEAR 707

1238 !

149 PRINTER I8 1
5@ DIM BB{1218)032] ,KSI80 ] ,ASI80]

178 ON INTR 7 BOSUB Sra_sve ?
189 ENABLE INTR 7:2 |
=l DISABLE INTR 7 !
2008 !

210 PRINT

2z OUTPUT 7@7;"RESET" :
238 CUTPUT 787; “AUTOSCALE" f
240 INTEGER Rgsmask

250 Rgsmask=1024+16+4 !
262 I

270 i

282 !

239 F

300 CUTPUT 707 "REQUEST"iRasmask ‘
e QUTPUT 7@7;"REQUEST ON* ' 5
320 OUTRUT T7Q7:"LONGFORMN ON” ‘
3306 QUTPUT 787 "HEADER ON" !
40 Etat=SPOLL{(787) !
3= PRINT "Result of Serial Poll i3 “";Stat
350 !

378 Meas_flan=@

380 OUTPUT 787 "MEASURE E
387 OUTPUT 707; "SOURCE CHANNEL 1* !
33 OQUTPUT 787;"PRECISION HIGH: ALL?" |
402 !

41 ENABLE INTR 7 !
428 !

ODisplay is PRINT destination

Goto '8Brg_sve' on Sarvics Regquest.
Enables SRO on bus #7,
Oisables all interuppts on bus £7,

Resets 541084/0.
Does as it says,

Request mask where:
1824 = Aeguisition done - hit @,
18 Ready - bit 4.
4 Fronmt Fanasl Service ~ bit 2,
S8t =zo bBit 10 causes an SR
Sends Request Mask.
Sets RUS - bit 6 in Request mask,
Turns orn leongform for headers.
Turns headers on for gueries.
Sertal Poll scope, should he @

Enters MEASURE subsystem,

Charmel ! i3 source for measurement
Sets PRECISION flag high and
measures all,

trnables inieruppis on bus 7.

439 FRINT " Waiting for measurement to complete.”
440 FRINT “ Time availible for other tasks,"”

450 FRINT " Bus is availahble."

GOTO 478 !

Loop until Service Reguest occurs.



438
282
519
520
550
549
553
560
279
582
588
50@
i@
E2a

t

|

t Service Requsst Interuppt Routine
|

Sro_svell
Stat=SPOLL(7RT) !
!
INTEBER J
FRINT
FRINT "Service Reguest Status= *;Stat
f
i

IF BIT{8tat @) THEN I Reguest
PRINT "RGC should not be set - PROBLEM® |
ND IF '

— Ty

IF BIT(Stat, )

THEN
FRINT "PUR status has been sei. WHY?®
END IF

i
t
IF BIT(Stat,2) THEN
FRINT "FPS siatus has besen sat"”
QUTPUT 7875 Key?"
ENTER 787:Km
QUTRPUT 78713
PRINT “BKS

END IF
:

}
IF BIT(S5tat ,3) THEN

PRINT "LCL eperation has cccured®
END IF
|
t

IF BIT(Stat 4 THEN
PRINT “Aequisition done :°
IF Mess_flag=0 THEN
FOR J=1 TO 18
ENTER 7@7;Bs(J)

PRINT B®¢J)

NEXT J

Meas_flag=1

PRINT

PRINT "Press some Fevs,
END IF

END OIF

i

Modei 541100 - Appendix A

Performs a Serial Poll
and clears SRE.

Control - S413100 is
ret & controller and
cannot send & ROD.

RAM power fatlures,

Front Parnel Servige,

fsks for kay code,
Reads key code.
Dutputs key code.

Loecal operation occurred

Ready hit - only bit active
in the Ready bvie 1s 8co done
First time thru?

Reads measurameni resultis
and prints ihem.

The key number will be printed sut."
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589

1823
1210
re2a
1820
1349
1959
0BG
1878
1OED
1998
t189

B i o~ 0 (N
Q0S990 0059

PI PRI DI P B) = e e e s

UT £ 0 By o

IF BIT{Stat ,5) THEN
REPEAT
QUTPUT 787 "ERR?"
ENTER 787:8%

FRINT "Error was : “:43
UNTIL YAL{ASIT 12 1=
ENG IF

|

;

IF BIT(Stat ,8) THEN
QUTPUT 727; "REGUEST?"
ENTER 707103

PRINT ABR" iz the mask value”

END TF
!

IF BIT(Stat,?) THEN
OUTPUT 7@7;"0Sp7+
ENTER 707; 08
PRINT A8 is5 ihes Advisory"

END IF

|

1

ENABLE INTR 7

RETURN

i

END

50 read ithe errors.

ABsks for nexi error in queue,
Reads error.

Prinis error,

Uritil error gueus js empty.

& SRQ has been ceneraterd,
Ask for mask value,

Reads mask valuye,

Frints mask value,

Advisory has besn initiated.
Asks for advisory,

Reads advisory,

Prints the advisory.

SRO disables interrupts,
This reenables them.
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49

58

B

79

50

50

120
t@s
11
120
128
140
=0]
16@
178
18¢
150
209
210
229
230
249
259
289
270
<30
390
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This sample program demonstrates some of the text commands
in the Display subsystam,

|
i

|

! Disable the instrument from writing text to the gcreen and
{ gat the ceolors.,

i
CLEAR 727

QUTRUT 787;"DISPLAY MASK @° t Disable the instrument from
! _ writing text io the sereen
OUTPUT 787;"ATTRIBUTE ENABLE” Erable embedded atiributes
QUTPUT 707;“PRIORITY ON° Text overwrites graphics

QUTPUT 797:"SETCOLOR DEFAULT" Turr on the default colors

i

{ Write a color block %o sach nosition on scrasn

FOR Row=2 TO 22

FOR Column=@ T0D 71
fttribuie=129 ! Use the inverse video attribuie
Attribute=Attribute+8*( (Row+Column) MOD 18) | Set the color
OUTPUT 787:“ROW ";Rows “COLUMN *iColumn | Send rouw and column
P Output a single character block with its attribuie
QUTPUT 787 USING "5A,B,2A°1"STRING Tt Attribute "t e

NEXT Column

MEXT Row

i

I'To get back to the rormal display, iurn the insirument off

b and ithen on again. This raessis the display MASK.

{

END
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Appendix B
SOFTWARE DELAY CALIBRATION AND
TRIGGER DELAY OPTIMIZATION

The trigger delay and channel to channel skew calibrations in the Cal menu on the 541100 are
provided to nulf delay differences in the trigger and data acquisition paths of the trigger and the
data. This would include acquisition time differences both internal and externa!l to the instrument,

Channel {0 channel skew adjustment is used o change the placement of the channe! 2 data
relative to channe! 1 so delay differences in the data acquisition paths do not introduce offssts in
channel-to-channe! time interval measurements.

Differences in internal delays as well as differences in external delays caused by dissimilar probes,
cable lengths etc. can be nulled. This is done by injecting the cal signal at the probe tips or other
desired points when performing the calibrations.

The trigger delay caiibrations are used to position waveforms horizontally so that the zero
reference corresponds with the trigger event. When both the internal and external delays have
been compensated for, the instrument provides a timebase delay that is calibrated in an absoluts
sense to the trigger point. The timebase delay telis you where the display window is located
retative to the trigger,

Trigger delay calibrations do not affect channel-to-channel measurements as the vertical inputs are
always displayed relative to each other depending on the setting of the ch-to-chCC Skew cal
factor. As long as the Ch-to-Ch Skew cal factor is set correctly you can make accurate
channei-to-channel measurements even if the trigger delay cal factors are not set correctly.

The delay calibration feature, a consequence of the 54110D's negative time and digital
architecture, is convenient for referencing measurements 1o the probe tips, or other points, even if
different types of probes or a probe muitiplexer is used. To calibrate a given probe configuration
inject a fast risetime signal at the probe tips, or wherever you want your measurement to be
referenced and follow the instructions in the Cal menu. Refer to Section 6 for a discussion of the
cal menu.

Once the cal procedure is completed the trigger edge will be displayed at the time-zero reference,
and if you use an external trigger the time-zero reference will correspond to the time of the trigger
event at the Trig 3 or 4 probe tip, or other point of interest. The cal factors are stored in the
nonvolatile SAVE/RECALL registers, This allows the instrument to retained caiibrations for'up to
10 different probe or measurement configurations. By using the time interval measurements built
into the 54110D, the dispiay skew and trigger delay cal factors can be determined and
programmed via the HP-IB,

The trigger delay calibrations compensate for delays to a first order approximation. Actual trigger
delays, in addition to probe length, are function of signal characieristics such as risetime,
amplitude, and rep. rate. {f these signal characteristics are not the same when making
measurements as they were during calibration, the trigger edges will be displaced from time-zero.
The error, however, will be small and wili rarely resuit in any confusion as to which edge is the
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trigger. For fast riselime signals {<3 ns) this dispiacermnent will be less than +400 ps. Because of
these second order affects it should not be assumed that the trigger edge is at precisely time.zero
when making time interval measurements unless the edges are fast and 400 ps error can be
tolerated.  These effects apply onily to trigger delays as channei-to-channel skew has no
dependency on signal characteristics.

For signals with siower edge speeds, trigger hysteresis can cause a displacement from time-zero,
however, compared to the sweep speed at which the signal would be viewed the displacement
usually would be small. Trigger hysteresis on the 54110D is 1 minor division on channels 1 & 2
and 10 mV {with 50 ohm pods) on Trig 3 & 4. The trigger level is at the center of the hysteresis
band and the trigger comparator actually begins to switch when the input voltage is 1/2 & minor
division from the programmed threshold. This causes the actual threshold crossing o be
dispiaced from time-zero by the amount of time it takes the signal to traverse 1/2 a minor division
vertically. The direction of the displacement depends on the trigger siope. At sweep speeds where
the signal appears as anything but a near-horizontal line, this displacement is not significant for
viewing but can affect time interval measurements if ignored.

With trigger delay calibration captured signals can be correctly piotted relative to the time-zero
reference with a small error caused by the second order effects. This applies for the Edge, State,
Time-Delayed, and Event-Delayed modes. In the Pattern mode, however, the instrument does not
know which input will provide the trigger and does not know which cal factor fo use. In this case
the average of Channel 1 and Channet 2 trigger delay cal factors is used as a compromise. This
will result in a minimal displacement when the trigger edge comes from one of the vertical
channels but a large displacement can result if the trigger comes from Trig 3 or 4.

Large delay differences in the signal paths for channel 1 and channel 2 will result in a large
displacement, so it is desirable to match these paths as close {0 one another as possible if an
accurate time-zero reference is needed in the patiern mode. Also of concern, when you are in the
pattern mede is the reiative skew between the inputs. This skew results from delay differences in
the acquisition paths internal and external to the instrument. For exampie, when using the time
qualified pattern, skew can cause the pattern true-time seen by the filter timer to be different that
the actual time at the probe tips. Just how much skew, or differential delay, exists between paths
is reflected in the trigger delay cat factors{assuming the instrument is calibrated) because the cal
factor for each input is referenced to the same channel {channel 1). The difference in the cal
factors is equal to the amount of skew in the trigger paths. A more negative cal factor means that
the trigger path delay for that channei is longer,

The differential delay between channel 1 & 2 and between Trig 3 & 4 is usually less than 400 ps.
This assumes the use of 54002A 50 ohm pods and is referenced to the BNC connectors.

The delay through Channei 1 & 2 is nominally 1.6 ns longer than the delay through Trig 3 & 4,
This can cause erroneous pattern triggering uniess the extra detay is compensated for by inserting
extra delay by using longer cabiles on Trig 3 and Trig 4. Inserting delay(s) to reduce skew for
pattern triggering will aiso reduce time-zero offset in the Pattern mode.

While skew is not of concern with respect to the time-zero reference in other than Pattern mode, it
can affect the operation of the other modes. For example, the setup and hold times in the State
mode can be different at the probe tips than they are at the instrument’s inputs because of
dissimilar probes or cabie lengths. This is caused by the fact that the trigger circuitry operates on
signals in reai-time, thus ruling out software calibration.
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Appendix C

Detailed Operation of the Automatic Measurements
INTRODUCTION

The automatic parameter and time interval measurements resident in the 541100 are designed to
allow you to oplimize measurement speed and accuracy for your application, Tepending upon a
number of factors such as display mode, number of averages, type of measurement, and state of
the precision key or the PRECISION flag (HP-1B}, the instrument uses different criteria for
establishing how much datza needs to be acquired for measurement,

DISPLAY MODE CONSIDERATIONS

The measurements are based on the data that is on the screen. The instrument maintains internal
copies of the screen data, on which the measurements are made. If the wunit is in the Normal
mode it uses only the most recent y axis information in each time bucket to make the
measurement.

The waveform area of the screen is 256 pixels high by 501 pixels wide. For most measurements
501 time buckets are used, however, if the sweep is faster than 500 ps/div the nurnber of time
buckets is equal to (10 * (time_per_div_/10 ps))+1. The reason for this is that the maximum time
resolution for the 54110D is 10 Ds,

Most of the measurements use 90% criterion. In the normal mode at least 90% of the time
buckets have one data point. In the averaged mode the 90% criterion means that at least 90% of
the time buckets have received N data points where N is the number of averages.

One method of trading measurement speed for accuracy is to increase the number of averages in
average mode. The larger the number of averages, the more time that will be required to make a
rmeasurement, but also, the better the accuracy and repeatability.

FINE PRECISION AND COARSE PRECISION MEASUREMENTS

The 54110D performs two types of automatic measurements; coarse and fine (coarse precision
and fine precision). Coarse measurements are made based on the data on screen. If there is
insufficient data on the screen, then new data is acquired in order to make the measurement. Fine
Mmeasurements begin with a course measurement to locate the edge(s). Each edge is then
expanded ¢ achieve maximum resoiution.

The coarse measurements are: the voltage measurements; the front panei start on edge and stop
on edge time interval measurementsag high or low instrument is "Stopped”, and all HP-IB
measurements when the PRECISION flag is low.

The precise measurements are; the front panal Precise Edge Find measurement, the front panel
parareter measurements when the instrument is "Running, and MP.B time related measurerments
when the PRECISION flag is high.
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The coarse measurements are as accurate as the precise measurements when the waveforms are
fully expanded (edges at a 45 degree angle) and the display data is 90% compiete,

COARSE MEASUREMENTS

As meniioned above, coarse measurernents use the data on screen unless there is insufficient
data. For front panel coarse measurements oniy 5 data points need to be present on the screen,
For HP-IB coarse measurements the screen data must meet the 90% completion criterion. f the
data is insufficient, the instrument acquires new data until the 90% completion criterion is met
before the measurement is made.

Coarse measurements are faster but their accuracy, unlike precise measurements depends on the
sweep speed. The front panel measurements can be made on very limited amount of data, This is
important for single shot signals and low rep rate signals when oniy a limited amount of data has
been acguired,

It is a good programming practice to clear the screen when the input signal is changed before
making a coarse measurement. This is especially true when a high number of averages or a lang
persistence has been sslected. (Note: in many cases the screen will be cleared automatically when
an instrument setting is changed. The exceptions are changes in setlings that don't effect the
waveform e.g., moving the time or voltage markers.)

PRECISE MEASUREMENTS

Precise measurements in general, but not always, automatically rescale the timebase to expand
signai edges for maximum resolution. This technique provides maximum accuracy and results that
are independent of the initial sweep speed setting.

When & precise time interval measurement is made the instrument will first perform a coarse
calculation to locate the edge(s) of interest. Next, for each edge, the display window will be
positioned so that the edge of interest is at center screen and the sweep speed is increased
causing the signal to be expanded on the horizontal axis. The instrument will continue to do this
until one of three conditions is met: (1) The slope of the signal is 45 degreses or less. {2) The
sweep speed equals 500 ps/div (maximurmn resolution). (3) Signal jitter at the current sweep speed
maikes it pointless {o increase the sweep speed further. At each faster sweep speed a calculation
is made to determine of any of these conditions are met. If so, expansion is stopped and the edge
crossing time is determined.

if the sweep speed is 500 ps/div or faster or if the measurement reguires only a single edge that
already has iess than 45 degrees siope as displayed, a precise measurement wili revert to a coarse
measurement.

LOCATING THE EDGE

The edges are measured at the point where the waveform edge crosses the voltage level. For the
time interval measurements the level is defined by the voltage markers. For the parameter
measurements, the ilevel is defined by the measurement at 10%, 50%, or $0% level on the
wavetorm relative to the top and base.

The measurement routine uses a duga! threshold technique. The upper threshold id defined to be 2

A/D vaiues above the level and the lower threshold is defined to be 2 A/D vaiues below the level.
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in terms of the screen, the threshold region is one minor division wide in the fuli screen mode and
half a minor division in the spiit screen made. The advantage of this technique is that edges can
be determined accurately in the presence of a limited amount of neise.

The edge is determined by performing a linear regression (curve fit) on the points that fall inside
the threshold region plus the first point below the threshold region and the first point above the
threshold region. The edge crossing is defined as the point where the line generated by the linear
regression crosses the level. In many cases, there are no points inside the threshold region and
the linear regression becomes a linear interpolation between the two points above and below the
threshold region. (e.g., nearly perpendicular edges).

A limitation of this technigue is that there are cases which may result in the edge not being found,
notably very smali signals and measurements made near the top of waveforms.
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MANUAL CHANGES
— MANUAL !DENTI?i?A'ﬁ!ON

Model Number: 54110D
Date Printed: JUNE 1988
Part Number: 54110-80801 |

This supplement contains impartant information for correcting manual errors
and for adapting the manual to instruments containing improvements made
after the printing of the manual.

To use this supplement:
Make all ERRATA corrections.
Make all appropriate serial number related changes indicated in the tables,

— Seriai Prefix or Mumber Make Manuai Changes — — Serial Prefix or Number w——— hMake Manual Changes —
2826A
and above 1
¥ NEW ITEM
Change 1
Page 6-24,

Replace: Pages 6-24, 6.25, 6-30, and 6.32 with the revised pages.

Chapter 8,
Replace: Chapter 8 with the revised chapter 8.

Page 10-22,
Delete: The Print command.
Add: Page 10-22A, the revised print command.

NOTE

Manual change supplements are revised as often as necessary fo Keep maruais as current and accurate as possible, Hewiett-Packard
recommends that you periodically request the latest edition of this supplemeni, Free copies are avallable from all HP offices. When
requesting coples quole the manual identification informatien from your supplement, or the mocef fumber and print date from the title page
of the manual. o

P 17 January 1989 HEWLETT
"~ PAGE10of15 [éﬁ) PACKARD

Printed in U.8.A.
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Page 10-51.
Deiete: The Coler command.
Add: Page 10-51A the revised Color command.

Page 10-73. _ ‘ *
Replace: Page 10-73 with the revised page 10-73.

Page 10-74. o
- Add: Page 10-74A, the Hardcopy Printer command.



